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Preface


The practice of dermatology is based upon a visual approach to clinical disease, with the development of an appreciation of recurrent patterns and images. The entire spectrum of our discipline, from the generation of clinicopathologic differential diagnoses to the orientation of rotational flaps, relies upon imagery. As a result, visualization also plays a critical role in how we integrate new information into pre-existing frameworks that serve as the hard drives of our medical memory.


In the textbook Dermatology there is a strong emphasis on visual learning. This commitment is reflected in the use of schematic diagrams to convey the principles of skin biology as well as cutaneous surgery, and the inclusion of algorithms, which provide a logical as well as practical approach to commonly encountered clinical problems. The majority of the basic science is integrated throughout the book and appears as introductory chapters to the various sections. In this edition, there are more photomicrographs demonstrating key histologic findings interspersed within the clinical chapters. These chapters also contain tables that attempt to provide weighted differential diagnoses and a “ladder” approach to therapeutic interventions. Lastly, color-coding of sections allows an easy and rapid access to required information.


The ultimate goal of Dermatology is for it to never make its way to the bookshelf because it is being used on a weekly, or perhaps even daily, basis. Hopefully, this book will function as a colleague, albeit a non-verbal one, who is easily approachable and possesses the necessary expertise to provide succinct, up-to-date information that is both precise and practical. It is also our hope that the organization is intuitive and information can therefore be quickly retrieved. Realizing this goal required the time and energy of our contributors who have unselfishly shared their knowledge and experience with literally thousands of patients from around the world, and we thank them.


JB, JJ and JVS
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User Guide






Volumes, Sections and Color Coding


Dermatology is divided into two volumes. The book is divided into 22 sections, which are color-coded as follows for reference:









Volume One







Section 1 Overview of basic science


Section 2 Pruritus


Section 3 Papulosquamous and eczematous dermatoses


Section 4 Urticarias, erythemas and purpuras


Section 5 Vesiculobullous diseases


Section 6 Adnexal diseases


Section 7 Rheumatologic dermatology


Section 8 Metabolic and systemic diseases


Section 9 Genodermatoses


Section 10 Pigmentary disorders


Section 11 Hair, nails and mucous membranes












Volume Two







Section 12 Infections, infestations and bites


Section 13 Disorders due to physical agents


Section 14 Disorders of Langerhans cells and macrophages


Section 15 Atrophies and disorders of dermal connective tissues


Section 16 Disorders of subcutaneous fat


Section 17 Vascular disorders


Section 18 Neoplasms of the skin


Section 19 Medical therapy


Section 20 Physical treatment modalities


Section 21 Surgery


Section 22 Cosmetic surgery












Basic Science Chapters


Basic science chapters in the book are highlighted on the upper corner of each page with the following skin biology symbol:
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Therapeutic Ladders


Therapeutic ladders have been standardized for measuring levels of evidence.


Key to evidence-based support:




(1) prospective controlled trial


(2) retrospective study or large case series


(3) small case series or individual case reports.












Dermatology Website


Additional ‘e’ references in Chapters 8 and 24 can be found in full at http://www.expertconsult.com, which includes all of the book’s content plus supplementary images in a searchable format.





[image: image]





















Dedication


This book is dedicated to our families, in particular Dennis Cooper, MD, Andrew Schaffer and Irene Carros, who endured our work on this project and who unwittingly were part of the team, and to all the rest of the team at Elsevier who made it all happen.
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Introduction to clinical dermatology


The skin represents the largest organ of the human body. The average adult has 1.75 m2 (18.5 ft2) of skin that contains a variety of complex adnexal structures, including hair, nails, glands and specialized sensory structures, all of which function in protection, homeostasis and the transmission of sensation. Dermatology is the field of medicine that deals with the macroscopic study of skin, adjacent mucosa (oral and genital) and cutaneous adnexa, while dermatopathology deals with the microscopic study of the same structures. The two fields are closely allied, as they are complementary and requisite to one another.


Multiple studies have shown that a dermatologist is the most effective diagnostician with regard to skin disease1,2. This enhanced acumen reflects experience in recognizing distribution patterns and configurations as well as subtle variations in morphology and colors, in addition to appreciating associated histopathologic findings. This chapter will not only serve as an introduction to the classification schemes, descriptive terminologies and diagnostic tools utilized in dermatology, it will also highlight additional means for studying the skin, including dermoscopy (dermatoscopy) and dermatopathology, with clinicopathologic correlation between macroscopic and microscopic findings.






Etiologic Premises


All students of dermatology, whether beginners or advanced scholars, require a basic conceptual framework upon which to organize thousands of skin diseases. A useful arrangement is one that is analogous to a tree, with a trunk, major branches, minor branches, twigs and, ultimately, leaves (Fig. 0.1). Instead of memorizing thousands of leaves, a logical, progressive movement along the limbs will allow for a more complete and sophisticated differential diagnosis.





[image: image]

Fig. 0.1 Classification scheme for dermatologic disorders.


This scheme is analogous to the structure of a tree with multiple branch points terminating in leaves.








Inflammatory versus neoplastic


An early and major “branch point” in classifying skin diseases is deciding simply if a skin condition is “neoplastic” (either benign or malignant) or “inflammatory” (either infectious or non-infectious) (see Fig. 0.1). However, an experienced clinician knows that one must consider possible diagnoses along multiple limbs before narrowing the differential diagnosis, because both overlap and mimicry can occur. For example, mycosis fungoides, the most common form of cutaneous T-cell lymphoma, is a clonal lymphoproliferative disorder (a “neoplasm”), yet its clinical presentation resembles an inflammatory disorder (Fig. 0.2), especially in its early stages. Conversely, sarcoidosis is an inflammatory condition, but it may present as an isolated infiltrated plaque that may mimic a neoplasm (Fig. 0.3).
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Fig. 0.2 Mycosis fungoides, the most common form of cutaneous T-cell lymphoma.


Mycosis fungoides represents a neoplastic proliferation of monoclonal lymphocytes, but it presents clinically in a manner akin to that of inflammatory conditions.
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Fig. 0.3 Sarcoidosis.


It is an inflammatory disorder of uncertain etiology, most prevalent in African-Americans from the southern United States, but sarcoidosis can present as a papulonodule or infiltrated plaque, mimicking a neoplastic disorder.














Morphology


To an engineer or material scientist, the word “morphology” refers to the structure and appearance of a material without regard to function. In dermatology, this term is used analogously to refer to the general appearance of a skin lesion or lesions, irrespective of the etiology or underlying pathophysiology. For example, a small cutaneous blister is referred to as a “vesicle”, regardless of whether it is due to an infectious process, such as herpes zoster, or an autoimmune process, such as bullous pemphigoid (Fig. 0.4). Therefore, the proper use of morphological terms establishes a structural framework for grouping skin diseases based upon their macroscopic appearance.
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Fig. 0.4 Herpes zoster (A), an infectious disease, and bullous pemphigoid (B), an autoimmune disease.


While disparate in etiology, both can result in a similar morphology – namely, cutaneous vesicles and bullae.




In essence, morphologic terms become a “native language” by which dermatologists, and other health professionals, communicate with each other to describe skin lesions. As such, they are key elements of a lexicon. Without a basic working knowledge of morphology, it is impossible to describe cutaneous observations in a consistent manner. Therefore, one of the initial steps in studying dermatology is to learn basic morphologic definitions inherent to the specialty.


There exist both primary morphologic terms (Table 0.1), which refer to the most characteristic, representative or native appearance of skin lesions (such as a “papule”), and secondary morphologic terms (Table 0.2), which can augment or even supplant primary morphologic terms. Secondary morphologic terms often reflect the effects of exogenous factors or temporal changes (such as “scales” or “crusts”) that evolve during the course of a skin disease.




Table 0.1 Primary lesions – morphological terms.
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Table 0.2 Secondary features – morphological terms.
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Secondary changes must be considered when performing, or examining histologically, a biopsy of a skin lesion. An astute clinician will generally attempt to biopsy a well-developed but “fresh” lesion that demonstrates the expected primary pathology, free of secondary changes such as erosions, ulcers and scars. This allows the dermatopathologist to evaluate the histologic features of the lesions in their native state, without potentially confounding alterations.






Palpation and appreciation of textural changes


Any discussion of morphology must include textural change, and palpating a lesion often provides important diagnostic clues. In dermatology, palpation can prove useful in several ways. Firstly, it helps in making a distinction amongst primary morphologies (see Table 0.1). For example, the key difference between macules and patches, as opposed to papules and plaques, is that the former are flush with the surrounding skin and cannot be appreciated by palpation. On the other hand, the latter, by definition, must be palpable (Table 0.3). Secondly, palpation may augment the examination and appreciation of a disease process for which visual changes are absent, unimpressive or nonspecific. For example, in morphea, an autoimmune connective tissue disease that leads to sclerotic collagen within the dermis, the skin feels indurated (very firm) while only nonspecific hyperpigmentation may be evident with visual inspection. The same is true for other fibrotic disease processes, such as nephrogenic systemic fibrosis and scleroderma. Lastly, purpura is often classified as palpable or non-palpable, and this division implies different underlying etiologies (e.g. small vessel vasculitis aligned more with palpable purpura than macular purpura).




Table 0.3 Use of palpation in defining cutaneous lesions.
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Color


The color of skin lesions can provide important clues as to the nature of the disease process. Sometimes our perception of color may be modified by palpation (see above). For example, while many dermatological processes appear red–purple in color, it is important to ascertain whether this is a blanchable erythema (i.e. it disappears with pressure), which suggests the color is due to vasodilation, or whether it is due to extravasation of red blood cells into the tissue (purpura), which does not blanch. Also, it is not uncommon for exogenous sources of pigment, such as topical medicaments, oral drugs and other ingestants, to be implicated in producing discoloration of the skin. Table 0.4 lists the more frequently observed colors of skin lesions and examples of associated disorders.


Table 0.4 Color as a clue to the clinical diagnosis. DIC, disseminated intravascular coagulation. AK, actinic keratosis; OCA1A, oculocutaneous albinism, type 1A.






	COLOR AS A CLUE TO THE CLINICAL DIAGNOSIS






	Color

	Clinical example

	Examples of diseases with this color






	Erythema (pink to red–brown, depending upon the skin phototype)
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Morbilliform (exanthematous) drug eruption

	



• Dermatitis


• Psoriasis


• Morbilliform drug eruption


• Viral exanthems


• Any insult that causes vasodilation












	Black
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Necrosis secondary to vasculopathy from levamisole-contaminated cocaine

	



• Necrosis of the skin:



• Vasculitis (Wegener’s granulomatosis)



• Thrombosis (e.g. DIC, monoclonal cryoglobulinemia)



• Emboli (e.g. ecthyma gangrenosum)



• Vasospasm (e.g. severe Raynaud’s phenomenon)



• Vascular compromise (e.g. atherosclerosis, calciphylaxis)



• Eschar (e.g. anthrax)


• Cutaneous melanoma


• Traumatic tattoos (e.g. asphalt)












	Blue
(ceruloderma)
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Dermal melanocytosis

	



• Dermal melanocytosis (e.g. Mongolian spot, nevus of Ota)


• Dermal melanocytomas (e.g. blue nevi)


• Cyanosis


• Ecchymoses


• Venous congestion (e.g. venous malformations)


• Drugs/deposits (e.g. minocycline, traumatic tattoos)












	Brown
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Phytophotodermatitis due to lime juice

	



• Pigmented lesions



• Lentigines



• Seborrheic keratoses



• Junctional, compound and congenital melanocytic nevi



• Café-au-lait macules



• Dermatofibromas



• Melanoma



• Pigmented AKs, Bowen’s disease


• Postinflammatory hyperpigmentation – epidermal (see Ch. 67)


• Melasma


• Phytophotodermatitis


• Drug-induced hyperpigmentation (e.g. cyclophosphamide)


• Metabolic (e.g. Addison’s disease, hemochromatosis)












	Gray

	

[image: image]


Argyria

	



• Postinflammatory hyperpigmentation – dermal (e.g. erythema dyschromicum perstans; see Ch. 67)


• Drugs/deposits (e.g. argyria, chrysiasis)


• Combined melanocytic nevus


• Traumatic tattoos


• See Blue (above)












	Purple
(violaceous)
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Purpura

	



• Purpura, non-palpable (e.g. solar purpura)


• Purpura, palpable (e.g. small vessel vasculitis)


• Vascular neoplasms (e.g. angiokeratoma, angiosarcoma)


• Lichen planus


• Lymphoma cutis


• Pyoderma gangrenosum – border


• Morphea - border












	White
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Calcinosis cutis (systemic sclerosis)

	



• Absence of melanocytes or melanin production (e.g. vitiligo, piebaldism, OCA1A)


• Scarring (e.g. scarring in discoid lupus erythematosus)


• Vasospasm (e.g. Raynaud’s phenomenon, nevus anemicus)


• Deposits (e.g. calcinosis cutis, gouty tophi)


• Macerated stratum corneum – mucosal surfaces (e.g. leukoplakia)












	Green
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Onycholysis with secondary Pseudomonas infection

	



• Pseudomonas infection


• Tattoo


• Chloroma


• Green hair due to copper deposits












	Orange–red (salmon)
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Pityriasis rubra pilaris with islands of sparing

	



• Pityriasis rubra pilaris


• Mycosis fungoides (sometimes)












	Yellow
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Xanthelasma

	



• Solar elastosis


• Carotenemia


• Xanthomas (e.g. xanthelasma, eruptive)


• Xanthogranulomas


• Adnexal tumors and hyperplasias with sebaceous differentiation


• Necrobiosis lipoidica


• Capillaritis (yellow–brown background)


• Deposits/drugs (e.g. tophi, quinacrine)

















Variation in skin color within the human population


Many racial and ethnic descriptors are used in common parlance, including African, African-American, Asian, Middle Easterner, Northern European, Southern European, Native American, Pacific Islander, and Hispanic, to describe individuals with similar cutaneous characteristics as well as heritage. Yet even within racial and ethnic groups, gradations exist with regard to skin pigmentation. Sometimes the term “skin of color” is used to describe all skin tones darker than those of white (Caucasian) skin3. However, this term encompasses more than skin color and its response to ultraviolet irradiation, as is assessed by the Fitzpatrick Scale (skin phototypes I–VI; Table 0.5). It also refers to other shared characteristics, such as hair color, hair texture, and a tendency toward certain reaction patterns in the skin as a response to an insult. The practice of dermatology requires a solid understanding of the differences in clinical features (e.g. hues of red) amongst individuals with different levels of skin pigmentation.


Table 0.5 Fitzpatrick scale of skin phototypes.






	FITZPATRICK SCALE OF SKIN PHOTOTYPES






	Skin phototype

	Skin color

	Response to UV irradiation






	I

	White

	Always burns, does not tan






	II

	White

	Burns easily, tans with difficulty






	III

	Beige

	Mild burns, tans gradually






	IV

	Brown

	Rarely burns, tans easily






	V

	Dark brown

	Very rarely burns, tans very easily






	VI

	Black

	Never burns, tans very easily







Variations in skin color are due to differences in the amount and distribution of melanin within epidermal melanocytes and keratinocytes4, rather than the number of melanocytes (see Ch. 65). In addition, the ratio of eumelanin (brown–black) to pheomelanin (yellow–red) influences skin color, with pheomelanin the predominant pigment in those with freckles and red hair. Exposure to ultraviolet radiation also significantly impacts melanin production (tanning).


Pigmentation of the skin clearly influences the prevalence of certain cutaneous findings and disorders. For example, individuals with darkly pigmented skin are more likely to develop multiple streaks of longitudinal melanonychia (see Ch. 71)5,6, pigmentation of the oral mucosa7, persistent postinflammatory hyperpigmentation (see Ch. 67), and obvious pigmentary demarcation lines8 (Futcher’s lines or Voigt’s lines; see Fig. 67.10). Whether postinflammatory hypopigmentation9 is more common or just more clinically apparent is a matter of debate. In addition, discoid lupus erythematosus and keloids are seen more often in patients with darkly pigmented skin and African ancestry, but the relationship of these disorders to melanocyte function is not clear.


There can also be differences in the physiologic properties of the skin. For example, the stratum corneum of black skin often retains more layers and is more compact and cohesive than that of white skin. In addition, darker skin produces less vitamin D3 in response to equivalent amounts of sunlight, and this is postulated to have been a driving force in the evolution of paler skin as early humans migrated away from the equator10.


Perhaps the most important point to remember is that erythema (redness) can be difficult to appreciate in darkly pigmented skin. Erythema is caused by vasodilation and/or increased blood flow in the dermis, and if the epidermis is deeply pigmented, the red hues of oxyhemoglobin are often less obvious. For this reason, diseases that are classically described as erythematous (e.g. dermatitis) or violaceous (e.g. lichen planus) may present more subtly in darker skin types (Fig. 0.5)11. Diagnostic procedures that depend upon the development of erythema, such as patch testing for the evaluation of allergic contact dermatitis, can be more challenging to interpret in dark skin. Lastly, cyanosis (blue hues indicative of poor oxygenation and a critical clinical sign) is also more difficult to appreciate when the skin is darkly pigmented.
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Fig. 0.5 Lichen planus presents differently in darkly pigmented (A) versus lightly pigmented (B) skin.


The violaceous hue seen in B is more muted in A and these lesions appear brown–black in color. Wickham’s striae (lacy white pattern) are more easily seen in B.














Configuration and Distribution


After carefully considering the morphology and color of skin lesions, the dermatologist must next analyze two closely related properties – configuration and distribution – in order to hone in on the correct diagnosis. For example, pruritic and fragile vesicles on the elbows and knees would prompt consideration of dermatitis herpetiformis, whereas grouped vesicles on an erythematous base confined to a single dermatome would mandate consideration of herpes zoster (Fig. 0.6) or zosteriform herpes simplex.
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Fig. 0.6 The dermatomal pattern of herpes zoster.


Note the midline demarcation.








Configuration


Appreciation of the configuration or arrangement of skin lesions can provide important clues as to the diagnosis. Examples include annular (e.g. tinea corporis, granuloma annulare; see Ch. 19), serpiginous (e.g. cutaneous larva migrans), clustered (e.g. piloleiomyomas, herpetiform vesicles), reticulated (e.g. erythema ab igne), and retiform (e.g. purpura fulminans, purpura due to calciphylaxis [Fig. 0.7]; see Ch. 22). The latter pattern reflects occlusion of the cutaneous vasculature12.
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Fig. 0.7 Retiform purpura and cutaneous necrosis secondary to calciphylaxis.


Note the irregular shape of the purpura.


Courtesy, Amanda Tauscher, MD.





It also important to note if the cutaneous lesions are in a linear array. The lesions may follow Blaschko’s lines, which reflect patterns of embryonic development (see Fig. 62.1)13, or they may be confined to a dermatome, which represents an area of skin whose innervation is from a single spinal nerve (see Fig. 80.14). Irrespective of whether the lesions are along Blaschko’s lines (e.g. epidermal nevi) or in a dermatomal pattern (e.g. herpes zoster [see Fig. 0.6]), there is often a characteristic midline demarcation. In addition to these two patterns, a linear arrangement can result from a trauma-induced Koebner phenomenon (an isomorphic response), as in vitiligo, lichen planus (Fig. 0.8) and psoriasis14,15, or be due to trauma-induced autoinoculation, as in verrucae vulgares or verrucae planae. Lastly, linear lesions are frequently seen in acute allergic contact dermatitis due to plants (e.g. poison ivy), reflecting brushing of the branches and leaves against the skin.
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Fig. 0.8 Koebernization (isomorphic response) of lichen planus secondary to trauma.


As a result, the lesions have a linear configuration.




On occasion, lesions have an unusual, even “unnatural”, shape that corresponds to an external (exogenous) insult, such as allergic or irritant contact dermatitis (Fig. 0.9), an accidental or purposeful injury (see Ch. 90)16, or even ritualistic medicinal practices (e.g. “cupping” or “coining”; see Ch. 133).
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Fig. 0.9 Allergic contact dermatitis to a para-phenylenediamine-based (“black henna”) temporary tattoo.


The shape of the lesion clearly suggests an exogenous insult/etiology.


Courtesy, Colby Evans, MD.












Distribution


Stepping back and observing the anatomic distribution pattern of skin lesions can also prove very helpful. For example, plaques of psoriasis often favor extensor surfaces (e.g. elbows and knees) while lichenified plaques of atopic dermatitis favor flexural surfaces in older children and adults (e.g. the antecubital and popliteal fossae). However, to complicate matters a bit, there is an “inverse” form of psoriasis in which lesions are present in major body folds, i.e. in flexural areas (see Ch. 8). Langer’s cleavage lines refer to natural skin tension lines that are often used to guide the orientation of surgical excisions (see Fig. 142.7). The long axis of oval lesions of pityriasis rosea17 and erythema dyschromicum perstans follows these cleavage lines, and this pattern is most obvious on the posterior trunk.


A seborrheic distribution pattern includes the head and neck as well as the upper trunk, and it reflects areas rich in sebaceous glands; seborrheic dermatitis, acne vulgaris and pityriasis versicolor are dermatoses that favor these sites. The term “photodistribution” describes lesions that are accentuated in areas exposed to ultraviolet irradiation, and photodermatoses include polymorphic light eruption, phototoxic drug reactions (e.g. to doxycycline), and subacute cutaneous lupus erythematosus. Of note, sometimes a disorder will display a combination of distribution patterns; for example, in dermatomyositis, lesions can be both photodistributed and involve extensor surfaces (e.g. elbows, knees). Table 0.6 lists common diagnoses that occur in different anatomic sites.


Table 0.6 Common diagnoses for papules, plaques and small nodules occurring on select anatomical sites.






	COMMON DIAGNOSES FOR PAPULES, PLAQUES AND SMALL NODULES OCCURRING ON SELECT ANATOMICAL SITES






	Anatomic location

	 

	Common






	Scalp

	Inflammatory

	



• Seborrheic dermatitis


• Psoriasis


• Folliculitis


• Prurigo simplex


• Tinea capitis (children)












	Neoplastic

	



• Cherry hemangioma


• Melanocytic nevus (compound, dermal, blue)


• Seborrheic keratosis


• Actinic keratosis (bald scalp)


• Squamous cell carcinoma > basal cell carcinoma












	Face/ears

	Inflammatory

	



• Acne vulgaris


• Rosacea, including periorificial dermatitis


• Seborrheic dermatitis


• Irritant and allergic contact dermatitis


• Vitiligo (periorificial)


• Verruca


• Molluscum contagiosum (primarily children)


• Chondrodermatitis nodularis helicis (ear)


• Keloid (ear)












	Neoplastic

	



• Epidermoid inclusion cyst


• Seborrheic keratosis


• Melanocytic nevus


• Cherry hemangioma


• Sebaceous gland hyperplasia


• Milium


• Lentigines


• Dermatosis papulosa nigra (blacks)


• Fibrous papule (nose)


• Pilomatricoma


• Actinic keratosis


• Basal cell carcinoma


• Squamous cell carcinoma












	Neck

	Inflammatory

	



• Lichen simplex chronicus












	Neoplastic

	



• Acrochordons


• Set 1 and set 2












	Elbow

	Inflammatory

	



• Psoriasis


• Verruca


• Lichen simplex chronicus


• Granuloma annulare


• Rheumatoid nodule












	Neoplastic

	



• Set 1 and set 2












	Hand/wrist

	Inflammatory

	



• Irritant and allergic contact dermatitis


• Atopic dermatitis


• Psoriasis


• Tinea


• Verruca


• Vitiligo


• Scabies


• Dyshidrotic eczema


• Granuloma annulare


• Lichen planus (flexural wrist)












	Neoplastic

	



• Lentigines


• Seborrheic keratoses


• Actinic keratosis


• Squamous cell > basal cell carcinoma












	Chest/shoulders

	Inflammatory

	



• Folliculitis


• Seborrheic dermatitis (central chest)


• Pityriasis (tinea) versicolor


• Grover’s disease


• Miliaria rubra


• Pityriasis rosea (trunk)


• Subacute cutaneous lupus erythematosus












	Neoplastic

	



• Solitary lichenoid keratosis


• Lipoma


• Supernumerary nipple


• Paget’s disease (periareolar)


• Set 1 and set 2












	Abdomen/umbilicus

	Inflammatory

	



• Folliculitis


• Psoriasis vulgaris


• Grover’s disease


• Eczema craquelé (flanks)


• Nummular dermatitis












	Neoplastic

	



• Set 1


• Lipoma


• Metastatic carcinoma (umbilicus)












	Genitalia/groin

	Inflammatory

	



• Seborrheic dermatitis


• Cutaneous candidiasis


• Tinea cruris (may include buttocks)


• Inverse psoriasis


• Irritant and allergic contact dermatitis


• Herpes simplex viral infection


• Condyloma acuminatum


• Molluscum contagiosum (primarily sexually active individuals)


• Scabies


• Lichen sclerosus


• Lichen simplex chronicus


• Vitiligo












	Neoplastic

	



• Acrochordon


• Angiokeratoma


• Seborrheic keratosis


• Anogenital lentiginosis


• Bowenoid papulosis


• Squamous cell carcinoma


• Extramammary Paget’s disease












	Lower extremity

	Inflammatory

	



• Folliculitis


• Nummular dermatitis


• Psoriasis vulgaris (knee)


• Verruca (especially knees)












	Neoplastic

	



• Dermatofibroma


• Lipoma


• Set 1 and set 2












	Ankles/feet

	Inflammatory

	



Ankles:



• Eczema craquelé



• Stasis dermatitis



• Lichen simplex chronicus



• Lichen planus



• Lipodermatosclerosis



• Stasis ulcer


Feet:



• Tinea pedis



• Verruca



• Psoriasis



• Pernio



• Atherosclerotic ulcer



• Neuropathic ulcer (plantar surface)


Both:



• Irritant and allergic contact dermatitis



• Vitiligo



• Scabies



• Granuloma annulare












	Neoplastic

	



• Stucco keratosis


• Actinic keratosis


• Squamous cell carcinoma













In addition to differences in the color of inflammatory lesions, individuals with darkly pigmented skin also have an increased frequency of several cutaneous disorders (see section on Color) and certain types of reaction and distribution patterns18. Examples of these reaction patterns include papular eczema and a follicular accentuation of atopic dermatitis and pityriasis versicolor, as well as an annular configuration of seborrheic dermatitis and facial secondary syphilis. An example of a favored distribution pattern is inverse pityriasis rosea in which lesions occur primarily in the axillae and groin rather than on the trunk. Although a sound explanation for these phenomena is not currently available, it is still important to be aware of their occurrence18.












Temporal Course


Central to any medical history, including that of cutaneous disorders, is the temporal course. The patient should be queried as to duration and relative change in intensity or distribution over time. For example, there are some dermatoses that have a cephalocaudal progression over time, such as measles and pityriasis rubra pilaris. Of course, the time course is more prolonged in the latter as compared to the former.


However, the dermatologist is at an advantage because the skin is so accessible, and information provided by the patient can be readily compared to what is seen in the physical examination. With experience, the dermatologist can usually determine by observation whether the cutaneous lesions are acute, subacute or chronic. Examples of helpful signs include scale (not to be confused with crusts), which often reflects parakeratosis that requires 2 weeks to develop, and intact tense bullae, which are rarely more than a week old. Lichenification, i.e. thickening of the skin with accentuation of normal skin markings, takes weeks to months to develop. Therefore, if lichenification is present, the lesion has not appeared acutely, despite what the patient may believe.


In an otherwise generally healthy patient, there are several diseases whose cutaneous manifestations are often acute in nature (Table 0.7). This is not to indicate that these diseases necessarily require immediate or emergent management, but rather that they present to the dermatologist abruptly and are distinguished, particularly from neoplasms or chronic dermatoses, by their temporal acuity.


Table 0.7 Acute cutaneous eruptions in otherwise healthy individuals.






	ACUTE CUTANEOUS ERUPTIONS IN OTHERWISE HEALTHY INDIVIDUALS






	Disorder

	Characteristic findings






	Urticaria
(see Ch. 18)

	



• Pathogenesis involves degranulation of mast cells with release of histamine


• Primary lesion: edematous wheal with erythematous flare


• Widespread distribution


• Very pruritic*


• Individual lesions are transient (<24 h in duration)


• May become chronic (>6 weeks)












	Acute allergic contact dermatitis
(see Ch. 14)

	



• Immune-mediated and requires prior sensitization


• Primary lesion: dermatitis, with vesicles, bullae and weeping when severe


• Primarily in sites of exposure; occasionally more widespread due to autosensitization


• Pruritus, often marked


• Spontaneously resolves over 2–3 weeks if no further exposure to allergen (e.g. poison ivy, nickel)












	Acute irritant contact dermatitis
(see Ch. 15)

	



• Direct toxic effect


• Primary lesion: ranges from erythema to bullae (e.g. chemical burn)


• At sites of exposure


• Burning sensation


• Spontaneously resolves over 2–3 weeks if no further exposure to irritant (e.g. strong acid, strong alkali)












	Exanthematous (morbilliform) drug eruptions
(see Ch. 21)

	



• Immune-mediated and requires prior sensitization


• Pink to red–brown, blanching macules and papules; may become purpuric on distal lower extremities


• Widespread distribution


• May be pruritic


• Spontaneously resolves over 7–10 days if no further exposure to inciting drug












	Pityriasis rosea
(see Ch. 9)

	



• May follow a viral illness


• Primary lesion: oval-shaped, pink to salmon-colored papule or plaque with fine white scale centrally and peripheral collarette; occasionally vesicular


• Initial lesion is often largest (herald patch)


• Favors trunk and proximal extremities; may have inverse pattern (axillae & groin); long axis of lesions parallel to skin cleavage lines


• Spontaneously resolves over 6–10 weeks; exclude secondary syphilis












	Viral exanthems
(see Ch. 81)

	



• Due to a broad range of viruses, including rubeola, rubella, enteroviruses, parvovirus, adenovirus (see Fig. 81. 2)


• Often associated with fever, malaise, arthralgias, myalgias, nausea, upper respiratory symptoms


• Primary lesions vary from blanching pink macules and papules to vesicles or petechiae


• Distribution varies from acral to widespread; may have an enanthem


• Spontaneously resolves over 3–10 days













* May have burning rather than pruritus with urticarial vasculitis, and lesions can last longer than 24 hours.


Finally, although emergencies are unusual in dermatology, there are a few illnesses, particularly those that present with a rash and fever, which are true emergencies and must be recognized promptly and treated appropriately. Examples include Stevens–Johnson syndrome, toxic epidermal necrolysis, Kawasaki disease, meningococcemia (including purpura fulminans), Rocky Mountain spotted fever, necrotizing fasciitis, and endocarditis with cutaneous manifestations. An approach to critical dermatologic emergencies that present with a fever and rash is outlined in Fig. 0.10.
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Fig. 0.10 Approach to the patient with an acute fever and a “rash”.


AGEP, acute generalized exanthematous pustulosis; DRESS, drug reaction with eosinophilia and systemic symptoms (also referred to as drug-induced hypersensitivity syndrome [DIHS]); HHV, human herpes virus; HIV, human immunodeficiency virus; SJS, Stevens-Johnson syndrome; SLE, systemic lupus erythematosus; SSSS, staphylococcal scalded skin syndrome; TEN, toxic epidermal necrolysis.




The next two sections of this introductory chapter focus on the basic principles of dermatopathology and dermoscopy, respectively, and it is important to remember that all the diagnostic techniques (unaided clinical examination, histological examination, dermatoscopic examination) discussed herein are complementary. In other words, synergistic strength and clinicopathologic correlation are achieved when the techniques are used in combination. As a corollary, using any one technique, to the exclusion of the others, may be misleading and potentially result in misdiagnosis.












The role of dermatopathology in clinicopathologic correlation


With the introductory elements of clinical dermatology firmly in mind, we next turn to dermatopathology, the microscopic examination and assessment of both normal and diseased skin. It is noteworthy that very few other medical specialties place as much emphasis on both the clinical and the histological features of diseases within their realm19. This natural union between dermatology and dermatopathology exists because the domains are essential to one another, and, practically speaking, both rely heavily upon the powers of observation and classification.


With experience, clinicians can visualize the most likely associated histologic findings as they examine a cutaneous lesion or eruption – e.g. hyperkeratosis and/or parakeratosis when there is scale, or dermal hemorrhage when there are petechiae. As a result, a more sophisticated differential diagnosis accompanies the biopsy specimen. Once the histopathologic features are delineated, then the dermatologist performs a clinicopathologic correlation in order to arrive at the most likely diagnosis.






The Skin Biopsy


In no other field of medicine is tissue for histologic examination so easily accessible. As a result, the skin biopsy has become an integral component of dermatologic diagnoses. Skin biopsies are performed for a multitude of reasons, including:




• uncertainty about the clinical diagnosis


• to investigate a poor response to therapy


• to exclude or investigate the evolution of one condition into another


• to investigate symptoms in the absence of clinically recognizable disease.





Regardless of the rationale for performing a skin biopsy, it is important to realize that the process of securing appropriate tissue involves more than the mere mechanical removal of a specimen. It is a multistep process, executed with forethought, precision and care in order to obtain the maximum amount of useful information20,21. Pitfalls that can limit the diagnostic value of a skin biopsy are many and include inappropriate site selection, biopsy technique or tissue handling. Regardless of the specific limitation, the end result can be the same – lack of a diagnosis, an inaccurate diagnosis or a clinicopathologic disconnect.






Site selection


In general, the first step in performing a biopsy is to identify an unadulterated primary lesion (see above). Lesions with secondary changes, such as those resulting from rubbing or traumatic injury (e.g. lichenification, excoriations) or superimposed processes (e.g. crusting due to impetiginization), are generally avoided (unless the purpose of the biopsy is to prove their presence), as these secondary changes may alter or obscure the primary pathology.


A well-developed but “fresh” lesion is usually chosen for biopsy, based upon the assumption that it will exhibit the most characteristic, and therefore diagnostic, histopathology. The concern regarding lesions deemed too immature or too old is that they may demonstrate nonspecific histopathologic features. As to be expected, there are exceptions to this general principle, such as the need to biopsy early lesions of small vessel (leukocytoclastic) vasculitis (<24 hours old), especially when performing direct immunofluorescence.


Another commonly accepted rule is that a biopsy specimen is usually obtained from the central aspect of a primary lesion. Again, exceptions exist (Fig. 0.11), especially in the case of ulcers and when the histopathologic changes are subtle, even when compared to uninvolved skin. An example of the latter is atrophoderma, where a thin wedge biopsy that begins in involved skin and ends in normal-appearing skin (and includes the border) is recommended (see Ch. 99). In the case of ulcers, secondary changes beneath the ulcer bed, including nonspecific vasculitis, may be misinterpreted leading to misdiagnosis. For this reason, the wedge biopsy should include the ulcer, its edge and surrounding inflamed skin. Lastly, selection of a proper biopsy site may also be influenced by knowledge of the underlying pathology and pathophysiology of the most likely diagnoses.
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Fig. 0.11 Preferred sites for obtaining biopsy specimens in autoimmune bullous disorders.


If the edematous papule or vesicle is small enough, it can be removed in its entirety for routine histology. Otherwise, a biopsy specimen that includes the inflammatory rim as well the edge of a fresh vesicle or bulla is appropriate. In bullous pemphigoid (BP) and pemphigus vulgaris a perilesional biopsy is done for direct immunofluorescence (DIF), whereas in dermatitis herpetiformis (DH), nearby normal skin is preferred for DIF.











Biopsy techniques


A wide range of biopsy techniques exists (see Ch. 146). Those most commonly performed include superficial/tangential shave, deep shave (also known as “saucerization”), punch and incisional/excisional (Fig. 0.12). For optimal results, the technique selected must obtain tissue from the level of the skin or subcutaneous tissue where the pathologic changes are expected, while simultaneously balancing concerns of cosmesis and morbidity. For example, if panniculitis (inflammation of the subcutaneous fat) is suspected, the shave technique would not provide the proper tissue required to establish or exclude this diagnosis (Table 0.8). Similarly, in the case of a benign-appearing exophytic lesion such as a verruca or skin tag, it would not be expedient, economical, or even cosmetically savvy to remove the lesion via an excision with sutured closure.




• Superficial shave biopsy – often employed when the pathologic process is primarily epidermal (e.g. pigmented actinic keratosis or Bowen’s disease versus macular seborrheic keratosis) or when removing exophytic benign lesions such as intradermal melanocytic nevi. If the diagnostic histopathologic findings are present in the mid to deep dermis (e.g. discoid lupus erythematosus versus lichen planus, Spitz nevus versus melanoma), a superficial shave biopsy will often fail to provide all the information necessary to establish the diagnosis.


• Deep shave/saucerization biopsy – a deeper variant of the superficial shave biopsy. In the latter, the path of the blade is nearly parallel to the surface of the skin, whereas in a saucerization, the greater angle of the blade can lead to removal of the mid to deep dermis (see Fig. 0.12B). This technique is often used to biopsy neoplasms (e.g. squamous cell carcinoma versus hypertrophic actinic keratosis), and there is evidence to suggest that, when properly performed, its diagnostic value is nearly equal to that of most incisional/excisional procedures22. Clearly, many factors are considered when choosing between these two techniques.


• Punch biopsy – preferred for skin conditions in which the suspected pathology is within the dermis and when it is thought that a partial sampling will be representative of the entire lesion or process. The diameters of commercially available punch biopsy instruments range from 1.5 to 8.0 mm, and when the entire lesion is removed, then the issue of sampling error is rendered moot. It is controversial whether punch biopsies, even when performed in a stacked fashion, can provide adequate tissue for assessment of deeply infiltrating tumors or the full thickness of the subcutaneous fat. There are multiple studies that have shown that partial punch biopsies of melanocytic neoplasms can lead to erroneous diagnoses.


• Incisional/excisional biopsy – removal of either a portion of a lesion (incisional) or the entire lesion (excisional) via a scalpel and standard surgical techniques (see Ch. 146; see Fig. 0.12D). The former is often used for disorders in which assessment of the subcutaneous fat is critical (e.g. panniculitis), while the latter is employed when the leading clinical diagnosis is invasive cutaneous melanoma and the size of the lesion allows for this procedure.
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Fig. 0.12 Different cutaneous biopsy techniques.


The size, topography, depth and site of the lesion, as well as the clinical differential diagnosis, influence the type of biopsy technique that is performed. A Superficial shave biopsy. B Deep shave biopsy (saucerization). C Punch biopsy. D Incisional biopsy. For more details, see text and Chapter 146.


Courtesy, Suzanne Olbricht, MD.







Table 0.8 Optimizing information obtained from a skin biopsy specimen (based upon presumed diagnosis). DLE, discoid lupus erythematosus; h, hour; LE, lupus erythematosus; PCR, polymerase chain reaction.
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Methods for optimizing the amount of critical information one can obtain from a biopsy specimen, based on the suspected cutaneous disease, are outlined in Table 0.8.









Post-procedure handling of the skin biopsy


Even after the specimen has been obtained, it must be handled carefully. For example, if there is excessive lateral pressure, especially when exerted on small punch biopsy specimens, by forceps, a distortion of cellular infiltrates can occur (“crush” artifact). Lymphocytes are particularly susceptible to crush artifact, and when present, it may be impossible to render an accurate diagnosis.


For routine histologic study, the specimen is fixed in a buffered 10% formalin solution, with a volume 10–20 times that of the tissue itself, to prevent underfixation. For microbial tissue culture, the specimen is instead placed in a sterile container with a small amount of non-bacteriostatic saline (simply a few drops to keep it moist) and routed immediately to the laboratory. Specimens must be flash-frozen or placed in specialized transport medium (Michel’s solution at room temperature) for direct immunofluorescence microscopy, while fixation in paraformaldehyde and glutaraldehyde in a cacodylate buffer is required for electron microscopy. To obtain the most information from the histologic examination, the biopsy should be accompanied by data regarding the age and sex of the patient, anatomic site, pertinent and precise physical findings, and the differential diagnosis. Any treatments that might influence the histologic findings, as well as special instructions, such as inking eccentric pigmentation in a melanocytic neoplasm or sectioning longitudinally, should also be included. Addition of drawings or clinical photographs, especially when the case is difficult or complex, may prove useful.












Diagnosis of Inflammatory Skin Diseases by Pattern Analysis


First conceived by Dr Hermann Pinkus, but more firmly established by Dr A Bernard Ackerman23-25, histopathologic assessment via pattern analysis has become the primary classification scheme for inflammatory skin diseases (Fig. 0.13). While the number of patterns and their descriptors may vary, the basic principle is generally the same – once a major pattern has been identified, further histologic details are used to progressively, and more specifically, subcategorize the disease process until a final diagnosis is rendered.
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Fig. 0.13 Basic histopathologic patterns of cutaneous inflammation (based upon Ackerman’s classification).


Basic patterns of inflammation result primarily from the distribution of the inflammatory cell infiltrate within the dermis and/or the subcutaneous fat (e.g. nodular, perivascular). It also reflects the character of the inflammatory process itself (e.g. pustular), the presence of injury to blood vessels (e.g. vasculitis), involvement of hair follicles (e.g. folliculitis), abnormal fibrous dermal and/or subcutaneous tissue, and formation of vesicles and bullae.


Adapted from Ackerman AB. Histologic Diagnosis of Inflammatory Skin Diseases: A Method by Pattern Analysis. Philadelphia: Lea & Febiger, 1978.





The principal advantages of pattern analysis are that it is algorithmic and reproducible and serves to minimize personal subjectivity. However, the method has two important limitations; namely, it is based on artificial disease categories and does not include every single possible pattern. Furthermore, while pattern analysis clearly narrows the differential diagnosis, the final diagnosis may require clinical correlation or ancillary laboratory testing.






Ten patterns defined


Over the past several decades, a number of classification schema based upon pattern analysis have been proposed, with the number of patterns varying from as few as 9 up to 28 or even more. In this introductory chapter, 10 major patterns will be discussed.






Perivascular dermatitis


This common pattern is defined and recognized by the presence of an inflammatory infiltrate that is arranged primarily around dermal blood vessels (Fig. 0.14). Traditionally, perivascular dermatitis has been subdivided into “superficial” and “superficial and deep” variants, and while this division has some diagnostic value, histologically there is considerable overlap. In addition, inflammatory skin diseases can exhibit a spectrum of findings, depending in part on severity, duration and stage (acute vs chronic) of an individual lesion.
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Fig. 0.14 Perivascular dermatitis.


A Erythema migrans. B Perivascular inflammatory infiltrate composed of lymphocytes admixed with a few plasma cells.


A, Courtesy, Dennis Cooper, MD, and Frank Samarin, MD. B, Courtesy, James Patterson, MD.





Once a perivascular pattern is identified (see Fig. 0.13A), the next step in the algorithm is to determine: (1) if there are accompanying epidermal changes; and (2) the types of inflammatory cell(s) present within the infiltrate, e.g. lymphocytes, neutrophils, eosinophils, plasma cells. There are disorders in which classically no detectable changes are seen within the epidermis, e.g. deep gyrate erythemas (see Ch. 19). Also, when an inflammatory process is just beginning or is resolving, epidermal changes may be subtle. A search is then required to detect a hint of spongiosis (intercellular edema of the epidermis), parakeratosis (aberrant retention of nuclei in the stratum corneum), extravasated erythrocytes, or subtle interface and vacuolar changes (see below), in an attempt to refine the diagnosis.









Interface dermatitis


This pattern is characterized by the presence of inflammation and/or degenerative change(s) at the dermal–epidermal junction (see Fig. 0.13B). Morphologically, this pattern may be subdivided into primarily vacuolar (degeneration of basilar keratinocytes with little or no inflammation; Fig. 0.15) versus primarily lichenoid (with lymphocytes directly engaged in the destruction of basilar keratinocytes; Fig. 0.16), but frequently there is overlap between these two categories.
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Fig. 0.15 Interface dermatitis, vacuolar type.


A Erythema multiforme with target lesions. B Vacuolar alteration along the dermal–epidermal junction in association with exocytosis of lymphocytes and several necrotic keratinocytes.
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Fig. 0.16 Interface dermatitis, lichenoid type.


A Lichen planus. B Band-like infiltrate of lymphocytes that obscures the dermal–epidermal junction in addition to jagged epidermal hyperplasia, hypergranulosis and melanophages.


A, Courtesy, Frank Samarin, MD; B, Courtesy, James Patterson, MD.





It is important to remember that even though an entity has lichenoid features histologically (e.g. fixed drug eruption), that does not mean it must resemble lichen planus clinically. Also, some degree of lichenoid inflammation can be associated with a variety of benign and malignant neoplasms of the skin – e.g. solitary lichenoid keratosis and melanoma, respectively. In these instances, it appears to represent an attempted immunological response to the tumor.









Spongiotic dermatitis


A large number of inflammatory skin diseases have histologic evidence of spongiosis (intraepidermal edema) that manifests as widened spaces between keratinocytes with elongation of intercellular bridges (see Fig. 0.13C), usually in association with exocytosis of lymphocytes (exit of inflammatory cells from the vasculature with migration into the epidermis). The degree of spongiosis may vary from microscopic foci to grossly visible vesicles and even intraepidermal bullae.


Spongiotic dermatoses may be further subdivided into acute, subacute and chronic forms. In acute spongiotic dermatitis, the spongiosis is often severe, sometimes resulting in microvesicles within the stratum corneum (Fig. 0.17). Parakeratosis often overlies subacute spongiotic dermatitis, while in chronic spongiotic dermatitis, spongiosis may actually be difficult to appreciate, being overshadowed by epidermal acanthosis (thickening of the epidermis). Also, a predominance of other types of inflammatory cells, such as eosinophils or neutrophils, in association with a spongiotic dermatitis may serve as a clue to a hypersensitivity component or infectious aspect to the disease, respectively.
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Fig. 0.17 Spongiotic dermatitis.


A Acute allergic contact dermatitis to Toxicodendron radicans (poison ivy). The central black discoloration is due to the plant’s resin. B Intercellular edema (spongiosis) and vesicle formation within the epidermis. Lymphocytes are also seen in both the epidermis and dermis.


A, Courtesy, Kalman Watsky, MD, B, Courtesy, James Patterson, MD.





Lastly, it is important to recognize that many dermatologic disorders with eczematous features, such as allergic contact dermatitis, atopic dermatitis, nummular dermatitis and seborrheic dermatitis, may have histologic evidence of spongiosis, but this pattern is not exclusive to those diseases. In other words, spongiosis may also be seen as a reactive epidermal component of other disorders that would be better classified as having another pattern (see Fig. 0.13).









Psoriasiform dermatitis


The term “psoriasiform” refers to a regular pattern of epidermal hyperplasia (elongation of the rete ridges; see Fig. 0.13D) that is observed not just in psoriasis, but also in a wide spectrum of longstanding conditions. Clinically, this group of disorders is characterized by thickened, scaly papules and plaques (Fig. 0.18). Psoriasiform dermatoses may be subdivided into those diseases that are exclusively psoriasiform, as well as those that are associated with another pattern (e.g. psoriasiform and lichenoid; psoriasiform and spongiotic).
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Fig. 0.18 Psoriasiform pattern.


A Plaque of psoriasis vulgaris with silvery scale. B Regular epidermal hyperplasia and elongated dermal papillae with thin suprapapillary plates and confluent parakeratosis. The parakeratosis represents the histologic correlate of the visible scale.


A, Courtesy, Julie V Schaffer, MD.





Pseudoepitheliomatous hyperplasia represents a related, but exaggerated, irregular hyperplasia of the epidermis. It may occur in response to a range of insults to the skin, such as chronic rubbing or scratching in lichen simplex chronicus and prurigo nodularis, as well as various inflammatory, neoplastic and infectious skin diseases (e.g. hypertrophic lupus erythematosus, halogenodermas, chromoblastomycosis). As with spongiotic dermatitis, psoriasiform dermatitis is a histologic concept, not a specific clinical diagnosis. Its presence mandates consideration of a variety of skin diseases that share this constellation of histopathologic findings.









Vesiculobullous and pustular dermatoses






Intraepidermal (see Fig. 0.13E)


The concept of intraepidermal vesiculation due to spongiosis has been addressed above, but there exist other disease mechanisms that may lead to intraepidermal vesicles or bullae, e.g. acantholysis, ballooning degeneration. Acantholysis refers to discohesion of keratinocytes as a consequence of the disruption of desmosomes (intercellular connections) and this can lead to an intraepidermal vesicle or bulla (Fig. 0.19). Although acantholysis may occur at any level of the epidermis, the location of the blister is often used as a clue to the underlying disorder; for example, superficial (subcorneal) acantholysis favors pemphigus foliaceus, while acantholysis in the deeper aspects of the epidermis is more characteristic of pemphigus vulgaris. Cytotoxic events such as herpes virus infection may also yield an intraepidermal vesicle secondary to ballooning degeneration.
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Fig. 0.19 Intraepidermal vesiculobullous dermatosis, acantholytic type.


A Pemphigus vulgaris with flaccid bullae and erosions. B The keratinocytes within the lower epidermis have lost their intercellular attachments and have separated from one another, resulting in an intraepidermal blister.


A, Courtesy, Louis A Fragola, Jr, MD.





An intraepidermal accumulation of neutrophils may be seen in a variety of infectious and non-infectious skin diseases, and this pustule formation is viewed as a subcategory of vesiculobullous dermatoses. In early pustule formation, neutrophils are scattered within the lower portion of the epidermis, whereas later, an accumulation is noted in the upper epidermis (Fig. 0.20). In a resolving pustule, the neutrophils may even appear within scale-crust in the cornified layer.
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Fig. 0.20 Intraepidermal pustular dermatosis.


A Pustular psoriasis. B Collection of neutrophils beneath the stratum corneum (subcorneal pustule). Scattered neutrophils are in the upper malpighian layer.


A, Courtesy, Kenneth Greer, MD; B, Courtesy, James Patterson, MD.





In both vesiculobullous and pustular dermatoses, autoimmune and non-autoimmune mechanisms may be indistinguishable histopathologically, e.g. subcorneal pustular dermatosis versus IgA pemphigus. As a result, direct and indirect immunofluorescence studies are often of great utility in determining the precise diagnosis.









Subepidermal (see Fig. 0.13F)


In this subcategory, vesicle or bulla formation occurs at the junction between the epidermis and dermis (Fig. 0.21), or between the mucosa and submucosa of mucous membranes. Such clefting can be the result of autoantibodies targeting specific components of the dermal–epidermal junction (e.g. collagen XVII in bullous pemphigoid or linear IgA bullous dermatosis) or a dermal inflammatory or toxic/metabolic insult, such as in bullous cellulitis and porphyria cutanea tarda, respectively.
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Fig. 0.21 Subepidermal vesiculobullous dermatosis.


A Bullous pemphigoid with tense bullae. B Subepidermal blister with numerous eosinophils within the blister cavity.


B, Courtesy, James Patterson, MD.





Within subepidermal blister cavities, the number of inflammatory cells can vary from very few, which is more characteristic of toxic insults such as porphyria cutanea tarda, to numerous, as in the majority of cases of inflammatory bullous pemphigoid. The findings often reflect the nature and mechanism of the blistering process. It is also helpful to identify the type of inflammatory cell present, e.g. eosinophil versus neutrophil, as this can serve as a clue to the diagnosis.


However, because there is considerable histologic overlap amongst the underlying disorders, the final diagnosis must depend upon cumulative information, including direct and indirect immunofluorescence microscopy, ELISA, immunoblotting, and, of course, clinicopathologic correlation.












Vasculitis/pseudovasculitis


Vasculitis refers to inflammatory damage to and destruction of blood vessels, leading to the deposition of fibrin and/or thrombus formation (see Fig. 0.13G). The histopathologic classification of vasculitides is based on the size of the vessel involved (small, medium-sized or large vessel vasculitis; see Ch. 24) and the predominant inflammatory cell mediating the damage (neutrophils or lymphocytes more often than eosinophils or histiocytes).


In dermatopathology, the most common form of vasculitis is leukocytoclastic vasculitis (Fig. 0.22), a process mediated by neutrophils and primarily affecting the post-capillary venule. Leukocytoclastic vasculitis is initiated by the deposition of circulating immune complexes within and around vessel walls, with neutrophils later recruited to the site of deposition. This is followed by leukocytoclasia (nuclear fragmentation) and the deposition of fibrin during the ensuing vessel destruction. In some longstanding disorders that feature leukocytoclastic vasculitis, such as erythema elevatum diutinum, concentric fibrosis may evolve over time.
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Fig. 0.22 Small vessel vasculitis.


A Inflammatory palpable purpura of the leg. B Perivascular and interstitial infiltrate of neutrophils with nuclear dust (leukocytoclasia). Fibrin within the vessel wall and extravasation of erythrocytes is also seen.


B, Courtesy, James Patterson, MD.





The concept of lymphocytic vasculitis is less well defined, but it is a term used to denote an inflammatory process in which there may be some fibrinoid necrosis of the vessel wall but the mediating cell is a lymphocyte. It is postulated as a mechanism chiefly in disorders such as pernio, Sneddon syndrome, and pityriasis lichenoides et varioliformis acuta, although the latter lacks fibrinoid necrosis.


Granulomatous vasculitis is defined by the presence of histiocytes (macrophages) within and around blood vessel walls in association with fibrin and/or degenerative and necrotic changes. Like lymphocytic vasculitis, it is a pattern observed in a restricted spectrum of diseases, often in association with autoimmune connective tissue diseases, and it may very well represent a later evolutionary stage of another form of vasculitis, either leukocytoclastic or lymphocytic.


In medium-sized vessel cutaneous vasculitis, there is involvement of the blood vessels at the dermal–subcutaneous junction and within the septa of the subcutaneous fat (Fig. 0.23). For dermatopathologists, polyarteritis nodosa is the most commonly encountered entity in this category. Temporal arteritis represents a form of large vessel vasculitis, but biopsies of this artery are rarely done by dermatologists.
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Fig. 0.23 Medium-sized vessel vasculitis.


A Nodules of cutaneous periarteritis nodosa. B Inflammation and destruction of a subcutaneous arteriole.




Pseudovasculitis refers to a group of heterogeneous, non-inflammatory conditions that are broadly classified into disorders that primarily cause hemorrhage (non-inflammatory purpuras) and those that primarily occlude vessels (occlusive vasculopathies) (see Chs 22 & 23). Many of these disorders involve dermal hemorrhage and/or occlusion of vessels by emboli, thrombi, vasospasm, fibro-intimal-medial hyperplasia secondary to vessel trauma, or non-inflammatory vessel wall pathology such as calcification, cholesterol emboli, and amyloid deposition.









Nodular and diffuse dermatitis


Nodular dermatitis is somewhat similar to perivascular dermatitis, but the inflammatory infiltrate has enlarged and coalesced to form one or multiple nodules within the dermis (see Fig. 0.13H). Further expansion of the nodules can essentially fill the entire dermis, yielding the diffuse pattern (Fig. 0.24).
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Fig. 0.24 Nodular and diffuse dermatitis, lymphocytic.


A Cutaneous lymphoid hyperplasia. B Dense dermal infiltrate containing lymphoid follicles with formation of germinal centers.


B, Courtesy, James Patterson, MD.





The nodular and diffuse pattern of dermatitis may be further subdivided, based chiefly upon the predominant inflammatory cell type. When histiocytes (macrophages) predominate in a nodular or diffuse infiltrate in one or more foci, the pattern is defined as granulomatous. Typically, in foreign body granulomas, the macrophages, over time, tend to fuse and multinucleate rather than divide, leading to foreign body giant cells. Two other forms of multinucleated macrophages (i.e. giant cells) are frequently observed in granulomatous dermatitides, namely the Langhans type and the Touton type of giant cells. Although none of these giant cells is pathognomonic or exclusive to just one disease, some disorders are characterized by the conspicuous presence of one or more of these three types of giant cells (e.g. Touton giant cells in juvenile xanthogranuloma).


Based on the constituent cells and other distinctive features, four major histopathologic types of granulomas can be identified (Fig. 0.25):




• Tuberculoid granulomas (see Fig. 0.25A) – comprised of epithelioid histiocytes, including multinucleate forms, surrounded by a dense infiltrate of lymphocytes and plasma cells; caseation may be present centrally. The Langhans type of multinucleated giant cell, with a horseshoe-like arrangement of nuclei, may be observed within tuberculoid granulomas. This type of granuloma is associated with cutaneous infections (e.g. Mycobacterium tuberculosis) and is seen in lupus miliaris disseminatus faciei.


• Sarcoidal granulomas (see Fig. 0.25B) – composed of discrete collections of epithelioid macrophages with only a sparse number of peripheral lymphocytes or plasma cells (i.e. a “naked” granuloma). While multinucleated cells may be identified, no particular type is associated with sarcoidal granulomas.


• Palisaded (“necrobiotic”) granulomas (see Fig. 0.25C) – characterized by an infiltrate of epithelioid macrophages aligned in a rim around a central area of necrobiosis (altered connective tissue with different tinctorial qualities such as increased basophilia or eosinophilia). Of note, not all palisaded granulomas are truly palisaded (with a rim of aligned histiocytes), and in fact, the histiocytes may also be distributed interstitially, in strands or cords between and amongst collagen bundles (interstitial granuloma).


• Suppurative granulomas (see Fig. 0.25D) – typified by collections of neutrophils within, and sometimes among or surrounding, aggregates of epithelioid macrophages. Suppurative granulomas may be induced by infectious agents and foreign body material.
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Fig. 0.25 Four major types of cutaneous granulomas.


A Tuberculoid. B Sarcoidal. C Palisaded. D Suppurative.


A–D, Courtesy, James Patterson, MD.





In general, all granulomatous infiltrates, but particularly tuberculoid, sarcoidal and suppurative forms, require exclusion of infectious agents and/or foreign material by special stains, immunohistochemical stains, fresh tissue culture and/or PCR, and polarization microscopy.


Nodular and diffuse infiltrates composed predominantly of histiocytes may also be further subcategorized into Langerhans cell and non-Langerhans cell histiocytoses (see Ch. 91). In Langerhans cell histiocytosis, the primary cells have the classic reniform (kidney bean-shaped) nuclei and characteristic immunohistochemical staining pattern, i.e. S100+ and CD1a+. Non-Langerhans histiocytes, on the other hand, have a range of both cytologic features (vacuolated, spindle-shaped, foamy, scalloped, and oncocytic) and types of admixed multinucleated giant cells (Touton type, Langhans type, foreign body type); sometimes, the histiocytes and giant cells display a homogenous “ground glass” cytoplasm. These cells are generally S100−,CD1a−, and CD68+ (a nonspecific marker of histiocyte lineage). The varying histopathologic features of the non-Langerhans histiocytoses may possibly be related to the actual physiologic function of histiocytes within the granuloma26.


Lastly, xanthomas are characterized by the accumulation of lipophages, or foamy histiocytes filled with lipid, within the dermis (see Ch. 92). It is the lipid content that imparts the yellowish hue to the lesions (Fig. 0.26). Cutaneous xanthomas may take various forms, including widespread papules (eruptive), nodules (tuberous or tendinous), and planar (xanthelasma, palmar).
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Fig. 0.26 Xanthomas.


A Yellow–pink eruptive xanthomas. B Lipid-laden macrophages with foamy or vacuolated cytoplasm are present within the dermis.


B, Courtesy, James Patterson, MD.












Folliculitis/perifolliculitis


Folliculitis (inflammation of a hair follicle) is defined by the presence of inflammatory cells within the wall and lumen of a hair follicle (see Fig. 0.13I); perifolliculitis refers to the presence of similar cells in the adjacent dermis. Folliculitis may be due to infections (bacterial, fungal, viral, Demodex), drugs, occlusion, or unknown etiologies (e.g. eosinophilic folliculitis).


The classification of folliculitis (and perifolliculitis) can be made on the basis of the primary inflammatory cell (lymphocytes, neutrophils or eosinophils), the nature of the underlying pathologic process (e.g. dermatophyte infection), the temporal course (acute versus chronic), and the site of involvement along the length of the hair follicle. If the inflammatory process is severe and/or irreversibly damages epithelial stem cells located in the bulge region destruction of the hair follicle will invariably ensue with resultant scarring (“scarring alopecia”; Fig. 0.27).
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Fig. 0.27 Folliculitis.


A Lichen planopilaris with areas of scarring alopecia and red–violet rims of inflammation around hair follicles. B Band-like lymphocytic infiltrate surrounding a hair follicle, with vacuolar alteration of basilar outer root sheath epithelium.











Fibrosing/sclerosing conditions


Fibrosing conditions include a wide spectrum of disorders that result from altered collagen production or destruction (or both), typically related to injury or an autoimmune connective tissue disease (see Fig. 0.13J). Histopathologically, the pattern is characterized by either: (1) abnormal fibrous dermal (and sometimes subcutaneous) tissue with an increased number of fibrocytes and increased, but rather unremarkable, collagen (fibrosis); or (2) homogenized, abnormally enlarged and eosinophilic collagen with a paucity of admixed fibroblasts (sclerosis). An example of the former is nephrogenic systemic fibrosis, and the latter, morphea (Fig. 0.28) and scleroderma. Obviously, overlap between the two ends of the spectrum may occur.
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Fig. 0.28 Sclerosing disorder.


A Linear morphea of the upper extremity. B Thickened and hyalinized collagen bundles, loss of adnexal structures and minimal inflammatory cell infiltrate.


A, Courtesy, Julie V Schaffer, MD.












Panniculitis


Panniculitis represents inflammation of the subcutis (see Fig. 0.13K,L) and it encompasses a wide range of disease processes (see Ch. 100). The diagnosis of panniculitides is difficult for both clinicians and dermatopathologists because the clinical presentation is often nonspecific and the histopathologic changes vary markedly over time and may also be rather nonspecific, especially in later stages. Adding to the challenge, biopsy specimens are often inadequate, commonly being too superficial in nature, too narrow in breadth, or too badly crushed by forceps to render a diagnosis with certainty.


An important first step in the subdivision of panniculitides is determination of the predominant location of the cellular infiltrate (Figs 0.29 & 0.30). That is, does it affect primarily the fat lobules versus the septa between the lobules versus both (mixed)? Secondly, there should be an assessment as to whether a coexisting vasculitis is present or not, and if vasculitis is detected, the size and type of the vessels involved must be determined.
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Fig. 0.29 Septal panniculitis.


A Multiple red–brown nodules of erythema nodosum on the shins, admixed with healing bruise-like areas. B Predominantly septal granulomatous infiltrate with formation of characteristic Miescher’s granulomas.


A, Courtesy, Kenneth Greer, MD; B, Courtesy, James Patterson, MD.
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Fig. 0.30 Lobular panniculitis.


A Pancreatic panniculitis. B Suppurative lobular panniculitis with characteristic enzyme-induced fat necrosis.


A, Courtesy, Kenneth Greer, MD. B, Courtesy, James Patterson, MD.





With panniculitides, one must be keenly aware of the type and quality of the inflammatory infiltrate, as well as peculiarities in the pattern of fat necrosis. Early in the course of the most common form of panniculitis, erythema nodosum, the infiltrate may contain a significant number of acute inflammatory cells (neutrophils in particular), but in later stages, the infiltrate is composed chiefly of chronic inflammatory cells (lymphocytes, histiocytes and plasma cells; see Fig. 0.29). If mononuclear cells are present, the degree of cytologic atypia should be assessed, as subcutaneous panniculitis-like T-cell lymphoma may mimic an inflammatory panniculitis. Lastly, peculiarities of fat necrosis, such as the hyaline quality of the necrosis in lupus panniculitis, the basophilic saponification in pancreatic panniculitis (see Fig. 0.30), or the pseudomembranous degeneration of lipodermatosclerosis, should be appreciated.


As is the case for granulomatous infiltrates, panniculitis requires a low threshold for performing special stains to exclude an infectious etiology and for using polarized light examination to identify foreign material.












Invisible dermatoses


Occasionally, one encounters a subcategory of dermatoses that actually lack a pattern of histopathology, and these conditions are often referred to collectively as “invisible dermatoses” (Table 0.9). From the perspective of the dermatopathologist, invisible dermatoses represent a group of skin diseases where a compelling case for disease exists clinically, but for which the histologic examination is rather unremarkable, i.e. the microscopic findings differ minimally from those of normal skin27,28.


Table 0.9 Invisible dermatoses.






	INVISIBLE DERMATOSES






	Microanatomic site

	Abnormality

	Example dermatoses






	Stratum corneum, granular cell layer

	Superficial infections

	Pityriasis (tinea) versicolor






	Dermatophytosis






	 

	Keratinization disorders

	Ichthyosis






	Disseminated superficial actinic porokeratosis






	Basilar layer of epidermis

	Pigmentation disorders

	Vitiligo






	Café-au-lait macule






	Superficial dermis

	Infestations

	Onchocerciasis






	 

	Mast cell infiltration

	Telangiectasia macularis eruptiva perstans






	 

	Deposition of endogenous substances

	Macular amyloidosis






	Superficial and deep dermis

	Deposition of exogenous substances

	Argyria (basement membrane of epithelial structures)






	 

	Deposition of endogenous substances

	Dermal melanocytosis






	Collagen abnormalities

	Collagenoma






	Atrophoderma






	 

	Elastic tissue abnormalities

	Nevus elasticus






	Anetoderma (non-inflammatory)






	Absence of normal epithelial structure

	Deficiency of eccrine sweat glands

	Hypohidrotic ectodermal dysplasia







Among the “invisible dermatoses” are: (1) diseases with subtle pathologic changes and diseases requiring special stains to visualize diagnostic pathology (e.g. disorders of elastic and collagen tissue without significant fibrosis or sclerosis); (2) diseases with focal pathologic processes requiring serial tissue levels to identify diagnostic features (e.g. polyarteritis nodosa); and (3) diseases that require precise clinical information and/or strict clinical correlation to make the diagnosis (e.g. vitiligo, melasma, telangiectasia macularis eruptiva perstans [a form of mastocytosis]).


Because the histopathologic changes in “invisible dermatoses” are subtle and vexing, upon recognition a methodical analysis is recommended that includes: careful searching for diagnostic pathology at all levels of the skin (cornified layer, epidermis, papillary dermis, reticular dermis, hypodermis, adnexa); use of special stains where appropriate and necessary (e.g. markers for melanocytes and stains for melanin in suspected vitiligo); and comparison of the specimen with normal skin.












Deposition of Materials within the Skin


Occasionally, materials not normally present in the skin are deposited, either by exogenous or metabolic insult, and this can be appreciated histologically. In some patients, there is aberrant deposition of endogenously produced materials, such as uric acid in gouty tophi or light chain-derived amyloid due to an underlying plasma cell dyscrasia, whereas in others, exogenous material has been purposefully or accidentally inoculated into the skin (e.g. cosmetic filler material, tattoo pigment). These materials may accumulate within the dermis, the subcutaneous fat, or both. Deposits of some materials, such as the silver in patients with argyria, may be limited to cutaneous adnexa. Use of polarized light or darkfield microscopy (where light enters tissue at an angle that is not perpendicular to the slide) may be of use in identifying foreign material.


Some deposits engender a granulomatous inflammatory reaction (see Ch. 94), while others evoke no appreciable reaction at all. Deposited material is usually visualized during microscopic examination, but it may be removed during processing (e.g. siliconosis), leaving only characteristic “empty spaces” to suggest its clinical presence. Special stains may be helpful for precise identification, depending upon the suspected nature of the material.









Histologic Stains


The standard stain in dermatopathology is hematoxylin and eosin, ubiquitously referred to as “H&E”. H&E staining yields a predictable pattern of staining, with the hematoxylin marking basophilic structures, such as cellular nuclei and the granular layer of the epidermis, a characteristic blue–purple, and eosinophilic structures, such as cytoplasm, collagen, muscle, nerve and fibrin, pink–red.


Although H&E staining alone enables the histopathologic diagnosis of many skin diseases, some disorders require additional “special stains” to facilitate a diagnosis29. For example, elastic tissue, unless significantly altered by ultraviolet radiation or calcium deposits, does not stain with H&E, and special stains such as Verhoeff–van Gieson are required to identify alterations in these fibers (e.g. in anetoderma; Fig. 0.31). Similarly, special stains exist to screen for the presence of infectious agents, such as the Brown–Brenn stain (a modified tissue Gram stain) for bacteria, the periodic acid–Schiff (PAS) or Gomori methenamine silver stain for fungus, and the Ziehl–Neelsen or Fite stain for mycobacteria (see Fig. 0.31). Additional special stains may be utilized to determine the type of infiltrating cell, such as the Giemsa or chloroacetate esterase stain for mast cells. Table 0.10 lists the more commonly employed histochemical (“special”) stains used in dermatopathology.
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Fig. 0.31 Examples of histochemical stains.


Often, histochemical stains reveal structures or substances (e.g. pigments, connective tissue elements, microorganisms) that cannot be clearly seen on H&E-stained sections. A Enhancement of increased melanin within the basal layer of the epidermis in genital melanosis (black color) – Fontana–Masson stain. B Demonstration of iron (hemosiderin) within dermal macrophages in purpura (blue color) – Prussian blue (Perls’ iron) stain. C A near absence of dermal elastic fibers (upper left), compared to normal elastic fibers in the lower right, in anetoderma (black color) – orcein elastic tissue stain. D Increased mucin in the dermis in reticular erythematous mucinosis (blue color) – colloidal iron stain. E Fungal hyphae within the stratum corneum in dermatophytosis (red color) – PAS stain (also note the staining of the basement membrane zone). F Mycobacteria within a granulomatous infiltrate in cutaneous tuberculosis (red–violet color) – Fite stain (modified acid-fast stain).


A–E, Courtesy, Lorenzo Cerroni, MD. F, Courtesy, Karen Warschaw, MD.







Table 0.10 Commonly employed special stains in dermatopathology. In parentheses are alternative names or variations of the stain. PXE, pseudoxanthoma elasticum.
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Immunohistochemical Testing


Immunohistochemistry (IHC) is the use of immunologic techniques to identify cellular antigens (proteins) not visible on routine H&E-stained sections. It exploits the principle of antibodies binding specifically to antigens in biological tissues. Visualizing this antibody–antigen interaction may be accomplished in a number of ways. Most commonly, the antibody is conjugated to an enzyme that can catalyze a color-producing reaction when the antibody–enzyme conjugate is bound to the appropriate antigen within tissue; the enzyme is often peroxidase, hence the older terminology, immunoperoxidase technique.


While IHC is most often used to characterize the cellular lineage of neoplasms, it is also helpful in assessing the biological behavior of tumors and in identifying specific infectious agents that are not discernible or are difficult to detect in routine H&E-stained sections (Fig. 0.32)30. IHC is also used as a research tool to determine the distribution and localization of specific biomarkers and proteins within biological tissue.
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Fig. 0.32 Example of the utility of an immunohistochemical stain.


A Dermal infiltrate comprised of lymphocytes and plasma cells (H&E-stained section). B The same area stained with antibody that recognizes a spirochetal antigen (immunoperoxidase technique) in which numerous organisms are identified (brown color), confirming the diagnosis of syphilis. C A combination of two differently colored chromogens highlights melanoma cells (Melan-A; red color) with a high relative proliferative index (Ki-67; brown color).


A, B, Courtesy, James Patterson, MD; C, Courtesy, Whitney High, MD.





When used rationally and appropriately, IHC is a formidable tool in diagnostic dermatopathology, but if used without insight or excessively, it can be misleading and economically wasteful. Important factors to consider when using IHC include the following: (1) practically no antibody is specific for a certain cell type, and therefore a panel of antibodies should be employed to avoid premature, incomplete or erroneous conclusions; (2) a differential diagnosis must be constructed prior to ordering an antibody panel so that the requested antibodies are appropriate; and (3) no antibody can differentiate irrefutably between a benign and malignant neoplasm (although, on occasion, evidence of an increased proliferative index or the aberrant expression of certain proteins may support such a conclusion).


A list of antibodies used most often in dermatopathology, the corresponding antigens, and the disease processes suggested by positive reactions is provided in Table 0.11. When reading about specific disease processes in other sections of this book, pay particular attention to the use of IHC techniques.


Table 0.11 Most commonly employed immunohistochemical stains in dermatopathology. CDKN2A, cyclin-dependent kinase inhibitor 2A; CD, cluster of differentiation; CK, cytokeratin; CTLA-4, cytotoxic T-lymphocyte antigen-4; HTLV-1, human T-cell leukemia virus 1 (human T-cell lymphotropic virus 1); IL, interleukin; LFA-3, lymphocyte function-associated antigen-3; MAdCAM-1, mucosal addressin cell adhesion molecule-1; MART-1, melanoma antigen recognized by T cells; Melan-A, melanocyte antigen; MHC, major histocompatibility complex; NK, natural killer; PEC, perivascular epithelioid cell.






	MOST COMMONLY EMPLOYED IMMUNOHISTOCHEMICAL STAINS IN DERMATOPATHOLOGY






	Marker

	Definition/primary cellular expression

	Applications/comments






	Epithelial markers






	Bcl-2

	



• Protein product of an oncogene that negatively regulates programmed cell death (apoptosis)


• Expressed in the basal layer of the epidermis and in lymphoid cells (see below)







	



• Sometimes useful in distinguishing basal cell carcinoma from trichoepithelioma


• Sometimes useful in suggesting a systemic form of B-cell lymphoma when there is cutaneous involvement












	CEA (carcinoembryonic antigen)

	



• A protein expressed by a variety of tissues, from gastrointestinal cells to skin adnexa







	



• Expressed in eccrine and apocrine epithelium


• Paget’s disease (mammary and extramammary), although somewhat supplanted by CK 7 stain












	CK 5/6

	



• Intermediate-sized basic keratins


• Expressed in the basal layer of stratified squamous epithelia







	



• Spindle cell squamous cell carcinoma


• May aid in distinguishing primary carcinomas of the skin from metastatic carcinoma












	CK 7

	



• Low-molecular-weight cytokeratin







	



• Expressed in eccrine and apocrine epithelium


• Paget’s disease (mammary and extramammary)


• Cutaneous metastases of breast carcinoma












	CK 20

	



• Low-molecular-weight cytokeratin


• Expressed in simple epithelia and Merkel cells







	



• Sometimes expressed (along with CK 7) in metastatic transitional cell carcinoma












	EMA (epithelial membrane antigen)

	



• High-molecular-weight transmembrane glycoprotein expressed in many epithelial cells







	



• Often stains malignant eccrine and apocrine tumors


• Stains most sebaceous glands












	GCDFP-15
(gross cystic disease fluid protein-15)

	



• Expressed by apocrine glands, eccrine glands (variable), minor salivary glands, bronchial glands, metaplastic epithelium of the breast, benign sweat gland tumors of the skin, and the serous cells of the submandibular gland







	



• Breast carcinoma


• Sweat gland carcinoma with apocrine differentiation












	P53

	



• Protein product of the tumor suppressor gene TP53 that is involved in regulation of the cell cycle







	



• Aberrant nuclear expression may be seen in: sun-damaged skin (confined to the basilar layer); actinic keratoses (some suprabasilar staining); squamous cell carcinoma in situ (full-thickness staining); and some invasive squamous cell carcinomas












	P63

	



• P53 homolog that acts as a transcription factor, with roles in regulating differentiation and development of epithelia as well as the cell cycle


• Expressed in the basal layer of the epidermis and cutaneous adnexa







	



• Spindle cell squamous cell carcinoma


• Undifferentiated carcinomas


• Adnexal carcinomas












	Pancytokeratins AE1/AE3

	



• Mixture of low- and high-molecular-weight cytokeratins







	



• Screening tumors for an epithelial origin


• Useful for squamous cell carcinomas












	CK903 (34βE12)

	



• High-molecular-weight cytokeratin







	



• Spindle cell squamous cell carcinoma


• May aid in distinguishing primary cutaneous carcinomas from metastases












	Melanocytic and neural markers






	HMB45

	



• Glycoprotein present in premelanosomes and melanosomes (Pmel17/gp100)


• Matrix protein expressed in melanocytes that are synthesizing melanin







	



• Melanocytic nevi and melanomas (highly specific)


• PEComas


• Diminished staining with dermal descent favors benign tumors












	MART-1/Melan-A

	



• Protein involved in melanosome structure and maturation


• An antigen present on melanocytes and melanoma cells


• Recognized by cytotoxic T lymphocytes







	



• Melanocytic nevi and melanomas (highly specific)


• PEComas












	MITF-1 (microphthalmia-associated transcription factor)

	



• Necessary for the development of melanocytes during embryogenesis


• Regulator of multiple proteins involved in melanogenesis







	



• Melanocytic nevi and melanoma


• Exclusive nuclear staining may be advantageous in some situations (e.g. lentigo vs lentigo maligna)40












	P16

	



• One of two protein products of the tumor suppressor gene CDKN2A


• Expressed in some melanocytic and epithelial neoplasms







	



• Melanocytic nevi and Spitz nevi


• Strong nuclear and cytoplasmic expression may favor benignity in melanocytic processes












	P75

	



• Common receptor for members of the neurotrophins (NT) family


• Involved in programmed cell death


• Marker of Schwannian differentiation









	



• Helpful for establishing the diagnosis of desmoplastic and neurotropic melanoma when S100 staining is weak or absent












	S100

	



• Family of low-molecular-weight, calcium-binding proteins


• Expressed in neural crest-derived cells (melanocytes, Schwann cells, glial cells), chondrocytes, fat cells, macrophages, Langerhans cells, dendritic cells, some breast epithelial cells and sweat glands







	



• Most sensitive marker for melanoma and spindle cell/desmoplastic melanoma


• Malignant peripheral nerve sheath tumors (stains weakly in comparison to melanoma)


• Clear cell sarcoma












	Tyrosinase

	



• Enzyme involved in melanin biosynthesis







	



• Higher sensitivity than HMB45


• Sensitivity decreases with increased clinical stage and in metastases












	Neuroendocrine markers






	CD57 (Leu-7)

	



• Adhesion molecule


• T cells, NK cells, Schwann cells







	



• Myelinated areas of neuromas and neurofibromas












	Chromogranin

	



• Granules of neuroendocrine cells and sympathetic nerves







	



• Merkel cell carcinoma












	CK 20

	



• Low-molecular-weight cytokeratin


• Expressed in simple epithelia and Merkel cells







	



• The most sensitive stain for Merkel cell carcinoma (especially when used in combination with TTF-1; when the latter is negative, cutaneous metastases of small cell lung carcinoma are excluded)












	Neurofilament

	



• Intermediate filaments within neuronal processes of central and peripheral nervous tissue







	



• Merkel cell carcinoma


• Neural tumors












	NSE (neuron-specific enolase)

	



• A protein originally found in neurons and neuroendocrine cells, but also demonstrated within melanocytes, striated and smooth muscle cells, megakaryocytes, T cells and some platelets







	



• Often humorously referred to as “non-specific enolase”, the antibody is not of great utility due to the large number of tissues it stains, but it is occasionally used as a screen and supportive evidence for Merkel cell carcinoma












	Synaptophysin

	



• Glycoprotein of presynaptic vesicles found in neurons and neuroendocrine cells







	



• Merkel cell carcinoma


• Neural tumors












	TTF-1 (thyroid transcription factor-1)

	



• Expressed in the epithelia of the thyroid and lung as well as some neural tissues







	



• Thyroid carcinoma


• Small cell lung carcinoma


• Visceral neuroendocrine tumors



[negative in Merkel cell carcinoma]












	Mesenchymal cell markers






	Caldesmon

	



• Actin and protomyosin binding protein involved in regulation of muscle and non-muscle contraction







	



• Smooth muscle neoplasms












	CD10

	



• A cell-surface enzyme with neutral metalloendopeptidase activity


• Present on some fibrohistiocytic cells as well as lymphoid cells (see below)







	



• Dermatofibroma (strong and diffuse), atypical fibroxanthoma, renal cell carcinoma


• Renal cell carcinoma, neurothekeoma












	CD99 (MIC2)

	



• Transmembrane protein expressed on most hematopoietic cells







	



• Ewing sarcoma, peripheral neuroectodermal tumor












	Desmin

	



• Intermediate filament protein expressed predominantly by striated and smooth muscle cells







	



• Smooth and striated muscle cell neoplasms












	Factor XIIIa

	



• Human coagulation factor XIII


• Expressed in a subset of dermal dendrocytes, monocytes and macrophages







	



• Non-Langerhans cell histiocytoses


• Dermatofibroma; negative in dermatofibrosarcoma protuberans (DFSP)












	Smooth muscle actin

	



• Present in smooth muscle around blood vessels, arrector pili muscle and myofibroblasts







	



• Benign and malignant smooth muscle tumors, myofibroblastic tumors and pseudotumors












	Vimentin

	



• Intermediate filaments in mesenchymal cells







	



• All mesenchymal cells/tumors, sarcomatoid (spindle cell) carcinoma












	Endothelial markers






	CD31

	



• Platelet–endothelial cell adhesion molecule-1 (PECAM-1)


• Highly sensitive for endothelial cells, but poor specificity







	



• Benign and malignant vascular neoplasms












	CD34

	



• Surface glycoprotein involved in cell–cell adhesion


• Highly sensitive for endothelial cells, but poor specificity







	



• Benign and malignant vascular neoplasms


• DFSP; negative in dermatofibroma












	Human herpesvirus-8 (HHV-8)

	



• HHV-8 latent nuclear antigen







	



• Kaposi sarcoma (earliest stage may be negative)












	Podoplanin (D2-40)

	



• Mucin-type transmembrane glycoprotein


• Expressed by lymphatic, but not vascular, endothelial cells







	



• Kaposi sarcoma, angiosarcomas with lymphatic differentiation


• Lymphangiomas


• Schwannomas












	Histiocytic markers






	CD1a

	



• Transmembrane glycoprotein structurally related to the MHC proteins; functions in antigen presentation


• Expressed in Langerhans cells and precursor T cells







	



• Langerhans cell histiocytoses


• Some T-cell lymphoblastic lymphomas












	CD68

	



• Glycoprotein that binds to low-density lipoprotein


• Expressed in monocytes and macrophages


• With some anti-CD68 monoclonal antibodies (e.g. KP1), also detected in mast cells, neutrophils and myeloid precursors







	



• Blastic NK cell lymphoma (some cases), myeloid leukemias


• Some soft tissue tumors


• Non-Langerhans cell histiocytoses


• Atypical fibroxanthoma












	CD163

	



• Protein expressed by monocytes and macrophages that functions in endocytosis and clearance of materials







	



• Cells of histiocytic lineage


• Some cells of fibrohistiocytic lineage (dermatofibromas)












	CD207 (Langerin)

	



• Transmembrane cell surface receptor produced by Langerhans cells and localized in the Birbeck granules (involved in internalization of antigen into Birbeck granules)







	



• Langerhans cell histiocytoses












	S100

	



• Family of low-molecular-weight, calcium-binding proteins


• Expressed in Langerhans cells, activated macrophages and other cells (see melanocytic section above)







	



• Langerhans cell histiocytoses












	Mast cell markers






	CD117 (c-KIT)

	



• Stem cell factor (KIT ligand) receptor


• Tyrosine kinase receptor expressed on the surface of hematopoietic stem cells, myeloid progenitor cells, mast cells and melanocytes







	



• Mastocytosis, mast cell neoplasms


• Myeloid leukemia


• Junctional component in melanocytic nevi, some melanomas


• Gastrointestinal stromal tumors (GIST)


• The efficacy of imatinib, a c-KIT inhibitor, is affected by the mutation status of the gene that encodes this receptor












	Tryptase

	



• Serine protease in mast cell granules







	



• Mastocytosis, mast cell neoplasms












	Metastases (See Ch. 122)






	CDX2 (caudal-type homeobox 2)

	



• Transcription factor expressed in all but the most distal portions of the intestinal tract during development







	



• Gastrointestinal and carcinoid tumors












	PSA (prostate-specific antigen)

	



• Glycoprotein produced almost exclusively by the prostate gland







	



• Prostate carcinomas, benign prostatic hyperplasia












	Uroplakin

	



• Protein of urothelial surface membrane







	



• Bladder carcinomas












	Lymphoid markers






	ALK (anaplastic lymphoma kinase)

	



• Membrane-associated tyrosine kinase receptor


• Probable role in nervous system development and maintenance







	



• Systemic anaplastic large cell lymphoma (nodal and extranodal)


• Negative in primary cutaneous T-cell lymphomas and other types of anaplastic lymphoma (especially B-cell lymphomas) with CD30 positivity












	Bcl-2

	



• Antiapoptosis factor for T and B cells


• Expressed in non-germinal center B cells and most T cells







	



• Diffuse large B-cell lymphoma, leg type


• Most follicular lymphomas (excluding primary cutaneous follicle center lymphoma)












	Bcl-6

	



• Nuclear protein expressed in mature B cells within normal germinal centers







	



• Primary cutaneous follicle center lymphoma


• Reactive lymphoid follicles












	Immunoglobulin light chains
(kappa and lambda)

	



• Small polypeptide subunits of immunoglobulin


• Expressed in B cells and plasma cells







	



• Plasma cell and plasmacytoid neoplasms


• Monotypic expression (all kappa or all lambda) in clonal neoplasms












	LMP1

	



• EBV latent membrane antigen







	



• AIDS-related non-Hodgkin lymphomas, post-transplant lymphoproliferative disorders, some NK/T-cell lymphomas












	TdT

	



• Terminal deoxynucleotidyl transferase


• Expressed in immature pre-B and pre-T cells







	



• Lymphoblastic lymphoma/leukemia


• CD4+/CD56+ hematodermic neoplasm












	CD3

	



• Complex of transmembrane proteins in the immunoglobulin superfamily involved in signal transduction to the T-cell interior following antigen recognition


• Pan T-cell marker


• Also expressed in NK cells (cytoplasmic staining for CD3ε)







	



• T-cell lymphomas


• HTLV-1-associated adult T-cell leukemia/lymphoma












	CD4

	



• Transmembrane glycoprotein involved in T-cell activation (class II MHC restricted)


• Expressed in helper and regulatory T cells, monocytes, granulocytes, macrophages and Langerhans cells







	



• Some T-cell lymphomas, including classic mycosis fungoides












	CD5

	



• Transmembrane glycoprotein


• Expressed in mature T cells, thymocytes and a subset of mature B cells







	



• T-cell lymphomas, B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma, mantle cell lymphoma












	CD7

	



• Transmembrane protein in the immunoglobulin superfamily with a role in T-cell interactions with other T cells and B cells


• Expressed throughout T-cell differentiation







	



• T-cell lymphomas, myeloid leukemias, NK-cell neoplasms, T-cell lymphoblastic lymphoma/leukemia


• Expression often lost in mycosis fungoides












	CD8

	



• Transmembrane glycoprotein involved in T-cell activation (class I MHC restricted)


• Expressed in cytotoxic T cells, NK cells, thymocytes







	



• Primary cutaneous aggressive epidermotropic CD8+ cytotoxic cutaneous T-cell lymphoma, most subcutaneous panniculitis-like T cell lymphomas


• Some peripheral T-cell lymphomas












	CD10 (common acute lymphoblastic leukemia antigen; CALLA)

	



• Cell-surface enzyme with neutral metalloendopeptidase activity


• Expressed in precursor and germinal center B cells







	



• Follicle center lymphoma,


• B-cell lymphoblastic lymphoma/leukemia












	CD15 (LeuM1; Lewis X)

	



• Membrane protein


• Sulfated sialyl Lewis X (a component of adhesion molecules such as MAdCAM-1) binds selectins (CD62L, E and P) and mediates leukocyte rolling on activated endothelium


• Expressed in monocytes and granulocytes


• Absent on normal lymphocytes







	



• Classic Hodgkin disease (Reed Sternberg cells)


• Acute myeloid leukemia












	CD20

	



• Unglycosylated phosphoprotein expressed only on B cells


• Plays a role in B-cell activation and proliferation







	



• B-cell lymphomas












	CD21 (complement receptor 2)

	



• Receptor for the C3d fragment of complement and EBV in B cells and epithelial cells


• Expressed in follicular dendritic cells, mantle B cells and marginal zone B cells







	



• Follicular dendritic cell neoplasms


• Mantle and marginal zone B-cell lymphomas












	CD25 (IL-2 receptor α chain)

	



• Component of the high-affinity receptor for IL-2


• Expressed in activated T cells (including regulatory T cells), B cells, and macrophages







	



• Adult T-cell leukemia/lymphoma (associated with HTLV-1)


• Targeted by denileukin diftitox (used to treat mycosis fungoides) as well as daclizumab and basiliximab (used to prevent rejection in solid organ transplant recipients)












	CD30

	



• Member of the tumor necrosis factor (TNF) receptor family


• Expressed in activated T and B cells







	



• Anaplastic large T-cell lymphoma, lymphomatoid papulosis, Hodgkin lymphoma


• Non-neoplastic skin diseases (e.g. herpesvirus infections, poxvirus infections)












	CD34

	



• Surface glycoprotein involved in cell–cell adhesion


• Expressed in hematopoietic cell precursors







	



• Acute lymphoblastic lymphoma/leukemia, acute myeloblastic leukemia












	CD40 and CD154 (CD40 ligand)

	



• Interaction between CD40 ligand on T cells and CD40 on B cells mediates immunoglobulin class switching







	



• Mutations in the genes encoding CD40 and CD40 ligand can lead to hyper-IgM syndrome












	CD43

	



• Membrane glycoprotein with regulatory functions


• Expressed in T cells, a subset of B cells, monocytes, mast cells and other granulocytes







	



• T-cell lymphomas, some B-cell lymphomas (aberrant expression), myeloid leukemias, mast cell neoplasms


• B-cell chronic lymphocytic leukemia when CD20 is coexpressed












	CD45 (leukocyte common antigen)

	



• Family of high-molecular-weight glycoproteins (all products of a single complex gene) present on the surface of leukocytes


• Protein tyrosine phosphatase that functions in cellular signaling







	



• Most B- and T-cell lymphomas












	CD45RA

	



• High-molecular-weight isoform of leukocyte common antigen


• Found on naive T cells and B cells







	



• Primary cutaneous aggressive epidermotropic CD8+ cytotoxic T-cell lymphoma, some subcutaneous panniculitis-like T-cell lymphomas,


• Mantle cell lymphoma












	CD45RO

	



• Low-molecular-weight isoform of leukocyte common antigen


• Found on memory T cells







	



• T-cell lymphomas












	CD52

	



• Glycosylphosphatidylinositol-anchored surface protein


• Expressed on T cells, B cells, monocytes and dendritic cells







	



• Targeted by the drug alemtuzumab for the treatment of chronic lymphocytic leukemia and T-cell lymphomas












	CD56

	



• Neural cell adhesion molecule


• Expressed on NK cells, a subset of CD3+ cytotoxic T cells, a subset of CD4+ T cells and monocytes as well as neural cells







	



• Extranodal NK/T-cell lymphoma (nasal type), primary cutaneous γ/δ T-cell lymphoma (including with subcutaneous involvement), CD4+/CD56+ hematodermic neoplasm, rarely in primary cutaneous anaplastic large cell lymphoma


• Some leukemias, most myelomas


• Neural neoplasms












	CD58 (LFA-3)

	



• Adhesion molecule on antigen-presenting cells that binds to CD2 on T cells and strengthens the interaction between these cells







	



• The drug alefacept is an LFA-3/IgG1 fusion protein












	CD79a

	



• Surface glycoprotein associated with immunoglobulin in the B-cell membrane; involved in signal transduction after antigen binding


• Appears before the pre-B-cell stage


• Found on B cells (immature and mature) and plasma cells







	



• B-cell lymphomas (may be positive in cases where CD20 is negative)


• Plasma cell neoplasms












	CD80 (B7-1), CD86 (B7-2) and CD28

	



• Binding of CD80 or CD86 on activated B cells and antigen presentation cells to the CD28 receptor on T cells delivers a costimulatory signal for T-cell activation







	 






	CD95 (Fas) and CD178 (Fas ligand)

	



• Fas ligand-expressing cytotoxic T cells induce apoptosis in Fas-expressing target cells, which can include activated B and T cells, keratinocytes and fibroblasts







	 






	CD99

	



• Surface glycoprotein with roles in cellular adhesion, activation and migration


• Expressed in thymocytes, T cells, other hematopoietic cells and endothelial cells







	



• Lymphoblastic lymphoma/leukemia


• Various non-lymphoid tumors, e.g. Ewing’s sarcoma, peripheral primitive neuroectodermal (PNET) tumors and Merkel cell carcinoma












	CD138 (syndecan-1)

	



• Surface glycoprotein involved in cell–cell and cell–matrix adhesion


• Expressed in plasma cells, plasmacytoid cells and activated T and B cells







	



• Marginal zone B-cell lymphoma, myeloma, plasmablastic lymphoma












	CD152 (CTLA-4)

	



• Transmembrane protein on the surface of T cells that transmits an inhibitory signal


• Binding to CD80 or CD86 leads to negative regulation of T-cell activation







	



• A CTLA-4/IgG1 fusion protein (abatacept) that inhibits T-cell costimulation is used as anti-inflammatory treatment for rheumatoid arthritis


• A monoclonal antibody (ipilimumab) that blocks the effects of CTLA-4 activates the immune system; used to treat melanoma












	Granzyme B

	



• Serine protease expressed specifically by activated cytotoxic T cells







	



• Cytotoxic T-cell lymphomas












	MUM1 (multiple myeloma oncogene 1)

	



• Member of the interferon regulatory factor family of transcription factors


• Expressed in plasma cells, late B cells and activated T cells







	



• Some B-cell neoplasms


• CD30+ lymphoproliferative disorders, anaplastic CD30+ lymphoma












	Myeloperoxidase

	



• Lysosomal protein


• Most abundant in neutrophils and monocytes







	



• Myeloid leukemias












	Perforin

	



• Cytolytic protein stored in cytoplasmic granules and then released from cytotoxic T cells







	



• Cytotoxic T-cell lymphomas












	TIA-1

	



• Granule-associated RNA-binding protein that defines a subset of CD8+ lymphocytes with cytotoxic potential







	



• Cytotoxic T-cell lymphomas












	Microorganisms






	Cytomegalovirus (CMV)

	



• Glycoproteins expressed during the immediate-early and early stages of CMV replication within infected cells







	



• CMV infection












	Epstein-Barr virus (EBV)

	



• EBV membrane protein encoded by BNLF







	



• Post-transplantation lymphoproliferative disorders, Hodgkin disease












	Herpes simplex virus (HSV)

	



• Glycoproteins present within the viral envelope and core







	



• HSV-1 or -2 infection












	Human herpesvirus-8 (HHV-8)

	



• HHV-8 latency-associated nuclear antigen







	



• Kaposi sarcoma, primary effusion lymphoma, Castleman’s disease












	Varicella-zoster virus (VZV)

	



• Glycoprotein I of VZV







	



• Varicella or herpes zoster












	BCG

	



• Anti-Bacillus Calmette-Guérin







	



• Mycobacterial infections


• Mycotic infections


• Bacterial infections












	Borrelia burgdorferi

	



• Reacts against various antigens (e.g. flagellin) of Borrelia burgdorferi


• Cross-reacts against Treponema pallidum, B. hermsii, and B. parkeri







	



• Lyme disease


• Syphilis












	Treponema pallidum

	



• Specific for all Treponema pallidum antigens







	



• Syphilis












	Proliferation markers






	Ki-67

	



• Prototypic antigen for cell cycle-related nuclear proteins, expressed by proliferating cells during the active phases of the cell cycle, but not during the resting phase (G0)







	



• Assessment of proliferative activity of tumors (with malignancy generally possessing an elevated proliferative index)












	MIB-1

	



• Peptides from recombinant fragments of the gene for Ki-67 antigen







	 







CD (cluster differentiation) molecules exist as markers on the cell surface and are recognized by specific sets of antibodies used to identify the cell type, stage of differentiation and activity of a cell.


Table created with the assistance of Dr Stefano Titli.












Introduction to the use of dermoscopy (dermatoscopy)


In the prior two sections, we reviewed the basic principles of clinical dermatology and then dermatopathology, with particular emphasis on clinicopathologic correlations. We now turn to an increasingly utilized ancillary examination technique known as dermoscopy (dermatoscopy). It is a non-invasive diagnostic technique that allows for the observation of morphologic features that are not visible to the naked eye, thus forming a link between macroscopic clinical dermatology and microscopic dermatopathology. This “sub-macroscopic” observation of colors and structures (Figs 0.33-0.37) enhances clinical assessment by providing new diagnostic criteria for the differentiation of melanoma from other melanocytic and non-melanocytic, benign and malignant neoplasms31.
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Fig. 0.33 Dermoscopy colors of keratinizing, melanocytic, and vascular tumors.
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Fig. 0.34 The four most common types of melanoma.


A Small superficial melanoma typified dermoscopically by asymmetry of color and structure, atypical network, blue–white structures, and irregular streaks at the periphery. B Large thick melanoma with predominant blue–white veil. The combination of blue color with irregular black to brown dots, globules, and blotches (as seen here) is highly specific for the diagnosis of thick melanoma. C Small facial melanoma in situ (lentigo maligna) typified by gray color and rhomboidal structures in dermoscopy. D Acral melanoma in situ typified by the characteristic parallel-ridge pattern.
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Fig. 0.35 Four examples of superficial melanomas of increasing tumor thickness.


A Melanoma in situ typified dermoscopically by asymmetry of color and structure, atypical network, blue–white structures, and irregular black dots and globules (at the upper side of the lesion). B Melanoma 0.5 mm thick typified predominantly by atypical pigment network and regression structures. The latter are composed by areas of pigment loss (in the center of the lesion) and bluish pepper-like granules corresponding to melanophages. C Melanoma 0.75 mm thick typified by multiple melanoma-specific criteria including asymmetry of color and structure, atypical network, irregular streaks at the periphery, irregular dots and globules (upper side of the lesion), and blue–white structures especially in the center. D, Melanoma 0.9 mm thick. Clinically, a palpable area is visible, corresponding dermoscopically to the presence of blue–white veil, a sign of increased tumor thickness. Irregular dots and globules (at the upper side), irregular streaks at the periphery, and uneven brown to black pigmented areas (blotches) are also observed.
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Fig. 0.36 The four most common types of melanocytic nevi – clinical and dermoscopic findings.


A Typical acquired nevus with reticular pattern in dermoscopy. B Small congenital nevus with globular pattern. C Reed nevus typified dermoscopically by the classic starburst pattern (regular streaks at the periphery of a heavily pigmented and symmetric small macule). D Classic blue homogenous color typically found in blue nevi.
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Fig. 0.37 Four non-melanocytic pigmented tumors – clinical and dermoscopic findings.


A Pigmented basal cell carcinoma with leaf-like areas (islands of blue–gray color) at the periphery and a small erosion of reddish color at the left side of the lesion. B Seborrheic keratosis with typical milia-like cysts (white shining globules) and comedo-like openings (black targetoid globules). C Angiokeratoma with red–black lacunas clearly visible as well-demarcated roundish structures. D A dermatofibroma with characteristic central white patch and peripheral delicate pseudo-network.




The technique of dermoscopy classically involves applying a liquid or gel to the skin surface and then inspecting the lesion using a hand-held, illuminated microscope (also called a dermatoscope), a stereomicroscope, a camera or a digital imaging system. The magnification of these instruments ranges from 6× to 40× and even up to 100×. The widely used dermatoscope has a 10-fold magnification, sufficient for routine assessment of skin tumors. The fluid placed on the lesion eliminates surface reflection and renders the cornified layer translucent, thus allowing a better visualization of pigmented structures within the epidermis, the dermal–epidermal junction and the superficial dermis. Moreover, the size and shape of vessels of the superficial vascular plexus are better visualized with this procedure (Figs 0.38 & 0.39). More recently, hand-held devices have been introduced that utilize polarized light which renders the epidermis translucent. With these latter devices, use of a liquid medium is no longer required in order to visualize subsurface structures.
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Fig. 0.38 Vascular structures in dermoscopy.


(See also Table 0.13 for definitions and diagnostic significance). A Comma vessels (typical of dermal and congenital nevi). B Dotted vessels (often found in melanoma and Spitz nevi). C Linear-irregular vessels (typical of melanoma). D Hairpin vessels (most common in keratinizing tumors, such as seborrheic keratosis and squamous cell carcinoma). E Glomerular vessels (found in Bowen’s disease). F Arborizing vessels (typical of basal cell carcinoma). G Crown vessels (common finding in sebaceous hyperplasia). H Strawberry pattern (typical of facial actinic keratosis). I Multiple blood crusts over a red background (typical finding in superficial basal cell carcinoma). J Red lacunas (typical finding in hemangiomas). K Red homogenous areas intersected by whitish lines (most common in pyogenic granuloma). L Milky-red areas (typical of melanoma).
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Fig. 0.39 Four non-pigmented skin tumors – clinical and dermoscopic findings.


A This amelanotic melanoma is typified by a central ulceration, polymorphic vascular structures (combination of dotted and linear-irregular vessels), and milky-red color in the background. B Nodular basal cell carcinoma with striking arborizing vessels. C A Spitz nevus with dotted vessels and typical negative pigment network (reticular depigmentation) at the periphery. D An example of Bowen’s disease with clusters of glomerular vessels that in combination with superficial scales are highly specific for the diagnosis.




Nowadays, the dermatoscope is increasingly being used by dermatologists as a stethoscope equivalent. This is because it not only facilitates the diagnosis of pigmented and non-pigmented skin tumors, but it also improves recognition of a growing number of non-pigmented skin conditions. For example, dermoscopy can facilitate the diagnosis of scabies due to the presence of the pathognomonic “jet with contrail” sign32 (Fig. 0.40A). Additional skin infections and infestations that may be differentiated with increased confidence include pediculosis, phthiriasis, tungiasis, tinea nigra and molluscum contagiosum. For two of the more common inflammatory skin disorders – psoriasis and lichen planus – the use of dermoscopy allows for the visualization of specific sub-macroscopic features, including the “red dots” pattern in psoriasis and the “whitish striae” pattern in lichen planus (Fig. 0.40B,C). Scalp psoriasis and seborrheic dermatitis may also be differentiated via dermoscopy. The most notable scalp psoriasis features are red dots and globules, twisted red loops and glomerular vessels, whereas seborrheic dermatitis is characterized by the presence of arborizing vessels and atypical red vessels, as well as featureless areas with no particular vascular pattern and no red dots or globules. In a recent review of the indications for dermoscopy, more than 35 different inflammatory and infectious skin diseases were listed33. One of the newest applications of this technique is trichoscopy, namely the dermoscopic observation of the scalp, which may prove helpful in the differential diagnosis of hair and scalp diseases34 (Fig. 0.40D).
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Fig. 0.40 Four non-neoplastic skin disorders – clinical and dermoscopic findings.


A A 6-month-old boy with scabies. By dermoscopy, a characteristic “jet with contrail” structure can be identified corresponding to the anterior part of the mite (arrow) and the burrow behind it. B By dermoscopy, classic psoriasis plaques exhibit regular dotted vessels. C The dermoscopic pattern of lichen planus is definitely different from the previous one. Here, dotted vessels are seen at the border of typical whitish lines and clods, which closely resemble the Wickham striae found in lichen planus of the oral mucosa. D Typical yellow dots seen dermoscopically in scalp patches of alopecia areata.




The aim of dermoscopy in melanoma screening is to maximize early detection while minimizing the unnecessary excision of benign skin tumors. Over the past few years, three meta-analyses and two randomized studies have proven definitively that dermoscopy improves the sensitivity for melanoma detection as compared to just the naked eye35-39. In a meta-analysis of dermoscopy studies performed in a clinical setting, the relative odds ratio for dermoscopic diagnosis of cutaneous melanoma (compared to naked eye examination) was 15.6 (p = 0.016). The average sensitivities for melanoma detection by naked eye versus dermoscopic examinations were 74% and 90%, respectively. Furthermore, this improved sensitivity came about without a decrease in specificity, suggesting that better melanoma detection (16% improvement) occurred without increasing the number of unnecessary excisions of benign lesions39. A randomized study found that combining eye and dermoscopic examinations led to a significant reduction in the percentage of patients referred for biopsy (9% vs 15.6%; p = 0.013)37. In summary, the use of dermoscopy is associated with a significant increase in the number of excised melanomas, as well as a significant reduction in the number of excised benign pigmented skin lesions.


Pattern analysis is the most well-known and reliable method for differentiating pigmented skin tumors. This is based on a two-step algorithm, where first there is recognition of basic criteria for melanocytic and non-melanocytic tumors (first step; Table 0.12) and then benign and malignant features of melanocytic nevi and melanoma, respectively (second step; Tables 0.13 & 0.14)31. Recent attempts to simplify the dermoscopic approach to diagnosing melanocytic nevi and melanoma include the ABCD rule, the Menzies method, and the 7-point checklist31 (Tables 0.15-0.17).


Table 0.12 Pattern analysis: first-step algorithm for differentiation between melanocytic and non-melanocytic lesions.






	PATTERN ANALYSIS: FIRST-STEP ALGORITHM FOR DIFFERENTIATION BETWEEN MELANOCYTIC AND NON-MELANOCYTIC LESIONS






	Dermoscopic criterion

	Definition

	Diagnostic significance






	Pigment network – pseudo-network†


	Network of brownish interconnected lines over a background of tan diffuse pigmentation. In facial skin, a peculiar pigment network, also called a pseudo-network, is typified by round, equally sized network holes corresponding to the pre-existing follicular ostia

	Melanocytic lesion






	Aggregated globules

	Numerous, variously sized, more or less clustered, round to oval structures with various shades of brown and gray–black. They should be differentiated from multiple blue–gray globules

	Melanocytic lesion






	Streaks

	These have been previously described separately as pseudopods and radial streaming, but are now combined into the one term. They are bulbous and often kinked or finger-like projections seen at the edge of a lesion. They may arise from network structures but more commonly do not. They range in color from tan to black

	Melanocytic lesion






	Homogeneous blue pigmentation‡


	Structureless blue pigmentation in the absence of pigment network or other distinctive local features

	Melanocytic lesion






	Parallel pattern

	Seen in melanocytic lesions of palms/soles and mucosal areas. On palms/soles, the pigmentation may follow the sulci or the cristae (i.e. furrows or ridges) of the dermatoglyphics. Rarely arranged at right angles to these structures

	Melanocytic lesion






	Multiple milia-like cysts

	Numerous, variously sized, white or yellowish, roundish structures

	Seborrheic keratosis






	Comedo-like openings

	Brown–yellowish to brown–black, round to oval, sharply circumscribed keratotic plugs in the ostia of hair follicles. When irregularly shaped, comedo-like openings are also called irregular crypts

	Seborrheic keratosis






	Light-brown fingerprint-like structures

	Light-brown, delicate, network-like structures with the pattern of a fingerprint

	Seborrheic keratosis






	Cerebriform pattern

	Dark-brown furrows between ridges typifying a brain-like appearance

	Seborrheic keratosis






	Arborizing vessels

	Tree-like branching telangiectasias

	Basal cell carcinoma*







	Leaf-like structures

	Brown to gray/blue discrete bulbous structures forming leaf-like patterns. They are discrete pigmented nests (islands) never arising from a pigment network and usually not arising from adjacent confluent pigmented areas

	Basal cell carcinoma*







	Large blue–gray ovoid nests

	Well-circumscribed, confluent or near confluent, pigmented, ovoid or elongated areas, larger than globules, and not intimately connected to a pigmented tumor body

	Basal cell carcinoma*







	Multiple blue–gray globules

	Multiple globules (not dots) that should be differentiated from multiple blue–gray dots (melanophages)

	Basal cell carcinoma*







	Spoke-wheel areas

	Well-circumscribed radial projections, usually tan in color but sometimes blue or gray, meeting at an often darker (dark brown, black or blue) central axis

	Basal cell carcinoma*







	Ulceration§


	Absence of the epidermis, often associated with congealed blood, not due to a well-described recent history of trauma

	Basal cell carcinoma*







	Red–blue lacunas

	More or less sharply demarcated, roundish or oval areas with a reddish, red–bluish, or dark-red to black coloration

	Vascular lesion






	Red–bluish to reddish-black homogeneous areas

	Structureless homogeneous areas of red–bluish to red–black coloration

	Vascular lesion






	None of the listed criteria

	Absence of the above-mentioned criteria

	Melanocytic lesion







* To diagnose a basal cell carcinoma, the negative feature of pigment network must be absent and one or more of the positive features listed here must be present.


† Exception 1: Pigment network or pseudo-network is also present in solar lentigo and rarely in seborrheic keratosis and pigmented actinic keratosis. A delicate, annular pigment network is also commonly seen in dermatofibroma and accessory nipple (clue for diagnosis of dermatofibroma and accessory nipple: central white patch).


‡ Exception 2: Homogeneous blue pigmentation (dermoscopic hallmark of blue nevus) is also seen (uncommonly) in some hemangiomas and basal cell carcinomas and (commonly) in intradermal melanoma metastases.


§ Exception 3: Ulceration is also seen less commonly in invasive melanoma.


Adapted from ref. 31.


Table 0.13 Pattern analysis: second-step algorithm for differentiation between melanocytic nevi and melanoma.






	PATTERN ANALYSIS: SECOND-STEP ALGORITHM FOR DIFFERENTIATION BETWEEN MELANOCYTIC NEVI AND MELANOMA






	Dermoscopic criterion

	Definition

	Diagnostic significance






	Global features






	Reticular pattern

	Pigment network covering most parts of the lesion

	Melanocytic nevus






	Globular pattern

	Numerous, variously sized, round to oval structures with various shades of brown and gray–black

	Melanocytic nevus






	Cobblestone pattern

	Large, closely aggregated, somehow angulated globule-like structures resembling a cobblestone

	Dermal nevus






	Homogeneous pattern

	Diffuse, brown, gray–blue to gray–black pigmentation in the absence of other distinctive local features

	Melanocytic (blue) nevus






	Starburst pattern

	Pigmented streaks in a radial arrangement at the edge of the lesion

	Spitz/Reed nevus






	Parallel pattern

	Pigmentation on palms/soles that follows the sulci or the cristae (furrows or ridges), rarely arranged at right angles to these structures

	Acral nevus/melanoma (see below)






	Multicomponent pattern

	Combination of three or more of the above patterns

	Melanoma






	Nonspecific pattern

	Pigmented lesion lacking above patterns

	Possible melanoma






	Local features






	Pigment network

	Typical pigment network: light- to dark-brown network with small, uniformly spaced network holes and thin network lines distributed more or less regularly throughout the lesion and usually thinning out at the periphery

	Benign melanocytic lesion






	Atypical pigment network: black, brown or gray network with irregular holes and thick lines

	Melanoma






	Dots/globules

	Black, brown, round to oval, variously sized structures regularly or irregularly distributed within the lesion

	If regular, benign melanocytic lesion
If irregular, melanoma






	Streaks

	These have been previously described separately as pseudopods and radial streaming. Streaks are bulbous and often kinked or finger-like projections seen at the edge of a lesion. They may arise from network structures but more commonly do not. They range in color from tan to black

	If regular, benign melanocytic lesion (Spitz/Reed nevus)
If irregular, melanoma






	Blue–whitish veil

	Irregular, structureless area of confluent blue pigmentation with an overlying white “ground-glass” film. The pigmentation cannot occupy the entire lesion and usually corresponds to a clinically elevated part of the lesion

	Melanoma






	Regression structures

	White scar-like depigmentation and/or blue pepper-like granules usually corresponding to a clinically flat part of the lesion

	Melanoma






	Hypopigmentation

	Areas with less pigmentation than the overall pigmentation of the lesion

	Nonspecific






	Blotches

	Black, brown, and/or gray structureless areas with symmetrical or asymmetrical distribution within the lesion

	If symmetrical, benign melanocytic lesion
If asymmetrical, melanoma






	Site-related features






	Face

	Typical pseudo-network (round, equally sized network holes corresponding to the pre-existing follicular ostia)

	Benign melanocytic lesion






	Annular-granular structures (multiple blue–gray dots surrounding the follicular ostia with an annular-granular appearance)

	Melanoma






	Gray pseudo-network (gray pigmentation surrounding the follicular ostia, formed by the confluence of annular-granular structures)

	Melanoma






	Rhomboidal structures (gray–brown pigmentation surrounding the follicular ostia with a rhomboidal appearance)

	Melanoma






	Asymmetric pigmented follicles (eccentric annular pigmentation around follicular ostia)

	Melanoma






	Palms/soles

	Parallel-furrow pattern (pigmentation following the sulci superficiales)

	Acral nevus






	Lattice-like pattern (pigmentation following and crossing the furrows)

	Acral nevus






	Fibrillar pattern (numerous, finely pigmented filaments perpendicular to the furrows and ridges)

	Acral nevus






	Parallel-ridge pattern (pigmentation aligned along the cristae superficiales)

	Melanoma







Adapted from ref. 31


Table 0.14 Vascular structures seen in various skin tumors. See also Figs 0.38 & 0.39.






	VASCULAR STRUCTURES SEEN IN VARIOUS SKIN TUMORS






	Pattern

	Definition

	Diagnostic significance






	Comma

	Coarse vessels that are slightly curved and barely branching

	Congenital and dermal nevi






	Dotted

	Tiny red dots densely aligned next to each other

	Melanocytic lesion (often Spitz nevus and melanoma)






	Linear-irregular

	Linear, irregularly shaped, sized and distributed red structures

	Melanoma






	Hairpin

	Vascular loops sometimes twisted and bending. They can be surrounded by a whitish halo

	With white halo: keratinizing proliferation (seborrheic keratosis, squamous cell carcinoma, keratoacanthoma, viral wart)
Without white halo: melanoma






	Glomerular

	Variation on the theme of dotted vessels. They are tortuous capillaries often distributed in clusters mimicking the glomerular apparatus of the kidney

	Bowen’s disease






	Arborizing

	Stem vessels of large diameter branching irregularly into finest terminal capillaries. The color is bright red, being sharply focused in dermoscopic images due to their location immediately beneath the surface of the tumor

	Basal cell carcinoma






	Crown

	Groups of orderly bending, scarcely branching vessels located along the border of the lesion

	Sebaceous hyperplasia






	Strawberry

	Pink-to-red “pseudo-network” around hair follicles of the face, frequently intermingled with fine, linear-wavy vessels. Often hair follicles are filled with yellowish keratotic plugs

	Actinic keratosis






	Corkscrew

	Linear vessels twisted along a central axis

	Thick melanoma or melanoma metastasis






	Milky-red color

	Globules and/or larger areas of fuzzy or unfocused milky-red color often corresponding to an elevated part of the lesion

	Melanoma






	Polymorphous

	Any combination of two or more different types of vascular structures. The most frequent is linear-irregular and dotted vessels

	Malignant tumor (melanoma, basal cell carcinoma, squamous cell carcinoma, etc.)









Table 0.15 ABCD rule for the dermoscopic differentiation between benign melanocytic lesions and melanoma. Formula for calculating total score: (A score × 1.3) + (B score × 0.1) + (C score × 0.5) + (D score × 0.5). Interpretation of total score: <4.75, benign melanocytic lesion; 4.75–5.45, suspicious lesion (close follow-up or excision recommended); >5.45, lesion highly suspicious for melanoma.


[image: image]




Table 0.16 Menzies scoring method for the dermoscopic differentiation between benign melanocytic lesions and melanoma. For melanoma to be diagnosed, a lesion must have neither of both negative features and one or more of the nine positive features.






	MENZIES SCORING METHOD FOR THE DERMOSCOPIC DIFFERENTIATION BETWEEN BENIGN MELANOCYTIC LESIONS AND MELANOMA






	Dermoscopic criterion

	Definition






	Negative features






	Symmetry of pattern

	Symmetry of pattern is required across all axes through the lesion’s center of gravity (center of the lesion). Symmetry of pattern does not require shape symmetry






	Presence of a single color

	The colors scored are black, gray, blue, dark brown, tan and red. White is not scored as a color






	Positive features






	Blue–white veil

	An area of irregular, structureless confluent blue pigmentation with an overlying white “ground-glass” haze. It cannot occupy the entire lesion and cannot be associated with red–blue lacunas






	Multiple brown dots

	Focal areas of multiple brown (usually dark brown) dots (not globules)






	Pseudopods

	Bulbous and often kinked projections that are found at the edge of a lesion, connected either directly to the tumor body or to the pigmented network. They can never be seen distributed regularly or symmetrically around the lesion. When connected directly to the tumor body, they must have an acute angle to the tumor edge or arise from linear or curvilinear extensions. When connected to the network, the width of the bulbous ending must be greater than the width of any part of the surrounding network and at least double that of its directly connected network projection






	Radial streaming

	Finger-like extensions at the edge of a lesion which are never distributed regularly or symmetrically around the lesion






	Scar-like depigmentation

	Areas of white distinct irregular extensions (true scarring), which should not be confused with hypo- or depigmentation due to simple loss of melanin






	Peripheral black dots/globules

	Black dots/globules found at or near the edge of the lesion






	Multiple (5–6) colors

	The colors scored are black, gray, blue, dark brown, tan and red. White is not scored as a color






	Multiple blue/gray dots

	Foci of multiple blue or gray dots (not globules) often described as “pepper-like” granules in pattern






	Broadened network

	A network made up of irregular thicker “cords” of the net, often seen focally thicker







Adapted from ref. 31.


Table 0.17 Seven-point checklist for the dermoscopic differentiation between benign melanocytic lesions and melanoma. By simple addition of the individual scores, a minimum total score of 3 is required for the diagnosis of melanoma, whereas a total score of less than 3 is indicative of non-melanoma.






	SEVEN-POINT CHECKLIST FOR THE DERMOSCOPIC DIFFERENTIATION BETWEEN BENIGN MELANOCYTIC LESIONS AND MELANOMA






	Dermoscopic criterion

	Definition

	Score






	1. Atypical pigment network

	More than one type of network (in terms of color and thickness of the meshes) irregularly distributed within the lesion

	2






	2. Blue–whitish veil

	Irregular, structureless area of confluent blue pigmentation with an overlying white “ground-glass” film. The pigmentation cannot occupy the entire lesion and usually corresponds to a clinically elevated part of the lesion

	2






	3. Atypical vascular pattern

	Linear-irregular or dotted vessels not clearly seen within regression structures

	2






	4. Irregular streaks

	Brown to black, bulbous or finger-like projections irregularly distributed at the edge of a lesion. They may arise from network structures but more commonly do not

	1






	5. Irregular dots/globules

	Black, brown, round to oval, variously sized structures irregularly distributed within the lesion

	1






	6. Irregular blotches

	Black, brown, and/or gray structureless areas asymmetrically distributed within the lesion

	1






	7. Regression structures

	White scar-like depigmentation and/or blue pepper-like granules usually corresponding to a clinically flat part of the lesion

	1







Adapted from ref. 31.


In a virtual “Consensus Net Meeting on Dermoscopy”31, 40 experts were able to correctly classify more than 95% of melanocytic lesions and more than 90% of non-melanocytic lesions, with pattern analysis producing the best diagnostic performance. The alternative algorithms (ABCD rule, Menzies method, and 7-point checklist) revealed similar sensitivities as compared to pattern analysis but ~10% less specificity. The favorable results of pattern analysis were not unexpected, as this method probably best reflects the workings of the human brain when categorizing morphologic images and is similar to the pattern analysis utilized in general clinical dermatology and dermatopathology (see above). That is, there is a subjective perception of the “gestalt” of a given lesion and its integration into an internalized knowledge base, which is the result of expertise on the subject; in contrast, “simplified” algorithms were designed to keep non-experts from failing to detect melanomas, even at the cost of decreased specificity.


Results of the virtual consensus study showed that three criteria (asymmetry, atypical network, and blue–white structures) were especially important in distinguishing malignant from benign pigmented skin tumors (Table 0.18). Using this 3-point dermoscopy rule as a screening test, general physicians previously inexperienced in the use of dermoscopy were able to perform better triage of skin lesions suggestive of skin cancer as compared to examination with the naked eye (referral sensitivity of 79% and 54%, respectively), without increasing the number of unnecessary expert consultations38.


Table 0.18 Definitions of dermoscopic criteria for the 3-point checklist. The presence of more than one criterion suggests a suspicious lesion.






	DEFINITIONS OF DERMOSCOPIC CRITERIA FOR THE 3-POINT CHECKLIST






	Criterion

	Definition






	Asymmetry

	Asymmetrical distribution of colors and dermoscopic structures






	Atypical network*


	More than one type of network (in terms of color and thickness of the meshes) irregularly distributed within the lesion






	Blue–white structures†


	Presence of any type of blue and/or white color







* Usually found in early melanoma.


† Usually found in both melanoma and pigmented basal cell carcinoma.


Adapted from ref. 38.


While the continued, skilled use of dermoscopy will undoubtedly aid in the early recognition of melanoma as well as the diagnosis of inflammatory disorders and other cutaneous neoplasms, there are additional technologies that may also have a significant impact on our specialty over the next decade.









Conclusion


In conclusion, this chapter has sought to provide an introduction and basic structural framework to the study of dermatology by addressing terminology, morphology, pattern recognition, and a number of techniques that will all serve to enhance the practice of clinicopathologic correlation. The desired end results are more accurate diagnoses and better care of patients.








References





1 Chen SC, Pennie ML, Kolm P, et al. Diagnosing and managing cutaneous pigmented lesions: primary care physicians versus dermatologists. J Gen Intern Med. 2006;21:678-682.


2 Tran H, Chen K, Lim AC, et al. Assessing diagnostic skill in dermatology: a comparison between general practitioners and dermatologists. Australas J Dermatol. 2005;46:230-234.


3 Taylor SC, Cook-Bolden F. Defining skin of color. Cutis. 2002;69:435-437.


4 Thong HY, Jee SH, Sun CC, Boissy RE. The patterns of melanosome distribution in keratinocytes of human skin as one determining factor of skin colour. Br J Dermatol. 2003;149:498-505.


5 Pappert AS, Scher RK, Cohen JL. Longitudinal pigmented nail bands. Dermatol Clin. 1991;9:703-716.


6 Dominguez-Cherit J, Roldan-Marin R, Pichardo-Velazquez P, et al. Melanonychia, melanocytic hyperplasia, and nail melanoma in a Hispanic population. J Am Acad Dermatol. 2008;59:785-791.


7 Meleti M, Vescovi P, Mooi WJ, et al. Pigmented lesions of the oral mucosa and perioral tissues: a flow-chart for the diagnosis and some recommendations for the management. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2008;105:606-616.


8 James WD, Carter JM, Rodman OG. Pigmentary demarcation lines: a population survey. J Am Acad Dermatol. 1987;16:584-590.


9 Nordlund JJ, Abdel-Malek ZA. Mechanisms for post-inflammatory hyperpigmentation and hypopigmentation. Prog Clin Biol Res. 1988;256:219-236.


10 Jablonski NG, Chaplin G. The evolution of human skin coloration. J Hum Evol. 2000;39:57-106.


11 Ben-Gashir MA, Hay RJ. Reliance on erythema scores may mask severe atopic dermatitis in black children compared with their white counterparts. Br J Dermatol. 2002;147:920-925.


12 Jones A, Walling H. Retiform purpura in plaques: a morphological approach to diagnosis. Clin Exp Dermatol. 2007;32:596-602.


13 Bolognia JL, Orlow SJ, Glick SA. Lines of Blaschko. J Am Acad Dermatol. 1994;1:157-190.


14 Boyd A, Nelder K. The isormorphic response of Koebner. Int J Dermatol. 1990;29:401-410.


15 Weiss G, Shemer A, Trau A. The Koebner phenomenon: review of the literature. J Eur Acad Dermatol Venereol. 2002;16:241-248.


16 Swerdlin A, Berkowitz C, Craft N. Cutaneous signs of child abuse. J Am Acad Dermatol. 2007;57:371-392.


17 Chuh AA. Rash orientation in pityriasis rosea: a qualitative study. Eur J Dermatol. 2002;12:253-256.


18 McLaurin CI. Unusual patterns of common dermatoses in blacks. Cutis. 1983;32:352-355. 358–60


19 Singh S, Grummer SE, Hancox JG, et al. The extent of dermatopathology education: a comparison of pathology and dermatology. J Am Acad Dermatol. 2005;53:694-697.


20 Peters MS, Winkelmann RK. The biopsy. Dermatol Clin. 1984;2:209-217.


21 Smoller DR, Hiatt KM. How to maximize information from a skin biopsy. In: Dermatopathology: The Basics. New York: Springer Science-Business Media; 2009. 37–61


22 Pariser RJ, Divers A, Nassar A. The relationship between biopsy technique and uncertainty in the histopathologic diagnosis of melanoma. Dermatol Online J. 1999;5:4.


23 Ackerman AB. Histologic Diagnosis of Inflammatory Skin Diseases: A Method by Pattern Analysis. Philadelphia: Lea & Febiger; 1978.


24 Ackerman AB. An algorithmic method for histologic diagnosis of inflammatory and neoplastic skin diseases by analysis of their patterns. Am J Dermatopathol. 1985;7:105-107.


25 Ackerman AB, Boer A, Bennin B, et al. Histologic Diagnosis of Inflammatory Skin Diseases: An Algorithmic Method Based on Pattern Analysis, 3rd edn. New York: Ardor Scribendi; 2005.


26 Zelger BW, Sidoroff A, Orchard G, Cerio R. Non-Langerhans cell histiocytoses. A new unifying concept. Am J Dermatopathol. 1996;18:460-504.


27 Brownstein MH, Rabinowitz AD. The invisible dermatoses. J Am Acad Dermatol. 1983;8:579-588.


28 Requena L, Kutzner H. Invisible dermatoses. Pathologe. 2002;23:54-64.


29 Logan ME, Zaim MT. Histologic stains in dermatopathology. J Am Acad Dermatol. 1990;22:820-830.


30 Wasserman J, Maddox J, Racz M, et al. Update on immunohistochemical methods relevant to dermatopathology. Arch Pathol Lab Med. 2009;113:1053-1061.


31 Argenziano G, Soyer HP, Chimenti S, et al. Dermoscopy of pigmented skin lesions: results of a consensus meeting via the Internet. J Am Acad Dermatol. 2003;48:679-693.


32 Dupuy A, Dehen L, Bourrat E, et al. Accuracy of standard dermoscopy for diagnosing scabies. J Am Acad Dermatol. 2007;56:53-62.


33 Zalaudek I, Argenziano G, Di Stefani A, et al. Dermoscopy in general dermatology. Dermatology. 2006;212:7-18.


34 Rudnicka L, Olszewska M, Rakowska A, et al. Trichoscopy: a new method for diagnosing hair loss. J Drugs Dermatol. 2008;7:651-654.


35 Bafounta ML, Beauchet A, Aegerter P, Saiag P. Is dermoscopy (epiluminescence microscopy) useful for the diagnosis of melanoma? Results of a meta-analysis using techniques adapted to the evaluation of diagnostic tests. Arch Dermatol. 2001;137:1343-1350.


36 Kittler H, Pehamberger H, Wolff K, Binder M. Diagnostic accuracy of dermoscopy. Lancet Oncol. 2002;3:159-165.


37 Carli P, de Giorgi V, Chiarugi A, et al. Addition of dermoscopy to conventional naked-eye examination in melanoma screening: a randomized study. J Am Acad Dermatol. 2004;50:683-689.


38 Argenziano G, Puig S, Zalaudek I, et al. Dermoscopy improves accuracy of primary care physicians to triage lesions suggestive of skin cancer. J Clin Oncol. 2006;24:1877-1882.


39 Vestergaard ME, Macaskill P, Holt PE, Menzies SW. Dermoscopy compared with naked eye examination for the diagnosis of primary melanoma: a meta-analysis of studies performed in a clinical setting. Br J Dermatol. 2008;159:669-676.


40 Kim J, Taube JM, McCalmont TH, Glusac EJ. Quantitative comparison of MiTF, MElan-A, HMB-45 and Mel-5 in solar lentigines and melanoma in situ. J Cutan Pathol. 2011;38:775-779.
















1 Anatomy and Physiology




Travis W. Vandergriff, Paul R. Bergstresser











Key features







[image: image] The function and structure of skin is not demonstrated best by diagrams and figures, but rather by presenting the diseases that illustrate how skin can fail. Thus, function is revealed by disease, and disease illustrates structure


[image: image] The primary function of skin is to maintain an internal environment that allows an organism to protect its DNA and to reproduce it faithfully


[image: image] Cutaneous structures include an epidermis that serves as a barrier (e.g. to prevent fluid loss and infection) and a dermis that provides circulation and nutrition. Other functions provided by the cells that reside in the skin include immune recognition, a capacity to repair damage, thermoregulation and communication


[image: image] Evidence that skin has failed may be found in barrier disruption, infection, autoimmunity, cancer and an undesirable appearance












Introduction


Most reviews of the anatomy and physiology of skin begin with detailed descriptions of cellular composition, structural proteins, and extrafibrillar matrix (“ground substance”). Because each of these subjects, with relevant documentation, is presented in subsequent sections of this textbook, such aspects of cutaneous function will be introduced only briefly, using references to appropriate chapters. Following this, the conventional approach is reversed by examining diseases that illustrate cutaneous function in the context of the cells and structures that sustain it. This method is derived from the assertion that the structure and function of skin is revealed best through disease. The validity of this alternative methodology may be seen in five short clinical vignettes easily recognized by those who care for patients with skin disease:




• an albino Native American from Panama develops numerous squamous cell carcinomas at an early age


• a 15-year-old boy with hypohidrotic ectodermal dysplasia suffers heat stroke while competing in outdoor athletics in Texas


• toxic epidermal necrolysis leading to dehydration and sepsis develops in a 40-year-old woman treated with phenytoin


• painful leg ulcerations incapacitate a 60-year-old woman with rheumatoid arthritis


• widespread herpes simplex virus infection occurs in a young man who has atopic dermatitis unrecognized by his primary care physician.





These patients and their diseases illustrate at least five of the functions of skin: photoprotection, thermoregulation, barrier formation, cutaneous circulation, and immunologic protection. Each function is supported by the cells and structural elements that reside there.









Structure and function






Conventional Concepts of the Structure of Skin






Epidermis


Consistent with conventional introductory chapters on cutaneous structure and function, we begin with a histologic section through normal skin. The anatomic structures observed by light microscopy are similar in most regions of the body (Fig. 1.1). However, specialized regions of skin, including the palms (Fig. 1.2), soles, genitalia and scalp, have modified forms of these structures.





[image: image]

Fig. 1.1 Normal skin: trunk.


Note epidermal layers from the surface: stratum corneum, stratum granulosum, stratum spinosum and stratum basale. Tightly packed dermal collagen is seen near the epidermal–dermal junction, and more loosely arranged collagen is found deeper in the dermis. A cluster of small blood vessels and nerves is seen in the dermis.







[image: image]

Fig. 1.2 Normal skin: palm.


Note that the epidermis is thicker than that seen in Figure 1.1. The compact and thick stratum corneum is typical of skin on the palms and soles.


Courtesy, Lorenzo Cerroni, MD.





As seen in Figures 1.1 and 1.2, the outer layer of skin (epidermis) consists of a thin matrix of cells. In humans, the epidermis contains three major resident populations of cells1: keratinocytes (Ch. 56), melanocytes (Ch. 65) and Langerhans cells (Chs 4 & 14). In conventional H&E-stained sections, these cells are nearly indistinguishable, but substantial differences become apparent when specialized immunohistochemical techniques are employed. Keratinocytes, the major population, originate in bottom-most stem-cell pools; cells that leave this pool then undergo maturation as they move toward the stratum corneum (Ch. 56). The human epidermis averages 50 microns in thickness, with a surface density of approximately 50 000 nucleated cells/mm2[2]. Under basal conditions, differentiated keratinocytes require about 2 weeks to exit the nucleated compartment and an additional 2 weeks to move through the stratum corneum3. It should be noted that keratinocytes have the capacity to increase rates of proliferation and maturation to levels far greater than this, when stimulated to do so by injury, inflammation or disease (Ch. 8).


Melanocytes, as noted in a DOPA-stained whole mount of epidermis (Fig. 1.3), have the capacity to elaborate the light-absorbing pigment melanin, which plays a major role in protecting the skin from UV radiation (Ch. 65). Melanosomes, with their complement of melanin, are produced by melanocytes and then transferred by excretion and phagocytosis into nearby keratinocytes, where they assume their preferred location above the nucleus. Members of the third major resident epidermal population, Langerhans cells, have the capacity to metabolize complex antigenic materials into peptides, some of which are immunogenic (Fig. 1.4). After activation, these cells traffic out of the epidermis toward regional lymph nodes, where they play a critical role in antigen presentation during the induction of immunity (Chs 4 & 14). Merkel cells, which contain neuroendocrine peptides within intracytoplasmic granules, are also found in the basal layer of the epidermis.





[image: image]

Fig. 1.3 Normal melanocyte.


A whole mount of epidermis has been stained for the presence of the enzyme tyrosinase, which typifies melanocytes. Note that the surrounding keratinocytes are virtually invisible. An adjacent hair shaft passes through the specimen. Melanocytes contain long dendritic processes that deliver protective melanosomes to nearby keratinocytes.







[image: image]

Fig. 1.4 Epon-embedded section of human epidermis.


Note the pale cytoplasm and extended dendritic process of a central Langerhans cell (arrow), which resides above the basal cell layer of the epidermis.




The most obvious function of epidermis lies in the stratum corneum, a semipermeable laminated surface aggregate of differentiated (keratinized) squamous epithelial cells, which serve as a physiologic barrier to chemical penetration and microbiologic invasion from the environment, as well as a barrier to fluid and solute loss from within4 (Ch. 124).









Dermis


Beneath the epidermis, a vascularized dermis provides structural and nutritional support. It is composed of a mucopolysaccharide gel held together by a collagen- and elastin-containing fibrous matrix (Ch. 95). Vascular structures, accompanied by nerves and mast cells (Ch. 118), course through the dermis to provide nutrition, recirculating cells, and cutaneous sensation. Three additional cells, fibroblasts, macrophages and dermal dendritic cells, complete the list of dermal residents. In pathologic conditions such as acute inflammation, the functions and types of dermal cells change substantially, with a variety of infiltrating leukocytes arriving via vascular routes. In fact, the composition of cutaneous infiltrates differs depending on the disease entity, which provides students of dermatopathology useful diagnostic clues.









Dermal–epidermal interface


The boundary between epidermis and dermis consists of a specialized aggregation of attachment molecules, collectively known as the basement membrane5 (Ch. 28). This structure is of considerable interest, because a variety of diseases originate from genetic defects in its composition; it also may serve as a target of autoimmune attack.












Knowledge of the Function and Structure of Skin Begins with Skin Disease


We have chosen to present in the remainder of this chapter a conceptual framework into which the other chapters of this textbook may be placed. This framework is derived from the assertion that knowledge of cutaneous function begins with disease. One corollary of this assertion is that there may be unrecognized functions of skin, either because there is no corresponding disease or because the disease is fatal. For example, no one would have guessed that incontinentia pigmenti was lethal in males had it not been for the survival of heterozygous females with this X chromosome-linked disease6,7. Overwhelming apoptosis is thought to explain the death of male fetuses in utero.


Two other prejudices color the picture we choose to paint. First, we deviate from the concept that physicians should invariably attempt to develop a single diagnosis for an illness. Rather, we believe that it is possible and even likely that two or more disease processes and/or susceptibilities underlie an illness and that such simultaneous occurrences may alter the clinical presentation. In fact, practicing dermatologists are quite aware of the unusual morphologic features of pityriasis rosea when it occurs in a patient with underlying psoriasis or when a patient with atopic dermatitis improves substantially following treatment with an antibiotic, even in the absence of obvious infection. A growing array of genetic factors and infectious agents are known to modulate the course of otherwise conventional skin diseases. Witness the presence of numerous viral warts or tumors of molluscum contagiosum in patients with immunodeficiency from occult HIV infection or from iatrogenic immunosuppression. Thus, dermatologists have an extra assignment: to find otherwise hidden genetic, infectious and environmental factors that modify the appearance and severity of cutaneous disease.


All plants and animals possess limiting membranes that define an internal space and at the same time protect against external insults. In mammals, these membranes, which may be described functionally as “barriers”, occur primarily in three organs: the lung, gastrointestinal tract and skin (Ch. 124). Although similar in concept, the barrier properties of these organs are fundamentally different. Pulmonary and gastrointestinal barriers, by virtue of their internal location, are protected from many environmental influences, and at the same time they promote rather than retard the transfer of gases, nutrients and wastes. By contrast, and with the possible exception of UV radiation-facilitated vitamin D3 production8, there is no obvious benefit to skin penetration, or, at least, there are as yet no recognized diseases attributed to the failure of any material or form of energy to penetrate the skin. It should be noted, however, that biomedical scientists now try to subvert the cutaneous barrier, as skin has become a target of novel therapies based upon percutaneous penetration9 (Chs 124–129). In addition to serving as a useful portal of entry for pharmaceutical agents, plans are underway for skin to serve as a site for immunization with gene-based materials and as a gene-driven cutaneous factory10.









The Central Role of Protecting DNA as a Function of Skin


Although we begin with the common rhetorical question: “What are the functions of skin?”, it is followed by a second and perhaps more complicated question: “What are the requirements of skin that allow it to serve those functions?”. We propose that the primary function of skin is to maintain an internal environment that allows an organism to protect DNA and to reproduce it faithfully. In short, preservation and reproduction of DNA sustains the species. A second and highly related process in a changing world is the generation of useful changes in DNA that accommodate new environmental circumstances. This results in evolution of the species, which may include genetically programmed changes in the skin. Ultimately, all biologic activities serve these functions.


Although the permanent repository of DNA lies in the gonads, the protection of DNA in all sites, including the skin, is also essential for biologic success. This concept of the centrality of DNA has been developed by Reg Morrison in his monograph The Spirit in the Gene: Humanity’s Proud Illusion and the Laws of Nature, which reviews how life-form competition may be modeled as a method of protecting DNA11. Morrison makes the striking observation that human DNA has in the last 300 years come to dominate all life on the earth.






The requirements of skin are identified in its failings


So, what are the requirements of skin for the protection and duplication of DNA? In fact, these requirements have not been identified through logical considerations; rather, as noted above, they have been identified through the various failures that result in skin disease. For this reason, we begin our survey with a listing of failures of skin (Table 1.1).


Table 1.1 Selected requirements and failings of skin.






	SELECTED REQUIREMENTS AND FAILINGS OF SKIN






	Requirement

	Selected failings






	Prevent infection via innate and adaptive immunity

	Fungal, bacterial and viral infections; autoimmunity, cancer






	Maintain a barrier

	Infection, dehydration






	Repair injury

	Cancer, leg ulcers






	Provide circulation

	Infarction (due to embolization, vasculitis, or other forms of occlusion)






	Communicate

	Sensory neuropathy, pruritus






	Provide nutrition

	Vitamin D deficiency






	Regulate temperature

	Hypothermia, hyperthermia






	Attract attention

	Photoaging, vitiligo, alopecia

















Preventing Infection: Skin as an Immunologic Organ


An intricate system of immunologic recognition, both innate and adaptive, protects skin (and underlying tissues) from infection12 (Ch. 4). The cornerstone of adaptive immunity lies in recirculating lymphocytes and antibodies that are specifically recruited and “tuned” to recognize “foreign” materials, primarily peptides derived from infectious agents. Initial recognition occurs when sentinel dendritic cells in the epidermis (Langerhans cells) or dermis (dermal dendritic cells) are activated. Prior to activation, these cells acquire the capacity to engulf particles of many sizes and to metabolize complex proteins into small immunogenic fragments. Once activated, motility is induced, allowing these cells to travel out of their cutaneous residence, and, via draining lymphatics, move to regional lymph nodes. Thus, these residents of normal skin have the capacity to travel to a distant location where reactive lymphocytes are selected and then expanded greatly in number. Within a lymph node, activated helper T lymphocytes assist B lymphocytes to generate antibodies, while helper T lymphocytes and cytotoxic T lymphocytes begin to recirculate preferentially to and from skin. For a further discussion of innate and adaptive immunity, the reference by Janeway is highly useful12.






Failure of immunity: infection


The diagnosis and treatment of infection constitutes a substantial portion of dermatology (Ch 74–Ch 83). Examples of chronic and recurrent infectious skin diseases illustrate the extent to which mechanisms of resistance to infection are lost or defective in some patients. In each example that follows, initial resistance depends upon the structural integrity of the stratum corneum.






Warts


Trauma to the stratum corneum interrupts a physical barrier that is ordinarily not susceptible to viral infection (Ch. 79). In addition, trauma allows implantation of infectious particles among the underlying keratinocytes, which are viable and less resistant. Following this structural failure, immunologic recognition of infected keratinocytes is ordinarily followed by a cytotoxic cellular response, destruction and cure. When this fails, chronic infection may ensue (Fig. 1.5). It is of interest that many therapies for warts, other than physical destruction, rely on modulating the immune response. On the other hand, few problems are more vexing than chronic and recurrent warts, particularly in patients who are immunosuppressed. Especially important are the viral serotypes associated with squamous cell carcinoma and the genetic disorder epidermodysplasia verruciformis13 (Ch. 79). It is instructive that protective immunity against warts often appears to be balanced precariously, so that minor shifts in responsiveness may lead to their elimination in many sites simultaneously. This has been attempted therapeutically by the use of oral cimetidine, topical applications of imiquimod, elicitation of contact sensitivity reactions, and intralesional injection of recall antigens such as Candida or mumps14,15.





[image: image]

Fig. 1.5 Verrucae vulgaris (warts).


Human papillomavirus infections in humans can affect virtually any cutaneous surface. Periungual infections, as seen in this photograph, are both common and difficult to treat.


Courtesy, Louis A Fragola, Jr, MD.












Dermatophytosis


The diagnosis and treatment of infections with dermatophytes remain largely the responsibility of dermatologists (Ch. 77). Perhaps this is because dermatophyte infections are almost invariably limited to the skin, hair and nails, inasmuch as one or more serum factors (e.g. transferrin) may prevent growth where serum can reach16 (Figs 1.6 & 1.7). As yet unidentified genetic factors protect some individuals from infection, because it is not uncommon to encounter families in which several individuals are chronically infected, whereas other family members, in the face of obvious exposure, are seemingly never infected. On the other hand, experience from tropical climates indicates that individuals who are relatively resistant in a dry environment may lose that resistance as the ambient humidity increases or when occlusive military shoes are worn17. Obviously, dermatophyte infection and resistance include a complicated interplay among genetic susceptibilities, immune responsiveness and environmental circumstances.





[image: image]

Fig. 1.6 Dermatophytosis.


PAS staining for neutral mucopolysaccharides reveals branching red–purple fungal hyphae within the stratum corneum in a patient with tinea corporis. If diastase enzyme is not added, glycogen within keratinocytes also stains with PAS.


Courtesy, Lorenzo Cerroni, MD.








[image: image]

Fig. 1.7 Dermatophytosis.


This annular presentation of tinea corporis typifies cutaneous dermatophyte infections.











Opportunistic infections in the setting of human immunodeficiency virus infection


An enormous body of biomedical knowledge has accrued during the 30-year epidemic of HIV infection (Ch. 78). As a beginning, it appears that HIV penetrates through small tears in genital and rectal mucosae. Once infection has occurred, the virus has been impossible to delete, despite a panoply of relatively effective therapies. With the eventual loss of immunologic integrity, patients develop AIDS and thereby demonstrate the relevance of effective cellular immunity to protection against infections with a wide variety of agents, including Mycobacterium tuberculosis, Pneumocystis jiroveci, varicella zoster (Figs 1.8 & 1.9) and herpes simplex viruses. What more evidence would one want to demonstrate the relevance of cellular immune protection of skin than the diseases that are described in Chapter 78?
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Fig. 1.8 Herpes zoster.


Unilateral grouped vesicles and serous crusts on an erythematous background. Note the associated edema of the eyelid and lip.


Courtesy, Louis A Fragola, Jr, MD.
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Fig. 1.9 Tzanck smear from a patient with herpes zoster.


Note the multinucleated giant cell.











Hansen’s disease (leprosy)


Hansen’s disease is instructive in that the majority of humans exposed to its causative organism, Mycobacterium leprae, develop an effective immune response that is seemingly curative (Ch. 75). On the other hand, a small percentage of exposed individuals develop chronic infection that may take any one of several forms, based on immunologic resistance. In fact, observations made in patients with Hansen’s disease have been important in formulating the Th1/Th2 paradigm (Ch. 4), with each patient’s clinical response falling along a spectrum from tuberculoid to lepromatous18. Importantly, Hansen’s disease also illustrates the relevance of cutaneous sensation to protection against traumatic injury, as will be presented later.


Warts, dermatophytosis, opportunistic infections in the setting of HIV infection, and Hansen’s disease all illustrate important aspects of cutaneous function, ranging from a structural barrier provided by the stratum corneum to immunologic recognition and protective immunity.












Faulty immunity: autoimmunity


We have made a case for the concept that the primary task of immunity is to recognize and destroy infectious organisms. Having stated this, autoimmunity may then be modeled as a failure in distinguishing “self” from infection, i.e. autoimmunity is a misidentification and destruction of portions of the host, as if it were dangerous or “foreign”. Autoimmune diseases are legion, with components of the epidermal basement membrane and desmosomes serving as important targets (Fig. 1.10). Moreover, cutaneous cellular elements serve as both regulators and targets of autoimmune injury. Table 1.2 lists several common autoimmune diseases that affect the skin, each with a different target. These diseases have different sets of genetic factors and environmental insults that promote their development. Subsequent chapters detail their relevant elements.
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Fig. 1.10 Pemphigus vulgaris (immunofluorescence).


Intercellular staining of epidermal keratinocytes reveals the in vivo deposition of antibodies to desmoglein 3.




Table 1.2 Common autoimmune skin diseases.


*Neural isoforms are referred to as dystonin.






	COMMON AUTOIMMUNE SKIN DISEASES






	 

	Target antigen

	Chapter






	Diseases with identified autoantigens






	Pemphigus foliaceus

	Desmoglein 1

	29






	Pemphigus vulgaris (Fig. 1.10)

	Desmoglein 3 and 1

	29






	Bullous pemphigoid

	Collagen XVII (BPAG2), BPAG1*

	30






	Epidermolysis bullosa acquisita

	Collagen VII

	30






	Dermatitis herpetiformis

	Transglutaminase-3

	31






	Diseases with unknown or multiple autoantigens






	Subacute cutaneous lupus erythematosus

	Unknown

	41






	Chronic cutaneous lupus erythematosus

	Unknown

	41






	Psoriasis

	Unknown

	8







We know a substantial amount about molecular targets in these diseases, and we also know much about how immunity works in protecting against infectious diseases. However, we are only now learning about how errors in recognition lead to immune responses that target self antigens inappropriately and damage indigenous structures. It has also become apparent that autoimmunity to skin antigens may impact other organ systems. Bullous pemphigoid antigen 1, for example, has distinct isoforms in the skin and in the central nervous system, and patients with bullous pemphigoid have a higher incidence of dementia, Parkinson’s disease and multiple sclerosis19.









Failure of immunity: cancer


Data to support the concept that immune responses also protect against malignancy is strongest for those malignancies that arise in skin and lymphatic tissues20,21, especially cutaneous melanoma and squamous cell carcinoma (SCC). Cutaneous SCC is a well-known complication of immunosuppression in solid organ transplant recipients. Additionally, we include a photomicrograph of a thick melanoma, without inflammation (Fig. 1.11). Many developments in melanoma therapy are based on attempts to enhance immune responsiveness (Ch. 113).
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Fig. 1.11 Melanoma.


This thick melanoma has virtually no associated inflammatory cells histologically. The thickness and lack of a host response indicate a poor prognosis for the patient.


Courtesy, Lorenzo Cerroni MD.















Maintaining a Barrier: Skin as a Protective Organ


From the outset, the most obvious function of skin is to maintain a barrier that prevents the loss of fluids, electrolytes and other molecules from within the body and, at the same time, prevents penetration by microorganisms, toxic materials and UV radiation22,23 (Ch. 86). For all but UV radiation, the stratum corneum is the central element in that function. By contrast, protection against UV radiation occurs through several independent phenomena, including photon scattering in the stratum corneum and photon absorption by underlying melanin.






Failure of protection against toxic chemicals


The analysis of barrier failure begins with the observation that the stratum corneum is defective in disorders of keratinization24, as it is less resistant to chemical penetration. Two diseases typify this defect: epidermolytic hyperkeratosis (Fig. 1.12) and Darier disease (keratosis follicularis)25,26. An instructive set of circumstances arose with the problem that patients with these diseases commonly have recurrent bacterial infections. In an attempt to treat and to prevent such infections, dermatologists and other physicians have recommended for decades the prophylactic use of topical antibacterial agents to decrease bacterial carriage and, at the same time, the associated odor.
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Fig. 1.12 Epidermolytic hyperkeratosis.


Marked compact orthokeratosis overlies an epidermis showing granular and vacuolar change in its upper layers.


Courtesy, Lorenzo Cerroni, MD.





In an article published in 1960, Medansky and Woloshin27 described an extraordinarily high frequency of neuropsychiatric disorders in patients with keratosis follicularis, even though no mechanism could be imagined that would link keratin function with CNS function. In retrospect, however, hexachlorophene had been recommended as a useful antibacterial agent soon after its introduction in 1944. Several decades later, it was recognized that it was potentially neurotoxic, with use eventually curtailed in the 1970s28. Since that time, there have been fewer reports of neuropsychiatric findings in keratosis follicularis. Our conclusion is that hexachlorophene penetrates a defective barrier in toxic amounts. However, an alternative explanation proposed by others is that dysfunction of SERCA2 within the brain may potentially lead to neuropsychiatric findings29. In contrast, there is no debate about the more recently reported enhanced absorption of topical tacrolimus in patients with Netherton syndrome.


In sum, the barrier for chemical penetration is invested in the stratum corneum (Ch. 124), and this barrier is defective in diseases of keratinization.









Failure to protect against dehydration and infection: toxic epidermal necrolysis


The most dramatic form of epidermal failure occurs in patients with toxic epidermal necrolysis (TEN; Ch. 20). In this drug-induced disease, rapidly progressive keratinocyte death leads to detachment of the epidermis over large areas of the body. There is a complete loss of barrier function (Figs 1.13 & 1.14). TEN is most often associated with sulfonamides, anticonvulsants and nonsteroidal anti-inflammatory drugs. It has a mortality rate that depends upon the area of skin involved, but death is not uncommon. There is as yet no specific treatment for TEN. However, there is evidence that drug-induced triggering of massive keratinocyte apoptosis may underlie the disease30, and inhibition of the apoptosis signaling pathway (e.g. by administration of intravenous immunoglobulin) may improve survival. However, the point of this discussion is that the complications that accompany loss of the epidermis reveal all of its functions. Despite intensive treatment with similar techniques as those employed for burns, complications are common and can include enormous fluid and electrolyte losses leading to dehydration as well as infections with bacteria and yeast.
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Fig. 1.13 Toxic epidermal necrolysis.


Full-thickness epidermal cell death, with secondary bulla formation.


Courtesy, Jean L Bolognia, MD.
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Fig. 1.14 Toxic epidermal necrolysis.


Full-thickness epidermal cell death leads to stripping off of the epidermis. In this African patient, it becomes apparent that melanin is located predominantly in the epidermis.











Failure to protect against UV radiation: albinism


UV radiation induces a myriad of changes in the skin, ranging from acute toxicity and immunosuppression to carcinogenesis and premature aging (Chs 86, 87, 107 & 108). However, there is an apparent contradiction in the recommendations of dermatologists: effective therapies for a number of skin diseases are based on the use of UV radiation of various wavelengths (Ch. 134), while protection from the sun’s rays is in general highly recommended to prevent adverse effects from UV radiation (Ch. 132). In addition to wearing clothing and using topical preparations that include UV-absorbing or UV-blocking molecules, several characteristics of the skin itself limit UV radiation-induced damage. Due to its optical characteristics, the stratum corneum tends to reflect and scatter photons, and those that penetrate the stratum corneum are usually absorbed by molecules such as melanin. Additional mechanisms are the scavenging of reactive oxygen species by antioxidants and repair of damage with DNA repair enzymes.


The importance of cutaneous pigment in protecting the skin against UV damage is demonstrated in patients with oculocutaneous albinism (OCA)31. The impact of melanin in limiting UV penetration may be seen unequivocally in patients who have type 1 OCA due to an absence or reduction in tyrosinase activity and, as a result, melanin production (Fig. 1.15)31. Striking amongst the evidence is the experience of the Cuna Indians, residents of islands near Panama, in whom there is an extraordinarily high frequency of type 1 OCA and little relief from year-long intense exposure to sunlight. In the context of this high background genetic frequency (approximately 1%), there is a parallel high frequency of skin cancer. Likewise, acute toxicity, photosensitivity diseases and premature photoaging (Ch. 87) are known complications for these patients.
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Fig. 1.15 Albinism in an infant.


Note the normally pigmented fingers of the child’s mother. Patients with albinism are at substantially higher risk for UV radiation-induced carcinogenesis.

















Maintaining the Integrity of Skin: Repair Mechanisms


Physical injury occurs commonly in the skin, including many small breaks from blunt and sharp objects that are repaired almost without notice. A special type of injury is caused by the penetration of UV radiation. This includes a variety of effects that range from sunburn to immune suppression, accelerated aging and carcinogenesis. Thermal injury occurs upon exposure to a hot object or radiant energy, e.g. from fire, that heats the skin excessively (see below, Thermoregulation). Injury also occurs when there is interruption of the underlying vascular supply. Each episode of injury is followed by a sequence of repair processes that eliminate foreign objects and cover defects. This “wound healing” response has been studied in considerable detail (Ch. 141), because delays in wound healing are both incapacitating and expensive.









Failure to effectively repair injury






Delayed wound healing


Delayed and incomplete wound healing have been associated with diabetes mellitus and aging. The treatment of chronic leg ulcers, especially in the elderly, is an important part of dermatology and rehabilitation medicine (Ch. 105). The Wound Healing Society (www.woundheal.org) is a consortium of clinical and basic science investigators that includes physicians, scientists, industrial representation and governmental agencies. Only in recent years have these investigators begun to address the issues of chronic cutaneous ulceration.









Keloids


The formation of hypertrophic scars and keloids may be seen as an exuberant response to injury. It combines a unique mix of genetic and environmental factors. The most reasonable explanation of pathogenesis may be seen in studies showing that transforming growth factor β (TGF-β) activity is excessively high in fibroblasts derived from keloids32. Despite preliminary evidence that TGF-β may play a role in the establishment of an environment that favors overgrowth of dermal elements to form hypertrophic scars and keloids, the discipline of wound healing remains in its infancy.









Xeroderma pigmentosum


An important failure occurs when UV radiation-induced DNA damage is not repaired effectively. The prototype for this deficiency is the disease xeroderma pigmentosum33. The high incidence of skin cancers of many types in these patients supports the assertion that UV radiation-induced injury is an important cause of skin cancer in humans. Thus, it is necessary for the skin is to protect itself against the detrimental effects of UV radiation. This illustrates two points: first, UV radiation is dangerous; and second, when DNA repair mechanisms are defective, cancers arise much more quickly.















Providing Circulation: Skin as a Nutritive Organ


The movement of cells and soluble elements to and from skin is mediated by two circulatory systems: (1) a two-way hematologic system that conducts blood flow; and (2) a one-way lymphatic system that returns leukocytes and interstitial fluids, first to draining lymph nodes and then, via the thoracic duct, into the central venous system. Hematologic circulation, the most obvious because of the red and blue colors of blood, serves three major functions: nutritional support, the delivery of leukocytes, and thermoregulation. Although the movement of oxygen and solutes from blood into interstitial tissues occurs largely by passive diffusion, the emigration of cellular elements from the vascular space occurs by a highly ordered sequence of signaling, attachment, and migratory processes that are described in Chapter 102.


The hematologic system includes two types of vessels: (1) nutritive vessels (arteries, capillaries and veins); and (2) anastomosing arteries and veins that participate in heat regulation. This latter system includes an extensive subcutaneous venous plexus, which can hold large quantities of blood (to dissipate heat from the surface of the skin), and arteriovenous anastomoses, which are large direct connections between arterial and venous plexuses. These anastomoses are prominent in areas often exposed to maximal cooling, such as the volar surfaces of the hands and feet, lips, nose and ears.


Cutaneous lymphatic drainage begins in microscopic blind-ended dermal vessels called lymphatic capillaries. These collect both cells and interstitial substances that are then directed toward regional lymph nodes. Lymphocytes, macrophages and dendritic cells all have the capacity to exit the skin via lymphatic drainage. Stoitzner and colleagues34 have provided an exquisite photographic description of Langerhans cells in their travels from epidermis to draining lymphatic vessels.






Failure of circulation: arteries and veins









Embolic occlusion of arteries


The most dramatic form of blood vessel occlusion occurs with emboli-mediated blockage, which can produce changes within hours. This is followed rapidly by necrosis of all cutaneous structures distal to that blockage. The extent of necrosis depends on the size of the vessel occluded, and occlusion due to non-infectious cholesterol emboli is usually associated with generalized arteriosclerotic cardiovascular disease. Occlusion followed by cutaneous necrosis demonstrates in vivid fashion the complete dependence of skin on arterial circulation.












Vasculitis


Cutaneous inflammation centered in the blood vessel wall is responsible for a spectrum of cutaneous findings that vary depending upon the size of vessel affected. Vasculitis is commonly associated with rheumatic skin disorders (Chs 24, 41, 42 & 45). They include inflammation associated with dermato- and polymyositis, rheumatoid arthritis, lupus erythematosus, and immune complex-mediated small vessel vasculitis (Fig. 1.16). The critical element in terms of cutaneous structure is that, once again, the survival of skin is highly dependent upon an intact circulation.
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Fig. 1.16 Ulcers secondary to Henoch-Schönlein purpura.


The ulceration was preceded by coalescent purpuric papules with bulla formation and necrosis.


Courtesy, Julie V Schaffer, MD.












Occlusive vasculopathy


Other disorders characterized by vascular occlusion result from aberrant coagulation or cold-related “gelling” (Ch. 23). This can be precipitated by antibodies directed against regulators of coagulation, which may develop in patients with rheumatic diseases.









Venous insufficiency


Although listed last, venous insufficiency through partial occlusion and valvular incompetence contributes to the most common vascular problem, the development of venous stasis ulcers of the legs (Ch. 105).









Failure of circulation: lymphatic blockage


Blockage of lymphatic drainage may also occur in certain inflammatory skin conditions. The inflammation associated with recurrent streptococcal and staphylococcal infections may lead to scarring and loss of lymphatic drainage, resulting in distal edema. With chronic infection, permanent edema may develop, associated with widespread verrucous change at the skin surface, a condition described as elephantiasis nostras verrucosa (Ch. 105). Likewise, blockage of lymphatic drainage in parasitic infections is known to cause deforming patterns of lymphatic blockage (Ch. 83). It is also relevant that, many years ago, Frey and Wenk35 demonstrated that ligation of lymphatic drainage caused a back-up of leukocytes unable to return from tissue sites as well as a failure to immunize against antigens that penetrated skin affected in this way.















Interfacing with External and Internal Environments: Skin as a Communicating Organ


Communication in skin occurs by three mechanisms: conventional nerve conduction via cutaneous fibers; intercellular signaling mediated by cytokines and hormones (endocrine, paracrine and autocrine effects); and the physical movement of “message-carrying” cells from one site to another. The roles and importance of these mechanisms have been revealed through various defects in their execution.


Skin is “wired” with afferent and efferent nerve fibers that accompany vascular structures, forming an intricate network within the dermis. They envelop the pilosebaceous apparatus (Ch. 68), blood vessels and sweat glands. Although the head and distal extremities are innervated most densely, all skin contains nerves. Within the dermis, larger fibers are surrounded by a myelin sheath, but as diameters diminish, many fibers run free. In fact, most nerve fibers appear to end in the dermis, although there is clear evidence that some small endings penetrate the basement membrane and travel into the epidermis, where they have the capacity to modulate immune responsiveness36.


Nerves control vascular tone, as demonstrated in blushing responses, and they mediate the sensations of heat, cold, itch, touch and pain (Chs 5 & 6). Defects in sensation and neurologic function occur commonly, and they may be seen in patients with chronic pain following varicella–zoster virus infection, uncontrolled itching, neurologic syndromes (e.g. trigeminal trophic syndrome), and excessive sweating. A highly useful therapeutic development has been the intradermal injection of botulinum toxin to uncouple cholinergic nerve fibers. This technique has at least two dermatologic applications: (1) to decrease muscle tone, leading to a loss of facial lines for cosmetic purposes; and (2) to inhibit the excessive sweating that characterizes disabling axillary and palmar hyperhidrosis37 (Ch. 159).






Abnormality of neurologic communication: excessive sensitivity


Itch is a major problem for patients with skin disease (Chs 5 & 6). We presume that modest levels of itching confer some beneficial effect, but, most certainly, excessive itching can be devastating to both personal and social activities. On the other hand, there is at present little evidence for structural abnormalities that predispose to excessive itching. Postherpetic neuralgia is similarly important38 (Ch. 80), although, once again, there is no obvious structural defect in this exquisitely painful disorder.









Abnormality of neurologic communication: excessive sweating


Hyperhidrosis is a potentially debilitating disorder of sweating, which commonly involves intertriginous areas as well as the palms and soles. Accumulated evidence favors a neurologic abnormality rather than a structural abnormality39. Moreover, injection of botulinum toxin now offers considerable potential for relief (Ch. 159).









Abnormality of neurologic communication: decreased sensitivity


The most obvious and devastating effects of altered touch and pain sensation may be found in patients with the peripheral neuropathies that accompany Hansen’s disease40 (Ch. 75) and diabetes mellitus41 (Ch. 105). Similar problems may occur in patients under the influence of narcotic anesthesia. In each of these settings, the loss of sensory function leads to the failure of patients to recognize, and therefore avoid, cutaneous trauma. For patients with Hansen’s disease, numerous injuries over months and years lead to a gradual loss of tissue. In a similar fashion, a loss of cutaneous sensory function in patients with longstanding diabetes mellitus leads to unappreciated pressure ulcers in weight-bearing areas of the feet. In both of these conditions, a profound loss of sensation leads to unrecognized trauma to the skin, with consequent ulcer formation and loss of tissue. What we can learn from patients with these diseases is the exquisite vulnerability of skin to traumatic injury in the absence of appropriate sensation.









Communication via hormones and cytokines






Hormones


A relevant model for indirect hormonal influences on skin is adrenocorticotropic hormone (ACTH), which was recognized in classic studies as having systemic effects through the induced secretion of adrenal corticosteroids. This, in turn, had temporarily beneficial effects on inflammatory skin disorders such as psoriasis (Ch. 8) and atopic dermatitis (Ch. 12). On the other hand, a model for pathologic changes induced by inappropriate secretion of hormones is seen in the effects of the catecholamine hormones and their precursors (norepinephrine, epinephrine or dopamine) in patients with vascular instability caused by pheochromocytomas. Likewise, several of the clinical signs of Cushing’s disease (altered fat distribution, vascular dilation and striae) result from excessive secretion of corticosteroids. In contrast, diminished production of adrenocortical hormones causes excessive secretion of ACTH, which, in turn, gives rise to the hyperpigmentation seen in patients with Addison’s disease (Ch. 67).


Skin also plays a unique hormonal role in calcium metabolism. Vitamin D3 (cholecalciferol) is produced in the epidermis by the action of UV radiation on 7-dehydrocholesterol8. It then leaves the skin and is hydroxylated in the liver and kidneys to the active form of vitamin D (1,25-dihydroxycholecalciferol).









Cytokines


In the last 30 years, a new field of cutaneous knowledge has evolved, beginning with the recognition that keratinocytes contain large amounts of the biologically active cytokine interleukin-1 (IL-1)42,43. This was followed in rapid succession by the recognition that cells within skin are able to produce an array of biological response modifiers. Most prominently, keratinocytes produce IL-1, IL-8 and TGF-β44. The capacity of these substances to exert important physiologic functions is demonstrated by the beneficial effect TGF-β has on wound healing45. Looking at other cutaneous cells, Langerhans cells produce a unique spectrum of cytokines and chemotactic factors related to their immunologic properties46. Vascular endothelial cells produce IL-1β, IL-6 and IL-847. In fact, cytokine-mediated communication within the skin is an active area of research45,48-51, and the interplay between cytokines and cells is often reciprocal52,53. For example, mast cells produce tumor necrosis factor (TNF), which affects cutaneous immunity54, but, at the same time, mast cell function is regulated by other cytokines55. Unraveling the complex relationships among cutaneous cells, their own hormones (autocrine), hormones from adjacent cells (paracrine), and hormones from distant cells (endocrine) will occupy the attention of skin biologists and skin pharmacologists for the next generation.












Cellular communication


We have only recently begun to appreciate that certain resident cutaneous cells, in the course of their normal function, depart from the skin while in possession of information that ultimately has direct impact on the function of the skin. Chief among these cells are dendritic cells, which, after activation, leave the skin and traffic to regional lymph nodes. In this location, they select and prime naive and resting T lymphocytes (Chs 4 & 14). The processes of activation, outward migration, and repopulation have been areas of intense investigation, with the prospect of developing methods by which immunity may be modulated.









Failure of cytokine and cellular communication


Knowledge about the roles of cytokines and cell traffic in cutaneous communication is as yet in its infancy, meaning that defects are only now being recognized. Stemming from an improved understanding of the role of cytokines in keratinocyte biology, major developments in dermatologic therapy have been achieved during the last decade in the management of inflammatory skin diseases, most notably psoriasis. Aberrant levels of TNF-α and IL-23 have emerged as critical targets of immunobiologic agents used to treat psoriasis. As our understanding of cytokine biology increases, new developments in targeted therapy will continue to expand our therapeutic armamentarium.












Regulating Temperature: Skin as a Thermoregulatory Organ


Regulation of core temperature is a characteristic of all mammals, which, by definition, are euthermic. For humans, core temperature is maintained at approximately 37°C (98–99°F). Because environmental influences tend to change that temperature, there exists an intricate system of regulation in which skin plays a decisive role as both radiator and insulator. Temperature regulation by the skin is effected primarily through evaporative cooling after eccrine sweating (Ch. 39) and through vasodilation and vasoconstriction.


Human skin includes several million eccrine sweat glands distributed over most of its surface, with the total mass of eccrine glands approximately that of one kidney. Under neurologic control, the secretory activity of eccrine sweat glands consists of two major activities: (1) secretion of an ultrafiltrate of a plasma-like fluid; and (2) reabsorption of sodium by the duct to produce hypotonic sweat.






Failure of thermoregulation: effects of excessive heat


Excessive heating may be local or systemic, and, when this occurs, skin plays a cooling role to prevent injury. Cooling may be required under two non-exclusive circumstances: (1) in response to central heating, which occurs when heat enters skin from an external source or when energy is generated through muscular exertion in amounts sufficient to increase core temperature; and (2) in response to sustained local heating, which occurs when a portion of skin is heated to a temperature at which critical proteins begin to denature, i.e. in the neighborhood of 45–50°C (113–122°F; Ch. 88). The subsequent physiologic responses that lower temperature to prevent injury require innervation, circulation and successful sweating. Dispersion of local heat takes place by direct radiation into the environment and by heat transfer to other body locations via circulating blood. In contrast, the elimination of central heat occurs through radiation from the skin surface and from the evaporative cooling that follows sweating.


The relevance of sweating to the elimination of heat, and, ultimately, to survival may be found in the vignette of hyperthermia found at the beginning of this chapter. In this patient with the X-linked genetic disorder hypohidrotic ectodermal dysplasia, the defining defect is a nearly complete absence of sweat glands, in association with other features such as hypotrichosis and abnormal teeth (Ch. 63)56. This disease demonstrates the importance of sweating, as death from overheating during exercise is known to occur, especially when the environmental temperature is high. It is of interest that since evaporative cooling normally plays no role in these patients, there is virtually no effect of environmental humidity on core temperature, because all heat loss occurs through radiation. On the other hand, heat loss may be increased substantially by a relatively simple measure that allows patients with this disease to engage in vigorous outdoor activities in hot climates. Exogenous “sweat” may be created by spraying water over the body repeatedly throughout an exercise or event56.






Heat injury as therapy


The production of local heat injury may also have a beneficial side, as electrocautery is a time-honored method of therapy in cutaneous medicine (Ch. 140). Additionally, heat therapy has been used in the management of cutaneous infection, including sporotrichosis and leishmaniasis.












Failure of thermoregulation: effects of excessive cold


In contrast to heat injury, individuals exposed to cold temperatures require heating to prevent injury. This also occurs under two related circumstances: (1) in response to heat loss to the environment in amounts that cool the body centrally (hypothermia); and (2) in response to exposure locally to sustained temperatures below freezing, which otherwise would lead to direct freezing injury (“frostbite”). With extreme exposure, of course, both may occur together.


Extreme examples of excessive core and surface cooling in association with limited central heat generation were described vividly by Jon Krakauer in his report of the Mount Everest climbing disasters of 199657. Unfortunately, aside from vascular constriction to reduce radiation of heat from the skin surface and shivering (or exercise) to increase central heating, there are no intrinsic cutaneous mechanisms to protect against excessive cooling. However, humans have become quite adept at creating artificial methods to prevent cold or heat injury through clothing and shelter. These have enabled humans, and consequently human DNA, to survive successfully in geographic areas of extreme temperature. Perhaps the most obvious are the mountain climbers who scale the Himalayan mountains and the firefighters who wear insulated clothing as they enter burning buildings.






Cold injury as therapy


When properly applied, local cold injury (e.g. cryosurgery) has been used successfully as a therapeutic tool for decades (Ch. 138).















Interpersonal Communication: The Skin Conveys Beauty, Attracts Attention and Contributes to Self-Identity


An important function of skin begins with the need for humans to communicate with each other so that personal and societal goals can be met. The skin plays an important role in interpersonal communication by conveying beauty to others, attracting attention, and contributing to the development and expression of self-identity.


The presence of beauty, as seen in photographs or paintings, tends to attract attention, which is sometimes intense. It is easy to imagine that these responses are coded genetically, because high attractiveness would seem to increase the likelihood that DNA survives and also, therefore, that the species survives. In sum, without any confirming data, we assert that the desire to be attractive helps to insure the selective survival of human DNA.


Virtually all attraction that occurs at a distance beyond that of touch and smell is mediated by vision, and, thus, the skin assumes overwhelming importance as a visual target for humans. Having said this, it should not be surprising that in every society, the physical appearance and condition of the skin seems to have assumed fundamental importance. In Figure 1.17 we have included portraits of Mr Frederick H Hemming and his fiancée, Miss Mary Anne Bloxam, painted in 1824–25 by the English portrait artist Thomas Lawrence. The intrinsic “beauty” of these individuals prompts one to examine their features with interest. More recently, modern artists such as Andy Warhol have challenged us to reconsider the relationship between appearance and beauty.
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Fig. 1.17 Mr Frederick H Hemming and his fiancée, Miss Mary Anne Bloxam.


These portraits were painted in 1824–25 by the English artist Thomas Lawrence. The intrinsic “beauty” of these individuals prompts one to examine their features with interest.


Courtesy, Kimball Art Museum, Fort Worth, Texas.





There is not sufficient space to list the physical features that are considered beautiful, but let us assert that the loss of these features has much to do with the anxiety that often characterizes patients with acne, vitiligo, alopecia, aging and photoaging, as well as virtually all other skin diseases. During the past decade, increasing attention has been given by both researchers and clinicians to the effect of skin disease on quality of life. Myriad reports have been published defining the extent to which chronic skin diseases, including psoriasis, eczema, and pigmentary disorders, affect the way in which patients perceive themselves. As dermatologists become more aware of the psychosocial impact of chronic skin disease, we are better able to treat patients with these conditions.


Finally, the skin represents a “canvas” onto which individuals may make modifications in order to communicate with each other and to display aspects of self-identity. Tattoos, ritual scarification, and piercings have long been seen as expressions of self-identity. Dermatologists can participate in skin modification by interventions meant to improve the attractiveness of the patient. Many dermatologists now practice cosmetic surgery and procedures, repairing a variety of defects and moving fat from one site to another. During the last 25 years, increasing amounts of discretionary money have been diverted into procedures that improve appearance (Ch 152–Ch 159). Dermatologists and their patients have played major roles in this transition.






Failures to present an attractive appearance


Appropriately proportioned, symmetric, unblemished skin seems to be preferred in the majority of societies. Our question at this point concerns the types of changes that are considered to be “defective”. The defects that are most disagreeable do vary from culture to culture, so that one cannot assume that what is unattractive in one culture is necessarily unattractive elsewhere.






Pigmentary turmoil


Pigmentary disorders tend to be more pronounced, and thus more important, in populations with greater amounts of natural pigmentation. For this reason, Western cultures, which until recently have been derived primarily from European immigrants, may underestimate the critical role of pigmentation throughout the world. Although dermatologists care for patients who have many different disorders of pigmentation, two diseases predominate: vitiligo (Fig. 1.18; Ch. 66)58 and melasma (Ch. 67).





[image: image]

Fig. 1.18 Vitiligo.


This African-American man has vitiligo on the distal portions of his fingers. Pigmentary disorders of this sort are much more obvious in patients with substantial natural pigmentation.




The preference for unblemished skin is exceedingly important in cultures in which altered pigmentation may be confused with Hansen’s disease (Ch. 75) or viewed as hereditary. In Indian culture, for example, it is not uncommon for the discovery of vitiligo to invalidate a marriage contract59. The defect in vitiligo is the absence of epidermal melanocytes after physical destruction guided by autoimmune influences. Not only is vitiligo an important disease in its own right, the associated autoimmune phenomena have profound implications for melanoma therapy (Ch. 113).


Likewise, melasma has a high frequency in Hispanic individuals in the Americas, and it is often extraordinarily distressing60 (Ch. 67). It is not uncommon to observe that money for necessities may be diverted to this seemingly inconsequential problem.









Inappropriate hair distribution


Hair performs no vital function for humans in the twenty-first century, as body hair can be removed without any physiologic disadvantage. By contrast, the psychologic contributions of hair for many humans cannot be underestimated. Scalp hair is a major social and sexual display feature for humans. The biology of hair and hair growth is detailed in Chapter 68, and additional information may be found in other useful references61,62. A discussion regarding excessive hair may be found in Chapter 70 and elsewhere63. Two phenomena predominate in concerns about hair: (1) too much hair in the wrong place; and (2) not enough hair in the right place. Too much hair in the wrong place occurs in congenital and acquired forms of hypertrichosis, in response to therapy with minoxidil and certain immunosuppressive agents, and as an effect of androgen excess (Ch. 70). However, the vast majority of patients who seek help for excessive hair do so primarily for cultural reasons.


In terms of insufficient hair (Ch. 69), three diseases predominate: (1) androgenetic alopecia in men; (2) female pattern alopecia in women64; and (3) alopecia areata (Fig. 1.19). Hair transplantation has become a popular procedure performed by dermatologists (Ch. 157).





[image: image]

Fig. 1.19 Alopecia areata.


The detrimental social impact of hair loss in patients with diseases such as alopecia areata cannot be underestimated. The disease process targets pigmented hairs, and the initial cycle of regrowth may consist of depigmented hairs.











Undesirable fat distribution


With the possible exception of hemifacial atrophy and lipodystrophy syndromes, indications for the absolute removal and for the movement of fat are based on psychologic needs rather than on abnormalities in the structure of the skin and subcutaneous tissues. Nevertheless, the movement of fat is becoming a fairly common procedure and, once again, dermatologists are playing increasingly important roles in this arena65 (Ch. 156).









The next steps


We could go on at length about dermabrasion for acne scars, rejuvenation protocols, blepharoplasties, and other techniques to reverse the effects of aging. However, the point has been made. What we propose is that anxiety about appearance is genetically programmed. The discipline of cosmetic dermatology has arisen to address that anxiety, with the important goals of alleviating scars, hiding defects and preventing photoaging.















An Important Corollary, with an Eye to the Future


In this introductory chapter, we have asserted that the structure and function of skin is revealed through careful study of skin disease. An important corollary to this statement becomes apparent when we apply our knowledge of skin disease to patient care: the structure and function of skin is also revealed by observing the outcomes of our specific interventions. Whether the outcomes are anticipated or completely unexpected, much can be learned by studying the way skin responds to our attempts at manipulation through medicine and surgery. This point has been recently illustrated by the observation that keratoacanthomas may erupt in patients being treated with molecular inhibitors of mutated BRAF, which is found in approximately 40% of melanomas66,67. In patients with the characteristic V600E activating mutation in BRAF, molecular inhibitors of BRAF arrest melanoma growth68. However, when wild-type BRAF is inhibited, especially in the presence of mutated RAS, signaling pathways are enhanced and cellular proliferation ensues66,67. Keratoacanthomas and squamous cell carcinomas are the clinical consequence. Our understanding of the molecular pathways of keratinocyte biology has been expanded by observing the outcomes of our intervention on melanoma. Many more such observations are bound to follow as we continue to develop new ways of treating skin disease.
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Introduction


Development of the human embryo is a complex process involving highly orchestrated cell movements, proliferation, death and differentiation. This chapter focuses on key events and regulatory mechanisms that result in skin morphogenesis, maintenance and regeneration. The spectrum of cutaneous abnormalities that can result from mutations in genes with critical roles in skin development is discussed. Ultimately, improved understanding of the pathways and signaling cascades that are disrupted in genetic skin disorders will aid in the development of therapeutic approaches for patients with acquired as well as inherited skin disorders.









Embryonic origin of the skin


The skin is composed of diverse cell types of both ectodermal (e.g. keratinocytes, melanocytes, Merkel cells, neurons) and mesodermal (e.g. fibroblasts, hematopoietic cells such as Langerhans cells, endothelial cells) lineages. To understand the origins of these cells, it is important to review the early stages of embryogenesis. Immediately after fertilization, cells divide rapidly, and by the end of the first week, the embryo begins to implant into the uterine wall. During the third week, the embryo undergoes gastrulation, a complex process resulting in the formation of the three embryonic germ layers: endoderm, mesoderm and ectoderm.


During the next stage of embryogenesis, ectodermal cells commit to either a surface ectodermal or neuroectodermal fate. The surface ectodermal cells eventually differentiate into the keratinocytes of the embryonic epidermis, whereas the neuroectodermal cells invaginate to create the neural tube in a process called neurulation. As the neural tube forms, cells in its dorsal portion separate to form the neural crest. An important neural crest-derived cell in the skin is the melanocyte. Although Merkel cells were once believed to be neural crest derivatives, it was recently established that they descend from the epidermal lineage. The lineage of the dermis depends on its location. Whereas the dermis (and other mesenchymal structures) of the face and frontal scalp are derived from the neural crest, the dermis elsewhere is derived from the mesoderm. Knowing from which germ layer and lineage different cell types in the skin derive helps one to understand the pathophysiology of cutaneous disorders ranging from congenital melanocytic nevi (where “neurotization” is explained by the derivation of both melanocytes and peripheral nerve sheath cells from the neural crest) to Waardenburg syndrome (where craniofacial dysmorphism and hearing impairment as well as pigmentary abnormalities reflect disrupted migration and survival of neural crest-derived cells).


An overview of key events in the development of skin and its specialized structures is shown in Figure 2.1.





[image: image]

Fig. 2.1 Critical events in the development of the skin and its specialized structures.


The timeline indicates the time of initiation defined by estimated gestational age (EGA) and duration of pregnancy (by last menstrual period [LMP]). Refers to skin on the back unless otherwise noted.











Epidermal development


The ectoderm that covers the developing embryo after gastrulation is a single-layered epithelium (Fig. 2.2A). The first step in epidermal development occurs when cells of the surface ectoderm adopt an epidermal fate1. Although this process does not result in major morphologic changes, it is marked by dramatic alterations in gene expression that result in the formation of the embryonic epidermis, which initially consists of only a basal layer (Fig. 2.2B). Basal keratinocytes subsequently generate cells of the periderm, a single cell layer that covers the developing epidermis until the cornified cell layer is formed (Figs 2.2C-F & 2.3A,B). Although the precise function of the periderm is not known, it is believed to participate in the exchange of substances across fetal skin and protects the developing epidermis from the amniotic fluid.
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Fig. 2.2 Development of the epidermis.


A The epidermis develops from the surface ectoderm, a single-layered epithelium that initially covers the developing embryo. B Through changes in gene expression, cells of the surface ectoderm adopt an epidermal fate, resulting in the formation of the basal layer of the epidermis. C Basal cells subsequently give rise to the periderm, a cell layer that covers the developing epidermis until cornification occurs.D Epidermal stratification begins with the formation of a highly proliferative intermediate layer between the basal layer and the periderm. E The intermediate layer becomes several cells thick over the next few weeks. F Intermediate cells ultimately withdraw from the cell cycle and differentiate into spinous and granular keratinocytes. G The periderm is replaced by the cornified cell layer.
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Fig. 2.3 Development of the skin.


A At 36 days’ estimated gestational age, the embryonic epidermis consists of two layers – a superficial periderm layer overlying a basal layer. B By 72 days, the basal layer has given rise to the highly proliferative intermediate cell layer. C A distinct granular cell layer and stratum corneum are seen in neonatal skin. D An early peg-stage follicle from a mid second trimester fetus. The more superficial bulge consists of the developing sebaceous gland (arrowhead), whereas the deeper bulge represents the insertion point of the future arrector pili muscle and the location of the presumptive follicular stem cells (arrow).


Photomicrographs courtesy of Dr Karen Holbrook, from Loomis CA, Koss T, Chu D. Fetal skin development. In: Eichenfield LF, Frieden IJ, Esterly NB (eds). Textbook of Neonatal Dermatology, 2nd edn. Philadelphia: WB Saunders, 2007:1–17.





The embryonic epidermis begins to stratify at approximately 8 weeks’ estimated gestational age (EGA)2. At this time, basic organogenesis is complete and bone marrow hematopoiesis commences, marking the transition from embryo to fetus. During the first stage of epidermal stratification, an intermediate cell layer is formed between the basal layer and periderm (Figs 2.2D & 2.3B). Unlike suprabasal keratinocytes in the postnatal epidermis, the intermediate layer consists of actively proliferating cells. As a consequence, it is able to expand to accommodate the rapid growth of the embryo as well as create additional layers of intermediate cells over the next several weeks (Fig. 2.2E). However, the intermediate cell layer only exists temporarily during epidermal development, as it is eventually replaced by layers of post-mitotic keratinocytes undergoing terminal differentiation.


Terminal differentiation, the process resulting in the formation of mature keratinizing epidermal cells, begins during the second trimester. Early cornification can be observed within the hair canal at approximately 15 weeks’ EGA2a, but it does not commence in the interfollicular epidermis until 22–24 weeks’ EGA, occurring first in the skin on the head, palms and soles. Expression of the p63 gene is required for the process of epidermal stratification. The process begins when cells in the intermediate layer permanently withdraw from the cell cycle and differentiate into spinous and granular cells (Fig. 2.2F). The cornified cell layer, which is composed of “dead” keratinocytes (corneocytes) held together by a matrix of proteins and lipids (see Ch. 56), subsequently starts to form and is several cells thick by 24–26 weeks’ EGA. The corneocytes are a reflection of the closely regulated process of terminal differentiation that is required for normal functioning of the skin. At the same time, the periderm detaches from the underlying epidermis and is sloughed off into the amniotic fluid, with remnants contributing to the vernix caseosa that coats newborns. During the third trimester, the number of keratohyalin and lamellar granules as well as stratum corneum layers increase. By the mid third trimester, the epidermis is morphologically similar to adult skin (Figs 2.2G & 2.3C), although it does not acquire full barrier function until a few weeks after birth.






Clinical Relevance


Genetic abnormalities affecting various stages of epidermal morphogenesis have been found to underlie inherited skin disorders in humans. However, generalized abnormalities in epidermal specification, the process through which the surface ectoderm adopts an epidermal fate, have not been identified, and it is likely that such defects would be incompatible with survival past the first trimester. Mosaic skin conditions that result in abnormalities of the epidermis (e.g. of keratinocytes or melanocytes) and/or its appendages often have a distribution pattern that follows Blaschko’s lines, which are thought to represent the migration pathways of epidermal cells during embryonic development. Classic examples include epidermal nevi (with underlying defects including mosaicism for mutations in genes encoding the fibroblast growth factor receptor 3, keratin 1 or keratin 10) and sebaceous nevi (where the underlying genetic defect remains unknown but is thought to be lethal if present in all the cells of the body) (see Ch. 62).


There are a number of genetic disorders that result in abnormal epidermal differentiation and barrier formation. One clinical presentation of such conditions is a “collodion baby” born encased in a taut, shiny, transparent membrane that is formed by aberrant stratum corneum. After shedding the membrane, most of these infants manifest with lamellar ichthyosis (LI) or congenital ichthyosiform erythroderma (CIE), two forms of autosomal recessive ichthyosis that exist on a spectrum3. However, the phenotypes that can develop following a collodion membrane include not only the large, plate-like brown scales of LI and the erythroderma with fine white scales of CIE, but also completely normal appearing skin. Referred to as a “self-healing” collodion baby, the latter is an example of a dynamic epidermal phenotype that depends on environmental conditions. All of these outcomes can result from mutations in the same set of genes that encode proteins essential for formation of the epidermal barrier, including transglutaminase-1 (an enzyme that cross-links lipids to the cornified cell envelope; TGM1), lipid processing enzymes (ALOXE3, ALOX12B) and lipid transporters (ABCA12) (see Ch. 57).


More deleterious mutations in the ABCA12 gene represent the cause of harlequin ichthyosis (HI), an especially severe and often fatal disorder of cornification characterized by aberrant epidermal maturation. Patients with HI are born with a tremendously thick, armor-like shell of hyperkeratosis, severe ectropion and eclabium, and underdevelopment of the nose and ears. The extreme phenotype of HI highlights the importance of lipid transport into lamellar bodies for epidermal formation and function.


Abnormalities in the stratum corneum are present not only in infants with ichthyosis, but also in premature infants, especially those born before 28 weeks’ EGA. The immaturity of the stratum corneum results in impaired barrier function, which leads to an increased risk of infection, dehydration, and excessive absorption of topical medications or chemicals4. Even healthy full-term infants do not attain full skin barrier function until 3 weeks of age. The structural features of premature skin and adult skin are summarized in Table 2.1.




Table 2.1 Comparative features of premature, newborn, and adult skin.
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Development of specialized cells within the epidermis


Two populations of specialized cells – melanocytes and Langerhans cells – migrate to the epidermis during early embryonic development. Melanocytes are derived from the neural crest that forms along the dorsal neural tube. Melanocyte precursors migrate away from the neural tube within the mesenchyme beneath the primitive epidermis. They follow a characteristic trajectory, moving dorsolaterally and then ventrally around the trunk to the ventral midline, anteriorly over the scalp and face, and distally along the extremities. Cutaneous melanocytes can also arise from Schwann cell precursors located along nerves in the skin, which originate from the neural crest via the distinct ventral pathway5.


Melanocytes are present in the epidermis by the middle of the first trimester, but they are not fully functional until the second trimester. Melanocytes can be first identified within the embryo’s epidermis at approximately 50 days’ EGA, based on their positive reactivity with the HMB45 monoclonal antibody and their dendritic morphology. Epidermal melanocyte density is high early in embryonic development (1000 cells/mm2), and it increases further (~3000 cells/mm2) as the epidermis stratifies (80–90 days’ EGA) and the appendages begin to develop; later in gestation, the density decreases and becomes similar to that of young adults (800–1500 cells/mm2). However, epidermal melanin production does not begin until 3–4 months’ EGA, and melanosome transfer to keratinocytes is not seen until 5 months’ EGA. Even though all melanocytes are functional and in place at birth, newborn skin is not fully pigmented and subsequently darkens over the first few months of life; this process is most pronounced in more darkly pigmented infants.


Active melanocytes are also present throughout the dermis during embryonic development. Eventually, most of these dermal melanocytes migrate to the epidermis or undergo apoptosis. By the time of birth, dermal melanocytes have disappeared, with the exception of certain anatomic sites (head and neck, dorsal aspects of the distal extremities and presacral area), which correspond to the most common locations for dermal melanocytoses and blue nevi (see Ch. 112).


Langerhans cell precursors appear within the epidermis during the first trimester and are first detectable in this site as early as 40 days’ EGA. These cells can be distinguished by their characteristic dendritic morphology; expression of CD45, HLA-DR and CD1c; and high levels of ATPase activity. Langerin expression precedes CD1a acquisition, which first occurs at 13 weeks’ EGA, and the production of Birbeck granules6. The density of Langerhans cells in fetal skin remains low early in gestation and increases to typical adult levels during the third trimester.


Merkel cells, highly innervated neuroendocrine cells involved in mechanoreception, are initially identified within the epidermis during the first trimester. These cells are detected as early as 8–12 weeks’ EGA in palmoplantar epidermis, and slightly later in interfollicular skin. Merkel cells are identified by the presence of cytoplasmic dense core granules, cytokeratin 20 and neuropeptides. They are found in the basal layer of the epidermis, are often associated with appendages and nerve fibers, and are particularly dense on volar skin. The developmental origin of Merkel cells has been the subject of longstanding controversy, but recent studies have demonstrated that mammalian Merkel cells are derived from an epidermal rather than neural crest lineage7.






Clinical Relevance


Several inherited pigmentary disorders result from genetic defects that lead to abnormal migration and proliferation of neural crest-derived melanocyte precursors (melanoblasts). Piebaldism and Waardenburg syndrome are characterized by achromic patches of skin on the central forehead, central abdomen and extremities, a distribution pattern that reflects the failure of melanocyte precursors to survive, proliferate or travel to the distal points of their embryonic migration pathway. A number of different causative genes leading to this phenotype have been identified, including those encoding transcription factors (e.g. microphthalmia-associated transcription factor [MITF], PAX3, SOX10, SNAI2) as well as membrane receptors and their ligands (e.g. endothelin-3, endothelin B receptor, KIT receptor)8 (see Ch. 66). The endothelin B receptor is found on melanoblast–ganglion cell precursors in the developing neural crest, explaining the Hirschsprung disease (as well as pigmentary abnormalities) that is associated with defects in this receptor or its ligand.












Development of the dermis and subcutis


The specification of dermal mesenchymal cells is a complex process that is incompletely understood. Unlike the epidermis, which is derived exclusively from the ectoderm, the origin of the dermis varies depending on the body site. As noted above, the dermal mesenchyme of the face and anterior scalp (as well as the underlying muscle and bone) is derived from neural crest ectoderm, thereby explaining the facial dysmorphia in the neurocristopathy Waardenburg syndrome. On the other hand, the dermal mesenchyme of the back originates from the dermomyotome of the embryonic somite, and the dermal mesenchyme of the extremities and ventral trunk is thought to arise from the lateral plate mesoderm.


By 6–8 weeks’ EGA, presumptive dermal fibroblasts are situated under the developing epidermis9. However, at this developmental stage, there is no distinct demarcation between the cells that will give rise to the dermis and those that will give rise to musculoskeletal components. Although embryonic dermal cells are capable of synthesizing collagens (e.g. types I, III and IV) and some microfibrillar components, these proteins are not yet assembled into complex fibers. Of note, the ratio of collagen III to collagen I is 3 : 1, the reverse of what is seen in the adult dermis.


The demarcation between the dermis and underlying skeletal condensations becomes distinct at approximately 9 weeks’ EGA. By 12–15 weeks’ EGA, progressive changes in matrix organization and cell morphology distinguish the fine weave of the papillary dermis located directly beneath the epidermis from the thicker, deeper reticular dermis. At this stage, the collagen proteins produced by the fibroblasts start to assemble into collagen fibers, which continue to accumulate in the reticular dermis during the second and third trimesters. Electron microscopy can first detect definitive elastic fibers at approximately 22–24 weeks’ EGA. As development progresses, the watery, proteoglycan-rich, cellular dermis of the embryo is modified to the more rigid, fibrous, acellular dermis characteristic of adult skin. By the end of the second trimester, the dermis shifts from a non-scarring to a scarring form of wound repair. At birth, the dermis is still thinner and more cellular than the adult dermis.


The basic pattern of the dermal vasculature is discernible by the end of the first trimester. This pattern, however, undergoes extensive remodeling in utero and is not fully mature until after birth. Numerous molecular controls are involved in the regulation of angiogenesis, including the vascular endothelial growth factor (VEGF) family as well as the tyrosine kinase receptors Tie-1 and Tie-2 and their stimulatory (Ang-1) and inhibitory (Ang-2) angiopoietin ligands (see Ch. 102).


Nerve networks are formed by the mid to late first trimester, and they tend to follow the vascular pattern. Accumulation of subcutaneous fat begins during the second trimester and continues through the third trimester, when distinct lobules separated by fibrous septae are formed.






Clinical Relevance


Mutations in the genes that encode a variety of dermal structural proteins (e.g. collagens, components of elastic fibers) and the enzymes that process them underlie multiple forms of Ehlers–Danlos syndrome (characterized by skin hyperextensibility and fragility with poor wound healing) and cutis laxa (featuring lax, redundant skin). Genetic defects in regulatory proteins important for extracellular matrix development can lead to abnormalities in the skin and other organs. For example, mutations in the latent transforming growth factor-β (TGF-β) binding protein-4 gene (LTBP4) were recently found to underlie a form of cutis laxa associated with severe pulmonary, gastrointestinal and genitourinary malformations. The absence of LTBP4, an extracellular matrix protein that binds to fibrillin and controls the bioavailability of TGF-β, leads to aberrant TGF-β activity and defective elastic fiber assembly in many types of tissues.


Another disorder characterized by abnormal dermal development is Goltz syndrome (focal dermal hypoplasia), an X-linked dominant disorder characterized by areas of dermal hypoplasia (with fat herniation/hamartomas) in a distribution following Blaschko’s lines, skeletal defects and mucosal papillomas. Goltz syndrome is caused by mutations in PORCN, an effector of the Wnt signaling pathway that is critical for normal dermal development10. Blaschko’s lines are thought to represent pathways of epidermal development, and in a mouse model, PORCN expression and resultant Wnt signaling originating from the ectoderm have been shown to regulate development of the dermis.












Development of the dermal–epidermal junction


The dermal–epidermal junction (DEJ) mediates adhesion between the basal keratinocytes and the dermis and provides resistance against shearing forces on the skin (see Ch. 28). The DEJ develops from a simple, generic basement membrane in the embryo to a highly complex, multilayered structure in the second-trimester fetus.


The embryonic DEJ consists of a lamina densa and a lamina lucida, and it is composed of molecules that are common to all basement membrane zones (e.g. type IV collagen, laminin, heparan sulfate, proteoglycans)11. The DEJ becomes progressively more complex, and skin-specific components of the DEJ start to appear after the embryonic–fetal transition at 8 weeks’ EGA, coincident with the onset of epidermal stratification. By 12 weeks’ EGA, almost all of the structures characteristic of the mature DEJ are in place (see Ch. 28). Hemidesmosomes, anchoring filaments and anchoring fibrils are synthesized by basal keratinocytes, with the type VII collagen-containing anchoring fibrils localizing to the sub-lamina densa; laminin 5 and the bullous pemphigoid antigens are also expressed. As development progresses, the flat embryonic DEJ acquires the rete ridges and dermal papillae that characterize the adult DEJ.






Clinical Relevance


Epidermolysis bullosa (EB) is a heterogeneous group of genetic disorders characterized by blister formation due to mechanical fragility of the skin. EB can result from mutations in genes that encode several different components of the DEJ12. The specific protein affected (and the degree to which it is altered) largely determines disease severity, depth of bulla formation, and involvement of extracutaneous tissues (see Ch. 32).












Development of skin appendages


Skin appendages (hair, nails, and eccrine, apocrine and sebaceous glands) have both epidermal and dermal components that are critical in embryogenesis. Normal development of skin appendages depends on tightly regulated interactions between the early dermis and epidermis (e.g. signaling molecules that are sent back and forth between these tissues), and a failure in either component (or in communication between them) leads to aberrant development. Despite the differences in the structure and function of the various types of cutaneous appendages, the developmental processes that regulate their formation are remarkably similar13.






Hair Follicle Development


The complex dermal–epidermal interactions and genetic control mechanisms that occur in appendage development are best understood in the formation of the hair follicle. Follicle formation is initiated by signals from the dermis that direct the embryonic epidermis to form focal thickenings, called placodes (see Figs 68.2 & 68.3)14. Placodes are first seen on the scalp and face between 10 and 11 weeks’ EGA; they subsequently develop in a caudal and then in a ventral direction. The epidermal placodes instruct the underlying dermal cells to condense and form the presumptive dermal papilla. The dermal papilla then directs the keratinocytes of the placode to proliferate and extend deeper into the dermis, thereby forming the hair germ (see Figs 68.2 & 68.3). By 12–14 weeks’ EGA, the base of the developing hair follicle surrounds the presumptive dermal papilla, forming the hair peg (see Figs 68.2 & 68.3). The superficial portion of the developing hair follicle has two distinct bulges. The more superficial bulge consists of the developing sebaceous gland, whereas the deeper bulge represents the insertion point of the future arrector pili muscle and the location of the presumptive follicular stem cells.


Hair follicles undergo further maturation during the second trimester, forming seven concentric cell layers (from outer to inner): outer root sheath; inner root sheath, composed of Henley’s and Huxley’s layers and a cuticle; and then the hair shaft cuticle, cortex and medulla (see Fig. 68.2). The hair canal is fully formed by 18–21 weeks’ EGA, and hairs are visible shortly thereafter. The hairs continue to grow until 24–28 weeks’ EGA, when they leave the active growing phase (anagen) and enter the short-lasting degenerative phase (catagen) and subsequently the resting phase (telogen). The follicles then start the second hair cycle by re-entering anagen; new hairs grow and push out the first group of telogen hairs, which are shed into the amniotic fluid.


Hair cycling through anagen, catagen and telogen continues throughout life, but the hair cycles for individual hair follicles become asynchronous after birth. The third hair cycle is initiated perinatally, leading to the shedding of the second wave of fine lanugo hair follicles. Most hairs become thicker and coarser with subsequent growth cycles, leading to vellus and then adult-like terminal hairs on the scalp and in the eyebrows.


Many genes important for hair follicle development and cycling have been identified (see Ch. 68). Sonic hedgehog (SHH), a signaling molecule secreted by cells of the developing hair follicle, is required for the maturation of the dermal papilla and for the progression of the follicle placode to the peg hair stage. SHH also appears to be critical in mediating the transition from telogen to anagen during postnatal hair cycling. Members of the Wnt, bone morphogenetic protein (BMP) and fibroblast growth factor (FGF) families of signaling molecules are also important in hair follicle development and cycling. Transcription factors with roles in follicular differentiation have also been identified, including HOXC13 and FOXN1.


Sebaceous gland development parallels follicular development. The presumptive sebaceous gland is first seen at around 13–16 weeks’ EGA as the most superficial bulge on the developing hair follicle. The outer proliferative layer of the sebaceous gland generates lipogenic cells that progressively accumulate lipid/sebum until they are terminally differentiated, at which time they disintegrate and release their products into the upper portion of the hair canal. Maternal hormones contribute to sebaceous gland hypertrophy and increased synthesis and secretion of sebum during the second and third trimesters. The neonatal adrenal gland also has a disproportionately large zone of androgen production (referred to as the “fetal zone”), which involutes over the first year of life.









Nail Development


Nail development begins at 8–10 weeks’ EGA and is completed by the fifth month of intrauterine development. The flat, rectangular surface of the future nail bed on the dorsal digital tips is first demarcated by folds visible at 8–10 weeks’ EGA. A wedge of ectoderm invaginates obliquely into the mesenchyme along the proximal end of the early nail field, forming the proximal nail fold by 13 weeks’ EGA. The presumptive nail matrix cells, which will later produce the differentiated nail plate, are found ventral to the proximal nail fold. The nail bed on the dorsal digit is the first skin structure to keratinize, at around 11 weeks; keratinization begins distally and then continues over the nail bed toward the proximal nail fold. The first, preliminary nail is shed easily and replaced by the hard, differentiated nail plate that emerges from under the proximal nail fold during the fourth month of gestation and completely covers the nail bed by the fifth month.









Eccrine and Apocrine Sweat Gland Development


Like hair and nails, palmoplantar eccrine sweat glands begin to develop during the first trimester and are fully developed by the second trimester. Sweat gland development starts with the formation of large mesenchymal bulges or pads (analogous to the paw pads of other mammals) on the palms and soles between 55 and 65 days’ EGA. Parallel ectodermal ridges are induced in the epidermis overlying these pads between 12 and 14 weeks’ EGA. The curves and whorls formed by these ridges result in characteristic dermatoglyphics (fingerprints), which can be seen on the digit tips by the fifth month of gestation. Unlike most other animals, the mesenchymal pads in the human fetus regress by the third trimester.


Beginning between 14 and 16 weeks’ EGA, individual eccrine gland primordia bud along the ectodermal ridges at regularly spaced intervals. The buds elongate as cords of cells that enter the pad mesenchyme. By 16 weeks’ EGA, glandular structures form at the terminal portion of the buds and secretory and myoepithelial cells are visible. Canalization of the dermal component of the eccrine duct is also complete by 16 weeks’ EGA; this occurs via a loss of the desmosomal adhesions along the innermost ectodermal surfaces, with concomitant maintenance of the adhesion between duct cells and the gland walls. Canalization of the epidermal component of the duct is not complete until 22 weeks’ EGA.


Unlike volar eccrine sweat glands, interfollicular eccrine glands and apocrine glands do not begin to form until the fifth month of gestation. Like sebaceous glands, apocrine glands typically arise from the upper portion of a hair follicle. Interfollicular eccrine glands, on the other hand, originate independently. The glandular cords of cells elongate during the ensuing weeks, and by 7 months’ EGA the clear cells and mucin-secreting dark cells characteristic of apocrine glands can be visualized. Apocrine glands function transiently during the third trimester and subsequently become quiescent in the neonate. Eccrine glands, however, do not function in utero but mature and begin functioning postnatally.









Clinical Relevance


Ectodermal dysplasias are a large, heterogeneous group of genetic disorders that are characterized by developmental abnormalities in two or more major ectodermal appendages (hair, teeth, nails, and sweat glands); other ectodermal structures (e.g. sebaceous glands) can also be affected15 (see Ch. 63). Hypohidrotic ectodermal dysplasia (HED) is a relatively common type of ectodermal dysplasia that affects the sweat glands (hypohidrosis), hair (hypotrichosis) and teeth (hypodontia). HED is caused by mutations in genes encoding components of the ectodysplasin A (EDA) signaling pathway, which is critical for the initiation of sweat gland, hair follicle and tooth morphogenesis. Underlying mutations can occur in the genes encoding the EDA ligand, EDA receptor (EDAR), or EDAR-associated death domain (an intracellular adaptor protein that functions in EDAR signaling). Mutations in EDA are responsible for the X-linked variety of HED (XLHED), which leads to “full-blown” disease in affected males and areas of involved skin following Blaschko’s lines in heterozygous females. Because the underlying defect is in a soluble ligand that is only required for a brief period during the initiation of appendage formation, XLHED is a prime target for protein therapy. Encouragingly, studies in mice and dogs have demonstrated an almost complete correction of the XLHED phenotype upon prenatal or neonatal treatment with recombinant EDA protein16,17. Clinical trials with recombinant EDA protein for the treatment of infants with XLHED are planned.


In addition to mutations in genes that are required for appendage development, ectodermal dysplasias can also be caused by mutations in genes that are required for epidermal development18. In these instances, abnormal appendages result from disruption of cross-talk between the developing epidermis and dermis. Mutations in p63, a gene that is required for epidermal morphogenesis, can cause several types of ectodermal dysplasia, including the ankyloblepharon–ectodermal dysplasia–cleft lip/palate (AEC) and ectrodactyly–ectodermal dysplasia–cleft lip/palate (EEC) syndromes (see Ch. 63). The phenotypic differences between AEC and EEC are explained by underlying mutations in separate regions of the p63 gene, which affect different functions and isotypes of the p63 protein.


Wnt signaling is critical for the development of epidermal appendages, and genetic defects in this pathway underlie conditions ranging from hereditary hypotrichosis simplex to onycho-odonto-dermal dysplasia and Schöpf–Schulz–Passarge syndrome19. The nevoid basal cell carcinoma syndrome (Gorlin syndrome) is caused by mutations in the PTCH tumor suppressor gene that result in overactivation of the sonic hedgehog (SHH) signaling pathway, which has important roles in neurologic and anterior–posterior axis development as well as hair follicle formation20. This explains the broad range of developmental anomalies, including craniofacial and skeletal defects, and the propensity for medulloblastomas, odontogenic keratocysts and multiple basal cell carcinomas to arise (see Ch. 108).












Skin stem cells


Stem cells are present in each self-renewing tissue and are responsible for maintaining and repairing the tissue they reside in. The epidermis, dermis, appendages, and melanocytes are each maintained by different stem cell compartments. Stem cells are self-renewing and divide infrequently during periods of homeostasis, with the latter feature believed to protect them from acquiring mutations during cell cycle progression. Under homeostatic conditions, stem cells are believed to undergo asymmetric division, generating one new stem cell and one daughter transit amplifying (TA) cell. Unlike stem cells, TA cells divide frequently and ultimately differentiate into lineage-specific cell types. Within the skin, stem cells that maintain the epidermis and hair follicles have been most extensively studied. The properties of stem cells, TA cells and terminally differentiated cells are listed in Table 2.2.




Table 2.2 Properties of stem cells, transit amplifying cells and terminally differentiated cells.
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Epidermal Stem Cells


The human epidermis renews itself every 40–56 days21. This constant turnover is mediated by epidermal stem cells, which reside in the basal layer together with TA cells22; the latter constitute the majority of basal keratinocytes. Ultimately, TA cells withdraw from the cell cycle and move suprabasally, which initiates the keratinocyte terminal differentiation program. In non-acral human skin, epidermal stem cells are scattered within the basal layer, where they give rise to epidermal proliferative units (EPUs), columns of cells composed of one stem cell and its progeny (Fig. 2.4)23. The location of epidermal stem cells in human palmoplantar skin is less clear, but there is some evidence that they are found at the base of the rete ridges, where they are physically protected from environmental stress. However, other data suggest that palmoplantar epidermal stem cells are located at the top of deep rete ridges.





[image: image]

Fig. 2.4 Epidermal stem cells.


A Epidermal stem cells are located in the basal layer of the epidermis. Each epidermal stem cell and its progeny forms a vertical column of progressively differentiating cells, which is known as the epidermal proliferation units (EPU) (blue). B EPUs in human skin grafted onto the back of a nude mouse. A subset of epidermal keratinocytes was transduced with a β-galactosidase-expressing virus. Forty weeks after grafting these cells onto nude mice, EPUs were visible. Since only epidermal stem cells and not TA cells or differentiated cells are able to persist for this length of time, the presence of EPUs indicates that they are derived from and maintained by epidermal stem cells. C With each cell division, another stem cell and a transit amplifying (TA) cell are generated (asymmetry of fate). The TA cells undergo a few rounds of cell division before they permanently withdraw from the cell cycle and initiate the terminal differentiation program.


Reprinted with permission from Kolodka TM, Garlick JA, Taichman LB (1998), Evidence for keratinocyte stem cells in vitro: Long term engraftment and persistence of transgene expression from retrovirus-transduced keratinocytes Proceedings of the National Academy of Sciences of the United States of America 95:4356-4361,





One distinguishing feature of stem cells is that they can be maintained in culture virtually indefinitely. A subset of epidermal basal cells forms highly proliferative colonies that can be passaged long term in vitro; referred to as holoclones, they presumably represent stem cells24. Holoclones can reconstitute epidermis in vitro, and they have been utilized for the treatment of burns and inherited skin disorders (see below). The properties of cutaneous stem cells, including their molecular markers, are summarized in Table 2.3.




Table 2.3 Cutaneous stem cells. CD24, glycoprotein involved in cell adhesion and signaling; CD34, marker of hematopoietic progenitor cells and endothelial cells; CD71, transferrin receptor; CD146, melanoma cell adhesion molecule/MUC18/S-Endo-1 antigen; CD200, transmembrane glycoprotein that delivers a negative immunoregulatory signal (may be involved in maintaining immune tolerance); LGR5/6, leucine-rich repeat-containing G protein-coupled receptor 5/6; LRIG1, leucine-rich repeats and immunoglobulin-like domains 1 (epidermal growth factor receptor antagonist and regulator of stem cell quiescence); MCSP, melanoma-associated chondroitin sulfate proteoglycan; NGFR, nerve growth factor receptor; PHLDA1, pleckstrin homology-like domain, family A, member1; SCA1, stem cell antigen 1; TYRP, tyrosinase-related protein.
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Hair Follicle Stem Cells


The hair follicle bulge, which is located in the mid portion of the follicle (just deep to the sebaceous gland and adjacent to the arrector pili muscle attachment site), is thought to harbor hair follicle stem cells (Fig. 2.5). The bulge represents the lowest permanent portion of the hair follicle, and it contains morphologically undifferentiated cells25. Hair follicle bulge cells are slow-cycling and have a high proliferative potential as well as being self-renewing and multipotent. In vivo, they proliferate only when the hair follicle re-enters the active growing phase of anagen, in which the bottom two-thirds of the follicle must be regenerated. Such appendageal stem cells provide an important ectodermal reserve, allowing temporary reconstitution of the surface epidermis after severe wounds such as second-degree burns.
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Fig. 2.5 Keratinocyte and melanocyte stem cells. Note that the bulge is continuous with the outer root sheath.




In addition to bulge cells, other cell populations in the hair follicle display stem cell characteristics. One of these populations is located in the lower outer root sheath in anagen hair follicles and is marked by the expression of Lgr526. Whether these cells represent a separate stem cell population or whether they are derived from bulge stem cells (or vice versa) remains to be determined.









Stem Cell Plasticity


Under homeostatic conditions, epidermal and hair follicle stem cells only contribute to their respective tissues of origin. However, bulge-derived keratinocytes can also contribute to the repair of the interfollicular epidermis in response to injury25. Within the healing epidermis, bulge-derived cells survive only transiently, as they are rapidly replaced by progenies of epidermal stem cells. Similarly, epidermal stem cells can contribute to hair follicle formation in the center of large wounds27.


Furthermore, emerging data indicate that cells in adult mammals are far more “flexible” in their potential to form other cell types than was previously thought. Some cell types, particularly bone marrow cells, are able to incorporate themselves into diverse tissues (such as the epidermis or heart) and to adopt the fates of resident cells, contributing progeny to the tissue. Induced pluripotent stem cells (iPS) are somatic cells (e.g. fibroblasts) that have been reprogrammed into an embryonic stem cell-like state28; these cells can be stimulated to differentiate into a variety of cell types, including keratinocytes. Thus, many adult cells, including different skin cell types, may be capable of dedifferentiating into pluripotent stem cells.









Stem Cell-Based Therapy for Genetic Skin Disease


Stem cells have been utilized in several strategies for gene therapy of heritable skin diseases (Fig. 2.6). Treatment via delivery of gene-corrected stem cells has the advantage of continuous protein synthesis in the skin, but it may carry a risk of oncogenesis (especially with retroviral vectors). In a pilot study, laminin-β3-deficient skin from a man with junctional EB was corrected by transplantation of stem cell-enriched epidermal grafts transduced ex vivo with a retroviral vector encoding normal LAMB3 cDNA. The treatment resulted in expression of functional laminin 332 and an absence of blistering in the corrected epidermis, both sustained over several years of follow-up. Clinical trials are also ongoing to investigate the value of bone marrow-derived stem cell transplantation as a systemic treatment for the extremely severe recessive dystrophic form of EB (RDEB). In an initial report29, bone marrow transplantation after total or partial myeloablation resulted in substantial proportions of donor cells in the skin, increased collagen VII deposition at the dermal–epidermal junction and variably decreased blistering in children with RDEB. Other investigators are studying alternative sources of stem cells for the treatment of EB.
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Fig. 2.6 Strategies for stem cell therapy of genetic skin disorders.


A One strategy is to isolate epidermal stem cells from a patient, correct the genetic defect in vitro (e.g. using a viral vector), and graft epithelial sheets containing the corrected stem cells back onto the patient. B Gene therapy could also potentially utilize induced pluripotent stem (iPS) cells, which are generated from somatic cells (e.g. fibroblasts). The genetic defect could be corrected via homologous recombination in these cells, which would then be differentiated into keratinocytes and grafted onto the patient. C A third strategy involves the use of hematopoietic stem cells (HSC). Upon systemic administration (following conditioning), allogeneic HSC cells have the capacity to home to the skin (e.g. to sites of injury in patients with epidermolysis bullosa) and produce differentiated progeny cells that provide the needed skin protein (e.g. collagen VII). D Finally, therapeutic genes could be directly administered to patients via a virus or another vector. To achieve permanent correction, the vector must target stem cells that could supply the protein to the skin.














Prenatal diagnosis of genodermatoses


Many genodermatoses are incompatible with survival to term or are associated with significant morbidity or even mortality after birth, making prenatal diagnosis desirable. In the early 1980s, fetal skin biopsy became the first technique available for prenatal diagnosis of inherited skin diseases. Fetal biopsies are typically obtained between 19 and 22 weeks’ EGA using ultrasound guidance and then analyzed via light and electron microscopy for the characteristic morphologic changes associated with the disease in question. The Herlitz form of junctional EB and epidermolytic hyperkeratosis were the first diseases diagnosed prenatally using this technique.


As the causative genes for many genodermatoses have been discovered, DNA-based testing using material obtained from chorionic villus sampling (10–12 weeks after the last menstrual period/8–10 weeks’ EGA) or amniocentesis (14–16 weeks after the last menstrual period/12–14 weeks’ EGA) has largely replaced fetal skin biopsy, as these techniques can be performed earlier and pose less risk to the mother and fetus. The pathogenic mutation(s) must be identified in family members prior to prenatal testing.


Preimplantation genetic diagnosis is a recently introduced technique that allows for prenatal diagnosis before the embryo is implanted and pregnancy begins. This technique requires the use of in vitro fertilization. One or two cells are taken from the embryo at the blastocyst (6- to 10-cell) stage. The cellular DNA is amplified using PCR and analyzed for the known family mutation(s); unaffected embryos are then selected for uterine implantation. For X-linked disorders, sex determination has been utilized both in conjunction with specific genetic analysis and to identify embryos of a particular sex for selective transfer. Preimplantation genetic diagnosis obviates the need to terminate a pregnancy with an affected fetus. However, it has several disadvantages compared to chorionic villus sampling or amniocentesis, including higher cost, technical difficulties (e.g. contamination by extraneous DNA), and a low rate of completed pregnancies.









Significance of skin development in postnatal life


Understanding skin development is essential for the appropriate diagnosis and management of congenital skin disorders. This knowledge is useful far beyond the neonatal period, however, as many of the regulatory pathways central to development are recapitulated in postnatal life. For example, PTCH is essential for postnatal hair cycling as well as hair follicle development. In addition to the germline PTCH mutations that result in the nevoid basal cell carcinoma syndrome, somatic PTCH mutations represent a pathogenic factor in sporadic basal cell carcinomas. Elucidation of the mechanisms controlling angiogenesis during intrauterine development holds promise for improving wound healing and developing new anticancer therapies. Furthermore, delineating the factors involved in wound healing in embryos may point to interventions that may decrease scarring in children and adults. Thus, advancing the understanding of skin embryology may lead to life-saving or life-enhancing therapies.
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Introduction


Advances in molecular biology are rapidly changing our understanding of skin biology and disease. Increased knowledge is being translated into new molecular diagnostic tests that are transforming the clinical practice of dermatology1,2. In order to use these tests in a prudent manner, dermatologists today have an even greater need to understand basic concepts in molecular biology. This knowledge is also leading to the development of new targeted therapies, many of which require determination of the molecular basis for disease in order to appropriately implement treatment3. In addition, the language and concepts of molecular biology are increasingly found in the lay media, and they are being brought into our offices by a well-educated public. The goal of this chapter is to outline basic concepts and methodologies of molecular biology and to give practicing dermatologists a fundamental appreciation of what their colleagues are doing in the laboratory and how their own clinical practice may change as molecular approaches are implemented into patient care.


In this chapter we will imagine a dermatologist confronting a representative dermatologic disease, melanoma. This dermatologist will utilize a range of techniques to elucidate the molecular basis for melanoma and then develop an effective treatment. In the first section we will begin at the bedside, as the dermatologist considers ways to examine the tissue. The next sections are divided into molecular biology techniques for analyzing DNA, RNA and protein from the melanoma cells. The dermatologist will then move on to develop animal models of melanoma, and utilize these animal models to study the pathogenesis of melanoma and develop new targeted therapies. Throughout, the use of melanoma is meant to provide a real-life construct for the discussion of scientific approaches and techniques in molecular biology; it is not intended to present data on the pathogenesis of melanoma, for which a vast literature already exists.









Experimental techniques






At the Bedside


Dr A looks at a pigmented lesion on Mr B and suspects that this represents a melanoma. She plans an excisional biopsy, knowing that analyzing the histologic features of the lesion will likely determine the diagnosis. This will also lead to information important for assessment of prognosis, guidance of therapy, and future monitoring. Her inquisitive mind rapidly generates additional questions regarding melanoma. What molecular changes cause melanoma? Can the identification of these molecular changes assist in the diagnosis? What molecular differences exist between different types of melanoma? Can the molecular profiles be used to discriminate between melanomas that have a similar appearance histologically, but differ in prognosis? Can treatments be designed that target specific molecular alterations? Not content simply to think about these things, Dr A obtains IRB approval to study melanoma and performs the excision, retaining a portion for further study in her laboratory. The immediate question is, how can this tissue be utilized?









Tissue Processing


The melanoma that Dr A has excised can be processed in four different ways, each with distinct advantages and disadvantages (Fig. 3.1). First, fresh tissue can be placed in culture medium and melanoma cells could be grown in an incubator. Culturing cells allows one to obtain more cells than in the original sample, and allows one to expose the cells to various conditions. The disadvantage of this approach is that the culturing process may change fundamental characteristics of the cells, so that they do not accurately represent the melanoma in the patient.
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Fig. 3.1 Tissue processing.


The biopsy from the melanoma tumor can be processed in four different ways, each with distinct advantages and disadvantages.




A second approach is to directly process the fresh tissue with buffers and reagents in order to extract DNA, RNA and protein from the whole mass of tumor cells. The advantage of this approach is that the DNA, RNA and protein will be fresh and of high quality. The disadvantage is that the extracts will not be from a pure population of cells.


In the third approach, the tumor specimen could be placed in a preservative buffer such as formalin (for light microscopy) or glutaraldehyde (for electron microscopy) for processing and sectioning, and then analyzed histologically in a variety of ways, including routine staining, immunohistochemistry or in situ hybridization. The advantage of this approach is that the cells are preserved in a very stable fashion, with well-preserved architecture, for later analysis. One disadvantage is that the cells are no longer living, and the fixation procedure places limits on the methods that can be used to analyze DNA, RNA and protein from the tumor.


Finally, the specimen could be snap-frozen, with DNA, RNA and protein being extracted at a later time4. The histology of the frozen melanoma tumor could also be analyzed by obtaining cryosections of the tumor for histologic analysis.


Dr A may also decide to use laser capture microdissection (LCM) to isolate individual melanoma cells for subsequent analysis (Fig. 3.2). LCM uses a laser to retrieve individual cells from a section on a slide while the specimen is viewed with a microscope5. The biggest advantage of this approach is that a very pure population of cells is obtained that has been precisely identified under the microscope. The disadvantage is that the total number of cells isolated is relatively low, as each cell has to be individually captured by the laser. Consequently, the procedures to extract DNA, RNA and protein from these pure (but few) cells have to be robust.
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Fig. 3.2 Laser capture microdissection (LCM).


LCM is used to selectively procure individual cells or clusters of cells from tissue sections. A glass slide with a section of paraffin-embedded or cryopreserved tissue is stained and placed on the microscope stage. A cap coated with a thermoplastic transfer membrane is placed directly over the tissue section. The operator identifies the cells of interest by looking through the eyepiece of the microscope or by looking at a monitor. A low-energy infrared laser is then pulsed that melts the transfer film onto the cells of interest. The cap is then lifted from the section to separate the selected cells from the remainder of the tissue section. Molecules of interest, including DNA, RNA and protein, can be extracted from the microdissected cells present on the cap5.











Assessing the DNA, RNA and Protein of Individual Genes that may be Responsible for Melanoma


After Dr A has extracted DNA, RNA or protein from the melanoma tumor specimen, she is ready to proceed with her analysis. Dr A knows that cancer is caused by mutations in proto-oncogenes and tumor suppressor genes (see Chs 107 & 113). She would like to identify the gene(s) mutated in her patient’s melanoma, to find out what effects these mutations have on melanocytes, and to potentially use this information to design a better treatment for melanoma.


Dr A has read the literature about a new proto-oncogene, toomuchsun, that is normally expressed in cells and regulates cell growth but which can induce cancer when mutated. She decides to begin her studies by analyzing the tumor DNA and determining whether the gene toomuchsun is present in a mutated form. She knows that one can extract DNA from tumors, but her gene of interest is just a tiny fraction of the total amount of DNA. How can she obtain sequence information on just her gene of interest?


Although Dr A initially finds the terminology confusing, she soon discovers that the concepts behind molecular biology are simple and unifying6. Most of it comes down to extracting the molecules of interest, amplifying them to measurable amounts, and detecting them. Dr A chooses PCR amplification as the best technique to obtain and isolate sufficient amounts of pure DNA containing the proto-oncogene toomuchsun (Table 3.1; Fig. 3.3)7. The PCR-amplified DNA containing the gene can be sequenced using automated fluorescence sequencing techniques (Table 3.2; Fig. 3.4). Based on the sequencing results, Dr A will know whether mutations are present in the toomuchsun gene in these melanomas. This simple and relatively inexpensive approach is still widely used. However, it is being succeeded by rapidly evolving techniques for ultra-high-throughput sequencing8, yielding, for example, a comprehensive catalogue of mutations in melanoma cell lines and tumors9.


Table 3.1 Polymerase chain reaction.






	POLYMERASE CHAIN REACTION






	Purpose






	



• Amplify a specific piece of DNA from a complex mixture












	Requirements






	



• Need to know sequence of the DNA of interest (at least of its ends)












	Underlying concepts






	



• Double-stranded DNA can be melted or unwound to single strands with increased temperature (Fig. 3.3A); when cooled, the single strands come back together to form double strands (hybridize) if the nucleotide sequences are complementary*


• During the hybridization process, when two complementary strands bind to each other, the A nucleotides on one strand bind to T nucleotides on the complementary strand, whereas C nucleotides of one strand bind to G nucleotides on the complementary strand, and vice versa


• In PCR, short DNA strands called oligonucleotide primers are designed for hybridization to specific sequences in the template DNA












	Outline of method (Fig. 3.3)






	



• Oligonucleotide primers are designed to hybridize to specific sequences at each end of the DNA of interest. These primers are added to a reaction vessel mixture containing the template DNA along with a thermostable DNA polymerase, the nucleotides dATP (A), dTTP (T), dGTP (G) and dCTP (C), and buffer


• The reaction vessel is placed in a thermal cycler, which controls the temperature of the reaction through many cycles


• Each cycle contains the following steps: (1) denaturation; (2) primer annealing or primer hybridization; (3) primer extension; and (4) repeat of the complete cycle of PCR 30–40 times (see legend to Fig. 3.3 for more details)












	Benefits






	



• PCR is simple and rapid


• Because the PCR product is exponentially increased, it is extremely sensitive in amplifying low amounts of DNA. Each cycle increases the number of PCR products twofold. The total number of PCR products after n cycles will be 2n












	Limitations/errors






	



• Because of its high degree of sensitivity, laboratory contamination of a DNA sample by trace amounts of the PCR product can cause misleading results


• Primers used for PCR can anneal to sequences that are similar, but not identical, to the sequence of interest. This can be countered with “hot start” techniques (DNA polymerase prevented from acting until after first denaturation step) or nested PCR (after the PCR amplification, repeat the PCR amplification using a second set of primers that hybridize to sequences inside first set of primers). In nested PCR, the second set of primers will only hybridize to correct PCR products resulting from the first PCR amplification


• DNA polymerase occasionally incorporates incorrect nucleotides. For sequencing by PCR, polymerases that possess proofreading enzymatic activity can be used. This also allows the generation of even longer PCR products, up to approximately 50 kb long












	Experimental applications






	



• DNA can be amplified either for detection of a specific sequence or for cloning that sequence


• PCR can be used to label DNA with radioactive nucleotides


• PCR can be used for rapid haplotype analysis












	Modifications/alternatives






	



• Quantitative PCR – the amount (number of copies) of a specific piece of DNA can be quantified by a variety of methods utilizing PCR. A relatively simple and high-throughput method, called real-time quantitative PCR, uses a specially designed thermal cycler that measures the amount of PCR product formed after each cycle (see Fig. 3.5). The higher the level of DNA, the earlier the product can be detected. This can be used to measure genetic changes in cancer such as gene amplification, to quantify the amount of residual cancer following treatment, or to quantify the amount of a pathogen in a sample. Modifications of this procedure can allow discrimination of gene polymorphisms


• Southern blot, in situ hybridization, comparative genomic hybridization













* Hybridization actually forms the basis of several techniques in molecular biology, as the two strands can be DNA:DNA (PCR, Southern blotting), DNA:RNA (Northern blotting, in situ hybridization), or RNA:RNA.
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Fig. 3.3 Polymerase chain reaction.


A Each cycle contains the following steps: (1) denaturation – separate the two strands of DNA by heating to >90°C; (2) primer annealing or primer hybridization – allow the oligonucleotide primers to bind to the template DNA by cooling to 50–65°C; (3) primer extension – DNA polymerase catalyzes the addition of nucleotides (A, G, C, T) that are complementary to the DNA template, beginning with the primer and extending 3′ at the optimal temperature of 72°C; and (4) repeat the complete cycle 30–40 times. B Each cycle increases the number of PCR products twofold. The total number of PCR products after n cycles will be 2n times the original amount. F+R, forward and reverse.




Table 3.2 DNA sequencing.






	DNA SEQUENCING






	Purpose






	



• Determine the sequence or order of nucleotides (A, G, C, T) in a stretch of DNA












	Requirements






	



• The piece of DNA to be sequenced can be either a PCR product or a cloned piece of DNA present in a plasmid, but it should be pure












	Underlying concepts






	



• Chain termination, or a variation thereof, is the preferred method for DNA sequencing


• In chain termination, the extension of a new strand of DNA is stopped by the addition of an analogue of dATP, dCTP, dGTP or dTTP (ddATP, ddCTP, ddGTP or ddTTP, respectively) to the sequencing mixture (Fig. 3.4). When the DNA polymerase incorporates the analogue nucleotide instead of the correct normal nucleotide, DNA synthesis is terminated because the polymerase is no longer able to link to the next nucleotide


• Gel electrophoresis is used to separate the different sizes of DNA fragments that result from chain termination synthesis (Fig. 3.4). The DNA fragments are forced to travel through a gel using an electric current; the smaller molecules are less impeded by the gel and travel faster than larger molecules*












	Outline of method (Fig. 3.4)






	



• An oligonucleotide primer hybridizes to the DNA to be sequenced and DNA polymerase synthesizes a second complementary strand


• The synthesis of the second strand is interrupted randomly by the incorporation of the fluorescent nucleotide analogues (ddATP, ddGTP, ddCTP, ddTTP), and the DNA fragments containing this final nucleotide analogue can be identified because each of the four ddNTPs is labeled with a different color fluorochrome


• The different DNA fragments are electrophoresed through a polyacrylamide gel or capillary tubes


• The different-length DNA strands terminating with different fluorochrome-labeled nucleotide analogues pass a fluorescence detector and indicate the order of the DNA sequence












	Benefits






	



• The fluorescent chain termination method is able to rapidly sequence large amounts of DNA with automated analysis of results












	Limitations/errors






	



• Routinely sequence only approximately 500 bases per run


• Difficulty with G+C-rich regions


• DNA must be high-quality












	Experimental applications






	



• Determine previously unknown sequence


• Confirm sequence following the cloning of a DNA fragment of interest and other manipulations












	Modifications/alternatives






	



• Pyrosequencing


• Sequencing by oligonucleotide ligation and detection


• Solid-phase amplification followed by sequencing by synthesis of randomly fragmented DNA













* Gel electrophoresis is used in many molecular biologic techniques to separate DNA, RNA or protein molecules of differing sizes.
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Fig. 3.4 DNA sequencing.


An oligonucleotide primer hybridizes to the DNA to be sequenced and DNA polymerase synthesizes a second complementary strand. The synthesis of the second strand is interrupted randomly by the incorporation of fluorescent nucleotide analogues (ddATP, ddGTP, ddCTP, ddTTP). The DNA fragments containing this final nucleotide analogue can be identified because each of the four ddNTPs is labeled with a different color fluorochrome. Gel electrophoresis is used to separate the different sizes of DNA fragments. The different-length DNA strands terminating with different fluorochrome-labeled nucleotide analogues pass a fluorescence detector and indicate the order of the DNA sequence (see Table 3.2 for more details).




Dr A’s discovery that the melanomas have mutations in the proto-oncogene toomuchsun has potential clinical significance. By analyzing large numbers of melanomas, nevi and normal melanocytes, she can determine whether the presence of these mutations correlates with a certain type of lesion or a melanoma with a particular prognosis. For example, it is known that activating mutations in the BRAF proto-oncogene can be found in the majority of superficial spreading melanomas (as well as banal and atypical melanocytic nevi), whereas KIT mutations characterize a subset of melanomas arising from acral sites, the mucous membranes or chronically sun-damaged skin. Knowing whether or not these mutations are present can help to direct targeted therapy, such as use of a BRAF inhibitor (e.g. vemurafenib) for advanced melanomas with activating BRAF mutations or a KIT inhibitor (e.g. imatinib) for those with KIT alterations.


Before embarking on a large study, Dr A decides to gather some information indicating whether toomuchsun mutations have significant consequences. She would like to determine whether these mutations influence the level of toomuchsun mRNA and protein inside cells.


As mutations in proto-oncogenes are frequently activating mutations that increase the amount and/or activity of the gene product, Dr A would like to determine whether these mutations increase the level of toomuchsun mRNA inside the melanocytes, possibly contributing to melanoma development. Although, like DNA, RNA is easy to purify, it is much more readily degraded than DNA. Therefore, a typical first step in the analysis of RNA is to convert it into DNA using reverse transcription (RT; Table 3.3; Fig. 3.5A). Following RT, the complementary DNA (cDNA) can be amplified by PCR, as described above. The technique of RT-PCR has also been modified to allow accurate quantitation of very low levels of mRNA10. Because the amount of PCR product is monitored throughout each cycle of amplification, this technique is referred to as “real-time” quantitative PCR (Fig. 3.5B).


Table 3.3 Reverse transcription PCR (RT-PCR).






	REVERSE TRANSCRIPTION PCR






	Purpose






	



• To amplify mRNA by PCR, the mRNA is first converted to DNA (called complementary DNA or cDNA) (Fig. 3.5A), followed by PCR amplification of a specific region of the cDNA to detectable levels












	Requirements






	



• Starting material can be total cellular RNA (including ribosomal, transfer and messenger RNA [mRNA]) or purified mRNA












	Underlying concept






	



• In order to facilitate studies of RNA, many techniques that study RNA first convert the RNA to cDNA with an enzyme called reverse transcriptase, an RNA-dependent DNA polymerase












	Outline of method (Fig. 3.5A)






	



• Reverse transcriptase can convert mRNA to cDNA by three different methods, depending on the primer used for the initial RT step*. (1) Random hexamer primers contain six nucleotides (6-mer) that have all possible sequence combinations of the dA, dG, dC and dT nucleotides (46 possible combinations). These random hexamers will hybridize to the corresponding complementary sequences in the sample RNA. (2) Oligo dT primers contain only dT nucleotides and hybridize to the complementary string of dA nucleotides that are present at the end of mRNA molecules (poly A tail). (3) The third choice is a primer that will only hybridize to a specific mRNA sequence


• After the mRNA has been converted to cDNA, primers that can hybridize to specific sequences are added and PCR amplification is performed as described in Table 3.1












	Benefits






	



• As for PCR, RT-PCR is simple and rapid


• RT-PCR is extremely sensitive in detecting low levels of mRNA transcripts












	Limitations/errors






	



• If the RNA sample is contaminated with DNA (that contains the gene of interest), a PCR product may be amplified from the DNA even though the corresponding mRNA for the gene is not present. To control for this, RT-PCR of RNA samples can be done with and without reverse transcriptase†


• RNA is fragile and the absence of a specific mRNA transcript may result from RNA degradation during and following extraction. RNA quality can be tested by gel electrophoresis and/or by RT-PCR of housekeeping genes (genes expressed by all cells)












	Experimental applications






	



• The mRNA gene transcripts can be amplified for subsequent cloning or sequencing


• The mRNA gene transcripts (instead of the gene) could be analyzed for the presence of mutations












	Modifications/alternatives






	



• Quantitative RT-PCR – by adding a reverse transcription step to quantitative PCR (see Table 3.1), the levels of mRNA transcripts from genes of interest can be quantified. This is very important because it allows us to precisely measure and compare the number of mRNA transcripts in different types of cells or cells grown under different conditions


• Correspondingly, samples that contain less mRNA transcripts will require more PCR cycles before the exponential phase. Therefore, different RNA samples can be precisely compared by measuring the number of PCR cycles (x axis) needed to produce a defined amount of PCR product (y axis) (Fig. 3.5B)


• By carefully designing the primers, quantitative RT-PCR can be used to measure the amounts of alternatively spliced forms of a gene


• Alternative methods to measure RNA levels, not based on RT-PCR, include Northern blots and ribonuclease protection assays


• Differential display – this is used to find differences in gene expression in several samples. It is an RT-PCR-based system that uses short arbitrary primers that amplify numerous genes in a sample. By comparing the complex banding pattern of PCR products observed after gel electrophoresis, bands can be observed that are present in some samples but not others. With further study, these differing bands can be identified as corresponding to known or novel genes













* In addition to the RNA, the reaction mixture contains the reverse transcriptase enzyme, an oligonucleotide primer, dNTPs and buffer.


† If DNA contamination is not present, PCR products will not be amplified from RNA that has not been reverse transcribed, and PCR products will be present only in RNA samples that have been reverse transcribed into cDNA.
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Fig. 3.5 Reverse transcription PCR (RT-PCR).


A Reverse transcriptase can convert mRNA to cDNA in three different ways, depending on the primer used for the initial RT step: (1) random hexamer primers; (2) oligo dT primers; and (3) gene-specific primers (see Table 3.3 for more details). After the mRNA has been converted to cDNA, primers that can hybridize to specific sequences are added and PCR amplification is performed as described in Table 3.1. B Real-time PCR is able to precisely measure the amount of PCR product continuously (y axis) after each cycle (x axis). Each plotted line represents the amount of PCR product present in a different sample. In samples that initially contain more mRNA gene transcripts, real-time PCR will demonstrate an exponential increase in PCR product earlier, after fewer PCR cycles.




Dr A observes that in cultures of melanomas, levels of toomuchsun mRNA are increased compared to those in normal melanocytes, and she would like to know whether these changes are also reflected in the levels of protein. The amount of protein is a complex balance of synthesis and degradation controlled at multiple steps, including efficiency of protein translation and post-translational modifications that affect protein stability. To measure the levels of toomuchsun protein, she decides to use a procedure called a Western blot (Table 3.4; Fig. 3.6), also known as an immunoblot, as it employs an antibody to detect the protein of interest. In addition to measuring protein levels, Western blot analysis can determine the size of proteins and can reveal whether there are different forms of the protein11.


Table 3.4 Western blot.






	WESTERN BLOT






	Purpose






	



• Western analysis can measure the size and the amount of protein present in a sample (Fig. 3.6)












	Requirements






	



• Western analysis requires an antibody that is specific for the protein of interest (i.e. does not cross-react with other proteins)












	Underlying concepts






	



• Polyclonal antibodies that react to several epitopes on a protein antigen are obtained by injecting a protein into an animal and later isolating the antibodies from the serum immunoglobulin fraction


• Monoclonal antibodies that react to only one epitope of a protein antigen are obtained by immunizing mice (or rats, rabbits, or chickens) with the antigen, then fusing the animal’s reactive lymphocytes with an immortal myeloma cell line to create cells that are able to provide antibodies indefinitely


• A secondary antibody is used to detect the protein or the primary antibodies bound to the protein. These detection antibodies can be visualized by attaching a fluorescent probe or by attaching an enzyme that can produce either light or a color by enzymatic action on a substrate












	Outline of method (Fig. 3.6)






	



• A solubilized protein mix is separated on a polyacrylamide gel and transferred electrophoretically to a membrane. The membrane is then soaked in a buffer containing the antibody. Bound antibody is detected by a chromogenic or chemiluminescent assay












	Benefits






	



• Western analysis is a simple and sensitive method to detect and quantify proteins present in a complex mixture


• Western analysis can determine the molecular weight of a specific protein relative to standard controls












	Limitations/errors






	



• Proteins are subject to degradation during extraction. The use of protease inhibitors in the extraction buffer helps to prevent degradation


• To perform a Western analysis, one must possess a highly specific antibody that can recognize denatured proteins


• Western blots may contain a high background of nonspecific staining. To correct this, blocking agents such as bovine serum albumin or milk protein are used


• Large proteins transfer poorly from the gel to the membrane, and small proteins may transfer through the membrane without binding. Adequate transfer to the membrane can be accomplished by controlling the duration of the transfer procedure












	Experimental applications






	



• Detection, quantification and characterization of a specific protein


• Identification of antibody activity to a known antigen












	Modifications/alternatives






	



• Dot blot – a drop of the protein mixture is placed on a paper membrane and the protein of interest detected with antibodies, as in the Western blot. The disadvantage of this technique is that, owing to the elimination of size separation by gel electrophoresis, specific binding to the protein of correct size cannot be distinguished from nonspecific background binding to proteins


• Immunoprecipitation (IP) – in immunoprecipitations, the specific antibody is added to the protein mixture and the resulting antibody–protein complexes are then isolated. Because proteins are not first denatured in immunoprecipitation, they can be detected in a more native configuration


• IP–Western – protein–protein interactions can be studied by first immunoprecipitating the protein with one antibody, bringing down a protein complex. The protein complex is then separated on a polyacrylamide gel, followed by Western blotting to detect members of the protein complex


• Enzyme-linked immunosorbent assay (ELISA) – this is a sensitive and specific method for quantifying the amount of a protein. The protein of interest is captured on a plate coated with a monoclonal antibody and other proteins are washed away. The protein is then detected using a second antibody that has been modified for detection using a colorimetric or luminescent assay


• Immunohistochemistry – this is used to visualize the cellular localization of a protein. An antibody to the protein of interest is applied to a tissue section. The antibody is detected using a secondary antibody coupled to an enzyme that reacts with a substrate to produce a colored precipitate
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Fig. 3.6 Western blot technique.


A solubilized protein mix is separated on a polyacrylamide gel and transferred electrophoretically to a membrane. The membrane is soaked in a buffer containing antibody. The bound antibody is detected by a chromogenic or chemiluminescent assay utilizing a labeled secondary antibody (green asterisk).











Measuring and Profiling RNA and Protein Expression from Multiple Genes that may be Responsible for Melanoma


At this point, Dr A has identified mutations in the toomuchsun gene in melanoma, and has found that this mutation increases the levels of toomuchsun mRNA and protein in cells. She does not know the function of toomuchsun protein, but expects that the mutant protein may alter the expression patterns of many other genes inside melanoma cells and melanocytes. To better understand how melanocytes transform into melanoma cells, Dr A would like to compare the patterns of gene expression in these cells. How can Dr A investigate changes in gene expression of all the genes (i.e. the transcriptome) that occur inside melanoma cells compared with normal melanocytes? Knowing which genes are abnormally expressed in melanoma cells (either increased or decreased) will allow her to investigate the role of these genes in the development of melanoma.


Dr A decides to use gene expression profiling to quantitatively analyze the expression levels of nearly the entire genome in melanoma cells compared with normal melanocytes (Table 3.5; Fig. 3.7)12. Several approaches are available to accomplish this, but most are based on the hybridization of labeled sample mRNA to known oligonucleotide or cDNA sequences (representing thousands of genes) placed on chips, beads, or glass slides. The level of hybridization to the nucleotide sequence of a given gene indicates how much mRNA of that gene is present. The advantage of this approach is that it allows Dr A to quantitatively analyze the expression levels of thousands of genes at one time. In addition to using this method to profile mRNAs (the transcriptome), modified approaches allow the measurement of differences in microRNAs or changes in genomic DNA copy number. Changes in copy number can be determined by array comparative genomic hybridization (CGH) or single nucleotide polymorphism (SNP) arrays12 (see Ch. 54). The use of these techniques for clinical purposes is expanding, such as utilization of array CGH to help classify melanocytic lesions with ambiguous histologic features (e.g. atypical spitzoid tumors).


Table 3.5 Nucleic acid arrays.






	NUCLEIC ACID ARRAYS






	Purpose






	



• To profile the mRNA expression of thousands of genes in one experiment












	Requirements






	



• Total RNA or mRNA from samples (larger amounts than required for RT-PCR)












	Underlying concepts






	



• Hybridization to DNA – the same principle of hybridization applies as in PCR (described in Table 3.1), except that many different genes are being evaluated simultaneously. DNA is attached to beads, chemically synthesized on a surface at thousands of specific locations, or spotted onto glass slides (Fig. 3.7). If cells are expressing mRNA of the corresponding gene, labeled cRNA prepared from mRNA in those cells will hybridize and generate a signal intensity related to its level of expression












	Outline of method (Fig. 3.7)






	



• RNA is reverse transcribed to generate cDNA. In vitro transcription of the cDNA in the presence of biotinylated nucleotides yields biotin-labeled cRNA (see Fig. 3.7). Labeled cRNA molecules are then hybridized to small DNA fragments attached to beads or on a chip. The samples are stained with streptavidin phycoerythrin, the streptavidin binding the biotin on the cRNA and the phycoerythrin generating a fluorescent signal. Usually, the patterns of gene expression of two samples are compared, such as normal versus tumor or treated versus untreated


• Alternatively, oligonucleotide arrays can be used (see Fig. 3.7). Using this approach, the RNA is directly labeled with either fluorescent or radioactive nucleotides, and hybridized to oligonucleotides on a slide or membrane. When using radioactive probes, the samples are hybridized to separate microarrays. If the mRNA samples to be compared are labeled with differently colored fluorescent probes, the two samples can be hybridized to the same array simultaneously


• A scanner measures the intensity of the signals at each spot and computer software determines those genes over- and underexpressed in one sample compared to the other












	Benefits






	



• Thousands of genes can be rapidly and quantitatively profiled in one experiment












	Limitations/errors






	



• Genes expressed at low levels may not be detected


• For some genes, the cRNA may not hybridize under the conditions used


• The RNA must be of very high quality












	Experimental applications






	



• Microarray analysis can be used to profile changes in gene expression


• The patterns of gene expression can be used to group samples












	Modifications/alternatives






	



• Subtractive hybridization


• Serial analysis of gene expression (SAGE)


• Deep sequencing


• MicroRNA arrays


• Comparative genomic hybridization (CGH) to detect differences in DNA copy number


• Single nucleotide polymorphism (SNP) arrays to assess markers of genetic variation; useful for linkage analysis, including genome-wide association studies (GWAS; see Ch. 54)
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Fig. 3.7 Nucleic acid arrays.


A In the expression bead array, RNA is extracted from cells and reverse transcribed to generate cDNA (see Fig. 3.5, Table 3.3). In vitro transcription of the cDNA in the presence of biotinylated nucleotides yields biotin-labeled cRNA. Labeled cRNAs bind to their respective 50-base probes that are linked to separate beads using additional nucleotides as an address to decode the gene. Fluorescent streptavidin is added which strongly binds to biotin. The fluorescent intensities on different beads are related to the amount of cRNA and the latter is a reflection of the level of expression of mRNA by specific genes. Usually, the patterns of gene expression of two samples are compared, such as normal versus tumor or treated versus untreated. B In the gene chip microarray, labeled cRNA molecules are hybridized to small DNA fragments chemically synthesized on a surface, with the surface containing thousands of specific sequences at different locations. C In a third approach using glass slides, two samples can be labeled with differently colored fluorescent probes (e.g. Cy5, Cy3) that are hybridized to an oligonucleotide array simultaneously (see Table 3.5 for more details). Arrays can also be used to analyze DNA rather than RNA; examples include single nucleotide polymorphism (SNP) arrays and array comparative genomic hybridization (CGH) (see Ch. 54).




The comparative analysis of so many different genes would be impossible for Dr A without the help of powerful software that can compare results from multiple experiments and cluster results according to changes in gene expression. The field of bioinformatics allows Dr A to analyze thousands of genes simultaneously, and it helps her to characterize the sequence, genomic location, protein structure, and related genes for any gene of interest (Fig. 3.8). This work is enhanced by the availability of large public databases of gene expression arrays as well as data-mining applications12.
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Fig. 3.8 Bioinformatics.


A goal of bioinformatics is to give users access to huge amounts of biologic information in a way that is easy to use and analyze. One example is Entrez produced by the National Center for Biotechnology Information (NCBI), available at http://www.ncbi.nlm.nih.gov. This retrieval system allows the user to search the biomedical literature (PubMed), nucleotide sequence database (GenBank), protein sequence database, three-dimensional macromolecular structures, and complete genome assemblies and organisms in GenBank (taxonomy). As indicated by arrows, users may access information from a single database and also integrated information from several NCBI databases. MMDB, molecular modeling database.




From these studies, Dr A is able to find a number of candidate genes that may contribute to the development of melanoma. All of these candidate genes are either overexpressed or underexpressed in melanoma cells compared to normal melanocytes (see Fig. 3.7). Some of the genes appear promising based on their known function. For example, a subset of the overexpressed genes are known to be involved in stimulating cell growth, whereas several of the underexpressed genes are known to inhibit cell growth. Moreover, some of the melanomas show very similar patterns of gene expression, whereas others have different patterns.


Microarray experiments similar to those portrayed in this hypothetical situation have actually been carried out. These have shown that different patterns of gene expression profiles may serve to distinguish melanomas with different biologic behaviors and prognoses.


In addition to using microarrays to analyze mRNA, Dr A would also like to analyze the proteins expressed by the melanoma cells. The term “proteome” refers to all of the proteins produced inside a cell at any point in time. A quantitative technique that is able to determine which proteins are produced by pure populations of cells in a high-throughput manner would, in theory, be more valuable than the data generated by microarray analysis. This is because the mRNA levels determined by microarray analysis do not always correspond to the protein levels inside a cell, and it is the expression level of proteins encoded by different genes that is of greatest relevance.


Technologies that allow measurement of the proteome are rapidly being developed. One technique relies on mass spectrometry, which can provide extremely accurate measurements of protein mass by ionizing the protein and measuring the “time-of-flight” through a tube to a detector on the opposite end (Table 3.6; Fig. 3.9)13. In most instances, the proteins are separated prior to mass spectrometry, using two-dimensional gel electrophoresis or capillary electrophoresis. This can be technically difficult and time-consuming, so mass spectrometry analysis of proteins continues to be optimized for high-throughput and quantitative analysis of proteins. One approach, called multidimensional protein identification (MudPIT), is a non-gel-based “shotgun” proteomic technique. Quantitation is accomplished by labeling proteins using stable isotopes to provide internal standards, or by label-free shotgun proteomic approaches that are being developed for greater speed and lower costs14. Another technique is the use of protein arrays, where, for example, antibodies to specific proteins are immobilized on a slide or membrane. These arrays can analyze complicated mixtures of proteins by capturing and detecting specific proteins15. If Dr A could use mass spectrometry or protein arrays, in addition to nucleotide microarray analysis, to determine and compare the precise amounts of all cellular proteins in melanoma cells versus melanocytes, she would have a much clearer picture of how melanoma cells differ from normal melanocytes, and which genes may be responsible for cancer development.


Table 3.6 Proteomics with mass spectrometry.






	PROTEOMICS WITH MASS SPECTROMETRY






	Purpose






	



• The proteome of a cell represents all the cellular proteins that are being expressed under a particular set of conditions. High-throughput analysis that allows investigators to rapidly and quantitatively assess the complex mixtures of proteins present in a cell at a given point in time is under development












	Requirements






	



• A mixture of cellular proteins, or peptides derived from these proteins, is purified from a defined population of cells. The protein mixture may represent total cellular proteins or a subcellular fraction of proteins, depending on the isolation procedure












	Underlying concepts






	



• Mass spectrometry is able to measure very precisely the size or mass of proteins, peptides, or peptide fragments by giving these peptides a positive charge (ionization) and then measuring the time required for the positively charged peptide ions to move through a tube to a detector (time-of-flight) (Fig. 3.9)


• The mass of the peptide ion precisely correlates to the time-of-flight, with smaller peptides moving faster (shorter time-of-flight) than larger peptide ions (longer time-of-flight)












	Outline of method (Fig. 3.9)






	



• The first step is to reduce the complexity of the mixture of cellular proteins or peptides to be analyzed, prior to mass spectrometry analysis. The two main methods to separate proteins/peptides from each other are two-dimensional gel electrophoresis and/or liquid chromatography columns


• In two-dimensional gel electrophoresis, proteins are first separated (first dimension) by isoelectric focusing in a gel containing a pH gradient. The pH gradient (acidic to basic) influences the overall charge on the protein, and in isoelectric focusing, proteins migrate through the different pH levels until they reach their isoelectric point (no charge), at which point the electrical current no longer induces their migration


• Following first-dimensional separation by isoelectric focusing, these proteins are then further separated by size through a second polyacrylamide gel (second dimension), with smaller proteins moving through the gel faster than the larger ones


• After the second-dimension separation, each unique protein will be present in a distinct “spot” on the gel. This protein spot can be physically cut out of the gel and analyzed by mass spectrometry


• Liquid chromatography can be also used to separate proteins (or peptides derived from the proteins) as they flow through columns that contain different types of resins. These resins differentially bind the cellular proteins/peptides based on their ionic strength (ion exchange columns) or their relative hydrophobicity (reverse phase columns)


• After the protein mixture is bound to the liquid chromatography columns, the proteins/peptides can be eluted from the column into different fractions or aliquots and then analyzed by mass spectrometry. Many high-throughput approaches for protein analysis utilize liquid chromatography


• Mass spectrometry analysis is then performed on the separated proteins/peptides by first ionizing them into positively charged ions using lasers or the processes of electrospray ionization and nanospray ionization. Based on the time-of-flight of the charged ion, mass spectrometry can measure, record and print out the mass/charge ratio of every peptide along with signal intensity of that peptide


• With the help of powerful computers and bioinformatics software, the peptide mass/charge ratio measurement may allow the identification of the peptide sequence and the protein that contained this peptide (Fig. 3.8)


• Mass spectrometry machines are now available (tandem mass spectrometry [MS/MS]) that can “ion trap” a given peptide ion and then sequence the peptide by fragmenting it into its component amino acids. Bioinformatics software can use this sequence information to search protein databases for rapid protein identification












	Benefits






	



• Mass spectrometry is extremely sensitive and able to detect very small amounts of proteins/peptides


• The field of proteomics promises to provide a tremendous amount of information regarding cell biology and disease












	Limitations/errors






	



• Better technology to reduce the complexity of protein/peptide mixtures and differentially separate the proteins/peptides in a high-throughput manner is being developed


• Although mass spectrometry can measure the mass of proteins/peptides very precisely, it is more difficult to measure the amount of protein/peptide quantitatively, and more robust techniques for quantification by mass spectrometry are being developed












	Experimental applications






	



• Mass spectrometry can be used to determine the complete set of proteins present in a defined population of cells (e.g. melanoma cells) or cells that are being subjected to experimental conditions


• Mass spectrometry can differentially compare the proteins in one population of cells (e.g. melanocytes) to those in a distinct group of cells (e.g. melanoma tumor cells)


• Because of the sensitivity of mass spectrometry analysis, it holds promise as a sensitive diagnostic tool. For example, mass spectrometry could be used for early detection of small amounts of serum proteins that are characteristic of a particular cancer or systemic disease












	Modifications/alternatives






	



• Liquid chromatography can be also used to separate proteins (or peptides derived from the proteins) as they flow through columns that contain different types of resins (see Outline of method described above) (Fig. 3.9). Many high-throughput approaches for protein analysis utilize liquid chromatography


• Multidimensional protein identification (MudPIT)


• Isotope labeling approaches for quantitative mass spectrometry, including isotope-coded affinity tag (ICAT), stable isotope labeling by amino acids in cell culture (SILAC), tandem mass tags (TT), and isobaric tags for relative and absolute quantification (iTRAQ)


• Label-free quantitative proteomics, including peak intensity-based comparative liquid chromatography-mass spectrometry (LC-MS) and spectral count-based liquid chromatography-tandem mass spectrometry (LC-MS/MS)


• Antibody protein arrays


• Reverse-capture protein microarrays


• Tissue microarrays
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Fig. 3.9 Proteomics with mass spectrometry.


The first step is to reduce the complexity of the mixture of cellular proteins or peptides to be analyzed. The two main methods to separate proteins/peptides from each other are two-dimensional gel electrophoresis and/or liquid chromatography columns. Mass spectrometry analysis is then performed by first ionizing the separated proteins/peptides into positively charged ions using lasers. Based on the time-of-flight of the charged ion, mass spectrometry can measure, record and print out the mass/charge ratio of every peptide along with signal intensity.











Transgenic Animal Models


After completing all these studies, Dr A has now identified a number of different genes that she believes are important in causing melanoma. In the next major phase of her research, she will begin to test these genes in animal models to see if they cause cancer. These animal model studies will allow her to investigate the mechanisms of carcinogenesis (see Ch. 107), enabling her to demonstrate that mutations in a particular gene are able to cause cancer. Although a variety of animal models have been used to study cancer, our discussion will be limited to transgenic mice, including “knockout” and conditional “knockout” mice.


As commonly used experimental models, transgenic mice are normal in all respects except that every cell contains a new gene of interest. The gene to be studied is microinjected into a fertilized mouse egg, randomly integrates into the mouse genome, and is present in every cell as the egg divides and develops into a mouse (Table 3.7; Fig. 3.10)16,17. Although the gene is present in every cell, the expression of the gene can be limited or targeted to specific tissues or cell types by using a promoter/enhancer that is only expressed in a given cell. Promoters/enhancers are the portion of a gene – usually on the 5′ end of the gene or upstream of its coding region – that initiates and regulates the level of mRNA expression. The promoters/enhancers that would ensure genes are only expressed in melanocytes would include the promoters of genes involved in melanin biosynthesis, such as tyrosinase.


Table 3.7 Transgenic mice.






	TRANSGENIC MICE






	Purpose






	



• Transgenic mouse models allow investigators to study the effects of a transgene (the gene of interest) on a cellular, tissue and whole animal level. The transgene can be selectively expressed in a particular cell type or tissue by using a promoter/enhancer regulatory region that is specific for that cell type












	Requirements






	



• A transgene or gene of interest, whose biologic function is to be characterized (e.g. toomuchsun) in an animal model


• A regulatory region (promoter/enhancer) that will selectively express the transgene in a specific tissue (e.g. melanocytes)


• The facilities and technologies to create transgenic mice












	Underlying concepts






	



• After injection of a transgene into a fertilized mouse egg or single-cell embryo, the transgene randomly integrates into the genome, usually at a single site (Fig. 3.10). As the embryo undergoes many cell divisions and develops into a mouse, the integrated transgene will be present in every cell type, tissue and organ in the mouse. Transgene expression only occurs in cells and tissues where the promoter/enhancer regulatory region is active. Any phenotypes that develop in mice expressing the transgene in the desired tissue can help us understand the biologic effects of the transgene












	Outline of method (Fig. 3.10)






	



• A transgene construct, defined as the transgene and a regulatory region (promoter/enhancer), is prepared for injection


• The transgene is microinjected into fertilized eggs (single-cell stage) and the transgene integrates into the genome, usually at a single site


• These injected eggs are then implanted into a recipient mother, who then gives birth to a heterozygous “founder” mouse that can be either male or female. The founder mouse is referred to as a transgenic mouse because it only contains the transgene on one of the two paired chromosomes (e.g. only one copy of chromosome 7 contains the transgene, whereas the other chromosome 7 does not)


• The founder mice are bred with normal non-transgenic mice of the same strain. The progeny mice will be both heterozygous transgenic and non-transgenic, according to Mendelian genetics


• In order to derive homozygous transgenic mice that contain the transgene on both of the paired chromosomes (e.g. both copies of chromosome 7 contain the transgene), two heterozygous transgenic mice are mated. Homozygous transgenic mice will have a double dose of the transgene, which may lead to different phenotypes and biologic effects from those present in the heterozygous transgenic mice












	Benefits






	



• Transgenic mouse models can help us understand the in vivo biologic effects of an unknown gene when expressed in a specific tissue












	Limitations/errors






	



• The precise regulation of the level of transgene expression as well as the timing of gene expression during development (turning the transgene on or off during development) have been relatively difficult. Advancements in transgenic design, including inducible promoters, have improved the regulation of transgene expression


• When expressed in mouse tissues, a human transgene may have different biologic effects compared to its effects in human tissues


• Classic transgenic mice models do not allow investigators to study the biologic effects of gene mutations or deletions that result in loss of gene expression, because the technique of creating transgenic mice does not alter endogenous genes, it only adds a new transgene to each cell












	Experimental applications






	



• Transgenic mouse models of disease can be used to test the effectiveness of new therapeutic agents












	Modifications/alternatives






	



• More precise control of transgene expression can be achieved with promoters/enhancers that are inducible and can be regulated (i.e. turned off and on at different time points)16,17


• “Knockout” transgenic mouse models (Table 3.8) allow investigators to understand the biologic effects of gene mutations and deletions that cause a loss of specific proteins
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Fig. 3.10 Transgenic mouse.


A transgene construct, defined as the transgene and regulatory region (promoter/enhancer), is prepared for injection. The transgene is microinjected into fertilized eggs (single cell stage) and the transgene integrates into the genome, usually at a single site. These injected eggs are then implanted into a recipient mother, who then gives birth to a heterozygous “founder” mouse. The founder mice are bred with normal non-transgenic mice of the same strain, and then two heterozygous transgenic mice are mated.




In order to specifically express the mutated toomuchsun gene in melanocytes of transgenic mice, Dr A designed a gene construct that contained a promoter/enhancer from tyrosinase connected to the mutated toomuchsun gene, and then injected this gene construct into fertilized mouse eggs (see Fig. 3.10). Although every mouse cell will contain a randomly integrated copy of this new gene, it will be expressed only in melanocytes because of the melanocyte-specific promoter/enhancer. In the same manner, Dr A could express other candidate genes in the melanocytes of transgenic mice. Conversely, if she wanted to express a gene only in keratinocytes, she would design a gene construct containing a promoter/enhancer from a gene that is only expressed in keratinocytes, such as a keratin promoter.


After these transgenic mice are born, Dr A will carefully examine their skin. She will first check to make sure that the transgene, such as the mutated toomuchsun, is expressed in melanocytes by isolating mRNA from the skin and using a RT-PCR assay to determine whether mutated toomuchsun mRNA transcripts are present. Alternatively, histologic sections of skin could be analyzed by immunostaining with an antibody against toomuchsun in order to confirm that transgenic mice were expressing the transgene in the correct location or cell type (melanocytes).


Next, Dr A will analyze the skin and take random punch biopsy specimens at different time points for histology to determine whether melanoma develops in these transgenic mice. She can determine the time course and frequency of tumor development and can investigate whether external or environmental agents, such as UV light, contribute to the development of the tumors. Finally, if melanomas develop, she can assess their metastatic potential and ability to spread to other organs, such as the lungs.


Based on her initial microarray analysis and proteomic studies, Dr A may decide that melanoma is not caused by expression or aberrant overexpression of a protein (including mutated proteins), but rather is due to the lack of a gene product or protein. In other words, the genetic basis for melanoma may be the result of a protein that normally protects a cell from cancerous growth not being expressed. Her microarray analysis and RT-PCR studies may demonstrate that certain genes which are normally expressed in melanocytes are not expressed in melanoma cancer cells. Such genes are referred to as tumor suppressor genes, and when they are missing or non-functional, the cell is more likely to become cancerous. There are a number of reasons why a tumor suppressor gene may not be expressed and contribute to cancer, including: (1) genetic alterations that delete the tumor suppressor gene from the genome; (2) significant mutations in the coding region of the gene that prevent production of a normal protein; and (3) alterations or mutations of the promoter/enhancer of the tumor suppressor gene that prevent gene expression.


Dr A is fortunate that the functional loss of tumor suppressor genes can also be studied in transgenic mouse models. In order to study the role of a suspected tumor suppressor gene in melanoma development, she can design and create mice in which the tumor suppressor gene is completely deleted and not expressed in any cells of the ‘knockout’ transgenic mouse (Table 3.8; Fig. 3.11)18,19. After these knockout mice are developed, demonstrating that gene expression is lost and assessing tumor development will be similar to the analysis described above for transgenic mice.


Table 3.8 Knockout transgenic mice.






	KNOCKOUT TRANSGENIC MICE






	Purpose






	



• Knockout transgenic mice have both alleles of a normal endogenous gene modified, mutated, or deleted in all cells (whole animal or targeted tissue) so that protein can no longer be produced by that gene. Therefore, knockout transgenic mice allow investigators to understand what happens to a cell or tissue when a particular gene can no longer be expressed












	Requirements






	



• Murine embryonic stem cells (ES cells) that are totipotent and capable of forming and reconstituting all tissues and organs of a mouse


• A targeting construct defined as a defective gene that can hybridize to the normal endogenous gene in ES cells and modify or delete the targeted gene so that it is no longer able to express a functional protein












	Underlying concepts






	



• In knockout transgenic mice, all cells (whole animal or targeted tissue) lack the gene that has been “knocked out” and do not express any functional protein from that gene


• Technology is available to selectively target and delete an endogenous gene in its normal chromosomal location in ES cells












	Outline of method (Fig. 3.11)






	



• A targeting vector that contains some sequences of the gene to be targeted is created and introduced into ES cells. This targeting vector is able to selectively hybridize to one of the endogenous alleles of a gene, and through a process known as homologous recombination, the targeting vector modifies or deletes the endogenous gene so that no normal protein is produced. ES cells that contain this defective endogenous gene can be selected for and isolated


• The ES cells containing the “knocked out” gene are introduced into early mouse embryos, known as blastocysts, which are then implanted into recipient mothers. The progeny will be chimeric mice; all tissues and organs, including testes and ovaries, will contain a mixture of normal cells and cells that lack the “knockout” gene allele


• The chimeric mice are next mated to normal mice. Depending on the degree of chimerism, a certain percentage of the offspring will be heterozygous, containing one normal allele and one allele that has been modified or deleted (knocked out). As described for the mating procedure in transgenic mice (see Table 3.7), the genotypes of all progeny will follow the rules of Mendelian genetics


• To obtain completely “knocked out” mice, two heterozygous mice are mated. Approximately 25% of the offspring will lack a normal endogenous gene in every cell and tissue












	Benefits






	



• This approach yields mice that completely lack the gene product in all cells of the whole animal or targeted tissues












	Limitations/errors






	



• Investigators have to ascertain that no normal gene product is being produced. It is possible that the homologous recombination process used to knock out a gene may result in a gene that encodes a mutant protein that still has biologic effects. This would make it difficult to understand the biologic effects of the gene












	Experimental applications






	



• Unlike regular transgenic mice, knockout transgenic mice allow investigators to study the biologic effects of losing gene expression. This is particularly useful in the study of genes that may normally suppress cancer development (tumor suppressors); the tumor suppressor gene can be knocked out in all mouse cells in vivo, and the mechanisms of cancer development in different tissues can be studied












	Modifications/alternatives






	



• In order to more accurately mimic in vivo situations, the gene of interest can be selectively deleted in only one organ or tissue (e.g. melanocytes). These conditional knockout mice allow investigators to study the effects of gene loss in a particular tissue without the complications of losing gene expression in all the other tissues (Fig. 3.12)


• A similar technology is also available to delete a gene of interest at a particular time during development. Initially, the endogenous gene will be expressed normally in the knockout mice and then deleted at a later time, either during intrauterine development or after birth. This is advantageous if investigators want to study the effects of a gene that, if knocked out, would prevent embryo development
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Fig. 3.11 Knockout transgenic mice.


A targeting vector that contains some sequences of the gene to be targeted is created and introduced into cells. This targeting vector is able to hybridize selectively to one of the endogenous alleles of a gene, and modifies or deletes the endogenous gene so that no normal protein is produced. The embryonic stem (ES) cells containing the “knocked out” gene are introduced into early mouse embryos, which are then implanted into recipient mothers. The progeny will be chimeric mice. These chimeric mice are then mated to normal mice. To obtain completely knocked out mice, two heterozygous mice are mated.




Technology now exists to selectively knock out or delete a gene (e.g. a tumor suppressor gene) in a specific cell type or tissue (such as melanocytes), rather than deleting the gene from all cells in the mouse (Fig. 3.12). Furthermore, this technology will also allow Dr A to delete the gene from a specific tissue at any point in time during development. One advantage of this selective approach, compared to gene deletion in all mouse cells, is that it may more faithfully mimic how gene deletion occurs in a specific tissue of a patient and contributes to tumors in those tissues. Another advantage is that gene deletion in all mouse cells may prevent normal mouse development, and selective gene deletion after development is complete will avoid this problem. Finally, selective gene deletion limited to specific target tissues provides a less complicated and cleaner animal model with fewer secondary effects resulting from gene deletion in tissues not being targeted.
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Fig. 3.12 Conditional knockout transgenic mice.


In the conditional knockout model using the Cre-lox system, a target gene can be selectively deleted in a particular organ or tissue. Cre is a site-specific DNA recombinase that catalyzes recombination between two loxP sites, resulting in cleavage, exchange and ligation; this leads to excision (and subsequent degradation) of the DNA between the loxP sites. A transgenic mouse with the Cre gene linked to a tissue-specific promoter is mated to a transgenic mouse with two loxP sites flanking the target gene. Progeny inherit both of these constructs, and the target gene is knocked out only in cells that activate the tissue-specific promoter. By adding a ligand-binding domain to the Cre recombinase, such as one that binds tamoxifen, investigators can achieve temporal control of Cre expression in these cells. The target gene can be temporally deleted, inverted or translocated, depending on the orientation of the loxP sites.











Gene Therapy for Cancer


The in vivo transgenic mouse models are very important for demonstrating whether a candidate gene or genetic change is responsible for melanoma development. Another important function of melanoma transgenic mouse models is to develop and test novel new therapies that Dr A may someday use in clinical trials against melanoma. Gene therapy is one important therapeutic approach that holds future promise as a treatment for cancers such as melanoma. In gene therapy, a gene or genes are introduced into the cells of a target tissue in order to achieve a therapeutic effect. Gene therapy may be used to treat cancer even if the genetic basis or cause of the cancer has not been established.


Two different types of transgenic animal models were described above. In the first, melanoma resulted when an oncogene or tumor-causing gene (mutated) was overexpressed in melanocytes of mice. To treat these tumors with gene therapy, gene(s) that would counteract or oppose the effects of the tumor-causing genes, and thereby inhibit or prevent tumor growth, would be introduced into the melanoma cells20-25. For example, tumor suppressor genes (discussed earlier) could be introduced into melanomas in order to suppress tumor growth, regardless of which oncogene was stimulating growth. In knockout transgenic mice that develop melanoma, gene therapy could be used to introduce the missing tumor suppressor gene into the melanoma cells. Restoring the deleted tumor suppressor gene should inhibit the proliferation and growth of the melanoma cells.


Another effective type of cancer gene therapy is to introduce gene(s) that are capable of stimulating the immune response against the melanoma cancer cells26. Genes encoding cytokines or other immune-modulating proteins would be introduced into the melanoma in order to stimulate an immune response against the tumor cells. The goal here would be to develop a broad systemic immune response against the melanoma cells so that even those not expressing the introduced gene(s) will be targeted and destroyed by the immune system.


Dr A can administer these gene therapies either by introducing the gene directly into the tumor cells or by first putting the gene into a viral vector and injecting the viral vector into the melanoma (Table 3.9; Fig. 3.13). Introducing genes via viral vectors has the advantage of efficiently introducing the desired gene into a high percentage of tumor cells, often in a stable manner27-29 (Table 3.10). The disadvantage is the additional work of constructing the viral vectors. In contrast, introducing the gene directly without first placing it in a viral vector is simpler and more straightforward. However, the percentage of tumor cells containing and expressing the introduced gene will probably be lower. As noted above, for gene therapy of cancer, it may not be necessary to introduce the gene into every tumor cell in order to elicit an immune response against the tumor cells.


Table 3.9 Skin gene therapy.






	SKIN GENE THERAPY






	Purpose






	



• In skin gene therapy, genes are introduced and expressed in the skin for therapeutic purposes. Diseases that could be treated by this approach include both skin diseases and systemic diseases where skin is used as a vehicle for the systemic delivery of a needed factor or substance












	Requirements






	



• A gene that is able to achieve the desired therapeutic effect when expressed in keratinocytes or other skin cells such as fibroblasts and melanocytes


• A delivery vector that can efficiently introduce the desired gene into cells. Both viral vectors and non-viral vectors can be used to deliver a desired gene to a target cell type. With viral vectors, the desired gene is incorporated into the genetic material of a modified virus that is able to efficiently infect target cells but is no longer able to cause disease and spread to other cells (Table 3.10)












	Underlying concepts






	



• Skin gene therapy is a promising field that has the potential to provide new treatments for both skin and systemic diseases


• There are two general approaches for introducing genes into the skin: a direct in vivo approach (Fig. 3.13) and an ex vivo approach (Fig. 3.14), as described below


• The viral vectors that have most often been used to deliver genes to skin cells are retroviral vectors and adenoviral vectors (Table 3.10). Adeno-associated viral vectors and lentiviral vectors (which are related to retroviral vectors and are derived from HIV) have also been described in association with skin gene therapy


• Many issues need to be considered when choosing a vector and determining the best approach to deliver the desired gene to the skin. These include: (1) how many cells (what percentage) need to contain the gene in order to have a therapeutic effect; (2) how long the gene needs to be expressed in order to be therapeutic. In some situations, short-term or transient expression is sufficient; in other cases, long-term expression is preferable












	Outline of method (Figs 3.13 & 3.14)






	



• In the direct in vivo approach, the desired gene is introduced directly into the skin as shown, either directly injected intradermally (Fig. 3.13A) or biolistically discharged into the epidermis and dermis (Fig. 3.13B). Both approaches can be made even more efficient when the skin is concomitantly exposed to an electrical charge in a process known as electroporation. Both viral vectors and non-viral vectors can be delivered to the skin using these in vivo approaches


• In the ex vivo approach, keratinocytes are removed from the donor and, during ex vivo culture, the desired gene is efficiently introduced, usually with viral vectors (Fig. 3.14). Skin equivalents or raft cultures containing these genetically modified keratinocytes (along with a dermal portion containing fibroblasts) are constructed and then grafted back onto the donor in the correct anatomic location


• The principal advantage of the in vivo approaches is their simple straightforward nature. A disadvantage is that expression is usually transient and not long-term because selective targeting of keratinocyte stem cells is usually not feasible with in vivo approaches. Another disadvantage is that the percentage of cells containing the desired transgene may be lower than desired


• In contrast, the ex vivo approaches (Fig. 3.14) are superior at achieving long-term expression of a desired gene in a high percentage of skin cells. During the ex vivo culture period, the desired gene could be targeted to keratinocyte stem cells


• The disadvantage of the ex vivo approach is that it is much more complicated and technically demanding than the in vivo approaches












	Benefits






	



• Genes are the therapeutic agent in this approach to treatment of cutaneous and systemic disease. As our understanding of the molecular basis of disease increases, genetic therapies will become more important


• The effectiveness of skin gene therapy can be assessed in animal models












	Limitations/errors






	



• Successful skin gene therapy with long-term expression of a desired gene in a high percentage of cells has been difficult to achieve in animal models


• Skin gene therapy for recessive genetic skin diseases is problematic because of the development of an unwanted immune response against the normal protein


• Risk of oncogenesis, especially with retroviral vectors












	Experimental applications






	



• Treatment of genetic skin diseases


• Treatment of non-genetic skin diseases if a sufficient understanding of the molecular basis of the disease exists


• Systemic delivery of cytokines, hormones and growth factors


• Genetic immunization


• Suicide gene therapy












	Modifications/alternatives






	



• Use of short (small) interfering RNA (siRNA) that specifically targets and silences expression of dominant negative mutant genes


• Protein replacement therapies


• Cellular therapies (see Fig. 2.6)
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Fig. 3.13 Skin gene therapy.


In the direct in vivo approach, the desired gene is introduced directly into the skin as shown, either directly injected intradermally (A) or biolistically discharged into the epidermis and dermis (B). Both viral and non-viral vectors can be delivered to the skin using these in vivo approaches






Table 3.10 Viral vectors for skin gene therapy.
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An alternative and perhaps even more promising approach could be, instead of manipulating cancer cells to produce immunostimulatory molecules, to express tumor-associated antigens in dendritic cells for effective presentation to T cells. The feasibility of such a procedure has been demonstrated in several murine cancer models. When injected into the skin, plasmid DNA encoding a tumor-associated antigen finds its way to, among others, cutaneous dendritic cells (Langerhans cells, dermal dendritic cells), where it becomes expressed. This event also results in the activation and maturation of dendritic cells (probably because of the presence of immunostimulatory CpG sequences in plasmid DNA), allowing them to leave the skin and to migrate via the afferent lymphatics to the draining lymphoid tissue, where they induce protective anticancer immune responses.


At this point, Dr A is ready to perform gene therapy clinical trials on patients with melanoma. She has taken melanoma specimens from patients, identified several genes in melanomas that are overexpressed (oncogenes), underexpressed (tumor suppressor genes) or mutated, utilized transgenic animal models to confirm that these genes play a causative role in melanoma development, and developed a gene therapy that is effective in treating melanoma in these animal models.









Gene Therapy that Targets Keratinocyte Stem Cells


Alternatively, instead of using skin gene therapy to treat melanoma, Dr A may want to use skin gene therapy to treat a genetic skin disease by expressing a gene in keratinocytes to correct the keratinocyte genetic defect, or to treat a systemic disease by introducing a gene into keratinocytes and having its gene product secreted into the bloodstream for systemic effect. For these applications of skin gene therapy, Dr A will want to express the gene in the skin for a long period of time. Because skin is a renewable tissue, Dr A may need to insert the gene into keratinocyte stem cells in order to achieve long-term expression in the skin, using an ex vivo approach to deliver the gene (Fig. 3.14) (see Ch. 2). Keratinocyte stem cells are located in the hair follicle and scattered along the basal layer of the skin. In the hair follicle, stem cells are highly concentrated in the bulge area where the arrector pili muscle attaches (see Ch. 2). These keratinocyte stem cells are believed to divide very slowly and represent approximately 1–3% of all keratinocytes.
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Fig. 3.14 Skin gene therapy.


In the ex vivo approach, keratinocytes are removed from the donor and, during ex vivo culture, the desired gene is efficiently introduced, usually with viral vectors. Skin equivalents or raft cultures containing these genetically modified keratinocytes (along with a dermal portion containing fibroblasts) are constructed and then grafted back onto the donor.











Molecular Therapy that Targets RNA


Another therapeutic approach is to target specific mRNAs for degradation, using short interfering RNA (siRNA) (Fig. 3.15). Double-stranded RNAs, 21–23 nucleotides in length, are designed complementary to the mRNA of interest. These are delivered to the cell, where they mediate sequence-specific mRNA degradation using an endogenous complex of proteins called the RNA-induced silencing complex (RISC). Ribozymes also target specific sequences based on short complementary oligonucleotides, but the catalyst for target degradation is provided by the RNA enzyme without the need for protein cofactors. These approaches, and variations thereof, have been useful experimentally, but their therapeutic use has thus far been limited by difficulties with stability, efficient delivery to cells, and minimization of unwanted effects30.
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Fig. 3.15 Mechanisms of sequence-specific gene silencing via mRNA knockdown.


A Antisense oligodeoxynucleotide (AS-ODN) hybridizes to target mRNA, which is subsequently cleaved by the intracellular enzyme RNase H and degraded. Some chemically modified antisense molecules prevent mRNA splicing or inhibit translation via steric hindrance. B Ribozymes have intrinsic catalytic activity and cleave target mRNA directly. C Short (small) interfering RNA (siRNA) is unwound and the “guide” antisense strand incorporated into a RNA-induced silencing complex (RISC) that degrades a specific target mRNA sequence. Processing of short hairpin RNA (shRNA; D) and pre-microRNA (miRNA; E) by the Dicer enzyme can generate siRNA and miRNA, respectively. E Endogenously produced miRNA regulates up to a third of human genes and tends to have less complementarity with target mRNA; it recruits RISC proteins and typically inhibits mRNA translation (rather than decreasing mRNA levels). *May also be composed of DNA and/or nucleic acid analogues. **Translocated from the nucleus via exportin-5.














Conclusions


In this chapter, we have presented a variety of techniques used in dermatology research and clinical practice. Some of these are new, whereas others are long established and still widely used. New technologies continue to appear and change the way research is done. These technologic advances allow experiments to be done faster and with less and less starting material. They allow the measurement of thousands of different genes or proteins in single experiments. They also automate experiments that used to require time-consuming step-by-step human involvement. To handle all the information currently produced by biologic research, advances in computers and bioinformatics are progressing along with the technologic advances. The outcome is that the pace of scientific inquiry proceeds at an increasing rate.


Advances in our scientific understanding translate into new developments in disease diagnosis and management. For dermatology, this provides hope that diseases can be diagnosed more rapidly and more reliably, and that individualized prognostic information can be provided. Therapies have been and will continue to be developed that specifically target the genetic abnormality causing the disease. In the future, therapies may be tailored to the individual, taking into consideration the genetic make-up of the individual and his or her disease process. These future possibilities are exciting.
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[image: image] The major purpose of the immune system is protection against harmful organisms, which is achieved by a rapid “primitive” reaction, called the innate immune response, and a more highly developed specific reaction, called the adaptive immune response


[image: image] The characteristics of an adaptive immune response are specificity and the accumulation of memory, thus enabling improvement with each successive encounter with a particular antigen


[image: image] The key event in an adaptive immune response is antigen presentation, yielding either a cell-mediated or a humoral response. The cellular response involves primarily T cells, whereas the humoral response involves B cells that ultimately mature into antibody-secreting plasma cells


[image: image] Immune responses are not always protective and can even be pathogenic if the response induces severe tissue destruction or is directed against an autoantigen


[image: image] As a barrier organ to the outside environment, the skin is endowed with the capacity and the necessary cellular components to mount an immune response












Introduction


The skin is in a sense a defense organ, since it represents a major barrier against the outside environment. As such, it is constantly confronted with microbial, chemical and physical insults. Within the past three decades, there has been a greater appreciation for the fact that the skin not only functions as a mechanical barrier to the outside world, but also uses the immune system for protection. Accordingly, the skin is endowed with the capacity to generate an immune response, which gave rise to the term “skin-associated lymphoid tissues” (SALT)1.


The classical immune response, also referred to as the adaptive immune response, is characterized by specificity that is due to immunologic memory (specific immunity)2. Innate immunity is a more primitive defense system that acts in a rapid but less specific manner. Both types of responses can be generated in the skin. Adaptive immune responses in the skin, however, are not always protective but can also be harmful in nature, e.g. allergic or autoimmune reactions. Numerous skin diseases are caused by T lymphocytes and are therefore immunologically mediated. Consequently, many dermatoses respond favorably to immunosuppressive therapy administered either systemically or topically.









Innate immune response


Innate immune responses are characterized by a lack of immunologic memory. These immune reactions are less complicated than adaptive responses and developed earlier in evolution3. Nevertheless, failures in these “primitive” immune responses may be associated with severe, even fatal, health problems. Essential components of the innate response are neutrophils, eosinophils, natural killer cells, mast cells, cytokines, complement and antimicrobial peptides. The innate response is more rapid and less controlled than the adaptive immune response.






Complement


The complement system plays an important role in innate immunity. It consists of at least 20 serum glycoproteins that are activated by an enzymatic amplifying cascade (see Ch. 60)4. Three pathways can trigger this cascade. The classical pathway is stimulated by antigen–antibody complexes, the alternative pathway by polysaccharides derived from microbial cell walls, and the more recently identified lectin pathway by the interaction of microbial carbohydrates with mannose-binding proteins. All three pathways lead to activation of the central C3 component and, finally, the generation of a number of immunologically active substances. For example, C3b, the cleavage product of C3, binds to the surface of microbes. Since phagocytic cells express receptors for C3b, phagocytosis of the microorganisms is enhanced. In addition, complement components bind to antigen–antibody immune complexes, which helps complement receptor-bearing antigen-presenting cells to target these immune complexes.


C5a is a powerful attractant for neutrophils. C3a, C4a and C5a, also called anaphylatoxins, induce the release of inflammatory mediators from mast cells. This increases vascular permeability, thereby enabling proteins (e.g. antibodies) to enter the tissue. Assembly of the complement components C5b, C6, C7, C8 and C9 forms the membrane-attack complex (MAC), which generates pores in cell membranes, causing death by osmotic lysis. Human cells are much less susceptible to killing by complement than are microbes, since human cells express the complement receptor type 1 (CR1, CD35), decay-accelerating factor (DAF, CD55) and membrane cofactor protein (MCP, CD46), which inhibit C3 convertase and thereby block progression of the complement cascade. CD59 is a protein that binds to C8 and inhibits insertion of C9 into the cell membrane.









Toll-Like Receptors


Innate immunity serves to recognize invading microorganisms and then induce a host defense response. Several families of pattern recognition receptors (PRRs) mediate responses to pathogen-associated molecular patterns (PAMPs) that are conserved among microorganisms. Toll-like receptors (TLRs; the mammalian homologues of the Toll receptors identified in Drosophila) are one such family of PRRs. Ten TLRs have been identified to date5 (Fig. 4.1), with the following specificities: TLR2 (in association with either TLR1 or TLR6), recognition of lipoproteins and peptidoglycans; TLR4, lipopolysaccharide; TLR5, flagellin (a component of bacterial flagella); and TLR9, bacterial CpG DNA sequences. TLRs may also be involved in the recognition of viral components.





[image: image]

Fig. 4.1 Toll-like receptors, their ligands and signaling pathways.


Toll-like receptors (TLRs) recognize pathogen-associated molecular patterns and/or synthetic compounds in a specific fashion. A TLR2/TLR1 dimer recognizes triacylated lipoproteins, and a TLR2/TRL6 dimer interacts with diacylated lipoproteins. TLR5 recognizes flagellin and TLR4 recognizes lipopolysaccharide (LPS). These TLRs are located on the cell membrane and are internalized upon ligand interaction. TLR3, TLR7, TLR8 and TLR9 are located on intracellular membranes of endosomes and lysosomes. TLR3 recognizes viral double-stranded RNA (dsRNA); TLR7 and TLR8 viral single-stranded RNA (ssRNA); and TLR9 bacterial and viral hypomethylated DNA (CpG motifs). TLR7 and TLR8 also bind to synthetic compounds (imidazoquinolones). All TLRs except TLR3 utilize myeloid differentiation factor 88 (MyD88) for signaling, while TLR2 and TLR4 also require Toll-interleukin-1 receptor domain-containing adaptor protein (TIRAP). MyD88 signaling via IL-1 receptor-associated kinase-4 (IRAK-4) and tumor necrosis factor receptor-activated factor-6 (TRAF-6) mostly results in activation of nuclear factor κB (NF-κB), ultimately inducing transcription of genes encoding immunomodulatory and proinflammatory molecules. TLR3 and TLR4 signal via TIR-domain-containing adapter-inducing interferon-β (TRIF). The TRIF pathway induces the production of interferons (IFNs) via interferon regulatory factor-3 (IRF3). Both the ligand and signaling pathway of TLR10 are still unknown.


Adapted from Miller LS. Toll-like receptors in skin. Adv Dermatol. 2008;24:71–87 and from McInturff JE, et al. The role of toll-like receptors in the pathogenesis and treatment of dermatological disease. J Invest Dermatol. 2005;125:1–8.





The signaling pathway of TLRs is highly homologous to that of the receptor for interleukin-1 (IL-1). Upon interaction with myeloid differentiation factor 88 (MyD88), IL-1 receptor-associated kinase (IRAK) is recruited, ultimately leading to activation of the transcription factor NF-κB (see Fig. 4.1). Activation of TLRs can also result in the release of interferons (IFNs) via activation of interferon regulatory factor 3 (IRF-3).


Dendritic cells express several types of TLRs. Upon activation of these receptors by microbial components, the dendritic cells mature and migrate to the lymph nodes, where they present pathogen-derived antigens to naive T cells and induce an adaptive immune response. TLRs thereby bridge the gap between the innate and adaptive immune systems6. These two systems constantly interact in the skin, and the innate immune system represents a potential target for modulating adaptive immune responses7. Cutaneous dendritic cells that are stimulated by the innate immune system not only instruct T cells to respond but also tell them how and where. Different PAMPs and danger signals polarize dendritic cells, giving them the ability to produce certain cytokines and to induce T cells to differentiate into particular subtypes. Many of these danger signals are provided by keratinocytes, which also express PRRs. In addition, TLRs expressed in the skin direct control of pathogens by the epithelium.









Antimicrobial Peptides


To cope with an environment that is full of microorganisms, plants and invertebrates produce a variety of highly effective antimicrobial proteins. Human epithelia, including the epidermis, secrete such antimicrobial peptides as a mechanism of innate defense. The first antimicrobial peptide to be found in human skin (specifically from psoriatic scales) was human β-defensin-2 (hBD-2)8. A number of other antimicrobial peptides have subsequently been isolated (Table 4.1). In addition to antibacterial properties, some of these peptides possess antimycotic and likely antiviral activities. As demonstrated for psoriasin, which prevents Escherichia coli infection9, these peptides may protect the skin from bacterial infections. Expression of antimicrobial peptides can be induced by bacteria, bacterial products or proinflammatory cytokines via TLRs and other mechanisms. Enhanced and decreased production of these peptides in psoriasis and atopic dermatitis, respectively, may explain why superinfections are so rare in the former disease and common in the latter8,10. However, others have found enhanced expression of antimicrobial peptides in atopic skin, which may reflect disruption of the epidermal barrier11. Ultraviolet (UV) B radiation has been shown to induce expression of antimicrobial peptides, potentially explaining the lack of UVB-related bacterial infections despite its immunosuppressive effects (see Ch. 86)12.




Table 4.1 Skin-derived antimicrobial peptides.
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Beta-defensins can also attract immature dendritic cells and memory T cells via the chemokine receptor (CCR)-6, illustrating another link between innate epithelial defense and adaptive immunity13. The antimicrobial peptide LL-37 (also known as cathelicidin antimicrobial peptide [CAMP]) mediates dendritic cell activation in psoriasis by binding self-DNA and forming structures that stimulate TLR9 and thereby induce IFN production14.









Cytokines


Cytokines are a large, heterogeneous family of low-molecular-weight messenger substances that play a crucial role in intercellular communication. Cytokines can be secreted by almost any cell type, and they may act in an autocrine, paracrine or endocrine manner. Cytokines exert their biologic activities by binding to specific cell surface receptors15. Although the vast majority of cytokines occur in a soluble form, some can be membrane-bound, making the differentiation between cytokine and receptor difficult. Cytokines influence the proliferation, differentiation and activation of cells. Each cytokine exhibits multiple activities, a fact that complicates strict categorization.


Cytokines that are produced by leukocytes and exert effects preferentially on other white blood cells are called interleukins (IL). Colony-stimulating factors (CSFs) are mediators that induce differentiation and proliferation of hematopoietic progenitor cells, while IFNs interfere with viral replication. Cytokines that have chemoattractant activity are termed chemokines, and they play a crucial role in leukocyte migration. The main subgroups of chemokines are differentiated according to the position of two cysteine (C) residues compared with the other amino acid residues (X), CXC (α-chemokines) and CC (β-chemokines)16. Chemokines that recruit leukocytes are termed inflammatory chemokines, whereas those that regulate trafficking within lymphoid tissues are called lymphoid chemokines.


Early innate immune responses are dominated by cytokines with inflammatory (e.g. IL-1, IL-6, IL-18, tumor necrosis factor-α [TNF-α], inflammatory chemokines) and antiviral (e.g. IFN-α, IFN-β) capacities. Induction of adaptive immune responses is critically dependent on cytokines with immunomodulatory capacities (e.g. IL-2, IL-4, IL-12, IL-13, IL-17, IL-22, IL-23, IFN-γ). However, since most of these mediators exhibit multiple and sometimes overlapping activities, a strict separation into inflammatory and immunomodulatory cytokines is not possible. Due to structural similarities, some cytokines are grouped into families, e.g. the IL-6 family (IL-6, IL-11, oncostatin M, leukemia inhibitory factor [LIF]), the IL-10 family (IL-10, IL-19, IL-20, IL-22, IL-24, IL-26) and the IL-12 family (IL-12, IL-23, IL-27).









Macrophages and Neutrophils


Macrophages, phagocytic cells derived from blood-borne monocytes, carry receptors for carbohydrates that are usually not expressed on vertebrate cells (e.g. mannose). Through this mechanism, macrophages can discriminate between “foreign” and “self” molecules. Furthermore, macrophages possess receptors for antibodies and complement. Hence, microorganisms that are coated with antibodies and/or complement are more readily phagocytosed17. After phagocytosis, the microorganisms are exposed to a variety of toxic intracellular molecules, including superoxide anions, hydroxyl radicals, hypochlorous acid, nitric oxide, lysozyme and antimicrobial cationic proteins. Macrophages can also present processed antigens to T and B cells. However, their T-cell stimulatory capacity is less effective than that of dendritic cells.


Activated macrophages release granulocyte colony-stimulating factor (G-CSF) and granulocyte–macrophage colony-stimulating factor (GM-CSF). These two cytokines induce the division of myeloid precursors in the bone marrow, releasing millions of neutrophils into the circulation. Under normal conditions, neutrophils circulate in the bloodstream, some rolling along the vascular endothelium18. To enter the site of an infection, neutrophils utilize a complex process that involves proinflammatory mediators, adhesion molecules, chemoattractants and chemokines (see Ch. 26). The recruited neutrophils phagocytose organisms and kill them within phagolysosomes by using oxygen-dependent and oxygen-independent mechanisms. The former, called the respiratory burst, involves the production of hydrogen peroxide, hydroxyl radicals and singlet oxygen. The oxygen-independent method utilizes highly toxic cationic proteins and enzymes, such as myeloperoxidase and lysozyme. Organisms that are coated with antibodies or complement components bind to Fc and complement receptors, respectively, on neutrophils (as well as macrophages) and are more effectively phagocytosed and killed.









Eosinophils


The major function of eosinophils is most likely to protect the host from infections by parasites, particularly nematodes. Infections with these organisms are associated with the production of antigen-specific IgE antibodies that coat the parasite. Via their low-affinity receptors (FcεRII, CD23), eosinophils bind to IgE antibodies and become activated. In contrast to macrophages and neutrophils, eosinophils are only weakly phagocytic. They harbor large granules that contain major basic protein, eosinophilic cationic protein, eosinophil peroxidase and eosinophil-derived neurotoxin (see Ch. 25). Upon activation, eosinophils release these toxic products, which can kill parasites, together with prostaglandins, leukotrienes and various cytokines19. Eosinophils also play an important role in the pathogenesis of allergic reactions.









Basophils and Mast Cells


Basophils (found in the blood) and mast cells (located within tissues) exhibit similar functional and morphologic characteristics20. At least two populations of mast cells exist, which can be differentiated by the enzymes they contain and by their tissue location. Mucosal mast cells contain only trypsin, while connective tissue mast cells contain both trypsin and chymotrypsin (see Ch. 118). In contrast to pulmonary, uterine and tonsillar mast cells, cutaneous mast cells express the receptor for C5a (CD88), which implies that triggering of mast cells through the anaphylatoxin C5a results in cutaneous, but not systemic, reactions21. Basophils and mast cells express high-affinity receptors for IgE (FcεRI) that avidly bind IgE (see Ch. 18).


When a specific antigen binds to mast cell-bound IgE, the FcεRI becomes activated, which leads to degranulation and release of preformed mediators, including histamine and serotonin. Other mediators such as prostaglandins, leukotrienes (B4, C4, D4 and E4), and platelet-activating factor are also released, and they enhance vascular permeability, bronchoconstriction and induction of an inflammatory response (see Ch. 18). Hence, basophils and mast cells play an important role in immediate-type allergic reactions such as urticaria and angioedema. There is also increasing evidence that mast cells are involved in contact hypersensitivity reactions.









Natural Killer Cells


The major task of natural killer (NK) cells is to eliminate virally infected or malignant cells22. NK cells can recognize their targets in two ways. Since they express Fc receptors that bind IgG (FcγRIII, CD16), NK cells can adhere to and kill target cells that are coated with IgG. This killing process is referred to as antibody-dependent cellular cytotoxicity (ADCC), the biological value of which remains unclear.


The second recognition system involves killer-activating and killer-inhibitory receptors. Killer-activating receptors recognize molecules that are expressed by nucleated cells. This provides a signal for the NK cell to kill the target cell by secretion of perforins, which make holes in the cell membrane through which granzymes are injected. Granzymes lyse target cells by activating the apoptotic caspase cascade. In addition, NK cells carry inhibitory receptors (KIR) on their surface that recognize major histocompatibility complex (MHC) class I self-molecules. KIRs shut off the killer signal and thus prevent autolysis of the host. Tumor cells and viruses often down-regulate MHC class I molecules to escape recognition by cytotoxic T cells. Paradoxically, this mechanism renders “MHC class I-low” cells susceptible to recognition by NK cells and can even result in stimulation of specific cytotoxic T cells by dendritic cells.












Adaptive immune response


The characteristic features of an adaptive immune response are its specificity and enhancement with each successive antigen encounter owing to the accumulation of “memory”2,23. A crucial event during the generation of an adaptive immune response is antigen presentation.






Antigen-Presenting Cells


Various cells can present antigens, depending on how and where the antigen first encounters cells of the immune system. Interdigitating dendritic cells (DCs) located in the T-cell areas of the spleen and lymph nodes are the most effective antigen-presenting cells (APCs). Within the epidermis, Langerhans cells (LCs) are key APCs. Therefore, the following section will focus primarily on LCs.






Langerhans cells


In 1868, Paul Langerhans24 first described Langerhans cells as DCs located within the epidermis24. Because of their dendritic shape, Langerhans thought that these cells might be of neural origin. More than 100 years later, it was shown that LCs are derived from bone marrow25. However, in the 1990s it was observed that LCs are intimately associated with nerve fibers and that nerves, through the release of neuropeptides such as calcitonin gene-related peptide (CGRP), can modulate LC function26.






Morphology of Langerhans cells


LCs cannot be identified in routinely fixed and stained histologic sections; their recognition requires electron microscopy or histochemical analysis. Ultrastructurally, LCs have rod-shaped organelles termed Birbeck granules (Fig. 4.2). A Ca2+-dependent lectin with mannose-binding specificity called langerin is associated with and responsible for the formation of Birbeck granules27. Birbeck granules are thought to result from the antigen-capture function of langerin, which routes antigen into these organelles and provides access to a non-classical antigen-processing pathway. However, langerin is not completely specific for LCs and can also be expressed by a certain type of dermal DC28.
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Fig. 4.2 Electron microscopic picture of a Langerhans cell.


Arrows indicate the Birbeck granules, rod-shaped organelles specific for Langerhans cells. They are said to resemble tennis rackets.
 Courtesy, N Romani, Department of Dermatology, University of Innsbruck.





Histochemically, human LCs can be visualized by staining for adenosine triphosphatase (ATPase), a membrane-bound, formalin-resistant, sulfhydryl-dependent enzyme. In addition to langerin, antigenic moieties present on human LCs include the panhematopoietic marker CD45, MHC class II antigens (HLA-DR), CD1a, the S100 protein and vimentin. CD1a is a useful marker for LCs, since within the epidermis (normal or inflamed) it is exclusively expressed on LCs, whereas HLA-DR antigens are expressed on keratinocytes in inflamed skin (Table 4.2). Since CD1a does not exist in the murine system, staining for MHC class II antigens is often used for detection of murine LCs in non-perturbed skin29 (Fig. 4.3). In addition, human LCs express the high-affinity IgE receptor (FcεRI)30, which was initially thought to be exclusively expressed on mast cells and basophils.




Table 4.2 Phenotypic markers of resident versus migrating human Langerhans cells (LCs) versus human langerin− dermal dendritic cells (DCs).
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Fig. 4.3 Langerhans cells express MHC class II molecules.


In a sheet preparation of murine epidermis, numerous Langerhans cells can be visualized by staining using an antibody against MHC class II molecules (Ia antigen). Note the dendritic shape of Langerhans cells,


Courtesy, N Romani, Department of Dermatology, University of Innsbruck.





The density of murine LCs is dependent on a variety of factors, including strain, age, sex and anatomic location. LCs are almost absent in the tail region, the pouch and the cornea. In humans, the numbers of LCs are reduced on the palms and soles, genitalia and buccal mucosa. In addition, the density of LCs decreases with age and is reduced in chronically UV-exposed skin29.









Ontogeny of Langerhans cells


Bone marrow chimera experiments showed that LCs are derived and constantly replenished from the bone marrow25. However, according to a recent hypothesis28, murine LCs are derived from radioresistant hematopoietic precursor cells that reside in the skin during embryonic development (Fig. 4.4). The formation of LCs depends on transforming growth factor-β1 (TGF-β1) and macrophage colony-stimulating factor receptor (M-CSFR) ligands (M-CSF, IL-34), which are provided in an autocrine fashion. LCs that are depleted during the steady state or after minor injuries are repopulated locally, independent of circulating precursor cells. In lethally irradiated mice reconstituted with congenic bone marrow cells, half of the LCs are eliminated in the first week after transplantation, but LCs repopulate locally within 3 weeks. After UVB irradiation, which does not affect the dermis or the hair follicle, LC appear to repopulate from the hair follicle28.
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Fig. 4.4 Ontogeny and phenotype of antigen-presenting cells in murine skin.


Langerhans cells (LCs) are derived from radioresistant hematopoietic precursor cells in the skin in the presence of transforming growth factor-β (TGF-β), macrophage colony-stimulating factor (M-CSF) and interleukin (IL)-34. LCs migrate to the draining lymph nodes in a CC-chemokine receptor 7 (CCR7)-dependent fashion. The dermis harbors dermal langerin+ dendritic cells (DCs), which differentiate from radiosensitive circulating precursor cells in a CCR2-, E-selectin- and P-selectin-dependent manner. LCs on the way to the lymph nodes can be distinguished from dermal langerin+ DCs by the differential expression of CD11b, epithelial cell adhesion molecule (EpCAM) and CD103. Two additional types of APCs are present in the dermis, dermal langerin– DCs and dermal macrophages exhibiting peculiar surface marker expression.


Adapted from Merad M, et al. Origin, homeostasis and function of Langerhans cells and other langerin expressing dendritic cells. Nat Rev Immunol. 2008;8:935–47.





As noted above, langerin is not an exclusive marker for epidermal LCs but can also be expressed by dermal DCs (see Fig. 4.4)28. Langerin+ dermal DCs differentiate from radiosensitive circulating precursor cells independently of TGF-β1 and M-CSFR ligands but dependent on CC-chemokine receptor 2 (CCR2), E-selectin and P-selectin. LCs that emigrate from the epidermis to the lymph nodes in a CCR7-dependent manner can also be detected in the dermis but can be distinguished from langerin+ dermal DCs by the differential expression of CD11b, epithelial-cell adhesion molecule (EpCAM) and CD103 (see Fig. 4.4). Two additional types of APCs can be found in the dermis, langerin– dermal DCs and dermal macrophages with particular surface marker expression.


In humans, the situation is less clear than in mice, since only studies with tissue explants are available. Subtle differences in the surface marker expression of resident LCs, migrating LCs and langerin− dermal DCs have been described (see Table 4.2).












Other dendritic cells


Since LCs are confined to the epidermis, other DCs are responsible for antigen presentation in other sites. DCs are defined as professional APCs that display an extraordinary capacity to stimulate naive T cells and initiate a primary immune response31. This capacity was initially described for the interdigitating DCs in the spleen. It has become apparent that the DC system is very complex, and many questions still remain unanswered.


This complexity is based on the fact that DCs can arise from several types of progenitor cells, and a variety of functional phenotypes of DCs can also be generated from the same precursor cell32. In addition, differences exist between experimental systems used to study human and murine DCs. In the murine system, DCs are primarily obtained from the bone marrow or spleen, while human DCs are almost exclusively generated from peripheral blood. Furthermore, many markers/antibodies exist in the human but not the murine system, and vice versa. Whether each of the different types of DCs has a distinct immune function is still a matter of debate32.


Concerning DC function, there is evidence in the murine system that spleen-derived CD8α+ DCs induce T helper 1 (Th1) responses, while CD8α− DCs favor T helper 2 (Th2) responses33. In contrast, in the human system, lymphoid/plasmacytoid DCs were found to induce Th2 responses, and myeloid DCs generated Th1 reactions34. Consequently, myeloid DCs were referred to as DC1 and lymphoid/plasmacytoid DCs as DC2.


However, the type of immune response that is generated also critically depends on the state of maturation of the stimulating DC at the time of antigen presentation. For the induction of Th1 responses, the presence of IL-12 is crucial. DCs tend to produce IL-12 directly after an activating step in their maturation, driving T cells into a Th1 phenotype if they meet the DCs at this stage35. At later time points, the production of IL-12 decreases, thereby favoring the development of a Th2 response. This process is also heavily influenced by the innate immune system (e.g. stimulation by TLRs; see above).


Taken together, the parameters that are responsible for the type of Th cell differentiation that is induced by DCs remain to be fully defined. On the other hand, there is agreement that immature DCs induce tolerance due to incomplete T-cell activation, resulting in T cells of the regulatory type that suppress immune responses36.









Antigen presentation






Antigen presentation cells: activation and migration


To initiate sensitization, antigens must be presented to T cells by APCs. For many years, LCs were thought to be the most important APC in the skin. It was found that contact sensitization could not be induced in areas of skin that were naturally devoid of LCs (e.g. the murine tail) or in which LCs had been depleted (e.g. by UV radiation)37. However, transgenic mice in which LCs are completely depleted via the diphtheria toxin receptor technique (i.e. short-term, inducible ablation) demonstrate variably diminished but not completely abrogated sensitization responses38; in one such model, the sensitization response was completely normal39. In a different knockout mouse model characterized by constitutive and durable absence of epidermal LCs40, an enhanced sensitization response was actually observed, suggesting that LCs may have regulatory functions. This “LC paradigm” proposes that LCs may be tolerogenic when they present antigens under steady-state non-inflammatory conditions, but sensitizing upon stimulation by inflammatory mediators. Which of these activities is the main function of LCs remains to be determined, and there is accumulating evidence that dermal DCs are equally if not even more important than LCs in presenting antigens.


Antigen presentation to lymphocytes takes place in the regional lymph nodes, while cutaneous APCs actively take up antigens in the skin. In the presence of inflammation, the APCs become activated and leave the skin, migrating to the draining lymph nodes. During emigration, they change their phenotypic and functional behavior and develop into mature DCs. For example, molecules involved in antigen uptake and processing (Birbeck granules, Fc receptors) are down-regulated on activated LCs41. In addition, expression of E-cadherin, which mediates the attachment of LCs to neighboring keratinocytes, is reduced, thereby enabling the emigration of LCs.


CD44, a hyaluronic acid receptor involved in the tissue homing of leukocytes, is upregulated on activated LCs. The splice variant CD44v6 supports binding of LCs to T-cell-rich areas of lymph nodes42. Furthermore, the integrins α6β1 and α6β4, which exhibit affinity to the basement membrane zone, are induced on the surface of emigrating LCs43. The release of proteolytic enzymes like matrix metalloproteinase-9 (type IV collagenase) may enable their penetration through the basement membrane. Their dendricity becomes more pronounced, and surface molecules necessary for antigen presentation and T-cell priming are upregulated (e.g. MHC class I, MHC class II, CD40, CD54, CD58, CD80, CD86). At this stage, LCs emigrating from the epidermis are almost indistinguishable from DCs obtained from lymphoid organs41. The same phenotypic and functional changes may occur in other APCs of the skin that have important roles in antigen presentation.









Antigen presentation to T cells


In contrast to B cells, T cells cannot recognize soluble protein antigens per se; instead, the T-cell receptor (TCR) recognizes antigen-derived peptides bound to MHC locus-encoded molecules expressed on APCs. CD4+ T cells recognize antigens in association with MHC class II molecules, while CD8+ T cells, the majority of which become cytotoxic, recognize antigens in association with MHC class I molecules23 (Fig. 4.5).
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Fig. 4.5 Types of antigen presentation.


Antigens are presented by antigen-presenting cells to the T-cell receptor of CD4+ or CD8+ T cells in association with either MHC class II or MHC class I molecules. The diversity of the T-cell receptors is generated by gene rearrangement. For reasons of clarity, the simplified gene rearrangement of the α-chain is shown only in the CD4+ T cell, that of the β-chain in the CD8+ T cell. aa, amino acids; β2m, β2-microglobulin; V, variable; D, diversity; J, joining; C, constant.


Adapted from Modlin RL. Lymphocytes. In: Freedberg IM, Eisen AZ, Wolf K, et al. (eds). Fitzpatrick’s Dermatology in General Medicine, vol. 1. New York: McGraw-Hill, 1999;32:400–5.





Two pathways exist by which antigens can be “loaded” onto MHC molecules. If the antigen has been produced endogenously within the cell (e.g. viral or tumor proteins), it is complexed with MHC class I molecules through intracellular processing pathways (Fig. 4.6)44. The proteasome degrades cytosolic antigens produced by the cell. The resulting peptides (which consist of 8 to 12 amino acid residues) are imported into the endoplasmic reticulum (ER) in a TAP (transporter associated with antigen processing)-dependent manner and loaded onto MHC class I molecules45. After binding to the MHC class I–β2 microglobulin complex, these peptides are transported to the cell surface via the Golgi apparatus. Alternative pathways by which exogenous proteins are phagocytosed and the phagosome fuses to the ER may also exist. The proteins are subsequently retransported out of the ER into the cytoplasm (by an as yet unclear mechanism) and then degraded by the proteasome. The degraded peptides can now enter the pathway that is normally used for endogenous proteins via the TAP protein. As the vast majority of nucleated cells express MHC class I molecules, many cell types can serve as APCs for MHC class I-restricted antigen presentation in a secondary immune response.
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Fig. 4.6 The pathway of endogenous antigen delivery to class I MHC molecules.


Newly synthesized MHC class I molecules are stabilized by calnexin. When β2-microglobulin (β2m) binds to the complex, calnexin dissociates. This complex associates with the TAP (transporter associated with antigen processing) protein waiting for a suitable peptide. Endogenous antigens are degraded by the proteasome and transported via TAP into the endoplasmic reticulum (ER), where they bind to the MHC class I/β2m complex. Finally, the peptide/MHC complex is transported through the Golgi apparatus to the cell surface. Not pictured is a possible alternate pathway in which exogenous proteins are phagocytosed and the phagosome fuses to the ER. The proteins are then retransported out of the ER into the cytoplasm and degraded by proteasomes. The degraded peptides can now enter the normal pathway via the TAP protein.


Adapted from Parkin J, Cohen B. An overview of the immune system. Lancet. 2001;357:1777–89. With permission from Elsevier.





In contrast, MHC class II-dependent antigen presentation is critically dependent on DCs, B cells and monocytes/macrophages. MHC class II-associated antigen presentation targets primarily exogenous (Fig. 4.7) and less frequently endogenous antigens46. Exogenous antigens are taken up via macro- or micropinocytosis or by receptor-mediated endocytosis. One example of the latter is the DEC-205 receptor (CD205), which guides antigens into endocytic vesicles that reside deeper inside the cell and contain MHC class II molecules. As a consequence of this unique intracellular targeting, antigens endocytosed by the DEC-205 receptor stimulate respective T cells up to 500-fold greater than antigens taken up by pinocytosis or other receptors. Protein degradation eventually takes place in the endo-/lysosomes, yielding peptides with a typical length of 15 to 22 amino acid residues. These peptide fragments enter specialized endosomal compartments containing MHC class II molecules that are generated in the ER47.
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Fig. 4.7 The pathway of exogenous antigen delivery to class II MHC molecules.


Exogenous antigens are taken up into the cell by endosomes. The protein is cleaved into peptides within the endosomes, which become increasingly acidic. In the endoplasmic reticulum (ER), newly synthesized MHC class II molecules bind to an invariant chain, which inhibits their disassociation while empty. During this assembly, the complex is stabilized by calnexin. The invariant chain transports the MHC class II molecule from the ER (via the Golgi apparatus) into the endosomal compartment, where the MHC class II complex meets the peptides. The invariant chain is cleaved, leaving a small fragment (CLIP) in the groove of the MHC class II molecule. Finally, CLIP is replaced by the antigenic peptide. The complex is transported to the cell membrane and expressed on the cell surface. CLIP, class II-associated invariant peptide.


Adapted from Parkin J, Cohen B. An overview of the immune system. Lancet. 2001;357:1777–89. With permission from Elsevier.





Newly synthesized MHC class II molecules are associated with an invariant chain, which inhibits dissociation of empty MHC class II molecules and transports the MHC class II complex from the ER to the specialized endosomal compartments where the molecules can interact with antigen peptide fragments (see Fig. 4.7). In this compartment, the invariant chain is cleaved by proteases, leaving a small fragment called CLIP (class II-associated invariant peptide) that binds to the class II molecule. Upon interaction with the antigenic peptides, the CLIP fragment is released from the complex. The MHC class II molecule with the bound antigen peptide is subsequently expressed on the cell surface, allowing antigen recognition by T cells carrying the appropriate TCR.


Classically, MHC class I molecules present self- or pathogen-derived antigens that are synthesized within the cell to CD8+ T cells (see Fig. 4.6), whereas exogenous antigens derived via endocytic uptake are loaded onto MHC class II molecules for presentation to CD4+ T cells (see Fig. 4.7). However, it has become evident that some DCs are also able to process exogenous antigens into the MHC class I pathway for presentation to CD8+ T cells. This mechanism, referred to as cross-presentation48, allows DCs to induce either tolerance (to self-antigens) or immunity (to exogenous pathogens).















T Cells


T-cell precursors continuously migrate from the bone marrow to the thymus, where T cells develop49. In the thymus, T cells bearing the α/β TCR are subjected to a complex selection process. In contrast to antibodies, which represent the antigen receptor on B cells and recognize antigens in their naive form, the α/β TCR recognizes only short peptide fragments that are generated during antigen processing within APCs (see above). These processed antigens are presented to the TCR by MHC molecules on the cell surface. The amino acid sequences recognized by the TCR include those from both the MHC molecule and the antigenic peptide. Consequently, the TCR recognizes a combination of “self” MHC molecules (which are highly polymorphic) and “foreign” peptides. T cells that recognize “self” MHC molecules but not “self” peptides are useful for immune defense but do not lead to undesirable autoimmunity. This requirement is achieved by a complex process that involves both positive and negative selection within the thymus.






T-cell development


Developing T cells within the cortex of the thymus engage MHC complexes on thymic DCs. When the T cells are able to recognize these MHC molecules via their TCR, they receive a survival signal (positive selection). Otherwise, the T cells undergo apoptotic cell death50. At this stage, more than 95% of the developing T cells die in the thymus because they are not selected due to their uselessness (i.e. inability to recognize “self” MHC molecules)51. In addition, T cells that express a TCR with a very high affinity for the complex of a “self” peptide plus a “self” MHC molecule are eliminated by apoptosis, since they are potentially harmful. This process, called negative selection, takes place in the thymic medulla and involves DCs and macrophages that process and present a spectrum of “self” antigens. Positive and negative selection allow the survival of just those T cells that recognize foreign (but not “self”) peptides in the context of “self” MHC molecules and thus are useful for immune defense without causing auto-attack52.


During thymic education, a variety of surface molecules are switched on and off. Components of the CD3/TCR complex, together with CD4 or CD8 molecules, have roles in this process. In general, CD4+ T cells function as helper T cells and recognize antigens presented by MHC class II molecules, whereas CD8+ T cells are usually cytotoxic and recognize antigens in association with MHC class I molecules (see Fig. 4.5). In their early stage of development within the thymus, T cells express both CD4 and CD853. Upon expression of an appropriate TCR, these immature T cells exhibit the capacity to recognize antigenic peptides associated with either MHC class I or MHC class II molecules, since they still express both CD4 and CD8 (double-positive stage). During the subsequent process of maturation, one of these surface markers is lost, resulting in single-positive T cells expressing either CD4 or CD8. These cells are specialized for peptides presented only by MHC class II or MHC class I molecules, respectively.









T-cell receptor


One major feature of an adaptive immune response is the recognition of specific antigens. This is achieved either by the TCR during a T-cell-mediated response or by antibodies during a B-cell response. TCRs are transmembrane molecules consisting of α/β (vast majority of T cells) or γ/δ (<10% of T cells) heterodimers54. Antigen recognition by γ/δ T cells appears to be independent of classic MHC molecules, instead utilizing other MHC molecules (e.g. CD1) that preferentially present certain lipid and glycolipid antigens55.






T-cell receptor diversity


An amazing feature of the immune system is that it provides specific receptors for every possible antigen. B cells are capable of producing approximately 1015 different antibody variable regions, and T cells generate a comparable number of TCR variable regions. Remarkably, these numerous proteins are encoded by fewer than 400 genes. This tremendous diversity is created via a unique recombination process that cuts, splices and modifies genes in the variable region56.


Four segments of genes are involved in TCR formation: the variable (V), diversity (D), joining (J) and constant (C) regions (see Fig. 4.5). In contrast to the TCRβ and TCRδ loci (both on chromosome 7), the TCRα and TCRγ loci (both on chromosome 14) do not contain D segments. The segments are cut out by nucleases and spliced together by ligases, ultimately forming the final gene sequence that encodes the receptor molecule. The tremendous diversity is explained by the multiplicity of all these regions within the genome (e.g. ~70–80 V genes and ~60 J genes for the TCRα alone), but only one of each type is used for a particular TCR.


Each lymphocyte utilizes a different combination of V, D and J gene segments to form the genetic code of its antigen receptor. Any one of the genes can join with any other one to form the final VDJ region, thereby creating tremendous diversity. In addition, the recombination process is subject to inaccuracies during splicing, which cause slight variations at the VDJ junctions, and additional nucleotides can be inserted by the enzyme deoxyribonucleotidyl-transferase at the spliced regions. These two events increase the diversity even further. Of note, only a tiny minority of these cells will become functional over a lifetime, with the vast majority dying without ever having met their antigen.


Defects in the recombination-activating genes RAG1 and RAG257, which encode two of the enzymes that mediate the recombination of variable-region genes in both B cells and T cells, cause a form of severe combined immunodeficiency (see Ch. 60). Affected individuals are unable to produce lymphocytes bearing functional antigen receptors58.









T-cell receptor signaling


TCRs are associated with the CD3 complex, which transmits signals upon antigen binding. CD3 consists of CD3γ, CD3δ, two molecules of CD3ε and a disulfide-linked CD3ξ homodimer59. Upon binding to the peptide–MHC complexes, TCRs become cross-linked. Aggregation of the TCRs causes phosphorylation of tyrosines in the cytoplasmic tails of the CD3 complex, which contain immunoreceptor tyrosine-based activation motifs (ITAMs). Phosphorylation involves kinases such as p56lck (which also binds to the cytoplasmic tails of CD4 and CD8), p59fyn and ZAP-7060 (Fig. 4.8). These events ultimately lead to the transcriptional activation of genes that encode cytokines and induce cellular proliferation and differentiation.
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Fig. 4.8 T-cell receptor-mediated signal transduction.


Activation of the T-cell receptor by presentation of the appropriate antigen by antigen-presenting cells in association with MHC molecules induces a complex signal transduction cascade. The T-cell receptor-associated signal transduction is primarily mediated by the CD3 complex and the ξ chain. Upon activation, the cytoplasmic tails of these molecules become phosphorylated by protein kinases (p56lck, p59fyn, ZAP70). This causes downstream signaling which ultimately leads to transcriptional activation of particular genes. Additional stimuli are provided by the signaling of costimulatory molecules (CD2, ICAM-1, CD28). DAG, diacylglycerol; PIP2, phosphatidylinositol 4,5-bisphosphate; PKC, protein kinase C; PLC, phospholipase C.














Costimulatory signals


Signaling through the TCR complex alone does not suffice to activate T cells. The presence of costimulatory signals is needed for T cells to undergo antigen-specific clonal expansion61. Hence, development of a productive T-cell immune response requires exposure of these cells to at least two types of stimuli. The first signal is the interaction of the TCR with peptide–MHC complexes presented by APCs, which determines the specificity of the immune response. The second signal involves surface molecules and cytokines, which determine the clonal expansion of specific T cells and their differentiation into effector and memory cells. Without these costimuli, signaling by the antigen receptors alone will either cause anergy (non-reactivity) or apoptotic cell death (Fig. 4.9). The major receptors and ligands expressed on APCs and T cells that play a role in activation are listed in Table 4.3.
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Fig. 4.9 Role of costimulatory molecules during T-cell activation.


Presentation of the antigen by antigen-presenting cells to the T-cell receptor in association with MHC molecules delivers the first signal necessary for T-cell activation. The second signal is provided by the interaction of costimulatory molecules present on antigen-presenting cells and T cells. An antigen-specific response is only induced when signal 1 and signal 2 are provided. Presentation of the antigen in the absence of signal 2 does not lead to an antigen-specific response but induces anergy and tolerance, respectively. APC, antigen-presenting cell; CSM, costimulatory molecule; MHC, major histocompatibility complex; TCR, T-cell receptor.




Table 4.3 Costimulatory molecules and their ligands. APC, antigen-presenting cell; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; ICOS, inducible costimulator; LFA-3, lymphocyte function antigen-3; PDL1, programmed death ligand 1; TNF, tumor necrosis factor.
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The best-investigated costimulators for T cells are two members of the B7 family, B7-1 (CD80) and B7-2 (CD86)62. Both molecules are induced on immature, resting APCs by various TLR ligands or by cytokines (e.g. TNF-α, IL-1). The CD28 receptor on T cells recognizes the B7 molecules and delivers activating signals, including the expression of antiapoptotic genes and the production of cytokines such as IL-2. Cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4 [CD152]) also binds to the B7 molecules, with even higher avidity. Unlike CD28 binding, cross-linking of CTLA-4 to B7 down-regulates IL-2 production and cell cycle progression, whereas blockade of CTLA-4 signaling prolongs T-cell activation. Hence, CTLA-4 is regarded as a T-cell-associated co-receptor with negative regulatory effects63.


Cytokines, especially inflammatory mediators like IL-1, IL-6 and TNF-α, also provide costimulatory signals by themselves and, in addition, upregulate costimulatory molecules. Hence, a T cell is much more likely to be activated if it meets its specific antigen via an APC that has been exposed to an inflammatory environment.









Clonal expansion


If a T cell recognizes its specific antigen peptide in association with the appropriate MHC molecules and becomes activated by costimulatory signals, division and clonal expansion take place. Memory T cells have a much longer lifespan than effector cells and are characterized by the expression of the surface molecule CD45RO, while naive T cells express CD45RA. Two functionally distinct subsets of human memory T cells have been described. CCR7+ memory T cells (central memory T cells [TCM]) express lymph node homing receptors and thus stay in the lymph nodes. These cells lack immediate effector function; however, they efficiently stimulate DCs to produce IL-12 and can differentiate into CCR7− effector cells upon secondary stimulation. In contrast, CCR7− memory T cells (effector memory T cells [TEM]) express receptors for migration to inflamed tissues and have immediate effector functions64.


Memory T cells react in a more rapid fashion upon re-exposure to their specific antigen. The vast majority of these progenitor cells represent effector cells with upregulated receptors that enable them to leave the lymphoid tissue. Organ-specific adhesion molecules guide these cells to various locations, including the skin18,64. Most of the T cells found in human skin reside in the dermis, with a minority in the epidermis (2% to 3% of all CD3+ cells present in normal human skin). The majority of human epidermal T cells express the α/β TCR and are either CD8- or CD4-positive. In addition, skin-homing T cells express CD2, CD5 and the skin-homing receptor cutaneous lymphocyte antigen (CLA), and they are of the memory phenotype CD45RO+/CD45RA−65.









Effector functions of T cells


Two major types of effector T cells have been identified: T helper (Th) cells, which are CD4+, and cytotoxic T (Tc) cells, which are CD8+. CD4+ Th cells recognize foreign antigen peptides bound to MHC class II and activate/modulate important components of the cell-mediated immune response, mainly through cytokine production. One essential function of CD4+ Th cells is the activation of B cells. CD8+ Tc cells are crucial to antiviral and antitumor responses66.






T helper cells


CD4+ Th cells recognize “their” antigenic peptides in association with MHC class II molecules. Based primarily on differences in their cytokine secretion patterns, several types of Th cells have been described67. Naive precursor Th cells only produce IL-2. Subsequently, preactivated precursor cells, called Th0, can release a wide variety of cytokines (e.g. IL-2, IFN-γ, TNF-β, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, GM-CSF, TNF-α). As they develop into Th1, Th2 or Th17 cells, the cytokine secretion pattern becomes more restricted and specific (see below), leading to generation of different responses. The recently described Th22 cells may represent a separate type. Morphologically, the cells in the various Th subsets are almost indistinguishable, although surface differences (especially in chemokine receptors) have been described68.


Th1 cells: Typical Th1 cytokines are IFN-γ, TNF-β, and IL-2. Production of IL-2 by Th1 cells induces proliferation of CD4+ cells in an autocrine manner and affects the cytokine differentiation pattern; however, it also stimulates CD8+ T-cell division and cytotoxicity, thereby providing “help” for CD8+ Tc cells.


The major Th1-derived cytokine is IFN-γ, which activates macrophages to kill intracellular pathogens (e.g. mycobacteria, fungi, protozoa) and stimulates NK-cell cytotoxicity. Therefore, Th1 cytokines preferentially induce a cell-mediated inflammatory response, such as the granulomatous lesions of tuberculosis or leprosy. Macrophages stimulated by IFN-γ release huge amounts of IL-12, the major cytokine that drives Th0 cells towards a Th1 phenotype (Fig. 4.10)69. The second most important cytokine in promoting Th1 differentiation is IFN-α.
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Fig. 4.10 Development of murine Th1, Th2 and Th17 cells.


Th1, Th2 and Th17 cells differentiate under the influence of cytokines, which are secreted by various bystander cells and can act in a stimulatory (→) and inhibitory ([image: image]) fashion. The interaction of dendritic cells (DC) with naive CD4+ T cells in the various cytokine milieus induces certain transcription factors in the T cells (T-bet, STAT4, ROR-γt, STAT3, GATA3, STAT6), which direct differentiation. Th1 cells are crucial for T-cell-mediated immunity, Th2 cells support the development of humoral immunity, and Th17 cells are involved in chronic inflammatory and autoimmune reactions. Eo, eosinophil; IL, interleukin; IFN-γ, interferon-γ; MC, mast cell; Mph, macrophage; NK, natural killer cell; PC, plasma cell; ROR-γt, retinoid acid receptor-related orphan receptor-γt; STAT3/4/6, signal transducer and activator of transcription 3/4/6; TGF-β, transforming growth factor-β.


Adapted from Miossec P, et al. Interleukin-17 and type 17 helper T cells. N Engl J Med. 2009;361:888–98.





A Th1 response is crucial for the host to control the replication of intracellular pathogens. In addition, Th1 cells promote the isotype switch of B cells to produce complement-binding antibodies. Augmenting the antitumor response of Th1 cells represents a potential target of cancer immunotherapy. On the other hand, Th1 cells contribute to the pathogenesis of autoimmune diseases such as rheumatoid arthritis, multiple sclerosis, allergic contact dermatitis and, perhaps, psoriasis.


Th2 cells: Th2 cells produce primarily IL-4, IL-5, IL-6 and IL-10. These cytokines favor production of non-complement-binding antibodies. IL-4 switches B cells to produce IgE, and IL-5 promotes the growth of eosinophils. Therefore, Th2 responses are often associated with allergic diseases. Comparable to the role of IL-12 in inducing Th1 responses, IL-4 is the key cytokine in driving Th2 responses. In addition, IL-4 suppresses Th1 and Th17 differentiation (see Fig. 4.10). However, IL-4 seems to exert opposing effects on CD4+ T cells and DCs, since it can stimulate DCs to produce IL-12 and thus paradoxically promote Th1 development70. IL-10, another characteristic Th2 cytokine, also inhibits the development of a Th1 response.


Immune responses generally tend to drift into a Th1, Th2 or Th17 (see below) pattern. The Th1/Th2 decision is crucial for effective immunity and thus is regulated by a variety of factors71. The cytokine profile and balance induced by the antigen is critical. For example, IL-12 is a potent priming stimulus for CD4+ T cells to produce IFN-γ and, thus, for Th1 cellular differentiation72. Many TLR signals and infections are strong inducers of IL-12 and therefore favor a Th1 response. Other TLR signals to DCs and early production of IL-4 favor the generation of Th2 cells. Additional factors that influence the Th1/Th2 decision include the dose of the antigen, the APCs involved32, the cytokines secreted (by APCs and bystander cells), the genetic background of the host, and the presence of costimulatory molecules. Of note, many immune responses are not strongly polarized in the Th1 or Th2 direction.


Th1 and Th2 responses differ greatly in their protective roles, and the same applies with regard to their contribution to immunopathology. Acute allograft rejection, allergic contact dermatitis and multiple sclerosis are characterized by dominant Th1 responses, and Th1 clones have been isolated from patients suffering from these diseases. On the other hand, T-cell clones isolated from patients suffering from atopic dermatitis or systemic lupus erythematosus typically exhibit a Th2 profile.


Th3 cells: Th3 cells are a poorly characterized type of CD4+ Th cell that primarily secretes TGF-β, provides help for IgA production, and has suppressive properties against both Th1 and Th2 cells73.


Th17 cells: CD4+ T cells that produce IL-17, but neither IFN-γ nor IL-4 (and therefore do not fit into the Th1–Th2 spectrum), are referred to as Th17 cells74. Besides IL-17A, these cells also secrete IL-17F, IL-21 and IL-22. Whereas the heterodimeric cytokine IL-12 (consisting of a p35 chain and a p40 chain) is crucially involved in the development of Th1 cells, the IL-12-related cytokine IL-23 (consisting of a p19 chain and the same p40 chain) is essential for the generation of Th17 cells. Naive T cells do not express the IL-23 receptor. In mice, a combination of TGF-β and IL-6 induces expression of the transcription factor retinoid acid receptor-related orphan receptor-γt (ROR-γt), which stimulates transcription of the IL-17 gene and expression of the IL-23 receptor (see Fig. 4.10). Of note, in the absence of IL-6, TGF-β drives naive T cells into the regulatory phenotype by inducing the transcription factor forkhead box P3 (FoxP3; see below). IL-6 and IL-23 enhance the expression of IL-17 and IL-22 and suppress production of IL-10 and IFN-γ, thereby stabilizing the Th17 phenotype. IL-21 is also produced in large amounts by mature Th17 cells and amplifies Th17-cell differentiation74. In human T cells, combinations of TGF-β plus IL-21, TGF-β plus IL-6 and IL-23, or IL-6 plus IL-21 appear to be involved in the differentiation of Th17 cells by inducing the expression of ROR-c, the human analogue of murine ROR-γt.


Th17 cells are rapidly induced in response to infectious agents – in particular, bacteria and fungi. Patients with a defective Th17 response due to mutations in the gene encoding signal transducer and activator of transcription 3 (STAT3), another transcription factor involved in Th17 cell development (see Fig. 4.10), have hyperimmunoglobulin E (hyper-IgE) syndrome and suffer from recurrent Candida albicans and Staphylococcus aureus infections of the skin and lung (see Ch. 60)75. Th17 responses have important roles in chronic inflammation and in mediating autoimmune reactions. There is evidence that Th17 cells are involved in rheumatoid arthritis, psoriasis, multiple sclerosis and inflammatory bowel diseases74. Genetic studies have linked variants of the IL-23 and IL-23 receptor genes to susceptibility for psoriasis and psoriatic arthritis76. Since IL-23 enhances IL-17 production, inhibition of IL-23 is a target for therapeutic intervention. Indeed, a monoclonal antibody (ustekinumab) directed against the common p40 chain, thereby blocking signaling by both IL-12 and IL-23, represents an effective treatment for psoriasis77. Since IL-23 appears to be a more potent driving force in autoimmune reactions than IL-12, blocking IL-23 signaling by targeting the p19 chain represents another promising therapeutic strategy.


Th22 cells: Recently, a subset of human CD4+ Th cells characterized by the secretion of IL-22 and TNF-α (in the absence of IFN-γ, IL-4 or IL-17) was identified, and they have been referred to as Th22 cells78. These cells infiltrate the epidermis in inflammatory skin disorders including psoriasis. They express proteins involved in tissue remodeling (e.g. fibroblast growth factors) and chemokines involved in angiogenesis and fibrosis.









Cytotoxic T cells


Cytotoxic T (Tc) cells are CD8+, recognize “their” antigenic peptides in association with MHC class I molecules, and can directly lyse their targets (e.g. virally infected or tumor cells). For example, virally infected cells present peptides derived from intracellular viral proteins on MHC class I molecules, and Tc cells that recognize this viral peptide–MHC complex are stimulated to kill the infected cell. Tc cells have at least three different pathways of killing79, two of which involve direct contact with the target cell. In one method, Tc cells insert perforins into the membrane of the target cell; this creates pores in the membrane, through which granzymes are released from the Tc cell into the target cell. Granzymes then activate caspases, proteolytic enzymes that induce apoptosis in the target cell. In a second mechanism, Tc cells activate the death receptor Fas (CD95) on the target cell by expressing the cognate death ligand FasL (CD95L). The activated Fas also triggers apoptosis in the target cell. The third pathway is mediated by cytokines, including TNF-α and IFN-γ, which are released as long as TCR stimulation continues. These mediators can affect distant cells as well as the target cell79.


Naive CD8+ T cells (Tc0 cells) can develop into Tc1 and Tc2 cells80. Comparable to Th1 and Th2 cells, Tc1 and Tc2 cells are differentiated based on their different cytokine secretion patterns. However, their functional roles still remain to be determined. Even though there is evidence that some CD8+ T cells exhibit suppressor functions81, most CD8+ T cells develop a cytotoxic phenotype.









Regulatory T cells


More than three decades ago, it was postulated that a subpopulation of T cells could suppress immune responses. Consequently, these cells were designated as T suppressor cells. The most convincing evidence for their existence was provided by adoptive transfer experiments in which suppression could be transferred in an antigen-specific manner. However, the phenotype of these hypothetical cells and the molecular mechanisms underlying suppressive phenomena were poorly characterized. Consequently, the term “T suppressor cells” was almost banned and the entire concept of suppression drawn into question. Passive mechanisms such as clonal deletion, clonal anergy and immunologic ignorance were evoked to explain immunologic unresponsiveness and peripheral tolerance82.


Nevertheless, the concept of T suppressor cells was persistently pursued in the field of photoimmunology. Application of contact allergens onto the skin of mice exposed to UV radiation not only resulted in a failure of sensitization but also actually induced antigen-specific tolerance, since at a later time these animals could not be resensitized to the same allergen37 (see Ch. 86). Adoptive transfer of splenocytes from animals tolerized in such a manner rendered naive recipients unresponsive to the specific allergen. Depending on the model used (local or systemic immunosuppression, type of allergen, UV dose), different subtypes of T cells appeared to be responsible for the transfer of suppression83. Due to the lack of specific surface markers, to date these cells have not been isolated or cloned; nevertheless, the adoptive transfer experiments clearly indicated that active suppression exists.


Interest in the entire field was rekindled by the observation that chronic activation of both human and murine CD4+ T cells in the presence of IL-10 induced CD4+ T-cell clones with a low proliferative capacity that produced high levels of IL-10, low levels of IL-2, and no IL-484. These antigen-specific T-cell clones suppressed the proliferation of CD4+ T cells in response to antigen and prevented T-cell-mediated colitis in SCID mice. This CD4+ T-cell subset was designated T regulatory cells 1 (Tr1).


Another subset of CD4+ regulatory T cells (Tregs) is characterized by the constitutive expression of the α-chain of the IL-2 receptor (CD25). Some CD4+CD25+ Tregs are generated in the thymus and become activated upon re-encountering their antigen in the periphery. Thymectomized mice that do not develop CD4+CD25+ T cells develop autoimmune diseases85. In turn, reinjection of such cells prevents the development of the autoimmune phenomena, indicating that the CD4+CD25+ cells prevent autoimmunity and thus can act in a suppressive fashion. FoxP3, a transcription factor whose inherited dysfunction leads to an autoimmune and inflammatory syndrome in humans (IPEX: immune dysregulation, polyendocrinopathy, enteropathy, X-linked) and mice (Scurfy strain), is specifically expressed in naturally arising CD4+CD25+ Tregs86. Retroviral gene transfer of Foxp3 converts naive T cells toward a Treg phenotype. Thus, Foxp3 is a key regulatory gene in the development of Tregs.


Natural Tregs (nTregs) are produced in the thymus as a functionally mature subpopulation of T cells87. These CD4+CD25+ T cells constitute approximately 10% of all murine peripheral CD4+ T cells. However induced Tregs (iTregs) can also develop from naive T cells in the periphery through several mechanisms (Fig. 4.11). Immature DCs appear to be involved in the generation of human iTregs. Upon repeated stimulation by immature DCs, allogeneic CD4+ T cells have been shown to express the negative regulatory molecule CTLA-4; lose their capacity to produce IFN-γ, IL-2 or IL-4; and differentiate into non-proliferating, IL-10-producing T cells36. In co-culture experiments, these T cells inhibited the antigen-driven proliferation of Th1 cells in a cell contact-dependent manner. The same may apply for damaged APCs, since the migration of UV-damaged LCs is required for the generation of Tregs by UV radiation88.
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Fig. 4.11 Development and function of regulatory T cells.


Natural regulatory T cells (nTregs), which express CD4, CD25 and FoxP3, develop from CD4+CD8− T cells in the thymus. In the periphery, naive conventional CD4+ T cells (in the presence of interleukin [IL]-10 and/or transforming growth factor-β [TGF-β]) can develop into FoxP3− regulatory type 1 cells (Tr1) or induced regulatory T cells (iTreg) that express CD24, CD25 and FoxP3. Tregs exert their inhibitory functions in several ways. They release inhibitory cytokines (e.g. IL-10, IL-35, TGF-β), induce apoptosis of their target effector T cells via release of granzymes and perforin, and interfere with metabolic functions of their target T cells. The latter can be accomplished by: (1) IL-2 deprivation, which triggers apoptosis; (2) transferring cAMP, which inhibits proliferation and IL-2 production, into target cells; and (3) increasing pericellular levels of cytotoxic adenosine via conversion of ATP to adenosine by CD39 and CD73, two ectonucleotidases expressed on the surface of Tregs. Tregs also modulate dendritic cell (DC) maturation and function via interaction of cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) and lymphocyte-activation gene-3 (LAG-3) on Tregs with their ligands CD80/CD86 and MHC class II, respectively, on DCs and induction of the tryptophan-degrading enzyme indoleamine 2,3-dioxygenase [IDO] in DCs.


Adapted from Workman CJ, et al. The development and function of regulatory T cells. Cell Mol Life Sci. 2009;66:2603–22 and from Sakaguchi S, et al. Regulatory T cells and immune tolerance. Cell. 2008;133:775–87.





Together, these findings show that immature and mature DCs induce different types of T-cell responses: (1) mature, IL-12-producing DCs result in inflammatory Th1 cells; (2) less well-defined “DC2s” result in Th2 cells; and (3) immature or damaged DCs result in IL-10-producing iTregs. These observations provide evidence for constant control of peripheral tolerance to self-antigens89. In this scenario, immature DCs constantly take up proteins from normal cells as they undergo regular cell turnover. In the absence of inflammatory signals, DCs do not mature and therefore enter the regional lymph nodes in an immature stage. Self-antigens expressed on immature DCs lead to the development of Tregs, which then migrate to the respective organ where they exhibit suppressive effects. During an infection, immature DCs take up self-antigens but mature in the presence of TLR and inflammatory signals. In the regional lymph nodes, the mature DCs prime naive CD4+ or CD8+ T cells, which become effector T cells. These cells re-migrate to the initial site of inflammation, where they encounter the inhibitory effects of Tregs that are already present. This process normally prevents the development of autoimmunity under both normal and inflammatory conditions.


Tregs exert their suppressive functions in several ways87 (see Fig. 4.11). They release inhibitory cytokines (e.g. IL-10, IL-35, TGF-β) and can induce apoptosis of target effector T cells via perforin and granzymes. Tregs also interfere with metabolic functions in their target T cells by depriving them of IL-2 (which results in apoptosis), increasing their intracellular levels of cAMP (which inhibits T-cell proliferation and IL-2 production), and increasing pericellular levels of adenosine (which is cytotoxic). The latter is achieved by the conversion of ATP to adenosine via CD39 and CD73, two ectonucleotidases expressed on the Treg membrane. Furthermore, negative regulation of the maturation and function of APCs occurs through the interaction of CTLA-4 and lymphocyte-activation gene-3 (LAG-3) on Tregs with CD80/CD86 and MHC class II ligands, respectively, on APCs. Induction of the tryptophan-degrading enzyme indoleamine 2,3-dioxygenase (IDO) in DCs has been suggested as another mechanism by which Tregs exert suppression.









Natural killer T cells


NK T cells are a distinct subset of thymocytes and peripheral T cells that have characteristics of both T cells and NK cells90. They express the NK marker NK1.1 and an invariant TCR restricted to CD1d. NK T cells produce large amounts of various cytokines, including IFN-γ, IL-4 and IL-10. Since they are present at the early stages of ontogeny in the thymus, they are thought to be involved in the differentiation of various T-cell subsets, especially Th2 cells. They may also play a role in the control of autoimmunity, since NK T cells are numerically and functionally deficient in mice with autoimmune diseases. NK T cells also seem to contribute to UV-induced immunosuppression, and they down-regulate immune responses to UV-induced tumors91.









γ/δ T Cells


A small proportion of T cells carry a TCR composed of γ and δ (rather than α and β) protein chains. Under normal conditions, the great majority of T cells detected in the skin belong to the α/β type. However, in certain infectious diseases such as leprosy and leishmaniasis, γ/δ T cells can account for almost one-third of the T cells infiltrating the skin. The exact functional role of γ/δ T cells remains to be determined, but they may be involved in the recognition of non-peptide moieties expressed by microbial pathogens92.









Dendritic epidermal T cells


CD3+ lymphocytes found in murine epidermis are dendritic in shape and are therefore designated as dendritic epidermal T cells (DETCs)93. These murine DETCs express a γ/δ type of TCR with limited diversity. The same TCR configuration is detected in early thymocytes, giving rise to speculation that fetal thymocytes are the progenitors of DETCs. Alternatively, maturation could take place in the skin. Despite extensive studies, the functional role of DETCs could not be clarified completely. It was proposed that DETCs protect stressed keratinocytes and exhibit NK function, but also down-regulate T-cell responses. To date, a human equivalent of the rodent DETC has not been identified.












Lymphocyte recruitment


A major challenge for lymphocytes is to be at the right place at the right time to meet “their” antigen. Naive lymphocytes encounter their antigens for the first time in lymphoid organs, while memory cells have their encounters in the periphery. There is continuous recirculation of naive T cells between the blood and lymphoid organs94. Expression of the surface molecule L-selectin (CD62L) allows naive T cells to attach to and roll on the inner surface of the high endothelial venules, specialized postcapillary venules within the lymph nodes. The venules express a chemokine, called the secondary lymphoid-tissue chemokine (SLC/CCL21)95, which activates T cells via interaction with the chemokine receptor CCR7. Subsequently, T cells adhere tightly to the venules via interaction of endothelial intercellular adhesion molecule-1 (ICAM-1, CD54) with lymphocyte function antigen-1 (LFA-1, CD11a). Finally, T cells extravasate through the high endothelial venules into the lymph node and accumulate in the T-cell-rich areas. They can return into the bloodstream by leaving the lymph node via the efferent lymphatics. Since naive T cells lack the necessary expression of a specific combination of adhesion molecules and chemokine receptors, they cannot enter extranodal tissues from the blood, forcing them back into the lymph nodes.


Upon activation by APCs presenting specific antigenic peptides, T cells start to proliferate and begin to express activation molecules, thereby developing into memory T cells. During this process, they express new surface molecules that allow them to exit the blood vessels and enter extranodal tissues96. A hallmark of memory T cells is their ability to “remember” the anatomic location that the lymph node was draining. Due to the expression of specific adhesion molecules, they exhibit the capacity to migrate primarily into the sites where the antigen was first encountered by the host. Hence, lymph nodes draining different organs generate distinct, “tissue-specific” memory T cells. Approximately 10% to 20% of all memory T cells are skin-homing due to their expression of a glycoprotein called cutaneous lymphocyte antigen (CLA)65.


CLA is generated by modification of the pre-existing P-selectin glycoprotein ligand-1 (PSGL-1, CD162) by glycosylation enzymes97. Memory T cells entering the skin express CLA, whereas memory T cells found in other tissues are primarily CLA-negative. The function of CLA (recognized by the antibody HECA-452) is to allow the early tethering of T cells to the endothelium of cutaneous postcapillary venules. This step leads to the subsequent slowing, arrest and extravasation of the T cells. The endothelial ligand for CLA is E-selectin (CD62E), which is constitutively expressed at low levels on cutaneous microvessels. Its expression is strongly upregulated by inflammatory stimuli. Although interaction between CLA and E-selectin is an important initial step, it does not suffice for transmigration. Interactions of LFA-1 and the β-integrin very late antigen-4 (VLA-4) on T cells with ICAM-1 (CD54) and VCAM-1 (CD106), respectively, on endothelial cells produces the firm adhesion that is required for extravasation of T cells from the blood into the skin (see Ch. 102).












B Cells


The major task of B cells is the production of immunoglobulins (antibodies) that bind to specific antigens. Antibodies also interact with components of the innate immune system by preventing foreign organisms from adhering to mucosal surfaces, activating complement and opsonizing bacteria for phagocytosis. Immunoglobulins are secreted products of mature B cells. However, during early B-cell development, immunoglobulins function as antigen-specific B-cell receptors on the cell membrane, equivalent to the TCR on T cells. CD19, CD20 and CD22 are the main markers currently used to detect B cells. Activation of B cells results in cell division and maturation into plasma cells, which secrete the specific antibodies.






Immunoglobulins


Immunoglobulins consist of two identical heavy chains and two identical light chains, linked together by disulfide bonds98 (Fig. 4.12). The N-terminus of each chain contains a variable domain that binds the antigen through three hypervariable complementarity-determining regions (CDRs). The C-terminal domains of the heavy and light chains form the constant regions. Five classes of immunoglobulin (IgG, IgA, IgM, IgD and IgE) are defined by the amino acid sequences of the constant regions of the heavy chains, and the designation of κ or λ depends on the constant region of the light chain. The class/subclass and titer of the antibody that is formed depend on the physical and chemical properties of the antigen; the site, duration, repetition and amount of antigen exposure; and the individual’s propensity to recognize the antigen as foreign.
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Fig. 4.12 Structure of a prototype immunoglobulin.


The basic immunoglobulin structure consists of two identical light polypeptide chains and two identical heavy polypeptide chains, which are linked together by disulfide bonds. The antigen-binding site is at the N-terminal end.




Digestion of immunoglobulins with the enzyme papain yields an antigen-binding fragment termed Fab and a fragment that spontaneously crystallizes with time and thus is called the Fc portion. Immunoglobulins are divalent, since twice as many Fab fragments than Fc portions are obtained upon cleavage with papain. Digestion of immunoglobulins with pepsin provides Fab fragments that are disulfide bond-linked and thus called F(ab) fragments.


Through their CDRs, antibodies recognize the conformational structure of their epitopes. No antigen processing is required. As for the TCR, extensive gene rearrangement involving V, D and J regions allows the generation of a nearly infinite variety of immunoglobulins specific for any putative antigen56 (see T-cell receptor diversity above). An even greater repertoire of B-cell receptors than TCRs is produced, since further gene rearrangement of immunoglobulins occurs during B-cell division after antigen stimulation, a process called somatic hypermutation.


The ability to induce effector functions resides in the Fc portion of the heavy chain. The Fc portion of IgG contains domains called CH1, CH2 and CH3 for IgG. Complement activation is mediated via the CH2 domain, while binding to macrophages or monocytes is mediated via the CH3 domain. Binding of the Fc portion of IgG to phagocytic cells via their Fcγ receptors promotes phagocytosis of antibody–antigen complexes. Three receptors for human IgG exist. FcγRI (CD64) binds monomeric IgG with a high degree of affinity. FcγRII (CD32) is broadly distributed on cells and binds only complexed IgG with a low degree of affinity. FcγRIII (CD16) is expressed on macrophages, NK cells and some T cells, and it interacts with monomeric as well as complexed IgG. IgA binds only to the FcαR (CD89), while IgE can bind to three surface molecules: FcεRI, FcεRII (CD23) and the IgE-binding protein.






Immunoglobulin M


With a size of approximately 900 Da, IgM is the largest immunoglobulin. IgM molecules are pentamers that (in addition to light and heavy chains) contain one J chain. IgM is the major immunoglobulin produced in the primary immune response. Upon binding to its antigen, IgM induces agglutination and activates the classical complement pathway.









Immunoglobulin G


IgG is the most abundant immunoglobulin, accounting for approximately 75% of the total amount of serum immunoglobulin, and the major immunoglobulin of the secondary immune response. Four subclasses (IgG1, IgG2, IgG3, IgG4) are defined by the amino acid sequences of their constant region. They differ in their ability to activate complement. While IgG1 and IgG3 are potent activators of the classical complement pathway, IgG2 is less effective and IgG4 lacks such ability. In addition, IgG1 and IgG3 bind more avidly to mononuclear cells, i.e. they are more cytophilic. Most of the autoimmune dermatoses caused by autoantibodies are mediated by IgG, most often IgG4.









Immunoglobulin A


IgA is the predominant immunoglobulin present in mucosal surfaces, where it protects the host from invasion of microorganisms. IgA can activate the complement system via the alternative (but not the classical) pathway. Two subclasses of IgA exist, IgA1 and IgA2. IgA molecules can be joined by a J chain; this dimer form is mostly found in secretions, while in the serum, IgA circulates primarily as a monomer. IgA molecules can be involved in the pathogenesis of bullous autoimmune diseases.









Immunoglobulin E


IgE is the classic anaphylactic antibody that mediates most immediate allergic and anaphylactic reactions. Although in normal serum IgE is present in only very small amounts (10–70 microg/100 ml), just a few molecules appear to be required for sensitization. Mast cells and basophils express high-affinity receptors for the Fc portion of IgE (FcεRI). Antigens, anti-IgE antibodies or other substances that cross-link at least two IgE molecules bound on mast cells induce the release of mediators such as histamine, serotonin, leukotrienes and prostaglandins (see Ch. 18). The second IgE receptor, FcεRII (CD23), exhibits weaker binding affinity and is expressed on macrophages, eosinophils, platelets, and particular subtypes of T and B cells. Macrophages stimulated via activation of FcεRII exhibit increased phagocytic and cytotoxic activity; secrete prostaglandins, leukotrienes and lysosomal enzymes; and generate superoxides.


In the past, it was believed that mast cells and basophils were the only cells that express the high-affinity FcεRI receptor. However, it became clear that LCs30, dermal DCs and peripheral blood DCs as well as monocytes from atopic individuals can bind monomeric IgE via the high-affinity FcεRI99. FcεRI, both quantitatively and qualitatively, is the crucial serum IgE-binding structure on APCs of atopic individuals and functions as an allergen-focusing molecule. Allergens are more efficiently taken up, processed and presented to T cells following targeting to APCs via the FcεRI. Thus, FcεRI-IgE-dependent allergen presentation may lower the threshold to elicit allergen-specific T-cell responses in atopic individuals95. This may perpetuate allergen-specific IgE production and even modulate T-cell-mediated delayed-type hypersensitivity reactions in allergen-exposed tissues.









Immunoglobulin D


The function of IgD still remains mysterious. Recent evidence suggests that IgD participates in respiratory immune defense100. It binds to basophils and mast cells, stimulating their production of antimicrobial factors. IgD may also exert proinflammatory functions, as illustrated by the hyperimmunoglobulinemia D with periodic fever syndrome (HIDS; see Table 45.2).












B-cell activation


B cells can respond to some antigens in a T-cell-independent manner101. Such antigens have numerous repeating epitopes (mainly polysaccharides), which bind and cross-link multiple B-cell receptors and activate the B cells directly to secrete IgM. However, this response is limited to IgM and is of short duration and poor specificity due to the lack of germinal center formation, affinity maturation, Ig class switching and memory.


Most B-cell responses are activated in a T-cell-dependent manner. Upon recognition by the specific IgM on the B-cell surface, the antigen is internalized, processed, and re-expressed within the MHC class II molecule on the surface. As a result, the B cell can present the antigen to a specific T cell. Primed Th cells, in turn, secrete cytokines (IL-2, IL-4, IL-5, IL-6, IFN-γ) that function as B-cell growth factors, inducing proliferation, isotype switch and maturation to plasma cells. Activation of CD40 (which is expressed on B cells) by CD40 ligand (CD154) expressed on T cells is needed for isotype switching from the initial IgM to an IgG response (Fig. 4.13). Once the switch from IgM to another isotype has occurred, some of the activated cells become long-lived memory cells that can rapidly produce antibodies upon re-challenge with the same antigen. Mutations in the genes encoding CD40 ligand and CD40 are associated with forms of primary immunodeficiency known as hyper-IgM syndromes, which are characterized by low or undetectable levels of IgG, IgA and IgE but elevated levels of IgM (see Ch. 60).
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Fig. 4.13 T-cell-dependent B-cell activation.


B cells present the antigen in association with MHC II molecules to CD4+ T cells. This results in the upregulation of CD154/CD40 ligand which interacts with CD40 expressed on B cells. CD40–CD40 ligand interaction causes isotype switching of immunoglobulins and upregulation of CD80/86 which interacts with CD28 expressed on T cells. This results in further activation of T cells. Ag, antigen; CD40L, CD40 ligand; Ig, immunoglobulin; MHC II, major histocompatibility complex II.




Upon subsequent antigen exposure, B cells become activated by follicular DCs, which are located in the germinal centers of the lymph nodes. Follicular DCs bear Fc and complement receptors and bind immune complexes. In contrast to “conventional” DCs, follicular DCs do not endocytose and process antigens. Instead, they trap antigen–antibody complexes and provide intact antigen for interaction with the B-cell receptor. This interaction stimulates B-cell activation and differentiation. In addition, follicular DCs form immune complex-coated bodies (iccosomes) that are taken up by B cells. Upon processing, B cells present this follicular DC-derived antigen to T cells and thus may obtain T-cell assistance102.












Allergic Contact Hypersensitivity


Allergic contact hypersensitivity (CHS) is highly relevant for dermatologists, since it is the pathogenic basis for allergic contact dermatitis, a frequent inflammatory dermatosis. In addition, important basic immunologic discoveries have been made utilizing the model of CHS103.






Induction of CHS


Most contact allergens are low-molecular-weight chemicals that, after penetrating the skin, have to couple with host proteins to be able to act as full antigens. This process is called haptenization, and the low-molecular-weight allergens are referred to as haptens. Upon epicutaneous application of a hapten in a naive host, APCs in the skin take up the hapten, migrate to the regional lymph nodes and present it to naive T cells (Fig. 4.14). Although this was previously thought to be done only by LCs, it has been established that other cutaneous APCs (e.g. dermal DCs) can present antigens, and the role of LCs as the primary APC in the skin is currently under debate (see Antigen presentation above).
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Fig. 4.14 Induction of contact hypersensitivity.


Application of contact allergens (Ag) induces the release of cytokines by keratinocytes (KCs), Langerhans cells (LCs) and other cells within the skin. These cytokines in turn activate LCs and/or dermal dendritic cells (dDCs), which uptake the antigen and emigrate into the regional lymph nodes. During this process, they develop into mature antigen-presenting cells. In addition, the antigen is processed, re-expressed on the surface, and, finally, presented to naive T cells in the regional lymph node. Upon antigen presentation, T cells bearing the appropriate T-cell receptor clonally expand and become effector T cells. These alter their migratory behavior due to the expression of specific surface molecules like cutaneous lymphocyte antigen (CLA). Effector T cells recirculate into the periphery, where they may later meet the antigen again.




During the emigration from the skin, APCs convert from a “resting” into an “activated” functional state. This process is initiated by keratinocytes, which secrete inflammatory cytokines as a result of hapten application; triggering of TLRs and direct effects of haptens on the APCs may also be involved. APC activation is associated with induction of cytokine secretion (e.g. IL-1β, IL-6, IL-12, chemokines); enhanced cell surface molecule expression (e.g. MHC class I and II molecules, adhesion molecules, costimulatory molecules); and altered antigen uptake, processing and presenting capacity103.


Activation and induction of emigration of APCs seems to be dependent on the capacity of haptens to stimulate elaboration of IL-1β by APCs. IL-1β secretion can be immediately induced by epicutaneous hapten application and appears to be specific for haptens, since it is not observed with irritants or tolerogens. In addition, other cytokines, including chemokines, TNF-α and GM-CSF, may also contribute to APC activation and migration. Hence, the hapten itself, through its capacity to provoke a specific cytokine pattern, seems to be the initial trigger that activates APCs and induces sensitization (see Fig. 4.14).


Presentation of the hapten by APCs in the regional lymph nodes causes activation of naive T cells carrying the appropriate TCR and results in the generation of effector cells. In contrast to other types of delayed-type hypersensitivity responses, which are mediated by CD4+ T cells, most haptens induce a T-cell response of predominantly CD8+ effector T cells103. In addition, Treg populations that inhibit the CHS response are induced. The balance between effector T cells and Tregs seems to depend on the dose of the antigen applied, since application of extremely low doses of the hapten does not result in sensitization, but rather in tolerance81.









Elicitation of CHS


T cells that have been primed in the draining cutaneous lymph nodes express the skin-homing marker CLA and thereby exhibit the capacity to enter the skin65. These T cells become activated when they encounter their relevant hapten presented by APCs within the skin. However, in contrast to the sensitization phase, antigen presentation can now be effectively performed by other cells (including keratinocytes, dermal mast cells and macrophages) that are capable of presenting antigen at least in a MHC class I-restricted fashion103. Alternatively, inflammatory cells that infiltrate the site of hapten application very early during the response may function as APCs.


The earliest histopathologic findings during a CHS response are mast cell degranulation, vasodilation and an influx of neutrophils, which is followed by infiltration of monocytes and T cells (Fig. 4.15). However, the pathophysiologic events that result in allergic contact dermatitis are clearly T-cell-dependent, since T-cell-deficient mice are unable to mount a CHS response. Furthermore, low doses of hapten that are sufficient to stimulate hapten-specific T cells are insufficient to elicit a CHS response. This indicates that the elicitation of a CHS response requires, in addition to hapten-specific recognition, a proinflammatory stimulus that can be provided in a dose-dependent manner by the hapten itself104.
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Fig. 4.15 Elicitation of contact hypersensitivity.


Application of contact allergens (Ag) into a sensitized individual causes the release of cytokines by keratinocytes (KCs) and Langerhans cells (LCs). These cytokines induce the expression of adhesion molecules and activation of endothelial cells, which ultimately attracts leukocytes to the site of antigen application. Among these cells, T effector cells are present, which are now activated upon antigen presentation either by LCs, dermal dendritic cells (dDCs) or infiltrating macrophages (Mphs). Antigen-specific T-cell activation again induces the release of cytokines by T cells. This causes the attraction of other inflammatory cells, including granulocytes and macrophages, which ultimately cause the clinical manifestation of contact dermatitis. CLA, cutaneous lymphocyte antigen.














The Role of Keratinocytes in Skin Immune Responses


Keratinocytes are also vital contributors to the generation of a cutaneous immune response. Due to their close physical proximity, keratinocytes can affect LCs by the expression of specific surface molecules. In addition, keratinocytes are able to provide signals to LCs and other APCs in a contact-independent manner via the release of soluble mediators, particularly cytokines, eicosanoids and neurohormones.






Secretory capacity of keratinocytes


For decades, keratinocytes were regarded as primitive cells endowed only with the capacity to produce keratins and provide a mechanical barrier to the outside world. Therefore, it was quite surprising when it was discovered in the early 1980s that keratinocytes could secrete immunologic and inflammatory mediators. The first cytokine identified as being released from keratinocytes was IL-1. Subsequently, keratinocytes were shown to have the capacity to secrete a multitude of soluble mediators. These included pro- and anti-inflammatory, immunomodulatory and immunosuppressive cytokines105. The inflammatory mediators released by keratinocytes include IL-1, IL-6, TNF-α, IL-8 and other members of the chemokine family. Anti-inflammatory and immunosuppressive activity can be mediated by keratinocytes via the release of IL-10, the IL-1 receptor antagonist and TGF-β. Keratinocyte-derived immunomodulatory mediators also include IL-7, IL-12, IL-15, IL-18, IL-19, IL-20, IL-23, GM-CSF, G-CSF and M-CSF. Other cytokines are clearly not produced by keratinocytes, e.g. IL-2, IL-4 and IFN-γ.


Although some cytokines are produced in tiny quantities by keratinocytes, even low concentrations may exert an effect on the local microenvironment. Any perturbation of the skin can induce the release of mediators by the keratinocytes. For example, UV radiation is a potent inducer of cytokine production and release (see Ch. 86). Chemicals with the potential for inducing either irritant or allergic reactions also cause cytokine release from keratinocytes. In addition to cytokines, keratinocytes elaborate prostaglandins (PG) and leukotrienes. Leukotriene B4 is a potent neutrophil chemoattractant, and PGE2 possesses both inflammatory and immunosuppressive properties. For example, the erythema caused by UV radiation is partially mediated by PGE2. There is additional evidence that the skin, and especially keratinocytes, can function as a source of neuropeptides, particularly substance P and pro-opiomelanocortin (POMC)-derived peptides (e.g. α-melanocyte-stimulating hormone)105.









Keratinocytes as immune targets and initiators


In addition to the secretion of cytokines, keratinocytes express a variety of immunologically relevant surface molecules. Thus, keratinocytes function not only as effectors, but also as targets for immune reactions. Like other nucleated cells, keratinocytes express MHC class I molecules and therefore can be attacked by CD8+ Tc cells, particularly after viral infection. MHC class I-restricted T-cell-mediated cytolysis appears to be involved in CHS, lichen planus, fixed drug eruptions, cutaneous GVHD, and herpes simplex virus infections.


Although keratinocytes do not express MHC class II molecules under normal conditions, they can be induced to do so in inflammatory settings106. The major inducer of MHC class II expression on keratinocytes is IFN-γ. Accordingly, MHC class II expression by keratinocytes is frequently observed in association with pronounced lymphocytic infiltrates. Several studies have shown that MHC class II-bearing keratinocytes can induce proliferation of allogeneic CD4+ T-cell lines, but not of resting T cells. Nevertheless, it is important to note that despite their capacity to express MHC class II molecules, keratinocytes are not able to induce a primary T-cell response, a major difference from APCs.


On the other hand, upon overexpression of immunologically relevant molecules, keratinocytes may play a pathogenic role. Transgenic mice that overexpress IFN-γ (a cytokine not derived from keratinocytes) within the basal layer of the epidermis develop an autoimmune phenotype107. Autoimmunity is also induced when LCs are constantly activated by keratinocytes through CD40/CD40L interactions. Transgenic mice overexpressing CD40L in the basal epidermis demonstrate a dramatic decrease in the number of LCs within the epidermis that may be due to emigration of CD40-activated LCs108. These mice suffer from chronic inflammation of the skin and, over time, develop systemic lupus-like features (e.g. lymphadenopathy, antinuclear antibodies, proteinuria). These models indicate that keratinocytes not only serve as targets of the immune system, but under certain conditions also directly modulate the initiation and course of immune responses.
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Key features







[image: image] Two subsets of pruritoceptive C neurons (responding to histamine and cowhage, respectively) have been identified, and these parallel pathways activate distinct spinothalamic tract neurons


[image: image] Itch mediators act both peripherally (e.g. histamine, proteases, interleukin-31) and centrally (e.g. opioids, gastrin-releasing peptide receptors) via several mechanisms
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Introduction


The skin is a sensory organ with a dense network of highly specialized afferent sensory nerves that convey sensations such as pain, itch, touch, temperature, vibration and pressure (Table 5.1); efferent autonomic nerve branches are also present. Neuropeptides such as nerve growth factor (NGF) and substance P are secreted from nerve fibers, with multiple effects that include immune modulation. Itch (pruritus) is the dominant symptom of many cutaneous diseases. Almost all inflammatory skin disorders can result in pruritus, which is often perceived by the patient as the most unendurable symptom of his or her condition. Pruritus can also occur in association with systemic disease (e.g. renal failure or cholestasis; see Ch. 6), psychiatric conditions (see Ch. 7) and damage to nerve fibers1,2. Itch is a multidimensional phenomenon with sensory discriminative, cognitive, evaluative and motivational components. In most instances, itch results from interactions that involve the brain–skin axis.




Table 5.1 Primary afferent neurons that innervate the skin.


[image: image]




Pruritus has many similarities to pain. Both are unpleasant sensory experiences that can impair quality of life in affected individuals. However, the behavioral reaction patterns differ – pain elicits a reflex withdrawal, whereas itch leads to a scratching response. Despite being an extremely common complaint3 and a sensation so rudimentary that almost every two- or four-footed creature experiences it, medical science is still struggling to understand the mechanisms of itch and how it can be inhibited.


The connection between itch and scratching is so close that in some languages the same word refers to both itch and scratch. Itch is restricted to the skin, tracheal mucous membrane and several mucocutaneous junctions (e.g. conjunctivae). Interestingly, the nerves in the deeper layer of the reticular dermis and subcutaneous fat do not transmit itch.









Pruritus pathways


Significant advances in our understanding of itch neurophysiology have been achieved in the past decade. Examples include identification of specific nerve fibers that transmit itch peripherally and centrally, as well as the discovery of new itch mediators4. While the concept of pruritus as a sensory modality entirely separate from pain was not generally appreciated until the mid-twentieth century, studies have clearly identified individual histamine-sensitive and non-histaminergic C nerve fibers that transmit itch5,6. C nerve fibers that transmit itch have exceptionally slow conduction velocities (2–8 cm/second), innervate unusually wide territories, and represent ≤5% of the total C fibers.


Histamine-sensitive C fibers are sensitive to thermal as well as pruritogenic stimuli but not to mechanical stimuli; in contrast, the vast majority of C fibers are sensitive to mechanical and heat stimuli but are entirely insensitive to histamine7. The co-responsiveness of itch-transmitting C neurons to temperature changes is clinically relevant, as raising the temperature of the skin lowers the threshold of these receptors to pruritogenic stimuli8; this provides an explanation for aggravation of pruritus in a warm environment. However, the fact that oral antihistamines are ineffective in the treatment of most types of pruritus suggests that other fibers have important roles in the sensation of itch9.


Indeed, a distinct parallel pathway of non-histaminergic C nerve fibers that transmit itch was recently discovered in the peripheral nervous system of humans and the spinothalamic tract of primates10,11. These fibers are activated by spicules of the ubiquitous tropical legume cowhage (Mucuna pruriens), which is known to induce an intense sensation of itch when rubbed, inserted or injected into the skin, without producing a histaminergic axon reflex12. The mechanism by which cowhage induces itch involves the release of a protease (mucunain; contained within the spicules) that activates proteinase-activated receptor (PAR)-2 and PAR-413. Cowhage-sensitive fibers are not itch-specific, transmitting a burning sensation together with itch and also sensitive to mechanical and other stimuli. PAR-2 receptors have a major role in mediating itch in patients with atopic dermatitis14 (see Ch. 12), explaining the hypersensitivity to mechanical stimuli (e.g. contact with wool) in these individuals. The non-histaminergic, polymodal C nerve fibers stimulated by mucunain may also have clinical relevance in chronic itch.


Gastrin-releasing peptide receptor (GRPR)-positive neurons that transmit itch but not pain are found in the spinal cord of mice; their role in itch pathophysiology in humans remains to be determined15,16. Toll-like receptor 7 (TLR-7) was recently found to be expressed in C fibers and to have a role in itch (especially that elicited by non-histaminergic pruritogens) but not pain sensations in mice17.


Another important observation is that the perceived sensation of pruritus can vary greatly in quality18-22. Patients may describe burning, pricking, “insects crawling” on the skin, or even a tickle, but the neurophysiologic and psychologic correlates of these qualitative differences have not yet been elucidated. Recent information obtained from itch questionnaires has enabled a better understanding of the different characteristics of itch and awaits translation into biologic explanations.






Central Pathways to Higher Nervous System Centers


In the spinal cord, nociceptor C neurons synapse with secondary transmission neurons in the gray matter of the dorsal horn (Fig. 5.1). These neurons then cross over and ascend in the lateral spinothalamic tract to the thalamus. Studies using microneurography identified a subclass of lamina I spinothalamic tract neurons that are excited by iontophoretically administered histamine23. Later studies have found that these nerve fibers are also able to transmit pain upon stimulation by capsaicin and bradykinin7. Neurophysiology experiments in primates have discovered that cowhage-induced itch stimulates a distinct population of spinothalamic tract neurons that are not involved in the transmission of histamine-mediated itch11.





[image: image]

Fig. 5.1 Neuroanatomy of itch.


Itch and pain transmission occur via unmyelinated C nerve fibers that excite lamina I neurons in the dorsal horn of the spinal cord. Two subsets of pruritoceptive C-fiber neurons (which respond to histamine and cowhage, respectively) are conducted through distinct lateral spinothalamic pathways, with projections to the thalamus. Processing of itch through either pathway activates several regions of the brain, which are similar to those involved in pain (see Table 5.4). Concomitant painful stimuli can reduce the sensation of itch, possibly by a descending inhibitory mechanism resulting from activation of the periaqueductal gray matter. In mice, gastrin-releasing peptide receptor-positive neurons transmit itch (but not pain) within the spinal cord; the role of such neurons in humans remains to be determined.


Adapted from Yosipovitch G. Pruritus: an update. Curr Probl Dermatol. 2003;15:137–64.





Much of our current understanding of supraspinal processing of itch and the corresponding scratch response is derived from studies in human subjects utilizing positron emission tomography (PET) and functional MRI during stimulation with histamine and (more recently) cowhage24-28. In healthy individuals, induction of itch in this manner can elicit co-activation of the anterior and posterior cingulate cortex, precuneus, somatosensory areas I and II, supramarginal gyrus, inferior parietal lobe and insula-claustrum complex28. In one study, atopic dermatitis patients exhibited significantly more activation of the posterior cingulate cortex and precuneus (a cortical area involved in integrative tasks such as visuospatial imagery, episodic memory retrieval and self-awareness) than did healthy controls29. This highlights the emotional and affective processing of itch experience in atopic individuals, in whom the degree of brain activation correlated with itch intensity and the severity of the atopic disease29. In healthy subjects, scratching has been found to inhibit the activation of the cingulate cortex and to activate the prefrontal cortex and cerebellum. The cerebellum may have a role in coordination of the itch–scratch cycle30,31. Scratching inhibits histamine-evoked activity of spinothalamic neurons in primates, but not spontaneous activity or that stimulated by pain32.


Activation of multiple brain areas suggests a lack of a single “itch center”, emphasizing the multidimensionality of the itch sensation. Pain demonstrates a similar pattern of brain activation involving many of the same cortical regions33.


Seeing other people scratching can induce sensations of itch and an urge to scratch34. However, the central nervous mechanisms of this transmission, which appear to be beyond conscious control, are poorly understood. Psychophysical studies have shown that the perception of itch intensifies in atopic dermatitis patients when they are exposed to visual cues of itch, which also trigger a scratching response34. More studies are needed to verify the working hypothesis that itch “contagion” involves processing in associative cortical networks such as “mirror neurons” of the prefrontal cortex.









Pruritus Receptor Units


Removal of the epidermis abolishes the perception of itch, suggesting that pruritus receptor units (which have yet to be identified) are located predominantly within this layer. Light microscopic and ultrastructural studies of human skin have shown the existence of intraepidermal nerve fibers with “free” non-specialized nerve endings extending to the stratum granulosum35. Recent studies have identified a subclass of C nerve fibers in the epidermis that express MAS-related G protein-coupled receptors (MRGPRs) and are involved in chloroquine-induced pruritus36. The cell bodies of these neurons (located in the dorsal root ganglia) also express gastrin-related peptide (GRP), which binds the GRPRs that are known to relay itch-specific information in the spinal cords of mice15 (see above).


Keratinocytes express a variety of neural mediators and receptors that appear to be involved in the sensation of itch (see Table 5.2). These include opioids, proteases, substance P, NGF and neurotrophin 4 as well as their respective receptors, including µ- and κ-opioid receptors, PAR-2, neurotrophic tyrosine kinase receptor type 1 (NTRK1 [TRKA]), and transient receptor potential vanilloid ion channels (particularly TRPV1 and TRPV3). Keratinocytes also have ATP voltage-gated ion channels and adenosine receptor ligands similar to those observed in C nerve fibers involved in pain transmission. These structural similarities to nerve fibers suggest that keratinocytes may be involved in the transduction and generation of itch. PAR-2 receptors are thought to be involved in the itch of atopic dermatitis and mediate cowhage-induced itch (see above). Cathepsin S, an endogenous protease, also induces itch via PAR-2 and PAR-4 receptors37.


Table 5.2 Major mediators of pruritus: relative potencies with regard to pruritus and pain. +/−, little or no activity; +, weak activity; ++, moderately active; +++, highly active; −, no activity.






	MAJOR MEDIATORS OF PRURITUS: RELATIVE POTENCIES WITH REGARD TO PRURITUS AND PAIN






	Mediator

	Pruritus

	Pain






	Primary mediators






	Histamine

	+++*


	+*







	Tryptase

	+++

	+






	Cathepsin S

	+++

	?






	Interleukin-31

	+++

	?






	Secondary mediators






	Prostaglandin E1,2


	+†


	+






	Substance P‡


	+

	+






	µ-Opioid receptor agonists

	++

	−






	Nerve growth factor

	+

	+






	Interleukin-2

	+++

	+/−







* Superficial (intraepidermal) injection of histamine causes pruritus; deep dermal injection causes pain.


† Lowers threshold to pruritus induced by other mediators.


‡ Actions partly due to histamine release from mast cells.












Mediators of pruritus


Various mediators that act centrally and/or peripherally are involved in pruritus, including histamine, proteases, substance P, opiates, NGF and prostaglandins. In inflammatory skin diseases such as urticaria, proinflammatory mediators produce pruritus and also cause other signs of inflammation (e.g. erythema due to vasodilation, increased vascular permeability). The relative potencies of the major mediators with regard to these responses (including pruritus) are listed in Table 5.2. Some of these mediators cause pruritus indirectly by evoking release of histamine and other mediators (e.g. substance P and several opioid peptides) from mast cells or by potentiating the actions of other mediators (e.g. prostaglandins E1 and E2).






Histamine


Histamine is the archetypal mediator of signs and symptoms of inflammation, including pruritus. In the skin, histamine is contained primarily within the granules of dermal mast cells. Histamine can be released from mast cells upon activation of a range of receptors, including the high-affinity IgE receptor (FcεRI), the KIT receptor for stem cell factor, receptors for neuropeptides (e.g. substance P, NGF) and complement C5a. In IgE-mediated acute urticaria, histamine is released when a specific antigen cross-links adjacent FcεRIs via their α-chains. In autoimmune chronic urticaria, similar cross-linking occurs via functional circulating IgG or (less commonly) IgE autoantibodies that react with epitopes expressed on the α-chain of FcεRI38 (see Fig. 18.3). Histologically, dermal mast cells and unmyelinated neurons are closely juxtaposed (Fig. 5.2), raising the possibility of a close (“synapsis-like”) functional relationship between the immune and nervous systems.





[image: image]

Fig. 5.2 Typical cutaneous nerve and activation of C nerve fibers in itch transmission.


There are two categories of axons in a typical cutaneous nerve: primary afferent Aβ, Aδ and C fibers (cell bodies in dorsal root ganglion) and sympathetic postganglionic fibers (cell bodies in sympathetic ganglion). Separate C fibers (~5% of total) are known to carry pruritogenic stimuli via two pathways: (1) histamine-induced itch that is transmitted by mechanically insensitive, capsaicin-sensitive (via transient receptor potential vanilloid receptor 1 [TRPV1]) fibers; and (2) cowhage (mucunain)-induced itch accompanied by a burning sensation that is transmitted by polymodal fibers (sensitive to capsaicin, mechanical and other stimuli). A In primary (direct) activation of C fibers, the stimulus (e.g. impaired barrier function, environmental changes or inflammation) induces lower pH, potassium release, or synthesis of prostaglandins (the latter increasing sensitivity of C-fiber terminals to a number of substances). Environmental factors that increase (more likely to result in itch) or decrease (more likely to result in pain) stratum corneum pH can lead to C fiber activation. B In secondary activation, impulses generated in the stimulated terminal propagate not only to the spinal cord but also to other terminal branches (antidromic reflex arc), where they induce release of substance P. C Substance P primes mast cells via neurokinin-1 (NK1) receptors. Activated mast cells release histamine (H), which causes transmission of itch via H1 receptors on histamine-sensitive C fibers. Mast cells also secrete tumor necrosis factor (TNF)-α and tryptase upon stimulation by substance P and nerve growth factor (NGF), respectively. D TNF-α sensitizes C fibers. Tryptase cleaves the extracellular portion of proteinase-activated receptor-2 (PAR2) on C-fiber terminals, exposing a tethered ligand domain that binds and “self-activates” PAR2. This results in transmission of itch by the C fibers as well as release of additional substance P. E NGF released by mast cells and keratinocytes (with increased production stimulated by histamine) activates tropomyosin-related kinase receptor A (TRKA) on C fibers, mast cells and keratinocytes. This induces C-fiber sprouting, sensitization and increased substance P release; mast cell chemotaxis, survival and increased tryptase release; and epidermal hyperplasia. Of note, TRKA is also referred to as neurotrophic tyrosine kinase receptor type 1 (NTRK1). F The TRPV1 ion channel on C fibers, keratinocytes and mast cells is activated by capsaicin, heat, low pH, eicosanoids and neurotrophins; although this initially stimulates transmission of itch and release of pruritogenic mediators, it may eventually lead to desensitization, neuropeptide depletion and attenuation of itch. The transmission of histamine-induced itch requires the presence of TRPV1. G Cowhage-induced itch occurs through the release of mucunain, a protease that activates PAR2 and PAR4 receptors (the latter not yet identified in the skin); these receptors can also be activated by endogenous proteases such as cathepsin S. Activation of PAR2/4 sensitizes TRPV1 and TRP ankyrin 1 (TRPA1) channels, resulting in cross-talk and itch transmission. H C nerve fibers (including those responsive to histamine) in the epidermis also express MAS-related G protein-coupled receptors (MRGPRs), which are stimulated by chloroquine or bovine adrenal medulla 8-22 peptide (BAM8-22; a proteolytically cleaved product of proenkephalin A). TRPA1 is required for transduction of itch by MRGPRs.




Histamine’s pruritic action can be potentiated by prostaglandin E1 and E2. Evidence for histamine as the main mediator of pruritus is limited to a few skin diseases, including acute and chronic urticaria and mastocytosis (e.g. urticaria pigmentosa). H1 antihistamines are usually effective in these disorders.


Recognition of the histamine H4 receptor has expanded our understanding of the physiologic actions of histamine. The H4 receptor is expressed by neurons and bone marrow-derived cells (e.g. eosinophils, mast cells, dendritic cells, monocytes, CD8+ T cells). It mediates chemotaxis in the latter group and is thought to have a role in the inflammation and pruritus of atopic dermatitis. H4 antagonists are under development and have been shown to alleviate experimental pruritus. In animals models of itch, the effects of H4 antagonists are synergistic with those of centrally acting H1 antihistamines (e.g. diphenhydramine)39,40.









Gastrin-Releasing Peptide


As noted above, itch-specific GRPR-positive neurons in the dorsal horn of the spinal cord have been identified in mice15. Although named for its role in regulating gastrointestinal functions, the GRP ligand of GRPRs is widely expressed in the CNS and peripheral sensory neurons, including MRGPR-expressing C-fiber neurons that terminate in the epidermis.









Proteinases


Human dermal mast cells produce two proteases: tryptase and chymase. The proximity of dermal mast cells to afferent C-neuron terminals within the skin suggests a functional relationship between these two cell types. Mast cell-derived tryptase contributes to the neurogenic inflammatory response14. The activated mast cell releases tryptase (along with other mediators, including histamine), which in turn activates PAR-2, a G protein-coupled receptor present on C- fiber terminals (see Fig. 5.2); specifically, “self-activation” of PAR-2 occurs after cleavage exposes a tethered ligand domain. Kallikrein and cathepsins in the skin have also been implicated in itch induction via activation of PAR-2. The activated C fibers transmit this information to the CNS, where it induces itch. In addition, activation leads to local release of neuropeptides, including substance P and calcitonin gene-related peptide, which induce neurogenic inflammation41.


Studies using dermal microdialysis have shown that tryptase levels are elevated fourfold in non-lesional forearm skin of atopic dermatitis patients14. Expression of PAR-2, the receptor for tryptase, is significantly elevated in the epidermis and cutaneous nerve fibers of eczematous lesions, while non-lesional skin demonstrates a less pronounced increase in PAR-2. It is noteworthy that proteinase (e.g. cathepsin B) activity can also be found in common allergens (e.g. grass pollen, house dust mites)42, and Staphylococcus aureus can induce secretion of proteases; both of these exogenous factors are known to aggravate atopic dermatitis and itch.


The role of epidermal serine proteases in eliciting itch is supported by a mouse model where overexpression of a serine protease led to severe itch and scratching (Table 5.3) as well as the serine protease inhibitor deficiency (leading to excess epidermal protease activity) that underlies Netherton syndrome, an autosomal recessive ichthyosiform disorder with prominent pruritus and atopic manifestations (see Ch. 57). These observations suggest that interactions between proteases and receptors on C fibers play important roles in itch and cutaneous inflammation.


Table 5.3 Murine models of itch. Bhlhb5, basic helix-loop-helix family member B5; GRPR, gastrin-releasing peptide receptor; MRGPR, Mas-related G protein-coupled receptors; PAR2, protease-activated receptor 2; Pirt, phosphoinositide-interacting regulator of transient receptor potential channels; TRPV1, transient receptor potential vanilloid 1.






	MURINE MODELS OF ITCH






	Model

	Clinical and laboratory features

	Pathogenesis/comments






	Transgenic mice overexpressing PAR2

	Epidermal hyperplasia and scaling as well as pruritus and scratching

	 






	Transgenic mice overexpressing a serine protease

	Pruritus and scratching

	 






	TRPV1-deficient mice and Pirt-deficient mice

	Lack of response to pruritogens

	Pirt normally plays an important role in sensing itch (histaminergic and non-histaminergic; also pain) via TRPV1 channels (and also TRPV1-independent itch)






	MRGPR-deficient mice and TRPA1-deficient mice

	Lack of scratching response to chloroquine and BAM8-22, but preserved response to histamine

	MGGPRs are normally activated by chloroquine and BAM8-22, so the lack of response in TRPA1-deficient mice implicates this receptor in downstream signaling






	GRPR-deficient mice

	Lacking of scratching response to pruritogens, but preserved response to painful stimuli

	GRPR is expressed in the dorsal spinal cord






	Bhlhb5-deficient mice

	Enhanced scratching response to pruritogens

	Selective loss of inhibitory interneurons in the dorsal horn that regulate pruritus






	µ-Opioid receptor-deficient mice

	Thinner epidermis, higher density of epidermal nerve endings, and less scratching

	 






	Transgenic mice overexpressing interleukin-31

	Pruritus, scratching, excoriations and alopecia

	 














Opioid Peptides


The concept of central pruritus (and the possible involvement of pruritic mediators located within the CNS) is becoming increasingly recognized in both cutaneous and systemic diseases, with implications for treatment. The perception of pruritus is modified by endogenous opiates via central and peripheral opioid receptors. It has been suggested that generalized pruritus is induced by an imbalance between the µ- and κ-opioid systems. Activation of µ-opioid receptors stimulates itch perception, whereas κ-opioid receptor stimulation inhibits µ-receptor effects, both centrally and peripherally43,44.


Morphine and other endogenous and exogenous µ-opioid receptor agonists are known to cause generalized pruritus1,2,44-46. Morphine also causes pruritus and erythema when injected intradermally. This response is only partially inhibited by the µ-opioid receptor antagonist naloxone but is substantially inhibited by topical pretreatment of the injected skin with the potent H1 antihistamine doxepin47. In contrast to morphine, the highly potent µ-opioid agonist fentanyl does not induce mast cell degranulation, even when applied in high doses. Therefore, opioids appear to induce itch via two possible mechanisms: (1) degranulation of cutaneous mast cells48; and (2) activation of µ-opioid receptors with a direct central and peripheral pruritogenic effect48-51. Morphine-induced itch was recently shown to result from activation of a heterodimeric receptor composed of the µ-opioid receptor and the gastrin-releasing peptide receptor; inhibition of the latter blocked opioid-related itch but not analgesia, an observation that may have therapeutic relevance51a.


Nociceptin, the endogenous peptide ligand for the opioid receptor-like 1 (ORL1) receptor, has also been implicated in cutaneous inflammation, pain and pruritus52. Investigations using a mouse model suggested that nociceptin interacts with ORL1 receptors expressed on keratinocytes, leading to the production of leukotriene B4 that induces scratching53. Nociceptin-induced scratching was significantly inhibited by treatment with systemic naloxone.









Substance P


Substance P, a neuropeptide with a widespread distribution in peripheral nerves and the CNS, intensifies itch perception. Levels of substance P in the serum of patients with atopic dermatitis are elevated and correlate with disease severity54. Intradermal injection of substance P provokes itch as well as elements of neurogenic inflammation such as erythema and the wheal-and-flare reaction. Substance P is synthesized in the cell bodies of C neurons, transported towards the peripheral nerve terminals, and released by antidromic depolarization to cause vasodilation and increased vascular permeability (see Fig. 5.2).


Although endogenously released substance P does not degranulate mast cells in healthy human skin55 or cause any sensation at physiologic concentrations56, direct communication between nerve fibers and mast cells via substance P has been verified57. High concentrations of substance P can cause immediate mast cell degranulation, whereas low concentrations specifically activate neurokinin-1 (NK-1) receptors on mast cells, leading to sensitization of these cells and increased production of tumor necrosis factor (TNF)-α58. In turn, TNF-α sensitizes nociceptive nerve endings, producing a self-amplifying loop between neurons and mast cells.


Substance P co-localizes with other neurotransmitters such as serotonin, dopamine and calcitonin gene-related peptide, and it can act as a neuromodulator. The relationship between substance P and keratinocytes expressing vanilloid receptors remains to be elucidated.









Neurotrophins


Neurotrophins are factors that regulate the growth and function of nerve cells. The prototypic neurotrophic factor is nerve growth factor (NGF). Other members of this family include neurotrophins 3, 4 and 5 and brain-derived neurotrophic factor (BDNF)59. Increased levels of epidermal NGF correlate with proliferation of terminal cutaneous nerves and upregulation of neuropeptides (e.g. substance P)60. NGF is known to induce sprouting of nerve fibers, sensitization of nerve endings, axonal transport in dorsal root ganglia cells, and increased expression of neuropeptides (e.g. substance P)61.


Keratinocytes express high levels of NGF, and NGF not only is required for survival and regeneration of sensory neurons but also controls the responsiveness of such neurons to external stimuli62,63. Patients with atopic dermatitis have increased expression of NGF in cutaneous mast cells, keratinocytes and fibroblasts64, and their plasma levels of NGF correlate with disease activity. There is growing evidence that NGF acts as a signaling molecule between mast cells and keratinocytes in allergic skin diseases. Mast cell-derived histamine induces keratinocytes to increase NGF production, and the latter may promote infiltration of mast cells into inflamed skin65,66. Upregulation of other neurotrophins, such as neurotrophin 4, has also been observed in keratinocytes from atopic dermatitis patients67.









Prostanoids


In the skin, prostaglandins enhance histamine-induced itch68,69. Prostaglandins are the products of the transformation of the essential fatty acid arachidonic acid by cyclooxygenase-1 (COX-1) or cyclooxygenase-2 (COX-2). They are not by themselves pruritogenic when injected into skin. However, intradermal injection of prostaglandin E1 (PGE1) enhances pruritus due to histamine subsequently injected into the same site70. It appears that only itch-mediating neurons that display lasting activation following exposure to histamine are excited by PGE2, and mechanosensitive fibers are unresponsive to both histamine and PGE2.


PGE2 has also been shown to have a direct, low-level pruritogenic effect both in healthy individuals and atopic dermatitis patients (without inducing protein extravasation). This suggests that prostanoids’ peripheral action is not solely via histamine and that prostanoids may potentiate pruritus via other effects on nerve fibers.


Oral administration of aspirin, a cyclooxygenase inhibitor, does not ameliorate pruritus except in polycythemia vera71; however, topical application of aspirin may reduce pruritus in patients with chronic localized itch72. The role of other eicosanoids, including leukotrienes and 12-hydroxyeicosatetraenoic acid (12-HETE), in the pathogenesis of pruritus is unclear. In a mouse model, leukotriene B4 provoked scratching53.









Mediators that Activate Transient Receptor Potential Receptors


Neuromediators that activate ion channels belonging to the transient receptor potential (TRP) family are also involved in the sensation of itch. TRP vanilloid 1 (TRPV1) is a vanilloid receptor located on C nerve fibers, dermal mast cells, dendritic cells and keratinocytes (see Fig. 5.2)73. This receptor is activated by capsaicin, endogenous substances such as cannabinoids (e.g. anandamide), prostaglandins and various neurotrophins, as well as by acidosis and temperatures above 43°C (109°F; mediates heat pain). Mechano-insensitive pruritoceptive C-nerve pathways can be activated by capsaicin, indicating that TRPV1 is expressed, and the experimental induction of histamine- and serotonin-mediated itch requires cooperation of TRPV1 receptors74. In addition, stimulation of TRPV1-positive nerve fibers releases multiple pruritoceptive mediators (e.g. interleukins [ILs], neuropeptides). Of note, cannabinoid receptors CB1 and CB2 are also found in the epidermis, and a cannabinoid agonist has been shown to inhibit histamine-induced itch75.


TRPV3 is a thermosensor sensitive to temperatures >33°C (91°F; detects warmth) that is expressed in keratinocytes and dorsal root ganglion neurons in humans. In mice, a gain-of-function missense mutation in TRPV3 results in chronic itch, scratching and an atopic-like dermatitis76. In contrast, TRP melastatin 8 (TRPM8) on C nerve fibers functions as a thermosensor for cool (<28°C, 82°F) and is activated by menthol and icilin, which provide a “cooling” sensation that has been used to relieve itch.


TRP ankyrin 1 (TRPA1), a polymodal nociceptor, was recently found to be a downstream mediator of histamine-independent itch stimulated by MRGPRs (present in a subset of epidermal C fibers; see above) in mice77. Like TRPM8, TRPA1 can be activated by menthol.









Other Peripheral Mediators of Itch






Neurotransmitters


Neurotransmitters that play a role in itch include acetylcholine, an important neurotransmitter in the autonomic nervous system. Intradermal injection of acetylcholine typically induces pain; however, in patients with chronic itch, it induces itch. In murine models of itch, activation of the muscarinic receptor 3 triggers pruritus78. Currently there are no data regarding the role of norepinephrine, epinephrine or dopamine in itch transmission.









Peptidases


Mast cells that express neuropeptides also generate neuropeptide-degrading peptidases such as angiotensin-converting enzyme (ACE) and neural endopeptidases. The role they play in itch is unclear; however, medications such as ACE inhibitors, which can induce pruritus without a rash, may induce itch by inhibiting the activity of these degrading enzymes.









Other mediators with potential roles in itch


Serotonin has been implicated as an inducer of itch in murine models; however, in humans it is a very mild pruritogen. Nitric oxide is another factor that may induce itch via neurogenic inflammation79. The bovine adrenal medulla 8-22 (BAM8-22) peptide, a proteolytically cleaved product of proenkephalin A, is a potent activator of MRGPRs and can stimulate itch, usually accompanied by a stinging or burning sensation80. Chloroquine can also induce itch by activating MRGPRs, which are expressed by subset of C nerve fibers in the epidermis (see above).












Immune Cells as Itch Mediators and Modulators


Interactions between the nervous and immune systems in the skin have important roles in itch induction81. Neuropeptides released by cutaneous sensory nerves (e.g. substance P, calcitonin gene-related peptide, vasointestinal peptide) can activate transcription factors and regulate the expression of adhesion molecules and proinflammatory cytokines, thereby modulating immune and inflammatory responses41. These neuropeptides also influence cellular proliferation and differentiation, tissue repair, and antigen presentation involving a number of cell types, including keratinocytes, mast cells, dermal microvascular endothelial cells, and Langerhans cells. This interaction is bidirectional, as cytokines and chemokines are also able to regulate primary nerve afferents via receptor activation.


IL-2 is produced by activated T lymphocytes and causes pruritus when injected intradermally82. High-dose IL-2 administered intravenously to patients with cancer (including stage IV melanoma) causes intense generalized pruritus. Moreover, treatment with topical calcineurin inhibitors, which block the production of IL-2, can result in decreased itch. IL-2-induced pruritus is not reduced by antihistamines nor nonsteroidal anti-inflammatory drugs, and whether it represents a direct receptor-mediated effect or an indirect effect (e.g. via mast cells or endothelial cells) remains to be determined.


IL-31 is produced by T helper 2 (Th2) cells and induces pruritus by modulating the function of sensory neurons. IL-31 may exert its pruritogenic effect via activation of the IL-31 receptor (IL-31R, a heterodimer composed of the oncostatin M receptor [OSMR] β protein and the IL-31 receptor A) on keratinocytes, which could subsequently stimulate C fibers in the skin; the IL-31R is also found on cutaneous C fibers and in dorsal root ganglia. Signaling via the IL-31R and OSMR (a heterodimer composed of the OSMR β protein and a gp130 subunit) can result in keratinocyte proliferation, differentiation and apoptosis, as well as cutaneous inflammation83. In addition, mutations in the gene encoding the OSMR β protein underlie familial primary localized cutaneous amyloidosis, an autosomal dominant disorder characterized by chronic localized itching and scratching that results in deposition of keratin-derived amyloid in the dermis84. Higher levels of IL-31 expression are found in the skin of patients with atopic dermatitis and prurigo nodularis85,86, suggesting an important role for this cytokine in the intense itching that characterizes these conditions.


TNF-α is known to sensitize nociceptive nerve endings via its effect on TNF receptors (see Fig. 5.2); however, its role in itch is unclear. Although targeted TNF-α inhibitors (see Ch. 128) do not directly decrease pruritus, thalidomide (which has anti-TNF-α effects) can be effective in treating the itch associated with prurigo nodularis87.


IL-6 is expressed by immune, nerve and Schwann cells88, and levels of this cytokine are elevated in prurigo nodularis lesions89.









Chronic Itch


Chronic itch may occur in the setting of pruritoceptive itch (originating from skin disease) or neuropathic itch (due to pathology in the nervous system) and can also have systemic or psychiatric causes90. It often has a significant effect on patients’ quality of life. Chronic itch and chronic pain share a number of features, with both potentially involving peripheral and central sensitization91 (Table 5.4).


Table 5.4 Comparison of characteristics of chronic itch and chronic pain.






	COMPARISON OF CHARACTERISTICS OF CHRONIC ITCH AND CHRONIC PAIN






	 

	Chronic itch

	Chronic pain






	Peripheral sensitization

	Peripheral sensitization of C nerve fibers

	Peripheral sensitization of C nerve fibers






	Central sensitization

	



Alloknesis


Punctate hyperknesis







	



Allodynia


Punctate hyperalgesia












	Neuromediators

	



Nerve growth factor


Neurotrophin 4







	



Nerve growth factor


Neurotrophin 4












	Chemical mediators

	



Histamine


Cowhage (mucunain)


Most opioids induce itch







	



Bradykinin


Most opioids reduce pain












	CNS areas activated

	



Anterior and posterior cingulate cortex


Premotor area


Precuneus


Supramarginal gyrus


Dorsolateral prefrontal cortex


Insula-claustrum complex


Somatosensory cortex I, II







	



Anterior cingulate cortex


Premotor area


Somatosensory cortex I, II


Dorsolateral prefrontal cortex


Insula-claustrum complex

















Peripheral sensitization in chronic itch


An increased density of cutaneous nerve endings is observed in some forms of chronic itch91. Patients with chronic itch in the setting of atopic dermatitis have increased neurotrophin levels in involved skin, including NGF and neurotrophin 467. Chronic localized pain is associated with elevated levels of the same neurotrophins, which are known to sensitize nociceptive neurons59.









Central sensitization in chronic itch


Chronic itch leads to sensitization of second-order neurons within the dorsal horn (see Fig. 5.1), thereby leading to increased sensitivity to itch. There are two forms of increased sensitivity to itch: alloknesis and punctate hyperknesis. In alloknesis, stimuli that normally do not induce itch (e.g. touch, gentle warming) do so in the skin that surrounds a pruritic area92. This phenomenon is analogous to allodynia, in which gentle mechanical stimuli give rise to a perception of pain. Like allodynia, alloknesis requires ongoing activity in primary afferent C fibers and is mediated by low-threshold myelinated mechanoreceptor Aβ fibers (see Fig. 5.2). Alloknesis is common and represents a prominent feature of atopic dermatitis; it explains patients’ complaints of severe pruritus associated with sweating, sudden changes in temperature, dressing and undressing. Punctate hyperknesis is characterized by more intense prick-induced itch sensations in the zone surrounding an area of inflammation (including that induced by histamine iontophoresis). It is similar to the phenomenon in chronic pain termed punctate hyperalgesia.


In patients with chronic itch, painful stimuli (e.g. electrical stimuli, heat pain) may be perceived as itch93-95. An analogous phenomenon can occur in patients with chronic pain, in whom histamine iontophoresis is perceived as painful96. These findings indicate that pain-induced inhibition of pruritus may be compromised in patients with chronic itch. This may also explain why scratching aggravates itch in patients with chronic itch and thereby induces a vicious itch–scratch cycle.












Itch Related to Impaired Skin Barrier Function


Itch is a common symptom of xerotic skin and is aggravated during the winter in cold climates when the relative humidity falls indoors. Damage to the stratum corneum and the impaired barrier function that results can induce itch even without inflammation. Environmental changes (e.g. in pH, temperature and humidity) may serve as triggers that activate C nerve fibers to transmit the sensation of itch. Cross-talk between the stratum corneum and nerve fibers may explain the pruritus associated with impaired barrier function. Studies have demonstrated that keratinocytes release neuromediators upon damage to the stratum corneum barrier, and nerve fibers sprout in the epidermis in response to this damage. In a murine model of dry skin, enhanced c-fos expression in the CNS was observed, reflecting an activation of axons97,98.


Additional evidence comes from a murine model of atopic dermatitis in which barrier damage was associated with significantly increased scratching, and scratching activity diminished when the barrier was repaired99. Serine proteases that activate PAR2 (thereby stimulating itch) are secreted in response to an increasing (alkaline) stratum corneum pH, which is commonly noted during barrier damage. This suggests that environmental factors that increase stratum corneum pH may increase itch perception (see Fig. 5.2). In contrast, a low-pH extracellular environment causes C nociceptors to induce pain.









Senescent Skin and Itch


Itch is a particularly frequent dermatologic symptom in individuals over 65 years of age100,101. Although dry skin is probably the most common trigger, elderly patients can have idiopathic itch without xerosis. Other possible explanations include age-related changes in nerve fibers and central disinhibition of itch due to loss of input from pain fibers. Additional cutaneous changes that may contribute to pruritus (as well as xerosis) in elderly patients include decreased skin surface lipids, decreased sweat and sebum production, and diminished barrier repair102.












Treatment of pruritus


Pruritus can significantly impair the quality of life in affected individuals. Acute itch may lead to agitation and difficulty concentrating, while chronic pruritus can have sequelae such as depression and decreased sexual desire or function103.






Pharmacologic Treatments


Unlike pain, for which a host of effective medications are available, there are no general-purpose, consistently beneficial antipruritic drugs. However, recent discoveries of specific neural networks that are involved in itch transmission have led to advances in this relatively unexplored area of medicine. The mechanisms, uses and side effects of currently available antipruritic drug treatments are outlined in Table 5.5. Of note, although capable of relieving pruritus due to inflammatory skin disease, corticosteroids are not intrinsically antipruritic.




Table 5.5 Drug treatment of pruritus. Topical naltrexone104, aspirin and cannabinoids may also have antipruritic effects, and injections of botulinum toxin type A have been used to treat neuropathic itch105. In the future, topical drugs for the relief of itch may include prostaglandin DP1 receptor agonists106, and agents that inhibit serine proteases (e.g. cathepsin S), nerve growth factor or neurotrophin 4. CGRP, calcitonin gene-related polypeptide; EMLA, eutectic mixture of local anesthetics (lidocaine + prilocaine); FDA, US Food and Drug Administration; MAO, monoamine oxidase; TRP, transient receptor potential ion channel family. GABA, γ-aminobutyric acid; TNF, tumor necrosis factor.


[image: image]


[image: image]


[image: image]












Non-Pharmacologic Treatments






Cutaneous field stimulation


Cutaneous field stimulation (CFS) is a technique that electrically stimulates afferent fibers, including nociceptive C fibers. CFS is similar to transcutaneous electrical nerve stimulation (TENS), but the latter activates large myelinated nerve fibers while CFS specifically targets unmyelinated C nerve fibers. In a study of patients with localized pruritus, CFS significantly reduced patient-reported itch and caused degeneration of epidermal nerve fibers131. However, CFS is practical only for localized disease.









Behavioral therapy targeting the CNS


Stress and other psychogenic factors are important in itch132. Patients with pruritus experience higher levels of psychological stress than those without this symptom133. An impaired response of the autonomic nervous system to itch, scratching and emotional stress has also been identified in atopic dermatitis patients134. Several studies have shown that behavioral therapy reduces the intensity of itch that is perceived135.















Future directions


One of the most critical issues is to identify the specific mechanisms and mediators responsible for particular “itch states”. Hopefully, our emerging understanding of the pathways of itch transmission will soon result in the development of effective targeted treatments.
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Synonyms
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Key features







[image: image] Pruritus is the most common complaint of patients with dermatologic disease


[image: image] Pruritus can occur with or (e.g. in the setting of an underlying systemic disorder) without primary skin lesions


[image: image] Pruritus is a symptom with multiple complex pathogenic mechanisms that cannot be attributed to one specific cause or disease


[image: image] Pruritus should challenge the dermatologist to search for an underlying etiology


[image: image] Management of pruritus can often be achieved by implementing specific and nonspecific treatments












Introduction


Pruritus can be defined subjectively as a sensation (usually unpleasant) that elicits a desire to scratch. The biologic purpose of pruritus is to provoke scratching in order to remove a pruritogen, a response likely to have originated when most pruritogens were parasites.


Pruritus is the most common skin-related symptom. It often arises from a primary cutaneous disorder but represents a manifestation of an underlying systemic disease in approximately 10% to 25% of affected individuals1. Non-dermatologic conditions that can lead to generalized pruritus include hepatic, renal or thyroid dysfunction; lymphoma, myeloproliferative disorders (e.g. polycythemia vera, hypereosinophilic syndrome) and chronic lymphocytic leukemia; HIV or parasitic infections; and neuropsychiatric disorders (see Ch. 7). In some patients, pruritus occurs in the absence of visible skin signs. Although there is no definitive system for the categorization of pruritus2,3, in 2007 a clinical classification scheme was proposed by the International Forum for the Study of Itch4. This system recognizes three major groups of pruritus: (1) affecting primarily diseased/inflamed skin; (2) with chronic secondary skin lesions due to scratching; and (3) affecting non-diseased/non-inflamed skin. Underlying etiologies are categorized as dermatologic, systemic, neurologic, psychogenic and mixed. Although the limited understanding of the pathogenesis of pruritus (see Ch. 5) has hampered the development of treatments, recent discoveries provide hope for more specific therapies in the future5.


When a patient complains of pruritus, there is a rational way to assemble the myriad of etiologies into finite groups, to evaluate the patient in a systematic manner, and then to correct the underlying cause (if possible) and treat the pruritus with currently available therapies.









Epidemiology


It is reasonable to assume that all humans experience the sensation of pruritus at some point in their life, e.g. from insect bites (Fig. 6.1). However, relatively few studies have investigated the overall incidence and prevalence of pruritus. A recent population-based, cross-sectional study in Germany found that the self-reported point, 12-month and lifetime prevalences of chronic pruritus (lasting at least 6 weeks) were 13.5%, 16% and 22%, respectively5a. In a previous Norwegian population-based, cross-sectional study on self-reported skin morbidity, pruritus was the dominant symptom among adults, more so in women than in men (experienced within the past week by 9.2% and 7.5%, respectively)6. Table 6.1 summarizes the reported prevalences of pruritus in a number of medical conditions.





[image: image]

Fig. 6.1 Insect bites – “breakfast, lunch and dinner sign” – linear pruritic papules.




Table 6.1 Prevalence of pruritus in selected disease states1,7-16.






	PREVALENCE OF PRURITUS IN SELECTED DISEASE STATES






	Disorder

	Reported prevalence of pruritus






	Psoriasis

	≤85%






	Cutaneous T-cell lymphoma

	70–80%






	End-stage renal disease on hemodialysis

	previously 60–80%, now 20–50%






	Primary biliary cirrhosis

	80% (presenting symptom in 25–70%)






	Hepatitis C virus-infected patients

	15%






	Hodgkin disease

	10–30%






	Non-Hodgkin lymphoma

	2%






	Leukemias

	<5%






	Polycythemia vera

	30–50%






	Herpes zoster

	≤60%






	Postherpetic neuralgia

	≤30%






	Pregnancy

	20%














Evaluation of the patient


Patients with pruritus due to either a specific dermatologic condition or an underlying systemic disease can present with nonspecific cutaneous findings such as secondary lesions (e.g. erosions, excoriations and crusts), or with no detectable cutaneous changes at all. Pruritus associated with a systemic disease may also result from a specific related dermatologic disease (e.g. eosinophilic folliculitis in a patient with AIDS). Multiple underlying factors can be identified in approximately one-third of patients with chronic pruritus16a. Lastly, a pruritic cutaneous condition with nonspecific clinical findings upon initial evaluation may have diagnostic features at a later date. Therefore, re-examination over time is a critical aspect of the approach to the patient with pruritus1.






History


A precise history may provide insight into the patient’s disease processes. Important characteristics of pruritus are listed in Table 6.2. The onset, duration and nature of the pruritus can help to determine its cause. If several general clues are considered, the clinician will be able to narrow the differential diagnosis:




• Localized or generalized pruritus may be a consequence of a systemic disease, and no particular clinical characteristics reliably predict the likelihood of an underlying systemic disease17.


• An acute onset of pruritus without primary skin lesions over a few days is less suggestive of an underlying systemic disease than chronic, progressive generalized pruritus.


• Lesions on the mid upper back suggest a primary skin disease, since this difficult-to-reach region is typically spared (referred to as the “butterfly sign”) in patients with skin lesions entirely due to scratching (e.g. those with pruritus of systemic or psychogenic etiology). However, although this area is generally inaccessible to the patient’s hand, it can be reached with instruments (e.g. “back-scratching” devices).


• Patients with pruritus that is not related to a primary dermatologic disease typically have excoriations and other secondary changes, but no primary lesions.


• Medications (prescription, over-the-counter and illicit) and supplements that the patient is taking should be reviewed and drug-induced pruritus considered.


• Some severely pruritic dermatoses such as urticaria and mastocytosis uncommonly lead to excoriations from scratching but instead result in pressing and rubbing behaviors.


• Scabies and other infestations should be considered, especially when multiple family members are affected.


• Pruritus after emergence from a bath (possibly provoked by cooling or drying of the skin) may be a sign of polycythemia vera or idiopathic aquagenic pruritus.


• Nocturnal generalized pruritus in association with chills, sweating and fever represents a classic presentation of Hodgkin disease. Pruritus may precede the onset of the lymphoma by as much as 5 years18.


• Whereas psychogenic pruritus rarely interferes with sleep, other pruritic diseases (with or without primary skin lesions) often cause nocturnal wakening.





Table 6.2 Descriptive and historical features of pruritus.






	DESCRIPTIVE AND HISTORICAL FEATURES OF PRURITUS






	Descriptive features of pruritus






	



• Onset: abrupt, gradual, prior history of pruritic episodes


• Time course: continuous, intermittent, cyclical, nocturnal


• Nature: prickling, crawling, burning, dysesthetic


• Duration: days, weeks, months, years


• Severity: interference with normal activities or sleep


• Location: generalized or localized, unilateral or bilateral


• Relationship to activities: occupational, hobbies


• Provoking factors: water, skin cooling, air, exercise


• Patient’s personal theory as to etiology of the pruritus












	Other Historical features






	



• Medications, including topical agents: prescribed, over-the-counter, illicit; duration of use and relationship to onset of pruritus


• Allergies: systemic, contact


• Atopic history: atopic dermatitis, allergic rhinitis, asthma


• Past medical history: thyroid, liver or renal dysfunction; other systemic diseases


• Family history of atopy, skin disease or similar pruritic conditions


• Occupation


• Hobbies


• Social history: household and personal contacts, food habits, stress


• Drugs: nicotine, alcohol, intravenous drugs


• Bathing habits and exposure to irritants


• Pets and their care


• Sexual history


• Travel history


• Prior diagnoses made by physician or patient




















Examination


Careful and complete examination of the skin, nails, scalp, hair, mucous membranes and anogenital area is recommended. An assessment should be made of primary lesions and secondary changes (including their morphology and distribution), with particular attention to lichenification (Fig. 6.2), xerosis (Fig. 6.3), the presence of dermographism and skin signs of systemic diseases (see Ch. 53). A general physical examination (including the lymph nodes, liver and spleen) may disclose an undiagnosed extracutaneous disease (e.g. lymphoma) and should be performed in conjunction with a primary care physician in patients with pruritus of unknown etiology.





[image: image]

Fig. 6.2 Lichen simplex chronicus on the posterior neck.


Note the increased skin markings.


Courtesy, Ronald P Rapini, MD.
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Fig. 6.3 Extreme xerosis associated with pruritus in an HIV-infected patient.











Laboratory Investigation


In the setting of generalized pruritus of unknown etiology, laboratory investigation is recommended (Table 6.3). Biopsies of skin lesions (even if nonspecific clinically) are occasionally informative, and direct immunofluorescence studies of perilesional or normal-appearing (adjacent to lesions if present) skin may point to a specific dermatologic disease such as bullous pemphigoid or dermatitis herpetiformis.


Table 6.3 Possible laboratory studies in the evaluation of patients with generalized pruritus of unknown etiology. Performance of particular tests is based upon the patient’s history and physical examination. Studies with a darker background color are commonly employed as an initial screen, and the results can help to direct further evaluation.
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Pruritus in dermatologic disease


This section focuses on the sensation of pruritus in selected skin diseases where this symptom is a prominent feature. A more comprehensive discussion of the diseases mentioned and the many additional dermatoses in which pruritus is a characteristic feature (Table 6.4) may be found in other chapters.


Table 6.4 Dermatologic diseases associated with pruritus. BP, bullous pemphigoid; DH, dermatitis herpetiformis; PUPPP, pruritic urticarial papules and plaques of pregnancy.






	DERMATOLOGIC DISEASES ASSOCIATED WITH PRURITUS






	Dermatologic disease

	Cause






	Infestation/bites & stings

	



• Scabies


• Pediculosis


• Arthropod bites












	Inflammation

	



• Atopic dermatitis


• Stasis dermatitis


• Allergic or irritant contact dermatitis


• Seborrheic dermatitis, especially of the scalp


• Psoriasis, parapsoriasis


• Pityriasis rubra pilaris


• Lichen simplex chronicus


• Prurigo nodularis


• Prurigo pigmentosa


• Bullous diseases, e.g. DH, BP


• PUPPP


• Eosinophilic folliculitis


• Urticaria


• Drug eruptions, e.g. morbilliform


• Mastocytosis


• Polymorphous light eruption


• Papular urticaria, urticarial dermatitis












	Infections

	



• Bacterial infections, e.g. folliculitis


• Viral infections, e.g. varicella


• Fungal infections, e.g. inflammatory tinea


• Parasitic infections, e.g. schistosomal cercarial dermatitis












	Neoplastic

	



• Cutaneous T-cell lymphoma, e.g. mycosis fungoides, Sézary syndrome












	Genetic/Nevoid

	



• Darier disease


• Hailey–Hailey disease


• Inflammatory linear verrucous epidermal nevus (ILVEN)












	Other

	



• Xerosis, eczema craqelé


• Anogenital pruritus


• Notalgia paresthetica


• Primary cutaneous amyloidosis (macular, lichenoid)


• Postburn and post-stroke pruritus


• Scar-associated pruritus


• Fiberglass dermatitis


• Aquagenic pruritus

















Infestations






Scabies


In patients with scabies, pruritus can be localized or generalized and it may have a burning component. The pruritus usually begins 3 to 6 weeks after a first-time infestation (see Ch. 84), and within a few days in subsequent infestations. The itch reflects various components of the immune response against mites, eggs and scybala1.









Pediculosis (lice)


It is rare to make the diagnosis of pediculosis without pruritus as a symptom (see Ch. 84). Pruritus of the primary sites of infestation (e.g. scalp, groin) is a clue to the diagnosis of pediculosis capitis and pediculosis pubis. Generalized pruritus is characteristic of body lice but can also occur with other types of lice1.












Inflammatory Dermatoses






Atopic dermatitis


Pruritus is such an important aspect of atopic dermatitis that “the diagnosis of active atopic dermatitis cannot be made if there is no history of pruritus”19 (see Ch. 12). The itch sensation typically comes in “attacks”, which may be severe and are a central component of this condition’s impact on quality of life20. Often, pruritus is the first indication of a disease flare. A number of immunologic (e.g. exposure to aeroallergens or ingestion of foods to which the patient is sensitized) and non-immunologic (e.g. emotional stress, overheating, perspiration or contact with wool, other rough fabrics or even air [atmoknesis]) stimuli can provoke pruritus in patients with atopic dermatitis21 (Figs 6.4 & 6.5). There is also evidence for different seasonal patterns of symptom severity (including pruritus), with most children experiencing aggravation of symptoms during the winter and others having exacerbations primarily during the summer22.
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Fig. 6.4 Atopic dermatitis with multiple lesions of prurigo nodularis.
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Fig. 6.5 Atopic dermatitis.


Multiple linear excoriations are seen on the leg.




Despite intensive research efforts, the mediators of itch in atopic dermatitis have not been clearly elucidated and the neural mechanisms of pruritus are not well understood (see Ch. 5). For example, due to inconsistent findings regarding plasma histamine levels, there is controversy with regard to the role of histamine in the pathogenesis of pruritus in atopic dermatitis23. The minimal effectiveness of antihistamines in alleviating the itch of atopic dermatitis indicates that histamine cannot be the only pruritogen and is most likely not the predominant mediator responsible for the pruritic sensation. In general, the benefits of antihistamines in these patients are thought to result from their sedative effects24.


Some studies indicate that antihistamines are more likely to be effective in type 2 helper T cell (Th2)-driven atopic dermatitis (i.e. early, acute flares) than in Th1-driven disease (i.e. chronic lesions)23. Other studies have shown that the sensations evoked by acetylcholine (ACh) and vasoactive intestinal polypeptide (VIP) are different in atopic and non-atopic individuals and depend upon the inflammatory state of atopic skin25. For example, ACh tends to induce burning pain in those who do not have atopic dermatitis, pruritus in patients with acute atopic dermatitis, and a mixture of pain and pruritus in atopic dermatitis patients without active eczema. These data provide evidence that pruritus can be elicited by a histamine-independent cholinergic mechanism.


Other studies suggest a possible role for neuropeptides such as substance P, calcitonin gene-related peptide (CGRP) and neurotrophins (e.g. nerve growth factor), which have been detected in the skin and peripheral blood of atopic dermatitis patients26,27. Down-regulation of epidermal opioid receptors may also contribute to pruritus in chronic atopic dermatitis28. Lesional atopic dermatitis skin contains several proinflammatory cytokines that may play a role in pruritus. Interleukin (IL)-2 has moderate pruritogenic potential26. IL-31 is also pruritogenic, and both this cytokine and its heterodimeric receptor are overexpressed in atopic dermatitis lesions29,30. In addition, mast cell tryptase (via activation of proteinase-activated receptors [PAR-2]) may be involved in the sensation of itch in atopic patients31 (see Ch. 5). Lastly, a chronic barrage of pruritoceptive input may elicit central sensitization for itch, so that nociceptive input no longer inhibits itch but is perceived as itch. This may explain why painful stimuli can evoke itch in atopic patients with chronic pruritus32.









Urticaria


This entity is often intensely pruritic and can also produce stinging or prickling sensations. Early lesions and small superficial wheals are particularly symptomatic1. Histamine plays a primary role in the pruritus of urticaria (see Ch. 18), and H1-receptor antagonists reliably decrease or eliminate this sensation as well as the wheals themselves33.









Psoriasis


Although it is not typically regarded as a pruritic disease, studies have shown that up to 85% of psoriasis patients suffer from pruritus7,34. For example, in a large American survey, 79% of patients with psoriasis reported pruritus35. Exacerbating factors include heat, xerosis, sweating and stress7,34. The back, extremities, buttocks and abdomen have been reported as the sites that are most commonly pruritic, but in one study of hospitalized patients the scalp was most often pruritic7. Patients frequently describe the pruritus as having tickling, crawling and burning components7, and antihistamines rarely provide relief1,7. A variety of mediators of itch (e.g. substance P, nerve growth factor, IL-2) may be present in psoriatic skin, suggesting a complex, multifactorial pathophysiology for the associated pruritus36.












Cutaneous T-Cell Lymphoma


Cutaneous T-cell lymphoma (CTCL) may be intensely pruritic, especially in patients with folliculotropic mycosis fungoides or Sézary syndrome33 (see Ch. 120). In one study, the presence of pruritus was associated with a twofold increased risk of death1. Treatment strategies for severe pruritus in CTCL patients include naltrexone (50–150 mg/day), gabapentin (900–2400 mg/day in divided doses) and mirtazapine (7.5–15 mg at bedtime)37,38.












Dermatoses that result from pruritus and associated behaviors






Prurigo Nodularis


The lesions of prurigo nodularis are produced by chronic, repetitive scratching or picking of the skin. An underlying disorder associated with pruritus is usually present (e.g. an atopic diathesis [Fig. 6.4], psychological condition or systemic disease). The nodules themselves are also pruritic, possibly due to hypertrophy and increased density of substance P-positive nerves within affected skin, leading to perpetuation of the itch–scratch cycle. Prurigo nodularis is primarily a disease of adults, especially middle-aged women. It occasionally occurs in children and adolescents, especially those with an atopic diathesis.


Multiple lesions are characteristically distributed symmetrically on the extensor aspects of the extremities; the upper back, lumbosacral area and buttocks may also be involved, but the difficult-to-reach mid upper back is classically spared (“butterfly sign”) (Fig. 6.6). Involvement of flexural areas, the face and the groin is unusual. The basic lesion is a firm, dome-shaped papulonodule with varying degrees of central scale-crust, erosion or ulceration. The color ranges from skin-toned to erythematous to brown, and hyperpigmentation is particularly common in dark-skinned individuals. Lesions can develop a verrucous or fissured surface, and lichenification of adjacent skin may be observed.
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Fig. 6.6 Prurigo nodularis.


A Firm, hyperpigmented papulonodules on the extensor forearm. B Numerous lesions on the trunk, with sparing of the mid upper back (“butterfly sign”).


A, Courtesy, Ronald P Rapini, MD.





Many affected individuals have pruritus due to another dermatologic condition such as atopic dermatitis, xerosis or a systemic disease (e.g. hyperthyroidism, hepatic or renal dysfunction, lymphoma). The underlying process may also be psychological, with emotional distress, obsessive–compulsive disorder, depression or other psychiatric conditions leading to repetitive scratching. The clinical differential diagnosis of prurigo nodularis may include perforating disorders (e.g. acquired perforating dermatosis), pemphigoid nodularis, hypertrophic lichen planus, hypertrophic lupus erythematosus, scabetic nodules, persistent insect bite reactions, the pruriginous type of dominant dystrophic epidermolysis bullosa, and neoplasms such as multiple keratoacanthomas or granular cell tumors.


Histologically, prurigo nodularis features massive epidermal hyperplasia and thick, compact hyperkeratosis39. Keratinocyte atypia is minimal or absent, and erosion may be seen. Fibrosis of the papillary dermis with vertically arranged collagen fibers, increased numbers of fibroblasts and capillaries, and a perivascular or interstitial mixed inflammatory infiltrate represent additional findings. Although hypertrophic cutaneous nerves are characteristic of this condition, they are only occasionally evident.


When a patient presents with prurigo nodularis, it is important to exclude underlying systemic causes of pruritus (see above and Table 6.3). Treatment of prurigo nodularis is usually difficult and typically requires a multifaceted approach, which should be individualized depending on etiologic factors and the extent of disease. The skin hypertrophy itself may respond to superpotent topical corticosteroids under occlusion, intralesional corticosteroids or phototherapy (e.g. broadband or narrowband UVB, psoralen plus UVA [PUVA]); benefit from excimer laser therapy has also been described. Topical (e.g. menthol, pramoxine) and systemic (e.g. antihistamines) antipruritic agents may be useful.


Treatment directed toward any underlying compulsive behavior is important. Selective serotonin reuptake inhibitors (SSRIs) and tricyclic antidepressants have both been employed successfully, especially when a component of depression is present. Doxepin can be particularly helpful because of its antihistaminic as well as antidepressant properties. Thalidomide (50–200 mg daily) has been reported to be highly effective for patients with recalcitrant prurigo nodularis40. Additional treatments with reported benefit include topical capsaicin (0.025–0.3% four to six times daily), topical calcipotriene (calcipotriol), cryotherapy (which can lead to depigmentation and scarring) and (especially for patients with an atopic diathesis) oral cyclosporine.









Lichen Simplex Chronicus


Lichen simplex chronicus (LSC) represents epidermal hypertrophy that results from chronic, habitual rubbing or scratching of the skin. This leads to lesions that are broader and thinner than prurigo nodularis, which is caused by more focused picking or scratching (see above). Like prurigo nodularis, lesions of LSC itch spontaneously, leading to an “itch–rub–itch” cycle. LSC is most frequently observed in older adults and (outside the setting of lichenified lesions in atopic dermatitis) is relatively uncommon in children.


LSC is characterized by well-defined plaques exhibiting exaggerated skin lines (lichenification) with a “leathery” appearance, hyperpigmentation and varying degrees of erythema. Lesions may be solitary or multiple, with a predilection for the posterior neck (see Fig. 6.2), occipital scalp, anogenital region (e.g. scrotum, vulva) (Fig. 6.7), shins, ankles, and dorsal aspects of the hands, feet and forearms. Predisposing factors include xerosis, atopy, stasis dermatitis, anxiety, obsessive–compulsive disorder, and pruritus related to systemic disease.
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Fig. 6.7 Lichen simplex chronicus of the scrotum.


Secondary pigmentary changes are more common in patients with darkly pigmented skin.


Courtesy, Louis A Fragola, Jr, MD.





The clinical differential diagnosis may include lichen amyloidosis and hypertrophic lichen planus, both of which present with chronic pruritic plaques that favor the shins. Histologic examination of LSC shows hyperkeratosis, acanthosis with irregular elongation of the rete ridges, and hypergranulosis. There may be vertically oriented collagen bundles in the papillary dermis and a sparse superficial perivascular infiltrate.


As the name implies, LSC is a chronic disorder that is often resistant to treatment. Management strategies are similar to those described above for prurigo nodularis. Underlying pruritic disorders should be identified and treated if possible. Topical corticosteroids, with or without occlusion, and intralesional corticosteroids are the mainstays of therapy. Topical calcineurin inhibitors may also be of benefit40a. Pruritus can be managed with antihistamines and topical antipruritics such as menthol and pramoxine. Compulsive rubbing may improve with informal insight-oriented psychotherapy or with the use of SSRIs.









Lichen Ruber Moniliformis


First described in 1886 by Kaposi, this is a rare condition with only a handful of case reports in the literature (the most recent published almost three decades ago). Lichen ruber moniliformis manifests as erythematous, firm, cord-like linear lesions that can be composed of smaller papules. They may be both pruritic and painful. Histologic features include an atrophic epidermis, cystic dilation of eccrine sweat ducts, milia, and fibrosis of the dermis. This finding led Mehregan et al.41 to speculate that there was an underlying abnormality in skin reactivity resulting in the formation of linear fibrotic bands, which may explain their persistence. Lesions are limited to areas of trauma, including rubbing. No effective treatments have been reported.












Pruritus variants






Aquagenic Pruritus


Aquagenic pruritus often develops secondary to a systemic disease (e.g. polycythemia vera) or another skin disorder (Table 6.5). Criteria for the diagnosis of idiopathic aquagenic pruritus (which is uncommon) are the following: (1) severe pruritus occurring after water contact, irrespective of water temperature or salinity; (2) pruritus developing within minutes of water contact without visible skin changes, i.e. in the absence of urticaria or symptomatic dermographism; and (3) exclusion of chronic skin diseases, drug-related pruritus and systemic disorders (e.g. polycythemia vera)42.


Table 6.5 Differential diagnosis of pruritus or prickling sensations provoked by water contact.






	DIFFERENTIAL DIAGNOSIS OF PRURITUS OR PRICKLING SENSATIONS PROVOKED BY WATER CONTACT






	Disease-associated skin findings typically evident at time of visit






	



• Mastocytosis (cutaneous lesions, positive Darier’s sign)


• Hypereosinophilic syndrome (cutaneous lesions in >50% of patients)


• Hemochromatosis (diffuse hyperpigmentation)


• Polycythemia vera* (ruddy complexion)












	Urticaria by history and/or challenge






	



• Cold urticaria


• Cholinergic urticaria (secondary to hot water exposure)


• Aquagenic urticaria












	Skin findings (beyond evidence of scratching) typically absent






	



• Hodgkin disease


• Myelodysplastic syndrome


• Essential thrombocythemia


• Itching during hot shower in sarcoidosis†


• Aquagenic pruritus of the elderly (xerosis may be subtle)


• Aquagenic pruritus (primary, idiopathic)













* Aspirin 300 mg once to three times daily may provide partial relief.


† Single case report of a patient without cutaneous sarcoidosis.


In aquagenic pruritus, prickling, tingling, burning or stinging sensations occur within 30 minutes of water contact and last for as long as 2 hours1. This is irrespective of water temperature or salinity. Typically, symptoms begin on the lower extremities and then generalize, with sparing of the head, palms, soles and mucosae43. Multiple etiologies for “secondary” aquagenic pruritus have been reported (see Table 6.5). The pathologic mechanism of aquagenic pruritus is unknown, although elevated dermal and epidermal levels of acetylcholine, histamine, serotonin and prostaglandin E2 have been described1.


Traditional therapies utilize alkalinization of bath water to a pH of 8 with baking soda. Systemic treatments including oral cyproheptadine, cimetidine and cholestyramine have shown minimal effectiveness43. Treatment with broadband or narrowband UVB and PUVA have been reported as efficacious, with PUVA appearing to be superior to broadband UVB44. Capsaicin cream (0.025%, 0.5% or 1.0%) applied three times daily for a minimum of 4 weeks can decrease symptoms, but long-term therapy may not be practical45.









Pruritus Ani


Pruritus ani is defined as pruritus localized to the anus and perianal skin. This condition occurs in 1–5% of the general population, with men more commonly affected than women in a ratio of 4 : 146. The onset is insidious and symptoms may be present for weeks or years before patients seek medical attention.


Pruritus ani can be primary (idiopathic) or secondary in nature. Primary pruritus ani is defined as pruritus in the absence of any apparent cutaneous, anorectal or colonic disorder; it accounts for 25–95% of reported cases, depending upon the series46. Possible causes include dietary factors such as excessive coffee intake, poor personal hygiene and psychogenic disorders. Secondary pruritus ani represents perianal pruritus attributable to an identifiable etiology such as chronic diarrhea, fecal incontinence/anal seepage, hemorrhoids, anal fissures or fistulas, rectal prolapse, primary cutaneous disorders (e.g. psoriasis, lichen sclerosus, seborrheic dermatitis, allergic contact dermatitis), sexually transmitted diseases, other infections, infestations (e.g. pinworms), previous radiation therapy, and neoplasms (e.g. anal cancer)47. Findings on physical examination vary from normal-appearing skin to mild erythema of the perianal area to severe irritation with erythema, crusting, lichenification and erosions or ulcerations. Histologically, a nonspecific, chronic dermatitis is usually seen, but specific dermatologic diseases (e.g. lichen sclerosus) or a neoplastic disorder (e.g. extramammary Paget’s disease) can be excluded.


Evaluation includes a complete history as well as a general physical and cutaneous examination, along with appropriate psychiatric screening. The latter is of importance considering that anxiety and depression have been described as aggravating factors for pruritus ani46. Patch testing should be considered, as one study demonstrated that 34 of 40 patients presenting with pruritus ani had an underlying dermatosis that accounted for their symptoms, including allergic contact dermatitis48.


Rectosigmoidoscopy and/or colonoscopy may be necessary, particularly in patients with pruritus ani refractory to conventional treatment. In 109 patients with pruritus ani as their presenting complaint (mean age, 52 years), 83 (75%) had colonic or anorectal pathology ranging from hemorrhoids to cancer (26 patients had the latter diagnosis)46. The possibility of pinworm infection should be considered in patients with pruritus ani, especially children (see Ch. 83). If patients are receiving chronic antibiotic therapy and have liquid stools, pH testing can be performed. A pH of 8–10 has been associated with a deficiency of Lactobacillus spp., requiring replacement therapy.


Mild primary pruritus ani often responds to sitz baths, cool compresses, and meticulous hygiene using water-moistened, fragrance-free toilet paper or a bidet. The area is then blotted dry, with avoidance of rubbing and alkaline soaps (see Ch. 153). A mild corticosteroid cream or ointment (class 6 or 7) is often effective in controlling symptoms. However, with increasing disease severity, increasingly potent topical corticosteroids may be required, and with longstanding disease and lichenification, patients may need prolonged treatment, raising the risk of cutaneous atrophy. Topical calcineurin inhibitors (including use on a rotational basis with topical corticosteroids) may be helpful when longer courses of therapy are necessary.


Secondary pruritus ani improves with treatment of the underlying disorder, e.g. removal of a malignancy, antihelminthic therapy or hemorrhoidectomy.









Pruritus Vulvae and Scroti


These common disorders may be as incapacitating and emotionally disturbing as anal pruritus. Originally thought to be psychogenic illnesses, case series indicate that these conditions are psychogenic in only 1% to 7% of patients1. Like pruritus ani, patients with pruritus of the vulva or scrotum typically complain of symptoms that are worse at night, and, via repeated rubbing and scratching, lichenification often develops. The evaluation, differential diagnosis, and treatment options are similar to those for pruritus ani.


Acute pruritus of the vulva or scrotum is often related to infections, but allergic or irritant contact dermatitis should also be considered. Chronic pruritus in these sites may be caused by dermatoses (e.g. psoriasis, atopic dermatitis, lichen sclerosus, lichen planus), malignancy (e.g. extramammary Paget’s disease, squamous cell carcinoma) or atrophic vulvovaginitis8,49. Scrotal pruritus secondary to lumbosacral radiculopathy has also been described50. In general, irritation related to cleansing and toilet habits needs to be addressed.


Specific treatment of the underlying cause is necessary. For example, class 1 corticosteroid ointment twice daily for up to 2 months often produces a dramatic response in vulvar lichen sclerosus (see Ch. 73).









Scalp Pruritus


Skin disorders involving the scalp (e.g. seborrheic dermatitis, psoriasis, folliculitis, dermatomyositis) may present with pruritus localized to this area. However, pruritus of the scalp can also occur in the absence of any objective changes, most commonly in middle-aged individuals during periods of stress and fatigue. In such instances, various treatments such as emollients and topical corticosteroids have been employed with inconsistent efficacy1.









Pruritus in Scars


Scar remodeling can last from 6 months to 2 years. Pruritus associated with normal wound healing is common and usually resolves over time1. Occasionally, pruritus and discomfort may be prolonged, sometimes in association with hypertrophic or keloidal scarring. Most likely, the pruritic sensation in immature or abnormal scars is a consequence of physical and chemical stimuli as well as nerve regeneration. Physical stimuli include direct mechanical stimulation of nerve endings during scar remodeling. Histamine, vasoactive peptides such as kinins, and prostaglandins of the E series (PGE) act as chemical mediators and may account for a “chemogenic” pruritus. The role of histamine in the early inflammatory phase of wound healing is well documented, and an increase in histamine content within keloids and hypertrophic scars appears to parallel the rate of collagen synthesis. Nerve regeneration occurs in all healing wounds, and the disproportionate number of thinly myelinated and unmyelinated C fibers present in immature or abnormal scars contributes to an increased perception of pruritus. The observation of abnormalities in small nerve fiber function within keloids has raised the possibility of a small nerve fiber neuropathy51.


Therapy includes emollients, anti-inflammatory agents such as topical and intralesional corticosteroids, and silicone gel sheets. Oral antihistamines do not have a significant benefit. Relief of pain and pruritus associated with giant keloids was observed with oral pentoxifylline (400 mg two to three times daily)52.









Postburn Pruritus


Approximately 85% of patients with burns experience pruritus during healing, particularly when the burns involve the limbs53. A gradual decrease in pruritus usually occurs, but it may be present for years. Histamine release during the inflammatory stage of the healing process correlates with collagen production. As morphine is the analgesic of choice in the treatment of burns, it may contribute to postburn pruritus as well.


Burn survivors often face psychological distress, which has been linked to an increase in pruritic sensations54. Reported predictors of pruritus include a deep dermal burn injury, female gender, and high psychological impact of the accident55. Topical emollients and antihistamines are frequently utilized but rarely provide adequate relief54. In a recent randomized controlled trial, oral gabapentin was found to be more effective than cetirizine for postburn pruritus55a. Topical anesthetics (e.g. lidocaine/prilocaine), massage therapy, and bathing in oiled water or with colloidal oatmeal may also be of benefit56.









Miscellaneous






Fiberglass dermatitis


Fiberglass exposure is common in individuals with occupations in industry or construction, and it may provoke severe pruritus with or without visible skin lesions. Involvement of the hands and other non-covered body parts such as the upper extremities, face and upper trunk is typical. Clinically, fiberglass dermatitis may resemble scabies, eczematous dermatitis, folliculitis or urticaria (see Ch. 16)33.















Pruritus in systemic disease






Renal Pruritus


Renal pruritus is a localized or generalized, paroxysmal symptom occurring in patients with chronic (not acute) renal failure. Unfortunately, the term “uremic pruritus” is often used synonymously. “Uremic pruritus” implies that the symptom is secondary to elevated serum urea levels, which is untrue.


The occurrence of renal pruritus is not associated with gender, age, race, duration of dialysis or etiology of the renal failure1. Patients on continuous ambulatory peritoneal dialysis (CAPD) are less affected than those on hemodialysis1, and utilization of high-permeability rather than conventional hemodialysis may help to relieve renal pruritus56a. Pruritus peaks at night after 2 days without dialysis (in those on a standard hemodialysis treatment protocol), is relatively high during treatment and is lowest during the day following dialysis9,57. Renal pruritus has been shown to be an independent marker of mortality for patients on hemodialysis.


The etiology of renal pruritus is poorly understood, and the role of mast cells is controversial. Whereas some researchers have detected increased total numbers of mast cells (often degranulated) as well as proliferation of mast cells in the skin and various other organs (spleen, bone marrow, bowel wall), other investigators could not confirm these findings58. Increased plasma histamine levels in uremic patients have been detected in some but not all studies, and no relationship has been found between the plasma histamine level and severity of pruritus58. This is in accordance with the failure of antihistamine therapy to provide relief to affected individuals. Another possible explanation for renal pruritus is an accumulation of poorly dialyzed compounds that cross the dialysis membranes slowly1.


Parathyroid gland activity is commonly increased in chronic renal failure, and a dramatic relief of pruritus after subtotal parathyroidectomy has been reported in some patients1. Serum calcium, phosphate and parathyroid hormone (PTH) levels have been shown to be significantly higher in dialysis patients with pruritus than in those without pruritus, but no correlation between the degree of symptoms and the PTH level has been observed9,58a. Immunohistochemical studies have failed to demonstrate PTH within the skin, nor does PTH produce pruritus when injected intradermally9. Additionally, pruritus is not always present in uremic patients with hyperparathyroidism9. In summary, the role of circulating PTH in renal pruritus is controversial.


Although xerosis is common in patients with chronic renal failure (Fig. 6.8), the presence of pruritus does not correlate with xerosis, stratum corneum hydration or sweat secretion59. The role of elevated blood serotonin levels in hemodialysis patients also remains unclear58. Peripheral neuropathy affects up to 65% of patients who receive dialysis, raising the possibility that pruritus may be a manifestation of a neuropathy (see treatment below). The presence of specialized receptors for pruritus in chronic dialysis patients has also been proposed, but this theory does not explain the abruptness of symptom improvement after transplantation.
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Fig. 6.8 Xerosis and pruritus in a patient with chronic renal failure who is receiving hemodialysis.


There are a few papules of acquired perforating dermatosis admixed with the scratch marks.


Courtesy, Jean L Bolognia, MD





Opioids could potentially play a role, as they accumulate with renal failure. However, this accumulation is unrelated to the duration of disease and levels are unaltered by hemodialysis1. In addition, one study of hemodialysis patients found that renal pruritus was not related to serum levels of β-endorphin. Finally, it has been suggested that an immunologic alteration characterized by a proinflammatory pattern is involved in the pathogenesis of renal pruritus. In three patients, a 7-day course of topical tacrolimus ointment 0.03% led to a dramatic relief of pruritus60; however, these results could not be confirmed in a controlled study61.


A brief overview of published therapeutic options for renal pruritus is provided in Table 6.6. Antihistamine use for this indication has shown only marginal efficacy1. Oral activated charcoal has produced good results in controlled studies, whereas cholestyramine has had variable success1. Ondansetron was reported as effective in patients receiving both continuous ambulatory peritoneal dialysis and hemodialysis, but these results could not be verified by more recent studies in hemodialysis patients62. Results of controlled trials of naltrexone have been mixed63,64. However, nalfurafine; a novel κ-opioid receptor agonist that is administered intravenously, was found to be effective in multicenter controlled studies65. In one controlled trial, thalidomide relieved pruritus in a significant number of patients66. There is evidence that gabapentin can also be a safe and effective therapy67. However, renal transplantation remains the most effective treatment, as pruritus ceases soon after this intervention.


Table 6.6 Therapeutic ladder for renal pruritus. Key to evidence-based support: (1) prospective controlled trial; (2) retrospective study or large case series; (3) small case series or individual case reports.






	
THERAPEUTIC LADDER FOR RENAL PRURITUS [image: image]







	Medical






	



• Topical capsaicin (0.025% three to five times daily) (2)


• Topical γ-linolenic acid (2.2% four times daily) (1)


• Topical pramoxine (1)


• Activated charcoal (6 g po daily) (1)


• Gabapentin (200–300 mg after each hemodialysis session) (1)


• Pregabalin (25 mg po daily) (2)


• UVB phototherapy (1)


• Cholestyramine (4–16 g po daily in divided doses) (2)


• Naltrexone (50 mg po daily) (2)


• Ondansetron (8 mg po or iv daily) (2)


• Nalfurafine* (TRK-820) (5 microg iv three times a week†) (1)


• Ketotifen (1–2 mg po daily) (3)


• Cromolyn sodium (135 mg po three times daily) (1)


• Montelukast (10 mg po daily) (1)


• Thalidomide (100 mg po daily) (1)


• Lidocaine (200 mg iv daily) (3)


• Erythropoietin (36 U/kg sc three times a week) (3)












	Surgical






	



• Subtotal parathyroidectomy


• Renal transplant













* Kappa-opioid receptor agonist.


† Post hemodialysis.









Cholestatic Pruritus


Nearly any liver disease can present with pruritus, but the most commonly associated entities are primary biliary cirrhosis, primary sclerosing cholangitis, obstructive choledocholithiasis, carcinoma of the bile duct, cholestasis (also see drug-induced pruritus), chronic hepatitis C viral infection and other forms of viral hepatitis1. Pruritus in these settings tends to be generalized, migratory and not relieved by scratching. It is typically worse on the hands, feet and body regions constricted by clothing, and it tends to be most pronounced at night. In patients with chronic cholestasis, pruritus can be an early symptom that develops years before any other manifestation of the liver disease1.


The etiology of cholestatic pruritus is unknown10. There are several major theories regarding mediators and mechanisms. For decades, a role for bile acids was postulated. Although intracutaneous injection of bile acids has been reported to induce pruritus, elevated serum levels of bile acids are not always associated with pruritus. Additionally, in patients with severe cholestasis, the development of hepatocellular failure tends to result in spontaneous cessation of pruritus10. Another hypothesis proposes that increased opioidergic neurotransmission or neuromodulation in the CNS contributes to the pruritus of cholestasis10. This is based upon the observation that opiate agonists induce opioid receptor-mediated scratching activity of central origin. Furthermore, cholestasis-related changes in the opioid system may lead to changes in other neurotransmitter systems such as altered serotoninergic neurotransmission. Recent studies have provided evidence that lysophosphatidic acid, a neuronal activator, may have a role in cholestatic pruritus67a. In summary, it is inferred that as yet unknown pruritogen(s) are produced in the liver and excreted in the bile, and they then accumulate in the plasma as a result of cholestasis10,68.


Treatment of cholestatic pruritus depends on the underlying cause and includes gallstone removal, drug withdrawal, and interferon plus ribavirin therapy for chronic hepatitis C viral infection. Ultimately, liver transplantation for end-stage liver failure will improve symptoms. A number of systemic antipruritic therapies have been reported (Table 6.7). As there is no compelling evidence that histamine is involved in the pathogenesis of cholestatic pruritus, antihistamines have limited therapeutic benefit except for their sedating properties. Of note, gabapentin did not have a therapeutic advantage over placebo in a controlled study68.


Table 6.7 Treatment options for hepatic or cholestatic pruritus33,65,68-78.






	TREATMENT OPTIONS FOR HEPATIC OR CHOLESTATIC PRURITUS






	Benefit confirmed in controlled clinical trials






	Cholestyramine*


	4–16 g po daily






	Ursodeoxycholic acid (ursodiol)

	13–15 mg/kg po daily






	Rifampin†


	300–600 mg po daily (depending upon serum bilirubin level)






	Naltrexone‡


	25 mg po twice daily [day 1], then 50 mg po daily






	Naloxone‡


	0.2 microg/kg/min iv infusion preceded by 0.4 mg iv bolus






	Nalmefene‡


	2 mg po twice daily [day 1], 5 mg po twice daily [day 2], 10 mg po twice daily [day 3], then 20 mg po twice daily; increase as needed to maximum of 120 mg po twice daily






	Propofol

	10–15 mg iv (bolus), 1 mg/kg/h (infusion)






	Thalidomide

	100 mg po daily






	Equivocal effect in controlled studies






	Ondansetron§


	4–8 mg iv or 8 mg po daily






	Benefit observed in case series or case reports






	Dronabinol[image: image]


	5 mg po nightly






	Sertraline¶


	75 mg po daily






	Paroxetine¶


	10 mg po daily






	Butorphanol spray**


	–






	Plasma perfusion (ion resin BR-350)

	–






	Phenobarbital

	2–5 mg/kg po daily






	Phototherapy: UVA, UVB

	–






	Stanozolol

	5 mg po daily






	Bright light therapy

	10 000 lux reflected toward the eyes up to 60 min twice daily







* Improvement may be temporary.


† Increases hepatic metabolism of bile salts.


‡ Mu-opioid receptor antagonists.


§ Antagonist of 5-HT3 receptors.


[image: image] Cannabinoid B1 receptor agonist.


¶ Selective serotonin reuptake inhibitor.


** Kappa-opioid receptor agonist and µ-opioid receptor antagonist.









Hematologic Pruritus


Many hematologic diseases, especially myelodysplastic disorders, are associated with significant pruritus.






Iron deficiency


Patients with iron deficiency plus generalized or localized pruritus (especially of the perianal or vulvar region) that improved with iron supplementation have been described1. However, controlled trials have not been performed. Of note, iron deficiency can be a sign of polycythemia vera, other malignancies or systemic diseases that themselves cause pruritus. Excluding a gastrointestinal source of blood loss is an important consideration11.









Polycythemia vera


Aquagenic pruritus (see above) may precede the development of polycythemia vera by several years, and approximately 30–50% of polycythemia vera patients have pruritus. Thus, this diagnosis must be suspected in all patients with aquagenic pruritus33. Platelet aggregation has been suggested as a possible mechanism leading to release of serotonin and other pruritogenic factors, including histamine. A mutation in the Janus kinase 2 gene (JAK2) that results in constitutive activation and agonist hypersensitivity in basophils has been shown to be associated with aquagenic pruritus in polycythemia vera patients. Treatment options include oral aspirin (300 mg once daily to three times a day), which is first-line therapy given the rapid relief it provides for 12–24 hours; UVB or PUVA phototherapy (reports of success); intramuscular interferon-α (good efficacy); and oral H1- or H2-receptor antagonists (variable results)1,11,33.












Pruritus and Malignancy


Virtually any malignancy can induce pruritus as a paraneoplastic phenomenon, but the true relationship between cancer and this symptom is unclear. No reliable epidemiologic study has demonstrated whether malignant diseases are increased in patients suffering from unexplained pruritus. Persistent, unexplained pruritus or failure of generalized pruritus to respond to conventional therapy should warrant evaluation for an underlying malignancy11,33. Pruritus may be seen in advanced disease or it can be an early sign that is present for several years before the diagnosis is made11. However, the intensity and extent of pruritus do not correlate with the extent of tumor involvement1.


Suggested mechanisms of tumor-associated pruritus include toxic products from necrotic tumor cells entering the systemic circulation, production of chemical mediators of pruritus by the tumor, allergic reactions to tumor-specific antigens, increased proteolytic activity and histamine release. Pruritus may also complicate malignant disease that results in obstruction of the biliary tree (e.g. carcinoma of the head of the pancreas or bile duct), and “central” pruritus (e.g. due to brain tumors) or pruritus as a consequence of treatment (e.g. surgery, radiotherapy, cytotoxic chemotherapy) can occur11. Pruritus associated with obstruction of the biliary tree tends to be generalized, sometimes with especially intense involvement of the palms and soles. Localized pruritus of the nose has been associated with brain tumors1. Symptomatic pharmacologic interventions include SSRIs, mirtazapine and thalidomide11.






Hodgkin disease


There is a strong association between pruritus and Hodgkin disease1. Severe, persistent generalized pruritus is predictive of a poor prognosis, and return of this symptom may portend tumor recurrence. It has been proposed that pruritus should be added to the list of B symptoms in this disease1.


Factors contributing to pruritus in Hodgkin disease may include eosinophilia and release of histamine (from basophils), leukopeptidases or bradykinin. Hepatic involvement by the lymphoma may occasionally play a role. Production of IL-5 by Reed–Sternberg cells can lead to eosinophilia, but whether the eosinophil count correlates with the degree of pruritus is unclear. Therapy should focus on treatment of the lymphoma, but topical corticosteroids and oral mirtazapine (7.5–30 mg/day) may be of benefit11.









Non-Hodgkin lymphoma


Pruritus is generally less prevalent in non-Hodgkin lymphoma than in Hodgkin disease. An estimated 10% of patients with non-Hodgkin lymphoma suffer from pruritus at some time during the course of their disease. Amelioration after systemic interferon-α has been reported11.









Leukemia


Pruritus is not a common symptom in patients with leukemia, but when it occurs, it is usually generalized. Chronic lymphocytic leukemia (CLL) and hypereosinophilic syndrome (which includes patients with eosinophilic leukemia and other hematologic malignancies; see Ch. 25) are often associated with pruritus. In addition, patients with CLL can develop exaggerated reactions to insect bites. Leukemia cutis may produce localized symptoms that include pruritus11,33.












Endocrine Pruritus






Thyroid disease


Severe generalized pruritus may be a presenting symptom of hyperthyroidism. The cause is not known, but it is postulated to result from a direct effect of thyroid hormone on the skin1. Localized or generalized pruritus may also be seen in patients with hypothyroidism, but not as frequently. The skin in individuals with hypothyroidism is often dry, which can lead to asteatotic eczema accompanied by pruritus.









Diabetes mellitus


Generalized pruritus as a presenting symptom of diabetes mellitus may occur, but generalized pruritus is not significantly more common in diabetic than in non-diabetic patients79. Localized pruritus, especially in the genital and perianal areas (see pruritus ani), is significantly more common in diabetic women and is associated with poor glycemic control79. In some patients, a predisposition to candidiasis may play a role. Diabetic neuropathy is characteristically associated with pain, burning or prickling sensations, although pruritus has been described1.












Pruritus in HIV Infection and AIDS


Occasionally, pruritus is the initial presenting symptom of AIDS. In as many as half of AIDS patients with pruritus, an additional diagnosis responsible for this symptom is not identified. However, HIV-infected individuals tend to develop a number of pruritic dermatoses such as pruritic papular eruption, eosinophilic folliculitis, severe seborrheic dermatitis, psoriasis, scabies, drug eruptions, xerosis (see Fig. 6.3) and acquired ichthyosis (see Ch. 78). Insect bites can be significantly more inflammatory and pruritic in the HIV-infected population; one hypothesis regarding the pruritic papular eruption of HIV infection is that it reflects an altered and exaggerated immune response to arthropod antigens80. Kaposi sarcoma lesions are occasionally pruritic, and patients with HIV infection may have causes of pruritus previously discussed (e.g. chronic renal failure, liver disease and non-Hodgkin lymphoma)81.


Severe, treatment-resistant pruritus is relatively common in HIV-infected individuals. Immunologic analyses have shown that HIV patients with intractable pruritus have markedly elevated serum levels of IgE, peripheral hypereosinophilia and a Th2-type cytokine profile82. Augmented serum concentrations of IgE have been found to correlate with a faster decline in CD4+ T-cell counts1, and a possible correlation between intractable pruritus and increased HIV viral load has been observed.


Treatment should be directed at any underlying dermatoses that can be identified (see above). Topical corticosteroids, UVB phototherapy and antihistamines may be used symptomatically; antihistamines with anti-eosinophilic potential may be more effective (e.g. cetirizine). The safety of UV treatment in HIV-infected patients has been debated but such treatment is currently considered safe44. Although antiretroviral therapy (ART; formerly referred to as highly active antiretroviral therapy [HAART]) can lead to improvement in several pruritic dermatologic diseases, a variety of skin conditions (infectious, inflammatory and neoplastic) may flare when ART is started (immune reconstitution inflammatory syndrome; see Ch. 78)81. Another therapeutic option for pruritus and prurigo nodularis in patients with HIV infection and AIDS is thalidomide (100–300 mg/day), as it is not an immunosuppressant33,83.












Pruritus in pregnancy


This symptom can have multiple etiologies in a pregnant patient8 and is discussed in Chapter 27.









Pharmacologic pruritus


Essentially, any drug can cause a skin reaction that is associated with pruritus1. Pruritic drug reactions most often present as morbilliform or urticarial eruptions (see Ch. 21), but occasionally pruritus is the predominant manifestation (Table 6.8). Some medication effects (e.g. hepatotoxicity) that can lead to pruritus have a relatively long latency period. Treatment includes discontinuation of the offending agent.


Table 6.8 Common pharmacologic etiologies of pruritus.






	COMMON PHARMACOLOGIC ETIOLOGIES OF PRURITUS






	Pathomechanism

	Medication






	Cholestasis

	Chlorpromazine, erythromycin estolate, estrogens (including oral contraceptives), captopril, sulfonamides






	Hepatotoxicity

	Acetaminophen, anabolic steroids (including testosterone), isoniazid, minocycline, amoxicillin–clavulanic acid, halothane, phenytoin, sulfonamides






	Sebostasis/xerosis

	Beta-blockers, retinoids, tamoxifen, busulfan, clofibrate






	Phototoxicity

	8-Methoxypsoralen






	Neurologic (or histamine release)

	Tramadol, codeine, cocaine, morphine*, butorphanol, fentanyl, methamphetamine






	Deposition

	Hydroxyethyl starch






	Idiopathic

	Chloroquine, clonidine, gold salts, lithium







* Also non-immunologic release of histamine from mast cells.









Psychogenic pruritus


Psychogenic (somatoform) pruritus should be considered when other causes have been excluded. Psychogenic pruritus may have an intensity that parallels the emotional state and is often exaggerated33. No primary lesions are seen, and secondary lesions range from lichenification to excoriations. Although the patient’s sleep pattern is usually uninterrupted, sedative antipruritics may be utilized as therapy, because topical agents alone are rarely effective. Generalized pruritus can be associated with anxiety disorders, depression and even psychosis (e.g. delusions of parasitosis; see Ch. 7). Consultation with a psychiatrist is recommended.









Neurologic etiologies of pruritus and dysesthesia


A dysesthesia is defined as an abnormal sensation such as tingling, burning, numbness or pruritus. It can result from abnormalities in the CNS (neurogenic) or peripheral nervous system (neuropathic). Dysesthesias, including pruritus, are usually localized (e.g. upper back, thigh; Fig. 6.9) when they are due to a neuropathy. Neurogenic causes of locoregional dysesthesia (e.g. chin, nose) include tumors of the CNS, stroke and multiple sclerosis.
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Fig. 6.9 Distributions of dysesthesia in selected neuropathic conditions.


Cheiralgia paresthetica is caused by entrapment of the radial nerve. Darker shades indicate more common areas of involvement.


Courtesy, Kary Duncan, MD.









Brachioradial Pruritus


This chronic disorder is characterized by intermittent pruritus or burning pain on the dorsolateral aspects of the forearms and elbows (Fig. 6.10); there is sometimes more extensive involvement (e.g. of the shoulder area) (see Fig. 6.9). Cumulative solar damage and nerve root impingement due to degenerative cervical spine disease may be contributory factors1,84. Acute UV light exposure exacerbates the condition, and patients living in temperate climates report remissions in the fall and winter months. Sunlight is therefore an eliciting factor, and both photodamage and cervical spine disease are predisposing factors84. Patients may report that the application of ice provides some relief. Examination often reveals excoriations localized to the vicinity of the brachioradialis muscle, but dermatitis of the affected area is rare. Evaluation should include a neurologic examination; if indicated, imaging of the cervical spine can be performed. In addition to sun protection, treatment options include topical capsaicin or pramoxine, gabapentin (600–1800 mg/day in divided doses), physical therapy and acupuncture33.





[image: image]

Fig. 6.10 Brachioradial pruritus.


The affected area is outlined by ink.











Burning Mouth Syndrome


Orodynia, or burning mouth syndrome, is characterized by burning mucosal pain without clinically detectable oral lesions. The pain is typically bilateral, often involving the anterior two-thirds of the tongue, palate and lower lip85. The buccal mucosa and floor of the mouth are rarely involved. Histology of the affected areas in primary burning mouth syndrome is unremarkable. However, secondary causes, as listed below, may be identified.


The condition is thought to affect more than 1 million people in the US. It typically occurs in middle-aged or older adults, with a female : male ration of ~7 : 186. Symptoms can last from a few months to several years. A classification system based on the pattern of disease over time has been described: type 1 (35%) is characterized by the absence of symptoms upon awakening, with a gradual increase in severity over the course of the day; type 2 (55%) features constant burning, both day and night; and type 3 (10%) has days of remission that follow no identifiable pattern86.


The evaluation of burning mouth syndrome should include a thorough physical examination to help exclude secondary causes, although the disorder is frequently idiopathic. Localized burning or itch may be the first indication of a malignant lesion (e.g. an oral squamous cell carcinoma), and a biopsy should be performed if a malignancy is suspected. Ill-fitting dentures, oral candidiasis, xerostomia (salivary flow studies in primary burning mouth syndrome have been inconclusive), and contact dermatitis to dental work have been reported as other secondary causes. All medications (prescription and over-the-counter) should be reviewed to identify any that have xerostomia as a side effect. Additional precipitating factors include iron, zinc, folate and vitamin B12 deficiencies, type 2 diabetes mellitus, hypothyroidism and the menopausal state87. Finally, depression and anxiety have been found more commonly in patients with burning mouth syndrome compared with pain-free controls86.


When a secondary cause is identified, treatment of that disorder is indicated. Depending upon the initial evaluation, further consultations may be necessary (e.g. dentistry, psychiatry, otolaryngology, neurology). Direct questions concerning anxiety, fear of cancer and depression should be broached.


Reported successful treatments for primary burning mouth syndrome include oral tricyclic antidepressants (e.g. amitriptyline, doxepin), low-dose benzodiazepines and gabapentin, as well as topical clonazepam88. Initial doses of the antidepressants should be low and then increased slowly, given unwanted side effects such as xerostomia and sedation. In case reports and series, antifungal agents such as nystatin were shown to be effective (even when cultures were negative), as were topical capsaicin and anesthetics such as lidocaine or dyclonine; mouthwashes containing various combinations of anesthetics, nystatin, tetracycline, hydrocortisone, diphenhydramine and Maalox® have been utilized. There is some evidence that cognitive behavioral therapy and α-lipoic acid (600 mg daily) can improve symptoms89.









Burning Scalp Syndrome


Burning scalp, also referred to as “scalp dysesthesia”90, presents with diffuse burning pain, pruritus, numbness or tingling of the scalp without objective findings. Secondary causes such as seborrheic dermatitis, folliculitis, lichen planopilaris, allergic or irritant contact dermatitis and discoid lupus erythematosus should be excluded and (if present) treated. In a study examining the correlation between stressful life events and cutaneous symptoms, the most frequent body region affected was the scalp, and burning scalp syndrome is often associated with underlying depression and anxiety. Like other dysesthesias, burning scalp syndrome is often treated with gabapentin and tricyclic antidepressants90 as well as topical capsaicin. An isolated case report noted resolution of chronic scalp pain in a patient with severe hyperlipidemia and eruptive xanthomas once the lipid abnormality was corrected91.









Notalgia Paresthetica


Notalgia paresthetica is a common condition in adults that is characterized by focal, intense pruritus of the upper back, especially over the medial scapular borders (see Fig. 6.9); it is occasionally accompanied by pain, paresthesias or hyperesthesias92. A characteristic finding on physical examination is a hyperpigmented patch due to chronic rubbing of the affected area. Dermal melanophages are evident histologically, and there is considerable overlap with macular amyloidosis.


Various etiologies have been reported, including an association with Sipple syndrome (multiple endocrine neoplasia type 2A; especially if onset is during childhood or adolescence; see Ch. 63), increased dermal innervation, and viscerocutaneous reflex mechanisms. However, most evidence suggests that notalgia paresthetica represents a sensory neuropathy. In approximately 60% of affected patients, the symptoms correlate with spinal pathology, suggesting a pathogenic role for spinal nerve impingement92.


Topical capsaicin cream applied five times daily for 1 week followed by three times daily for 3 to 6 weeks can improve symptoms93. Other options include topical corticosteroids, topical anesthetics (e.g. pramoxine, lidocaine), gabapentin and acupuncture. In one case report, a paravertebral block at spinal levels T3 through T6 with bupivacaine and methylprednisolone acetate produced a 12-month remission94.









Meralgia Paresthetica


Meralgia paresthetica is a localized dysesthesia that presents with numbness, burning pain, tingling or itching of the anterolateral thigh (see Fig. 6.9). Allodynia (increased sensitivity to light touch) is another frequent manifestation, but cutaneous findings such as hyperpigmentation (Fig. 6.11) are less common than in notalgia paresthetica. Meralgia paresthetica occurs in the area of skin innervated by the lateral femoral cutaneous nerve, and it results from pressure on this nerve as it passes under the inguinal ligament. Predisposing factors include obesity, pregnancy, prolonged sitting, tight clothing and carrying heavy wallets in trouser pockets. Much less often, it results from a L1–L4 radiculopathy. Treatment is directed at relieving the pressure on the nerve. A focal nerve block at the inguinal ligament may be of benefit, and surgical decompression is sometimes required. Pharmacologic management as described for nostalgia paresthetica is occasionally helpful.
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Fig. 6.11 Meralgia paresthetica.


Hyperpigmentation and lichenification in a discrete area of dysesthesia on the anterior thigh.











Dysesthetic Anogenital Pain Syndromes


The most common causes of anal pain are not dysesthesias, but rather hemorrhoids and fissures. Likewise, genital pain is often related to etiologies such as trauma, infection (e.g. chlamydia, herpes simplex, candidiasis) and (in men) testicular torsion. Since chronic pain may be a harbinger of malignancy, a thorough evaluation is indicated. However, patients with chronic or recurrent anogenital pain but no detectable abnormalities on physical examination may have a dysesthetic anogenital pain syndrome (Table 6.9). Vulvodynia (localized or generalized) is discussed in Chapter 73. Of note, anogenital pruritus (see above) can also represent a dysesthetic state.


Table 6.9 Dysesthetic anogenital pain syndromes. Vulvodynia is discussed in Chapter 73.






	DYSESTHETIC ANOGENITAL PAIN SYNDROMES






	Syndrome

	Clinical history






	Levator ani syndrome

	Brief intermittent burning pain or tenesmus of the rectal or perineal area. Aggravated by sitting or elimination






	Proctalgia fugax

	Sudden stabbing pain in the perirectal area. Awakens patient from sleep






	Coccydynia

	Intermittent or persistent pain, usually burning type, localized to the coccyx






	Male genital pain syndrome

	Intermittent, continuous or episodic pain during penetration, ejaculation, micturition or exercise






	Koro syndrome

	Psychogenic disorder characterized by acute anxiety, fear of death and sensations that the genitalia are inwardly retracted and (variably) burning pain














Reflex Sympathetic Dystrophy


Reflex sympathetic dystrophy, also known as complex regional pain syndrome, is a debilitating disorder that develops in regions where damage to peripheral nerves has occurred. The most commonly affected areas are the upper limbs (especially the hands; Fig. 6.12), but the lower extremities may also be involved. Regional insult to nociceptive terminals results in a complicated signal cascade that ultimately amplifies the pain response of the CNS. The disease progresses through several stages (Table 6.10), which are thought to be due to autonomic nervous system dysfunction95.
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Fig. 6.12 Reflex sympathetic dystrophy with scaling and erosions of the fingertips.


Courtesy, Kalman Watsky, MD.





Table 6.10 The stages of reflex sympathetic dystrophy.






	THE STAGES OF REFLEX SYMPATHETIC DYSTROPHY






	First stage (within 1 to 3 months)






	



• Hyperalgesia – pain experienced above that expected for a given stimulus


• Allodynia – pain experienced from innocuous stimuli


• Patients tend to categorize the pain as burning; clinical signs are rare












	Second stage (within 3 to 9 months)






	



• Hyperpathia – an increased pain threshold develops that, when exceeded, results in rapid maximal pain intensity that is not stimulus-dependent


• Dystrophic nail changes – brittleness, thickening, and rigidity of the nail plate


• Regional hypertrichosis and hyperhidrosis


• Regional vasomotor dysfunction – livedo reticularis, cyanosis, edema, delayed capillary refill, and erythema may be seen


• Motor dysfunction – inability to initiate movement, weakness, tremor, muscle spasms and dystonia. Upper extremity findings may include flexion-contractures of the fourth and fifth digits with adduction and flexion of the arm and wrist. When the lower extremity is involved, inversion of the foot with plantar flexion is common












	Third stage (within 9 to 18 months)






	



• Sudeck’s atrophy – skeletal cystic and subchondral erosion with diffuse osteoporosis


• Fibrous ankylosis of joints


• Muscle, subcutaneous and pilar atrophy with fixed cutaneous mottling













Many treatment modalities have been utilized and are summarized in Table 6.11. Most therapies are directed toward interruption of the autonomic nervous system and have had limited success96.


Table 6.11 Treatment options for reflex sympathetic dystrophy.






	TREATMENT OPTIONS FOR REFLEX SYMPATHETIC DYSTROPHY






	Non-invasive






	



Alpha-adrenergic antagonists: phenoxybenzamine, prazosin, terazosin


Gabapentin


Intranasal calcitonin


Thalidomide












	Invasive






	Intrathecal






	Baclofen, phenoxybenzamine, reserpine, corticosteroids, anesthetic agents






	Surgical






	



Sympathectomy


Acupuncture


Transcutaneous nerve stimulation




















Trigeminal Neuralgia


Trigeminal neuralgia, also known as tic douloureux, is characterized by recurrent paroxysms of sharp pain (lasting seconds to minutes) radiating into the territory of one or more of the trigeminal sensory divisions. The pain is generally unilateral (most often right-sided) and described as a stabbing, burning or shocking sensation. Attacks may occur as frequently as several times per day or as infrequently as a few times per month. Typically, the episodes increase in frequency and severity over time, occasionally culminating in a persistent pain flurry lasting for days to weeks, called acute trigeminal neuralgia crisis.


Various trigger stimuli have been reported, such as touching or washing the face, brushing the teeth, eating or talking. A thorough history is important because physical findings are nearly non-existent. Sensory and motor function should be intact, and abnormalities raise suspicion of structural neurologic abnormalities related to a tumor, stroke or multiple sclerosis. MRI is of value for detecting these entities but is low yield in primary trigeminal neuralgia97.


The cause of trigeminal neuralgia remains unknown, although several hypotheses have been proposed. Early reports focused on trigeminal nerve demyelination. Of note, multiple sclerosis is a concurrent disease in 4–18% of patients with this condition. However, more recent theories include a component of vascular impingement on the trigeminal nerve. In one study, vascular compression of the trigeminal root was found in >90% of patients with trigeminal neuralgia, explaining high success rates (80–90%) with decompression therapy in subsequent reports97.


Medical therapy is the first-line management of trigeminal neuralgia. Carbamazepine is the single most effective long-term oral medication (providing relief in 70–90% of patients), and phenytoin, baclofen and gabapentin can also be helpful. In an open-label study, injections of botulinum A toxin were reported as therapeutically successful98. In cases refractory to medical therapy, surgical options such as the aforementioned microvascular decompression can be employed. Stereotactic radiosurgical techniques with gamma radiation have also been developed, providing high rates of relief with minimal invasiveness or risk for loss of neurologic function. Acute trigeminal neuralgia crisis has been controlled with intravenous phenytoin for upwards of 48 hours, thereby providing a window to modify oral therapeutic regimens.









Trigeminal Trophic Syndrome


Trigeminal trophic syndrome is a self-induced ulcerative condition of the central face that classically involves the nasal alae99,100 (Fig. 6.13). Patients characteristically present with a small crust that develops into a crescentic ulcer that may gradually extend to involve the cheek and upper lip. The self-mutilation is triggered by paresthesias and dysesthesias that occur secondary to impingement of or damage to the sensory portion of the trigeminal nerve. The nasal tip, which is supplied by the external nasal branch of the anterior ethmoidal nerve (see Ch. 142), is typically spared. Most commonly, the underlying nerve damage is iatrogenic from ablation of the Gasserian ganglion in an attempt to treat trigeminal neuralgia. Other causes include infection (e.g. with varicella–zoster virus, herpes simplex virus or mycobacteria), stroke (with infarction of the posterior cerebellar artery), and CNS tumors or their treatment100.





[image: image]

[image: image]

Fig. 6.13 Trigeminal trophic syndrome.


Erosions and ulcerations with hemorrhagic crusts favor the ala nasi (A, B). Obvious linear excoriations are seen in the second patient (B).


Courtesy, Kalman Watsky, MD.





The differential diagnosis is that of a non-healing ulcer and includes cutaneous malignancies (most often basal cell or squamous cell carcinoma, but also nasal NK/T-cell lymphoma), infections (e.g. chronic herpes simplex, Leishmania spp., dimorphic fungi, yaws), inflammatory disorders (e.g. vasculitis including Wegener’s granulomatosis, pyoderma gangrenosum) and factitial disease (see Table 45.3).


Treatment of trigeminal trophic syndrome is challenging and requires a multidisciplinary approach. Medications such as carbamazepine, diazepam, amitriptyline and pimozide have limited effectiveness. Protective barriers worn at night and patient education are important measures. Surgical repair of the defect(s) with innervated skin flaps provides the greatest chance for resolution99,100.












Treatment


Thus far, no specific antipruritic drugs exist that equal aspirin’s ability to relieve pain. Individualized management of each patient and disease process is necessary33. Patient education and elimination of provocative factors are important, including wearing soft breathable clothing (i.e. no wool or harsh synthetic fabrics, but rather cotton or silk), avoiding excessive bathing (lukewarm baths or showers with mild synthetic detergents [syndets]), using emollients on a daily basis (with application of a cream or ointment immediately after bathing) and managing dermographism if present. Elderly patients are especially prone to xerosis, and restricting bathing to once or twice weekly (with interim sponge bathing of odorous regions such as the groin and buttocks) may be helpful. Patients can be taught methods of interrupting the itch–scratch cycle, such as application of a cold washcloth or gentle pressure, and the nails should be kept short. Controlled physical exercise, relaxation therapy, and minimization of exposure to dust and heat as well as of stress and anxiety are beneficial.






Topical Treatment


A large variety of topical compounds that have antipruritic properties are available, including corticosteroids, coal tars (e.g. 5% liquor carbonis detergens) and anesthetics (e.g. pramoxine) as well as counterirritants (e.g. menthol).


Topical anesthetic agents decrease pain and pruritic sensations and may relieve tingling and dysesthesias. Lidocaine/prilocaine (EMLA®) cream has demonstrated antipruritic properties in experimentally induced pruritus and can be helpful in localized pruritic states such as notalgia paresthetica101. Effectiveness may be improved by combining the anesthetic with urea, also a potential antipruritic101. However, the therapeutic effect depends on the underlying disease; for example, in one study, no significant improvement was seen in atopic dermatitis102.


The topical antihistamine dimethindene (not available in the US) may improve pruritus severity, depending on the underlying cause; again, no effect was seen in atopic dermatitis101,102. Topical doxepin has demonstrated antipruritic effects in atopic dermatitis and other eczematous dermatoses, including lichen simplex chronicus, nummular eczema and contact dermatitis103. Side effects such as drowsiness occur when large portions of the body are covered and young children are treated. If pruritus continues or dermatitis develops, the possibility of allergic contact dermatitis to topical doxepin should be considered; subsequent oral administration of doxepin could result in systemic contact dermatitis. Topical cromolyn sodium was recently shown to relieve allergen- and histamine-induced pruritus without blocking wheal formation, suggesting a mechanism involving inhibition of cutaneous sensory nerve fibers rather than preventing mast cell degranulation103a.


Capsaicin is a naturally occurring alkaloid found in many botanical species of the nightshade family (Solanaceae). Capsaicin enhances the release and secondarily inhibits the reaccumulation of neuropeptides. One of these, substance P, is a powerful vasodilator that releases histamine from cutaneous mast cells by an indirect effect. In the literature, topical capsaicin therapy has reportedly been used successfully in several dermatologic disorders. However, no therapeutic benefit has been seen in atopic dermatitis104. Concentrations usually range from 0.025% to 0.3%, and it needs to be applied three to five times daily for maximal effect. Capsaicin has been shown to be a safe treatment even on large skin areas105. Side effects include stinging, burning, pain, erythema and irritation, all of which decrease with continued use.


Topical tacrolimus and pimecrolimus have both anti-inflammatory and antipruritic effects106 (see Ch. 128). Burning and erythema at the application site are the most commonly reported adverse events.









Systemic Treatment


Most systemic drugs with antipruritic properties act centrally and have sedating effects. Placebo responses in pruritus patients are often substantial (e.g. 66% in one study)33. Many systemic drugs with antipruritic effects may work primarily by a placebo mechanism, demonstrating the powerful central nervous modulation of pruritus.









Physical Treatment Modalities


UV light (UVA, UVA1, broadband and narrowband UVB, UVA/UVB, PUVA) therapy has shown beneficial effects in pruritic inflammatory dermatoses, urticaria pigmentosa, renal pruritus, cholestatic pruritus due to primary biliary cirrhosis, pruritus of HIV infection, polycythemia vera-related pruritus, aquagenic pruritus and prurigo nodularis44. Transcutaneous electronic nerve stimulation has been reported as beneficial in different types of pruritus, such as that found in aged skin. This may be partially a placebo effect as it tends to decline with continued therapy33. Acupuncture has also been described as a successful treatment for pruritus vulvae, allergic contact dermatitis, and renal pruritus. Acupuncture was reported to decrease experimental histamine-induced pruritus but had no effect on maximal pruritus intensity or onset time33.









Psychological Approaches


Pruritus may be precipitated, prolonged or enhanced by a number of stress-related mediators such as histamine and neuropeptides. There are also multiple secondary psychosomatic mechanisms through which pruritus may be generated or exacerbated, e.g. the sweat response, alterations in cutaneous blood flow and scratching1. Of note, psychological factors are thought to be able to diminish as well as augment pruritus.


Studies have shown that group psychotherapy, behavioral therapy, controlled physical exercise, support groups and biofeedback can help to stop scratching and improve quality of life1,33.
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Introduction


“Psychodermatology” refers to any aspect of dermatology in which psychological factors play a significant role. At least a third of patients seen in dermatology practices require consideration of associated emotional and psychosocial factors for effective management of their skin condition1,2.


Many patients with psychodermatologic problems resist referral to a mental health professional, and some become upset or even furious if such a referral is suggested to them. While there are many reasons for their reluctance and refusal, ironically, the individuals who are the most psychologically “ill” are often the most adamant about refusing both to recognize the psychogenic nature of their condition and to be referred to a psychiatrist. For example, patients with psoriasis or eczema are usually willing to speak of how emotional stress adversely affects their condition. However, patients with delusions of parasitosis are typically resistant to any discussion of their situation in psychological terms because they have no insight into their disease.


Regardless of the reason for refusal of a referral to a psychiatrist, the dermatologist is thereby designated by the patient to handle the chief complaint, even though the main disorder is psychogenic. Given this, the dermatologist is faced with two choices. The first is to try to address the psychological/psychiatric condition. If a dermatologist decides to take this route, it is necessary to be familiar with the approach to diagnosis, therapeutic options (both pharmacologic and non-pharmacologic, including potential side effects of medications), and limitations of what can be accomplished in a dermatology practice. The other option is to “ignore” the psychological problem and allow this component of the patient’s disorder to remain untreated, which is not optimal. For example, patients with delusions of parasitosis may remain delusional for decades if they do not receive an antipsychotic medication, switching from dermatologist to dermatologist in search of treatment, only to be continually disregarded by physicians. Dermatologists can learn to effectively handle psychodermatologic issues within the limits of their training and practice setting. Although less comprehensive than the treatment delivered by a psychiatrist, in the authors’ opinion, management of these issues by a dermatologist is better than no treatment at all.


In this chapter, a clinically useful method of classifying psychodermatologic diseases is presented and selected psychodermatologic conditions that are commonly encountered in a dermatologic practice are discussed. These include delusions of parasitosis, body dysmorphic disorder, dermatitis artefacta, neurotic (psychogenic) excoriations, acne excoriée and trichotillomania. Strategies for the evaluation and management of patients with these disorders are presented, including pharmacologic and non-pharmacologic treatments. Prurigo nodularis and lichen simplex chronicus are covered in Chapter 6.









Overview


Psychodermatologic disorders can be classified in two ways: (1) by the type of psychodermatologic condition; or (2) by the nature of the underlying psychopathology. The second method is useful because knowledge of the psychopathology enables the clinician to choose the most appropriate first-line psychopharmacologic agent. For example, in obsessive–compulsive disorder (OCD), a selective serotonin reuptake inhibitor (SSRI; e.g. fluoxetine) is typically the first line of pharmacologic therapy. The psychodermatologic patients with the greatest need for psychopharmacologic treatment usually have “blatantly” psychiatric problems, and most of these individuals have psychiatric manifestations in one of the following categories: anxiety, depression, psychosis and OCD3 (Fig. 7.1).





[image: image]

Fig. 7.1 Common psychopathologies underlying psychodermatologic disorders.


Reprinted with permission from Wolverton: Comprehensive Dermatologic Drug Therapy, W.B. Saunders, 2007.





In the classification method based on psychodermatologic conditions, most patients can be grouped into one of five categories3 (Fig. 7.2):




• psychophysiologic disorders, in which a genuine skin disorder, such as psoriasis, is exacerbated by emotional factors


• primary psychiatric disorders, in which the patient has no primary skin disease and all of the cutaneous findings are self-induced, such as in delusions of parasitosis


• secondary psychiatric disorders, in which the patient develops psychological problems as a result of a skin disease that causes physical disfigurement, as in vitiligo or alopecia areata


• cutaneous sensory disorders, in which the patient presents with a purely sensory complaint, such as pruritus, burning or stinging, without visible evidence of primary skin disease or a diagnosable underlying medical condition


• the use of psychotropic medications for purely or primarily dermatologic conditions, such as administration of doxepin to treat chronic urticaria or amitriptyline for postherpetic neuralgia.
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Fig. 7.2 Classification of psychodermatologic disorders.


Adapted with permission from Wolverton: Comprehensive Dermatologic Drug Therapy, W.B. Saunders, 2007












Common psychodermatologic conditions






Delusions of Parasitosis








Synonyms


[image: image] Delusional parasitosis [image: image] Delusional infestation [image: image] Ekbom syndrome [image: image] Delusional disorder, somatic type [image: image] Monosymptomatic hypochondriacal psychosis








Key features







[image: image] False and fixed belief that an individual is infested with parasites


[image: image] May experience sensations of biting, crawling or stinging


[image: image] Need to distinguish from substance-induced formication












Introduction


Delusions of parasitosis falls under the classification of a primary psychiatric disorder. Affected individuals have the false and fixed belief that they are infested by parasites, in the absence of any objective evidence of infestation4.









Clinical features


Patients with delusions of parasitosis are not schizophrenic but rather have the somatic type of delusional disorder (previously referred to as monosymptomatic hypochondriacal psychosis)5 (Table 7.1). Their delusional belief revolves around one particular medical concern and is “encapsulated”, usually not compromising other aspects of their mental or psychosocial functioning.


Table 7.1 Signs and symptoms of delusional disorder, somatic type (monosymptomatic hypochondriacal psychosis).






	SIGNS AND SYMPTOMS OF DELUSIONAL DISORDER, SOMATIC TYPE (MONOSYMPTOMATIC HYPOCHONDRIACAL PSYCHOSIS)






	A delusion is defined as:






	



• A false belief that the patient is absolutely convinced is true, despite a lack of objective evidence












	The delusion in this condition is characterized as:






	



• ‘Encapsulated’ – i.e. has a narrow and specific focus, such as concerns about a particular parasite


• Somatic (physical) and ‘hypochondriac’ (health-related) in nature


• Differing from the delusions of schizophrenia in that psychologic capacity outside of the specific delusion remains largely intact (e.g. proper affect, sociability, manners when discussing other aspects of life)


• Not resulting directly from the effects of a drug of abuse, medication or general medical condition













Adapted with permission from Wolverton: Comprehensive Dermatologic Drug Therapy, W.B. Saunders, 2007.


Individuals with delusions of parasitosis typically present with a history of symptoms for months or even years. They have often already been evaluated by many physicians and tried to eradicate their alleged “parasites” by methods such as using pesticides, hiring exterminators or even changing their residence. The patients frequently bring in bits of skin, lint and other samples that they believe represent “parasites” (Fig. 7.3), which is referred to as the “matchbox sign”. They often report cutaneous sensations of crawling, biting and/or stinging.





[image: image]

Fig. 7.3 Delusions of parasitosis.


Samples of alleged “parasites” brought in by a patient (“matchbox sign”).




Skin findings in delusions of parasitosis range from none at all to excoriations, lichenification, prurigo nodularis and/or frank ulcerations. All of these are self-induced, often resulting from the patient’s efforts to dig out “parasites”.


One intriguing aspect of this disorder is the occurrence of a shared delusional system whereby the patient’s close contacts come to believe in the delusion as well. Folie à deux (“craziness for two”) is the term used to describe two people who share the same delusion. Interestingly, any number of people can be involved in the delusion.


Morgellons disease is a controversial condition with symptoms very similar, if not identical, to those of delusions of parasitosis6. A hallmark of this disorder is that patients claim to observe “fibers” exuding from their skin. Widespread coverage of Morgellons disease in the media and on the Internet has led to an increasing number of patients presenting to dermatologists. Multiple articles in the medical literature and a recent investigation by the Centers for Disease Control and Prevention have supported the categorization of Morgellons disease as a form of delusions of parasitosis6a.









Epidemiology


The average age of onset is in the mid-50s to 60s. Among individuals over 50 years of age, women experience the disorder twice as often as men; however, prior to age 50, men and women are equally affected. Younger patients with this disorder are usually of a lower socio-economic status and may have a history of substance abuse, while older patients are usually of a higher socio-economic status.









Differential diagnosis


Additional diagnostic considerations for patients suspected to have delusions of parasitosis include:




• formication, in which patients experience the sensations of biting and crawling within their skin but have no firm convictions that these sensations are due to an infestation (and thus are not delusional)


• delusionoid ideation, in which a patient is mentally fixated on a particular perspective but, unlike a truly delusional patient, is not completely inflexible


• formication and/or delusion as a result of substance abuse, whereby, under the influence of substances (especially amphetamines and cocaine), patients manifest with a disorder clinically identical to idiopathic delusions of parasitosis.





One additional item in the differential diagnosis that is occasionally missed by dermatologists is a true primary skin disorder.









Management


After the diagnosis of delusions of parasitosis has been established, one of the most challenging aspects of managing these patients is getting them to agree to take an antipsychotic medication. The first step is to establish rapport with the patient and to address the chief complaint seriously, making sure to do a thorough dermatologic examination. While discussing the diagnosis with the patient, communicate it in a matter-of-fact manner and refrain from making any statements that may be misinterpreted by the patient as supporting his or her delusional ideation. Often, it is more feasible to introduce the antipsychotic medication as one that may work empirically for formication and agitation rather than to confront the individual about psychiatric issues. If the medication is presented in an objective and pragmatic manner, the patient may have less difficulty accepting it as a therapy.


The treatment of choice for delusions of parasitosis has traditionally been pimozide. As part of the discussion on therapy, the dermatologist should explain to the patient that he or she does not have Tourette syndrome or schizophrenia, the former being the condition that has US Food and Drug Administration (FDA) approval for treatment with pimozide. Pimozide can be associated with a number of side effects, including extrapyramidal (pseudo-parkinsonian) symptoms and prolongation of the Q–T interval, as well as drug–drug interactions. There have been several reports of successful treatment of delusions of parasitosis with risperidone and olanzapine, newer antipsychotic medications (Table 7.2) that have more favorable side-effect profiles (see Treatment section below)4.




Table 7.2 Side effects of pimozide and atypical antipsychotic drugs. The use of antipsychotic drugs in elderly patients with dementia has been associated with an increased risk of mortality. A dose-dependent increased risk of sudden cardiac death has also been documented in patients receiving antipsychotic drugs.
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Body Dysmorphic Disorder








Synonym


[image: image] Dysmorphophobia








Key features







[image: image] May affect as many as 10–14% of dermatology patients


[image: image] Often begins in early adulthood


[image: image] Preoccupation with a non-existent or slight defect in appearance


[image: image] Frequent body sites of concern are the nose, mouth, hair, breasts and genitalia


[image: image] Typically associated with compulsive or ritualistic behaviors












Introduction


Dermatologists, particularly those performing cosmetic procedures, and plastic surgeons appear to be the physicians most often seen by patients with body dysmorphic disorder, a distressing or socially impairing preoccupation with a non-existent or slight defect in appearance7.









Clinical features


Patients with body dysmorphic disorder have a fundamental disturbance in the perception of their own body image. They are often socially isolated and preoccupy themselves with a concern about their face (especially the nose and mouth), hair, breasts or genitalia. In addition, these patients often adopt compulsive or ritualistic behaviors such as spending an excessive amount of time in front of a mirror or repeatedly checking for perceived imperfections.


A subtype of body dysmorphic disorder is olfactory reference syndrome, in which affected individuals are extremely preoccupied with the notion that they emit an unpleasant odor, which nobody else can perceive8. These patients often engage in compulsive behaviors in an attempt to eradicate the perceived odor, such as repetitive showering or excessive use of deodorants, perfumes or mouthwash.









Epidemiology


While the exact incidence of body dysmorphic disorder is unknown, it is estimated to affect up to 1% of the US population7. In one study, 10–14% of patients who visited a dermatologist screened positive for body dysmorphic disorder7; the mean age of onset was 34 years, with a male-to-female ratio of 1 : 1. This condition has been reported to last from 5 to 30 years.









Management


The spectrum of body dysmorphic disorder includes: (1) obsessions (preoccupation with perceived inadequacies), which fall within the OCD spectrum (Table 7.3); and delusions (fixed false beliefs about their appearance), which fall within the psychotic spectrum and can represent a variant of the somatic type of delusional disorder (see Table 7.1). For the purpose of treatment, it is useful to classify patients into one of these two categories, although the distinction is not always clear and individual patients sometimes fluctuate between delusional and non-delusional thinking. Those with the OCD variant of this disease will usually demonstrate behaviors such as repeatedly checking mirrors, excessive grooming and numerous visits to the physician for reassurance. In contrast, patients with the delusional variant have no insight into their disease and often go to extraordinary lengths, such as multiple surgeries, to correct their perceived deformity. It is important for cosmetic surgeons to recognize this disorder and avoid performing multiple unnecessary procedures. In addition, patients with body dysmorphic disorder are often dissatisfied with the results of any procedure that is performed9.


Table 7.3 Signs and symptoms of obsessive–compulsive disorder (OCD).






	SIGNS AND SYMPTOMS OF OBSESSIVE–COMPULSIVE DISORDER






	



• Presence of obsession – a recurrent, intrusive, ego-dystonic (i.e. feeling foreign to oneself) idea


• Presence of compulsion – a behavioral response to an obsession. If suppressed, compulsive urges may build up


• Obsession and compulsion need not both be present: the presence of one or the other is sufficient to make the diagnosis


• Presence of varying degrees of insight (in contrast to psychosis, where, by definition, there is essentially no insight)













AReprinted with permission from Wolverton: Comprehensive Dermatologic Drug Therapy, W.B. Saunders, 2007.


The first-line therapy for patients with the OCD variant of this disease is an SSRI, whereas antipsychotics are the treatment of choice for patients who are truly delusional (see Treatment section below).












Dermatitis Artefacta








Synonym


[image: image] Factitial dermatitis








Key features







[image: image] More common in women than men


[image: image] Motive is usually subconscious


[image: image] Self-inflicted cutaneous lesions that are often induced by foreign objects


[image: image] Typically located in areas that are easily reached by the hands












Introduction


Dermatitis artefacta is a psychocutaneous disorder in which patients inflict cutaneous lesions upon themselves to satisfy a psychological need of which they are usually not consciously aware. If asked, the patients deny having any role in creating the skin lesions. While some of these individuals create skin lesions as a maladaptive response to an acute psychosocial stress, the vast majority suffer from borderline personality disorder10. Given the frequent lack of honest disclosure and cooperation from the patient, this disorder is often difficult to diagnose and treat.









Clinical features


Dermatitis artefacta can mimic a wide variety of dermatoses. The lesions may be single or multiple and unilateral or bilateral. Although usually within easy reach of the hands, the lesions can be caused by methods such as carving with sharp instruments, applying chemicals and injecting foreign substances11. The morphology ranges from vesicles to purpura to subcutaneous emphysema. A clue to diagnosis is unusual shapes, particularly angulated edges, that suggest an external method of induction (Figs 7.4 & 7.5).





[image: image]
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Fig. 7.4 Dermatitis artefacta.


A Erosion with a “bizarre” shape and angulated borders, possibly created with a sharp instrument. B Erosions and ulcers with angulated borders in various stages of healing on the leg of a teenage girl. The patient denied knowing how the lesions had developed or having any role in the process.







[image: image]

Fig. 7.5 Scars from cigarette burns.


Courtesy, Ronald P Rapini, MD.












Pathology


Histologic changes seen with dermatitis artefacta vary considerably, depending upon the manner in which the lesions were produced. The findings are generally not diagnostic and can include erosion, ulceration, hyperkeratosis, irregular acanthosis, vascular proliferation, hypertrophied nerves (as observed in prurigo nodularis) and fibroplasia. Polarizing exogenous material with a variable foreign body response is occasionally evident12.









Epidemiology


Dermatitis artefacta is uncommon and is reported to have a female-to-male ratio of 8 : 1. Although the onset is most frequently in adolescence and young adulthood, it can occur at any age. Many patients either work in or have a close family member who works in the healthcare field13.









Differential diagnosis


In terms of the differential diagnosis (other than primary skin disorders), dermatitis artefacta must be distinguished from delusions of parasitosis, neurotic excoriations and malingering; the latter is characterized by skin lesions that are self-inflicted for a conscious gain. Non-suicidal self-injury (e.g. “cutting”), which has received increased attention by the media and medical community in recent years, is fairly common in adolescents and young adults as a response to psychological distress; in contrast to dermatitis artefacta, the patients acknowledge that they inflicted the lesions on themselves. An additional consideration is Münchhausen syndrome by proxy, in which an individual produces lesions on another person in order to satisfy a psychological need that is not consciously recognized.









Management


Initially, wound care to help with healing is often indicated and the possibility of a primary dermatologic disorder needs to be excluded. There is controversy as to whether or not the patient should be confronted upon recognition of dermatitis artefacta. Given the nature of the disorder, it may be more fruitful to provide a supportive environment early in the doctor–patient relationship and then work up to the psychological aspects of the disease at subsequent visits. Antidepressant, antianxiety or antipsychotic medications (see Treatment section below) may be indicated when affected individuals have an underlying psychiatric disorder (Tables 7.4 & 7.5). Children or adults in whom the lesions represent a response to a transient stress have the most favorable prognosis. Dermatitis artefacta usually has a chronic course, with waxing and waning, depending upon circumstances in the affected individual’s life14.


Table 7.4 Signs and symptoms of generalized anxiety disorder.






	SIGNS AND SYMPTOMS OF GENERALIZED ANXIETY DISORDER






	



• Excessive anxiety and worry


• Restlessness or feeling “keyed up” or “on edge”


• Difficulty concentrating or mind going blank


• Irritability


• Muscle tension


• Stress


• Sleep disturbance (difficulty falling or staying asleep; or restless, unsatisfying sleep)


• Dizziness


• Sweating


• Palpitations


• Abdominal complaints


• Frequent urination













Reprinted with permission from Wolverton: Comprehensive Dermatologic Drug Therapy, W.B. Saunders, 2007.


Table 7.5 Signs and symptoms of major depression.






	SIGNS AND SYMPTOMS OF MAJOR DEPRESSION






	



• Depressed mood


• Anhedonia (i.e. markedly diminished interest or pleasure in activities)


• Significant weight loss when not dieting, weight gain, or change in appetite


• Insomnia or hypersomnia


• Psychomotor agitation or retardation


• Fatigue, lack of energy


• Feelings of helplessness, hopelessness or worthlessness


• Excessive guilt


• Difficulty with concentration, memory loss


• Suicidal ideation/plan


• Crying spells (i.e. finding oneself tearful for no reason or with minimal provocation)


• Somatization (i.e. preoccupation with vague, nonspecific, or exaggerated physical concerns but not of delusional intensity)













Reprinted with permission from Wolverton: Comprehensive Dermatologic Drug Therapy, W.B. Saunders, 2007.












Neurotic Excoriations








Synonym


[image: image] Psychogenic excoriation








Key features







[image: image] Most commonly seen in middle-aged women


[image: image] Repetitive, uncontrollable desire to pick, rub or scratch the skin


[image: image] Usually on the scalp, face, upper back, extensor surfaces of the forearms, shins or buttocks, but can occur on any easily reachable area of the body












Introduction


Some people have a tendency to inattentively but habitually pick incidental skin lesions, such as an arthropod bite, keratin plug, or lesion of acne or folliculitis. This action may be episodic or occur on a regular basis and, when controllable and non-destructive, can be regarded as a simple habit. In contrast, patients with neurotic excoriations have a conscious, repetitive and uncontrollable desire to pick, scratch or rub their skin, which results in characteristic lesions (Fig. 7.6). Picking activity may begin inadvertently as the hand comes across an irregularity on the skin, or it may take place in a ritualistic fashion.





[image: image]

Fig. 7.6 Neurotic excoriations.


This patient picked vigorously at any blemish that he found on his face.











Clinical features


The lesions may evolve from a pre-existing urticarial papule or acneiform lesion, or they may be created de novo. Repeated picking or rubbing results in excoriations with a variety of shapes (e.g. linear/angular, circular, oval). The distribution is characteristically on the extensor surfaces of the arms and forearms as well as the scalp, face, upper back and buttocks10. Lesions may range in size from a few millimeters to several centimeters, and several stages of evolution are often evident, from small superficial erosions to deep ulcerations with hypertrophic borders to hypo- or hyperpigmented scars. On the scalp, there may be broken hairs as well as areas of scarring alopecia.


According to more psychodynamically (i.e. Freudian) oriented investigations, individuals with neurotic excoriations often have an obsessive–compulsive personality: rigid, perfectionist, judgmental, controlling, and indecisive due to fear of making a mistake. They may have difficulty handling subconscious aggression, which may stem from unresolved feelings toward their parents. Patients may describe difficult childhoods with rejecting and punitive parents15. In some patients, the behaviors are thought to be a manifestation of the anxiety that results when aggressive feelings threaten to surface.


In mild cases, especially during childhood, neurotic excoriations can be a transient response to stress in someone with obsessive–compulsive personality traits. However, in severe and prolonged cases, psychiatric evaluation may reveal OCD (see Table 7.3).


Neurotic excoriations may also be an expression of generalized anxiety disorder or depression. The worries harbored by patients with generalized anxiety disorder are based in reality but are out of proportion to any actual risk. When tension mounts in these patients, there may be anxious and restless picking at any irregularity on the skin, resulting in characteristic lesions.









Epidemiology


Accurate statistics regarding the incidence of this disorder are not available, but there is a preponderance of women. Although the condition may occur at any age, the most severe and recalcitrant cases typically start in the third to fifth decades of life.









Management


Once causes of primary pruritus are excluded (see Ch. 6) and treatment of underlying cutaneous disorders (e.g. folliculitis) has been instituted, therapy can focus on associated pruritus (if present) and the psychological aspects of the condition. Treatment is based on symptom severity. When pruritus is present, topical antipruritics such as lotions containing pramoxine or menthol may be helpful. Cool compresses are soothing, hydrate the skin, and facilitate debridement of crusts. Antihistamines such as hydroxyzine can have beneficial sedative and antipruritic effects. Intralesional corticosteroids and flurandrenolide tape address the inflammatory component of existing lesions but not the formation of new lesions.


Doxepin may be particularly useful in patients with neurotic excoriations associated with depression and anxiety. If major depression is present, an antidepressant dose (usually 100 mg/day or higher) should be the goal. However, even if a patient can tolerate only 50–75 mg/day of doxepin (or 10–20 mg/day in the elderly), antidepressant efficacy may become evident.


Since obsessive–compulsive symptoms are associated with serotonin-mediated neural pathways, antidepressant drugs that selectively block serotonin reuptake (SSRIs) can be helpful in patients with neurotic excoriations. SSRIs represent the first-line treatment for OCD (see Table 7.3). Behavior modification, cognitive and psychodynamic therapy have been reported to be beneficial in case series16,17. The average duration of disease activity is 5–8 years without pharmacologic therapy, with the severity fluctuating in parallel with stressful situations.












Acne Excoriée








Synonym


[image: image] Acne excoriée des jeunes filles








Key features







[image: image] Frequently seen in young women


[image: image] Subset of neurotic excoriations


[image: image] Ritualistic picking of acne lesions












Introduction


Acne excoriée can be thought of as a subset of neurotic excoriations in which the scratching and picking is directed at acne lesions (Fig. 7.7). The underlying acne is often mild but accompanied by extensive excoriations. Lesions can become so deep that scarring may occur. Acne excoriée is most frequently seen in young women, thus the description des jeunes filles.





[image: image]

Fig. 7.7 Acne excoriée.


This patient compulsively picked at his acne lesions.


Courtesy, Richard Odom, MD.












Management


Because acne excoriée is part of the broader spectrum of neurotic excoriations and is often associated with OCD, the treatment is the same as that described above. The use of doxepin and SSRIs may be beneficial, as has been described anecdotally. In addition to these agents, aggressive treatment of the underlying acne should be considered (see Ch. 36). Medications such as isotretinoin may be administered so that the substrate for the excoriations is eliminated. However, recurrence of even mild acne may be accompanied by resumption of picking unless the associated psychological disorder is addressed.












Trichotillomania








Synonym


[image: image] Habitual hair pulling








Key features







[image: image] More common in young girls


[image: image] Hair-pulling disorder involving scalp, eyebrows, eyelashes or pubic hair


[image: image] Varying lengths of hair distributed within areas of alopecia, with normal uninvolved areas


[image: image] Behavior modification therapy is the mainstay of treatment












Introduction


The American Psychiatric Association’s Diagnostics and Statistics Manual for Mental Health Disorders, Fourth Edition (DSM-IV) classifies trichotillomania as an impulse disorder, but some authors have argued that it should be categorized as an obsessive–compulsive disorder18 or stereotypic movement disorder19. To meet DSM-IV diagnostic criteria, a patient must feel rising tension just prior to hair pulling or during attempts to resist pulling and must experience a sense of pleasure or relief during or after the behavior. The authors favor the more simplified and straightforward definition used by dermatologists: anyone with a hair-pulling disorder.









Clinical features


Patients most commonly pull scalp hair, but eyebrows, eyelashes and pubic hair can also be targeted. The classic physical finding is hair of varying lengths distributed within the area of alopecia, with uninvolved areas of the scalp appearing completely normal (Fig. 7.8); the hairs are sometimes referred to as “irregularly irregular.” This pattern likely reflects a favored hair-pulling technique of twisting multiple strands around the fingers and pulling them simultaneously. Lesions are usually single and can be large. Plucking may be confined to a specific time of the day and place, with ritualized manipulation of the pulled hairs prior to discarding. Some patients practice trichophagy, the chewing and swallowing of the hair that has been pulled out, possibly leading to intestinal obstruction from trichobezoars.





[image: image]

Fig. 7.8 Trichotillomania.


Note the hairs of varying lengths and small areas of sparing.




From a psychodynamic (i.e. Freudian) perspective, patients with trichotillomania are thought to have dysfunctional families and a lack of optimal conflict-free separation from their mother. Because adaptive mechanisms for tension release are not adequately developed, poor impulse control and unresolved subconscious anger ensue. Hair pulling is one way in which these patients manage their tension. In persistent cases, a spectrum of behavioral disorders is frequently encountered, including thumb sucking, nail biting, poor school performance, and dysfunctional peer as well as family relationships.









Epidemiology


Although encountered across the spectrum of psychiatric illnesses, in dermatologic practice trichotillomania is usually seen in relatively psychologically intact individuals. Peak onset is in childhood, with a mean age at onset of 8 years for boys and 12 years for girls20. There is a female preponderance, with a female-to-male ratio of 5 : 121. The prevalence has been estimated to be approximately 0.6% of the general population using the strict DSM-IV criteria for “hair pullers”. Of note, hair pulling in toddlers and preschool-aged children is more common in boys than girls and (unlike trichotillomania in older children) tends to resolve spontaneously.









Pathology


One helpful finding is the presence of pigmented hair casts (Fig. 7.9), which may also be seen with traction alopecia and other conditions that cause follicular trauma. Deformed hair shafts (trichomalacia) and empty follicles (hair shafts pulled out) are often encountered. Perifollicular lymphocytes, plasma cells and neutrophils are usually sparse or absent. Perifollicular hemorrhage is sometimes found in early lesions, and perifollicular fibrosis represents a late change. If the follicle is destroyed, a vertical fibrous tract often remains at the site.





[image: image]

Fig. 7.9 Trichotillomania. Pigmented follicular cast.


Courtesy, Ronald P Rapini, MD.












Differential diagnosis


The differential diagnosis includes other causes of circumscribed non-scarring alopecia such as alopecia areata (see Ch. 69; occasionally coexists with trichotillomania) or tinea capitis. However, in trichotillomania there are no exclamation point hairs, scaling is absent, and fungal cultures are negative. If the hairs within a portion of the involved region are clipped close to the surface of the scalp or shaved, normal hair growth will be observed within this area over time. In difficult-to-diagnose patients, a biopsy specimen can be obtained.









Management


Management of trichotillomania is difficult and requires a flexible approach. Behavior modification therapy is the mainstay of treatment. This includes self-monitoring, teaching the patients to do something else whenever they are feeling the urge to pull their hair, relaxation techniques and positive reinforcement. In addition, a family and peer support network may be helpful. Antidepressants (especially SSRIs) have been reported to be effective in some studies22. However, two randomized controlled trials failed to show benefit of antidepressants compared to placebo, and several others found that behavioral therapy was more effective than antidepressants. In recent randomized controlled studies, treatment with olanzapine or N-acetylcysteine (a glutamatergic agent) led to more improvement in adults with trichotillomania than did placebo23,24.















Treatment


As discussed earlier, the treatment of psychodermatologic disorders can be directed by classifying patients into four major psychopathologic categories: anxiety, depression, psychosis and OCD. In this section, the major psychopharmacologic agents used to treat the psychocutaneous disorders discussed previously will be presented, and non-pharmacologic therapies for these conditions will be outlined.






Pharmacologic Treatment






Anxiety disorder


In general, there are two broad categories of antianxiety medications:




• quick-acting benzodiazepines


• slow-acting non-benzodiazepines that are neither sedating nor dependency-provoking.





The prototypical fast-acting benzodiazepine is lorazepam. Usually, 0.5–2 mg every 6–8 hours on an “as needed” basis can be used to control acute anxiety. As with all benzodiazepines, addiction can develop with long-term use. Thus, the duration of treatment should be limited to no more than 4 weeks. This amount of time is usually adequate for treatment of anxiety related to acute situational stressors. Sedation is usually the only adverse effect encountered when lorazepam is used for such a short period of time, and this usually subsides after several days of treatment or can be controlled by dosage adjustment.


If a patient has chronic anxiety, the use of a non-benzodiazepine such as buspirone is preferable. This medication can be used for long-term maintenance because it is non-sedating and does not produce dependency. In this respect, it is much safer to use than benzodiazepines. Because the onset of action may be delayed for 2–4 weeks after initiating therapy, buspirone is not useful in acute anxiety. The recommended initial dose is 15 mg daily (usually divided into three doses). To achieve an optimal therapeutic response, the dosage may be increased by 5 mg a day every 2 to 3 days, up to a maximum of 60 mg a day if needed.


Antidepressants (see below) such as paroxetine (Paxil®; 20–50 mg/day), sertraline (Zoloft® 25–200 mg/day), fluoxetine (Prozac® 10–60 mg/day), escitalopram (Lexapro® 10–20 mg/day), low-dose doxepin (≤50 mg/day), and venlafaxine extended release (Effexor XR®; 75–150 mg/day) have also been shown to be useful for the treatment of chronic anxiety25.









Depression


The numerous available antidepressants have similar efficacy rates of approximately 60–80%. The initial response to antidepressants usually begins 2–3 weeks after the therapeutic dose is reached, and at least 6 weeks of full-dose treatment is generally required before full therapeutic effectiveness is achieved. The US FDA requires that antidepressants have a black box warning noting an increased risk of suicidal thoughts and behavior (particularly during the first 1–2 months of therapy) in patients <25 years of age.


The tricyclic antidepressant that is most often used by dermatologists is doxepin. Doxepin is well suited for depressed patients with neurotic excoriations because, in addition to its antidepressant effects, it is a very powerful H1 receptor antagonist that can help to break the itch–scratch cycle. For control of pruritus, a dosage of 10–25 mg at bedtime would be appropriate. To treat depression, this starting dose is increased by 10–25 mg every 1–2 weeks as tolerated, up to a therapeutic range of 100-300 mg daily (lower for elderly or small individuals). The most common adverse effect is sedation. Other side effects of doxepin are similar to those of other tricyclic antidepressants, including cardiac conduction abnormalities, weight gain, orthostatic hypotension, and anticholinergic effects (e.g. dry mouth, blurry vision, constipation, urinary retention).


SSRIs represent the most widely prescribed class of antidepressants and the first-line treatment for depression. They include fluoxetine (Prozac®), paroxetine (Paxil®), sertraline (Zoloft®), escitalopram (Lexapro®) and citalopram (Celexa®). These drugs are as effective as the tricyclic antidepressants but have a more favorable side-effect profile because they do not affect the cholinergic and histaminic receptors. The most common adverse effects are gastrointestinal symptoms such as nausea and diarrhea. As with all antidepressants, the clinical response is gradual. Patients showing no improvement in 6–8 weeks should be switched to another SSRI or to an agent from another class of antidepressants, such as venlafaxine or bupropion (Wellbutrin®).









Psychosis


The psychodermatologic conditions that typically require treatment with an antipsychotic medication are forms of somatic-type delusional disorder (see Table 7.1), most often delusions of parasitosis. Traditionally, the treatment of choice for delusions of parasitosis has been pimozide (Orap®). Careful titration of this medication is needed to ensure its safe use. Pimozide is usually started at a dose of 1 mg daily, which is increased by 1 mg every 1–2 weeks until the optimal clinical response is achieved, usually at 4–6 mg daily.


Although there have been reports of sudden death (presumably of cardiac cause) in patients with chronic schizophrenia who were treated with high-dose pimozide (>10 mg/day), there is less evidence for clinically significant cardiac effects at the lower doses used for psychodermatologic conditions. Since pimozide can potentially cause arrhythmias by prolonging the Q–T interval, an electrocardiogram should be performed before and after initiating treatment in patients with a history of cardiac conduction abnormalities. It has been debated whether an electrocardiogram is warranted for lower-dose pimozide therapy in young, healthy patients with no history of cardiac problems25. The patient’s medications should be reviewed in order to identify any potential drug–drug interactions (see Ch. 131). For example, agents that inhibit the P450 CYP3A4 enzyme system (e.g. macrolide antibiotics, azole antifungals, HIV protease inhibitors; also grapefruit juice) can increase serum levels of pimozide, and some other medications (e.g. certain quinolones) also prolong the Q–T interval.


Most patients with delusions of parasitosis can be successfully tapered off pimozide after 2–6 months of therapy. Because this drug differs from haloperidol only by one methyl group, extrapyramidal side effects such as stiffness or a feeling of inner restlessness called akathisia (manifested outwardly by difficulty remaining still and fidgeting or pacing) are possible. Benztropine (Cogentin®; 1–2 mg up to four times daily) or diphenhydramine (Benadryl®; 25 mg up to four times daily) can be used to treat extrapyramidal side effects.


“Atypical” antipsychotic medications with more favorable side-effect profiles (e.g. fewer extrapyramidal symptoms, lack of Q–T prolongation; see Table 7.2) are now the most frequently prescribed medications for the treatment of psychosis. These drugs include risperidone (Risperdal®), olanzapine (Zyrexa®), quetiapine (Seroquel®), aripiprazole (Abilify®), ziprasidone (Geodon®) and lurasidone (Latuda®). This group of medications appears to be as effective as the older antipsychotics for various psychotic disorders and may prove useful and safe for somatic-type delusional disorder, although the optimal dosage range for the latter condition has not been established. Additional side effects of pimozide and (to a lesser degree) some atypical antipsychotic agents include anticholinergic symptoms (see above), increased prolactin, and weight gain.









Obsessive–compulsive disorder


Several psychodermatologic disorders have OCD-like features, including trichotillomania, onychotillomania, neurotic excoriations and acne excoriée. The SSRIs (see above) are the first-line treatment for OCD.


OCDs often require a higher dose of SSRIs and take longer to respond to therapy than depression. The initial response may appear at 4–8 weeks and a maximal response may take as long as 20 weeks. A 10–12-week trial with an SSRI at a therapeutic dosage for OCD is necessary to confirm a failure to respond. Once a therapeutic response is achieved, treatment should be continued for 6 months to a year.












Non-pharmacologic Treatments


A number of non-pharmacologic treatments exist for patients with psychodermatologic disorders. However, most dermatologists have neither the time nor the expertise to provide these treatments. Nevertheless, it is beneficial to be aware of these options, especially for patients who are willing and able to accept a referral to a mental health professional. Individual psychotherapy can be beneficial if there is a definable psychological/interpersonal issue to be discussed. Cognitive or group therapy may also provide benefit. For patients with anxiety-driven disorders, stress management courses, relaxation exercises and hypnosis may help to relieve “bottled-up” feelings. Patients with OCD-type conditions can be referred for behavior modification therapy. In an ideal situation, a comprehensive therapeutic plan involving both pharmacologic and non-pharmacologic approaches would be optimal for treating most psychiatric conditions.












Summary


Psychodermatologic problems are prominent in any dermatology practice. By using a systematic approach to diagnosis and management, dermatologists can successfully treat these challenging patients.
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Key features







[image: image] Psoriasis is a chronic, immune-mediated disorder that results from a polygenic predisposition combined with environmental triggers, e.g. trauma, infections or medications


[image: image] The underlying pathophysiology involves T cells and their interactions with dendritic cells and cells involved in innate immunity, including keratinocytes


[image: image] Identification of susceptibility genes has pointed to a major role for both the innate and the adaptive immune systems


[image: image] Sharply demarcated, scaly, erythematous plaques characterize the most common form of psoriasis; occasionally, sterile pustules are seen


[image: image] The most common sites of involvement are the scalp, elbows and knees, followed by the nails, hands, feet and trunk (including the intergluteal fold)


[image: image] Typical histologic findings include acanthosis with elongated rete ridges, hypogranulosis, hyper- and parakeratosis, dilated blood vessels and a perivascular infiltrate of lymphocytes with neutrophils singly or within aggregates in the epidermis


[image: image] Psoriatic arthritis is the major associated systemic manifestation and the most common presentation is asymmetric oligoarthritis of the small joints of the hands and feet; other comorbidities include cardiovascular disease in patients with moderate to severe disease


[image: image] Phototherapy, methotrexate, cyclosporine and “biologic” therapies that target key immune effector cells and cytokines lead to significant clinical improvement












Introduction


Psoriasis is an immune-mediated polygenic skin disorder. Various environmental triggering factors, e.g. trauma, infections or medications, may elicit disease in predisposed individuals1. The characteristic lesion is a sharply demarcated erythematous plaque with micaceous scale, and the plaques may be localized or widespread in distribution. Histologically, hyperkeratosis, parakeratosis, acanthosis of the epidermis, tortuous and dilated vessels, and an inflammatory infiltrate composed primarily of lymphocytes are observed.




Psoriasis is a systemic disease process in which up to 20–30% of the patients have or will develop psoriatic arthritis. In addition, in patients with moderate to severe psoriasis, there is an increased relative risk for metabolic syndrome and atherosclerotic cardiovascular disease. Psoriasis also has a significant impact on patients’ quality of life2, and in surveys, patients feel that the current treatments, although often effective, do not provide a satisfactory long-term solution.












History


Hippocrates and his school (460–377 BC) provided meticulous descriptions of many skin disorders. In their classification, dry scaly eruptions were grouped together under the heading “lopoi”. This group probably included psoriasis and leprosy.


Between 129 and 99 BC, the word “psora” (meaning a desquamative condition) was first used by Galen to describe a skin disorder characterized by a scaliness of the eyelids, corners of the eyes, and scrotum. The condition was pruritic and excoriations were present. Although called psoriasis, this affliction was probably a type of eczema.


It was not until the nineteenth century that psoriasis was recognized as an entity distinct from leprosy. Although Robert Willan (1809) was the first to give an accurate description of psoriasis, it would be another 30 years before Hebra (in 1841) definitively separated the clinical features of psoriasis from those of leprosy. In 1879, Heinrich Koebner described the development of psoriatic plaques at sites of skin injury. He designated this phenomenon as “artificial production of the psoriatic lesion”.









Epidemiology and genetics


In most reviews, the prevalence of psoriasis is said to be 2% of the world’s population. However, in the US and Canada, prevalences as high as 4.6% and 4.7% have been reported, respectively. This contrasts with frequencies in Africans, African-Americans, Norwegian Lapps, and Asians of between 0.4% and 0.7%2. Brandrup and Green3 reported that two-thirds of affected individuals were suffering from mild psoriasis, while one-third had more severe involvement. In one large group of patients with psoriasis (n = 1728), 79% had nail changes4. Psoriatic arthritis has been found to affect 5–30% of patients with cutaneous psoriasis in different series2.


Psoriasis can first appear at any age, from infancy to the eighth decade of life. Two peaks in age of onset have been reported: one at 20–30 years of age and a second peak at 50–60 years. In approximately 75% of patients, the onset is before the age of 40 years5-7, and in 35–50%, it is before the age of 20 years. Although the age of onset is earlier in women than in men, the natural history is similar – chronic with intermittent remissions. In one epidemiologic study, 39% of the patients stated they had experienced remissions of 1–54 years7.


In Europe, the overall prevalence rate for juvenile psoriasis was found to be ~0.7%8,9, with an increase from 0.37–0.55% in those 0 to 9 years of age to 1.01–1.37% in those 10-19 years of age8-10. Plaque psoriasis is the most frequent form of the disease in children, followed by guttate psoriasis11.






Genetic Factors


Depending upon the series, a positive family history has been reported by 35% to 90% of patients with psoriasis. Based on a large survey-based study in Germany, if both parents had psoriasis, the risk of their child developing psoriasis was 41%, whereas if only one parent were affected, the risk was 14%; the risk was 6% if just one sibling had psoriasis12.


Analysis of concordance rates among monozygotic and dizygotic twins is another method for examining the influence of genetic factors on a disease. Farber and Nall13 reviewed the published data from twin pair studies in psoriasis. Of 141 monozygotic twin pairs, 82 were concordant for psoriasis and 59 were discordant; of 155 dizygotic twin pairs, only 31 were concordant and 124 were discordant for psoriasis. Thus, there is a two- to threefold increased risk of psoriasis in monozygotic twins as compared to dizygotic twins7, implying that genetic factors are important. The distribution of the lesions, the severity, and the age of onset were similar in the monozygotic twin pairs, whereas these features differed in the dizygotic twin pairs. This observation suggested that genetic factors also play a role in the clinical course of psoriasis.






HLA studies


Histocompatibility antigens (HLA) are surface antigens on human cells, and the corresponding chromosomal region is called the major histocompatibility complex (MHC). It is situated on the short arm (p) of chromosome 6. Psoriasis is associated with HLA-Cw6, with the presence of HLA-Cw6 conferring a relative risk of 13 for developing psoriasis in the Caucasian population and 25 in the Japanese.


HLA-Cw6 is strongly linked to the age of onset of psoriasis. In one series, HLA-Cw6 was expressed in 90% of the patients with early-onset psoriasis, in 50% of those with late-onset psoriasis, and only in 7% of a control population. A specific MHC class II antigen (DRB1*0701/2) also appeared to be associated with early-onset psoriasis, and the psoriasis-associated HLA alleles were often in an extended haplotype: Cw6-B57-DRB1*0701-DQA1*0201-DQB1*030314. Individuals carrying this haplotype were found to have a 26-fold increased risk of developing early-onset psoriasis. As a result, some clinicians have designated patients with early-onset psoriasis, a positive family history of psoriasis, and expression of HLA-Cw6 as having type I psoriasis and those with late-onset disease, no family history, and a lack of expression of HLA-Cw6 as having type II psoriasis15. Other HLA alleles may be associated with different psoriasis variants and related conditions. For example, the HLA-B27 allele is a marker for sacroiliitis-associated psoriasis and reactive arthritis (see below).









Genome-wide association studies


Classic genome-wide linkage analysis has identified at least nine psoriasis susceptibility regions (PSORS1–9) in different chromosomal locations16. By far the most important genetic region is PSORS1 (on chromosome 6p), which is estimated to account for up to 50% of psoriasis risk. PSORS1 contains genes such as HLA-C (with the HLA-Cw6 risk allele; see above) and corneodesmosin (CDSN). Due to high linkage disequilibrium in PSORS1 (i.e. genes within this region are inherited as a block), it has been challenging to determine which gene(s) within PSORS1 contribute to psoriasis pathogenesis. Use of genome-wide association studies (GWAS) has recently provided new insights into the genetic basis of psoriasis. In GWAS, hundreds of thousands of single nucleotide polymorphisms (SNPs) across the entire human genome are examined in thousands of patients17 (see Ch. 54). Genes that have been associated with psoriasis through utilization of this and other methods are summarized in Table 8.1.




Table 8.1 Genetic loci linked to psoriasis18–20. In addition, polymorphisms in other genes, e.g. interferon induced with helicase C domain 1 (IFIH1), have been associated with a decreased risk of developing psoriasis. CDKAL1, cyclin-dependent kinase 5 regulatory protein subunit 1-like 1; CDSN, corneodesmosin; ERAP1, endoplasmic reticulum aminopeptidase 1; IL, interleukin; LCE, late cornified envelope; MHC, major histocompatibility complex; NFKBIA, nuclear factor of κ light chain gene enhancer in B cells inhibitor α ; PTPN22, protein tyrosine phosphatase non-receptor type 22; TNFAIP3, tumor necrosis factor-α-induced protein 3; TNIP1, TNFAIP-interacting protein 1; TRAF3IP2, TNF receptor-associated protein 3 interacting protein 2; ZNF313, zinc finger protein 313. Further references are available in the online content.
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Several conclusions regarding the genetic factors in psoriasis can be drawn from recent GWAS18,19. First, most of the genes that have been implicated have immune-related functions, underscoring the importance of the innate and adaptive immune systems in the pathogenesis of psoriasis; in contrast, relatively few genes that encode skin-specific proteins have been associated with psoriasis. Second, thus far surprisingly few interactions among the genetic variants have been identified (with the exception of HLA-Cw6 and ERAP-1; see below). Third, associated genes encode proteins with roles in particular immunologic and signaling pathways, especially those involving tumor necrosis factor (TNF), NF-κB, interferons (IFN) and interleukin (IL)-23/Th17 cells (see Immunopathogenesis)19,20. Lastly, the ERAP1 gene encoding an aminopeptidase involved in MHC class I antigen processing is only associated with psoriasis risk in individuals carrying the HLA-Cw6 risk allele, providing evidence for the role of an MHC-restricted antigen and its presentation through HLA-C in the pathogenesis of psoriasis.









Functional genomic studies


Microarray technology has been utilized to obtain a comprehensive picture of the genes expressed in psoriatic skin21. More than 1300 genes were found to be differentially expressed when compared to normal human skin. This group of genes included known markers of psoriasis in the skin, but it also contained numerous genes not known to be expressed in the skin. These analyses confirmed the known involvement, on a genomic scale, of T cells and dendritic cells (DCs), providing evidence for sustained chronic T-cell activation and persistence in psoriatic epidermis.


Microarray-based comparison between the transcriptome of lesional skin from patients with psoriasis versus atopic dermatitis have revealed not only differences in expression of genes with immune function, but also differences in genes expressed by keratinocytes. For example, skin-derived antimicrobial proteins were expressed at high levels in psoriatic skin but at low levels in skin affected by atopic dermatitis22.















Pathogenesis


Because it primarily affects the interfollicular epidermis, psoriasis was long regarded as an epidermal disease in which the biochemical or cellular defect resided within the keratinocyte. Accordingly, prior to the early 1980s23, a number of biochemical mediators, enzymes and pathways involved in epidermal function were incriminated as being abnormal in psoriasis, including cyclic AMP, eicosanoids, protein kinase C, phospholipase C, polyamines and transforming growth factor (TGF)-α. Although associated immunologic abnormalities were reported in the late 1970s24, a major paradigm shift occurred when T-cell suppressive agents such as cyclosporine were found to result in significant improvement of psoriasis25. For the past two decades, psoriasis has been regarded as a T-cell-driven disease25. The role of lymphocyte subsets as well as cytokines involved in chemotaxis, homing and activation of inflammatory cells has been extensively investigated, culminating in the development of novel therapeutic approaches25. Although some regard psoriasis as an autoimmune disease, to date no true autoantigen has been definitively identified.






Immunopathogenesis






Role of T cells and dendritic cells


The association of psoriasis with particular MHC alleles, such as HLA-Cw6, and (in individuals carrying such alleles) variants in the ERAP1 gene encoding an aminopeptidase involved in antigen processing strongly suggests a pathogenetic role for antigen-presenting cells and T cells (Fig. 8.1). The presence of specific T-cell subsets within the epidermis and dermis of lesional skin is well documented (see below). In addition, a number of compounds that affect T-cell function (e.g. by targeting the IL-2 receptor, CD2, CD11a and CD4) were found to result in clinical improvement of psoriasis25. Another argument supporting involvement of the adaptive immune system is the disappearance or development of psoriasis following hematopoietic stem cell transplantation26,27. In addition, analysis of lesional T cells has shown oligoclonality, indicating potential antigen-specific expansion of T-cell subpopulations, possibly triggered by exogenous microbial or viral antigens or cross-reacting autoantigens, e.g. keratins28.





[image: image]

Fig. 8.1 Immunopathogenesis of psoriasis.


The occurrence of triggering environmental factors in genetically predisposed individuals, carrying susceptibility alleles of psoriasis-associated genes, results in disease development. During the initiation phase, stressed keratinocytes can release self DNA and RNA, which form complexes with the cathelicidin LL37 that then induce interferon-α (IFN-α) production by plasmacytoid dendritic cells (pDCs; recruited into the skin via fibroblast-released chemerin), thereby activating dermal DCs (dDCs). Keratinocyte-derived interleukin-1β (IL-1β), IL-6 and tumor necrosis factor-α (TNF-α) also contribute to the activation of dDCs. Activated dDCs then migrate to the skin-draining lymph nodes to present an as-yet-unknown antigen (either of self or of microbial origin) to naive T cells and (via secretion of different types of cytokines by DCs) promote their differentiation into T helper 1 (Th1), Th17 and Th22 cells. Th1 cells (expressing cutaneous lymphocyte antigen [CLA], CXC-chemokine receptor 3 [CXCR3] and CC-chemokine receptor 4 [CCR4]), Th17 cells (expressing CLA, CCR4 and CCR6) and Th22 cells (expressing CCR4 and CCR10) migrate via lymphatic and blood vessels into psoriatic dermis, attracted by the keratinocyte-derived chemokines CCL20, CXCL9–11 and CCL17; this ultimately leads to the formation of a psoriatic plaque. Th1 cells release IFN-γ and TNF-α, which amplify the inflammatory cascade, acting on keratinocytes and dDCs. Th17 cells secrete IL-17A and IL-17F (and also IFN-γ and IL-22), which stimulate keratinocyte proliferation and the release of β-defensin 1/2, S100A7/8/9 and the neutrophil-recruiting chemokines CXCL1, CXCL3, CXCL5 and CXCL8. Neutrophils (N) infiltrate the stratum corneum and produce reactive oxygen species (ROS) and α-defensin with antimicrobial activity, as well as CXCL8, IL-6 and CCL20. Th22 cells secrete IL-22, which induces further release of keratinocyte-derived T cell-recruiting chemokines. Moreover, inflammatory DCs (iDCs) produce IL-23, nitric oxide (NO) radicals and TNF-α, while natural killer T (NKT) cells release TNF-α and IFN-γ. Keratinocytes also release vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), and angiopoietin (Ang), thereby promoting neoangiogenesis. Macrophage (M)-derived chemokine CCL19 promotes clustering of Th cells expressing chemokine receptor CCR7 with DC in the proximity of blood vessels, with further T-cell activation. At the dermal–epidermal junction, memory CD8+ cytotoxic T cells (Tc1) expressing very-late antigen-1 (VLA-1) bind to collagen IV, allowing entry into the epidermis and contributing to disease pathogenesis by releasing both Th1 and Th17 cytokines. Cross-talk between keratinocytes, producing TNF-α, IL-1β and transforming growth factor-β (TGF-β), and fibroblasts, which in turn release keratinocyte growth factor (KGF), epidermal growth factor (EGF) and TGF-β, and possibly Th22 cells releasing FGFs, contribute to tissue reorganization and deposition of extracellular matrix (e.g. collagen, proteoglycans). LC, Langerhans cell.


Courtesy, Dr Paola DiMeglio.





Animal models for psoriasis have also demonstrated the importance of T cells. In xenograft models in which uninvolved psoriatic skin was transplanted onto immunodeficient mice, donor immune cells (in particular resident T cells) were capable of expanding and inducing the complete lesional phenotype29. Induction of psoriatic lesions in these models was also shown to be dependent on TNF-α and on IFN-α derived from plasmacytoid DCs (pDCs)29,30. These experiments demonstrated that T cells can trigger psoriasis in a suitable patient-derived environment.


In humans, several cell types have been implicated in the initiation and maintenance of psoriatic lesions. Most of the epidermal T cells are CD8+, whereas the dermal infiltrate is a mixture of CD4+ and CD8+ cells. The majority of the cells in both locations are memory T cells that express cutaneous lymphocyte antigen (CLA; the skin homing receptor) and chemokine receptors such as CCR4. Expression of α1β1 integrin (VLA-1) on psoriatic T cells, which allows their interaction with basement membrane collagen IV, is key for the entrance of these cells into psoriatic epidermis and establishment of the psoriatic epithelial phenotype (see Fig. 8.1)31. Natural killer (NK) T cells represent another subset of T cells that are part of the innate immune system and are found in psoriatic skin lesions; they interact with CD1d on keratinocytes. The resulting production of IFN-γ could contribute to additional immune stimulation32.


DCs are present in both uninvolved and lesional psoriatic skin, and because of their potent immunostimulatory capacity, they are likely to be involved in its pathogenesis. There is an increased number of dermal DCs in psoriatic skin, and they have an enhanced ability to activate T cells when compared to DCs from normal skin33. DC phenotype and function are quite plastic, with the ability to differentiate into potent proinflammatory DCs that produce inducible nitric oxide synthase (iNOS) and TNF-α (referred to as TIP [TNF/iNOS-producing] DCs)34. The role of DCs in psoriasis has been validated by the presence of a prominent genomic DC signature and the decrease of DCs during effective targeted therapy35.


Based upon studies in humans and a xenograft model, another type of DC, the pDC, was shown to initiate psoriasis via the production of IFN-α30. Complexes of self DNA or RNA (from keratinocytes) plus antimicrobial peptide LL37 trigger IFN-α release by pDCs via a Toll-like receptor 9 (TLR9)-dependent mechanism (see Fig. 8.1). This leads to a breaking of tolerance to self nucleic acids and potentially explains the start of the inflammatory cascade in psoriasis36,37.


The presence of neutrophils in the epidermis, either in spongiform pustules of Kogoj or in microabscesses of Munro, is a typical histopathologic feature of psoriasis, especially acute or pustular forms. Neutrophils are typically prominent in active lesions and in the marginal zone of expanding plaques, but, in contrast to T cells, they are not a consistent feature of lesional skin. Although activated neutrophils could contribute to its pathogenesis, they are not considered to be the primary cause of psoriasis.


Prominent angiogenesis is observed in plaques of psoriasis. There is increased expression of vascular endothelial growth factor (VEGF)38, and anti-VEGF therapy leads to improvement in mouse models of psoriatic inflammation39.









Cytokines and chemokines


Psoriasis is considered to be a disease with prominent involvement of helper T-cell subsets and their secreted cytokines40. Increased amounts of Th1 cytokines (IFN-γ and IL-2) are observed, whereas levels of the anti-inflammatory cytokine IL-10 are reduced. Based on animal studies and measurements in lesional skin, IL-12, IL-23 and IL-15 are likely to contribute to the disease. The striking response of psoriasis to ustekinumab, a human monoclonal antibody against the p40 subunit of IL-12 and IL-23, provides additional evidence for the role of cytokines. It is thought that IL-23 (produced by DCs) stimulates Th17 cells to release IL-17 and IL-22; the concerted action of these cytokines leads to proliferation of keratinocytes and dermal inflammation (see Fig. 8.1)41. Of note, circulating levels of IL-22 correlate with disease severity. It has also been proposed that there is a distinct subset of IL-22-producing helper T cells (Th22 cells) that contribute to the pathogenesis of psoriasis42,43. The IL-17-producing T cells in psoriatic epidermis might have a cytotoxic phenotype, qualifying them as Tc17 cells44.


IFN-γ is released by activated T cells and NK T cells in the epidermis, and it activates members of the STAT transcription factor family, which drive the expression of a large number of immune-related genes that have roles in psoriasis pathogenesis. The IFN-γ-activated pathway is a key feature of psoriasis and explains several phenotypic alterations such as vasodilation (by the induction of iNOS) and accumulation of T cells (via the expression of various chemokines).


The innate immune cytokines IL-1, IL-6 and TNF-α are upregulated in psoriatic skin. TNF-α is a particularly relevant cytokine and its importance is underscored by the therapeutic efficacy of TNF-α inhibitors (see Treatment).


Chemokines are important mediators in the trafficking of leukocytes, and the increased presence of several chemokines and their cognate receptors in psoriatic lesions has been extensively documented. CXCL8 is thought to mediate the often-prominent infiltration by neutrophils. CCL17, CCL20, CCL27 and CXCL9-11 are implicated in attracting T cells to the psoriatic plaque. A pDC-attracting chemokine, chemerin, is increased in psoriatic skin and might contribute to the early recruitment of pDCs into psoriatic lesions45.









Innate immunity and role of keratinocytes


In the skin, various cell types are involved in innate (non-adaptive) immune response pathways. These include DCs (myeloid DCs and pDCs), NK T cells and neutrophils (see above), as well as epidermal keratinocytes. For example, keratinocytes constitutively express antimicrobial proteins such as β-defensin-1 (hBD1) and secretory leukocyte protease inhibitor (SLPI), which have direct antimicrobial activity against a broad spectrum of pathogens. In addition, keratinocytes can be stimulated to express a wide variety of other inducible antimicrobials such as hBD2, the cathelicidin LL37, and SKALP/elafin46. In addition to these effector molecules, keratinocytes express TLRs and secrete signaling molecules such as IL-1, IL-6, IL-8 and TNF-α. Interestingly, the antimicrobial effector protein hBD2 was also shown to have chemotactic activity via CCR6 and to bind to TLR-4. Since most of these proteins are highly expressed in lesional psoriatic skin, it is likely that they are involved in the initiation or control of the inflammatory process; however, their precise roles remain to be determined.


Any model of the pathogenesis of psoriasis also has to account for the dramatically increased proliferation rate of keratinocytes. The cytokines and chemokines found in lesional skin are generally not mitogenic for keratinocytes. For example, IFN-γ, a prominent Th1 cytokine, is itself antiproliferative, but it was found to be a crucial factor in supernatants of lesion-derived T-cell clones that could drive keratinocyte stem cell proliferation47.


Keratinocytes within psoriatic plaques express STAT-3, suggesting that this transcription factor might be of pathogenetic importance. In a transgenic animal model, epidermal expression of STAT-3 (in cooperation with T cells) was found to induce psoriasis-like lesions in mice48. STAT-3 induced the upregulation of a number of genes relevant for psoriasis, such as those encoding ICAM-1 and TGF-α; the latter has been shown to stimulate proliferation of keratinocytes in psoriasis via an autocrine loop. As STAT-3 is activated by a variety of cytokines including IL-22 as well as IL-6, IL-20 and IFN-γ, this could represent a link between keratinocyte activation and immune cells in the development of the psoriatic lesion.












Triggering Factors


Triggering factors, both external (directly interacting with the skin) and systemic, can elicit psoriasis in genetically predisposed individuals.






External triggering factors


The Koebner phenomenon, i.e. the elicitation of psoriatic lesions by injury to the skin, is observed in approximately 25% of patients with psoriasis. A particular patient may be “Koebner-negative” at one point in time and later become “Koebner-positive”. The Koebner phenomenon suggests that psoriasis is a systemic disease that can be triggered locally in the skin. Psoriatic lesions can also be induced by other forms of cutaneous injury, e.g. sunburn, morbilliform drug eruption, viral exanthem. The lag time between the trauma and the appearance of skin lesions is usually 2–6 weeks.









Systemic triggering factors






Infections


Infections, particularly bacterial infections, may induce or aggravate psoriasis. Provoking infections have been observed in up to 45% of psoriatic patients. Streptococcal infections, especially pharyngitis, are the most common offenders49. Streptococci can also be isolated from other sites, e.g. dental abscesses, perianal cellulitis, impetigo.









HIV


HIV infection has also been shown to aggravate psoriasis (see Ch. 78).









Endocrine factors


Hypocalcemia has been reported to be a triggering factor for generalized pustular psoriasis. Although active vitamin D3 analogues improve psoriasis, abnormal vitamin D3 levels have not been shown to induce psoriasis. Pregnancy may alter disease activity, e.g. 50% of the patients in one series reported improvement. However, pregnant women may develop pustular psoriasis, also referred to as impetigo herpetiformis (see below), sometimes in association with hypocalcemia.









Psychogenic stress


Psychogenic stress is a well-established systemic triggering factor in psoriasis50. It has been associated with initial presentations of the disease as well as flares of pre-existing psoriasis. In a prospective study, cognitive and behavioral patterns of worrying and scratching were both independently related to an increase in disease severity and pruritus 4 weeks later51.









Drugs


Several drugs have been incriminated as inducers of psoriasis, in particular lithium, IFNs, β-blockers and antimalarials. Rapid taper of systemic corticosteroids can induce pustular psoriasis as well as flares of plaque psoriasis









Alcohol consumption, smoking and obesity


Obesity, increased alcohol consumption, and smoking have all been associated with psoriasis. In one analysis, smoking appeared to have a role in the onset of psoriasis, while obesity appeared to be a consequence of psoriasis52, whereas other studies have suggested that weight gain often proceeds the development of psoriasis. Some studies have found that the prevalence of psoriasis in a population of individuals who stop smoking or who lose weight eventually reverts to background levels.


















Clinical features


Chronic plaque psoriasis, the most common variant of psoriasis vulgaris, is characterized by sharply demarcated and erythematous papulosquamous lesions. Less often, nearly all of the body surface is involved (“erythrodermic psoriasis”) or numerous, small, widely disseminated papules and plaques are seen (“guttate psoriasis”). Occasionally, there are obvious macroscopic pustules, as in generalized pustular psoriasis or pustulosis of the palms and soles.


From a clinical perspective, psoriasis can present with a spectrum of cutaneous manifestations. At any one point in time, different variants may coexist in a particular individual, but the skin lesions all share the same important hallmarks: erythema, thickening and scale. As noted in the section on Epidemiology and Genetics, there is also significant interindividual variability. For example, in patients with chronic plaque psoriasis, those with type I disease (HLA-Cw6+) have an earlier onset, more widespread disease and frequent recurrences, compared to those with type II psoriasis.


Although the size of a lesion may vary from a pinpoint papule to over 20 cm in diameter, the outline of the lesion is usually circular, oval or polycyclic (the latter indicating that the lesion is derived from several smaller units). The configuration of psoriatic lesions due to the Koebner phenomenon reflects the etiology of the trauma. In addition to their highly characteristic sharp demarcation, psoriatic lesions are sometimes surrounded by a pale blanching ring, which is referred to as Woronoff’s ring.


The classic findings of erythema, thickening and scale are reflections of the histologic findings of elongated dilated capillaries that are close to the skin surface, epidermal acanthosis plus cellular infiltrates, and abnormal keratinization, respectively. If the superficial silvery white scales are removed via curettage (grattage method), a characteristic coherence is observed, as if one has scratched on a wax candle (“signe de la tache de bougie”). Subsequently, a surface membrane is seen, which will also come off as a whole. If the latter is removed, then a wet surface is seen with characteristic pinpoint bleeding. This finding, called Auspitz sign, is the clinical reflection of elongated vessels in the dermal papillae together with thinning of the suprapapillary epidermis.


During exacerbations, psoriatic lesions often itch. Pinpoint papules surrounding existing psoriatic plaques indicate that the patient is in an unstable phase of the disease. In addition, expanding psoriatic lesions are characterized by an active edge with a more intense erythema. Inflamed lesions may be slightly tender. The involution of a lesion usually starts in its center, resulting in annular psoriatic lesions.






Chronic Plaque Psoriasis


In chronic plaque psoriasis, there is a relatively symmetric distribution of sharply defined, erythematous, scaly plaques (Figs 8.2 & 8.3). The degree of body surface area involvement can vary, from limited to extensive. The scalp, elbows, knees and presacrum are sites of predilection, as are the hands and feet (Figs 8.4 & 8.5). The genitalia are involved in up to 45% of patients (Fig. 8.6; see Ch. 73). Plaques may persist for months to years at the same locations. Although the course of this disease is chronic, periods of complete remission do occur and remissions of 5 years have been reported in approximately 15% of patients.
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Fig. 8.2 Psoriatic plaques.


A, B Note the sharp demarcation and silvery scale.


B, Courtesy Julie V Schaffer, MD.
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Fig. 8.3 Symmetric distribution of psoriatic plaques.


A, B Both small and large plaques have a symmetric distribution pattern. Note the active border at the proximal edge of the plaques on the calves.
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Fig. 8.4 Childhood psoriasis.


A The scalp is a common site of involvement and psoriasis is distinguished by its sharp demarcation. B Annular and guttate lesions.


A, B, Courtesy, Julie V Schaffer, MD.
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Fig. 8.5 Palmoplantar psoriasis.


Erythematous scaling plaques of the palmar (A) and plantar surfaces (B).
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Fig. 8.6 Psoriasis of the genitalia.


Erythematous plaques with scale on the penis and scrotum.




Because the percentage of body surface area involved does not reflect the severity of the individual lesions with respect to erythema, induration and scaling, the Psoriasis Area and Severity Index (PASI) was formulated (Table 8.2). This is a single score calculated from the body surface area involved (utilizing a seven-point score for involvement in each of four anatomic areas – head, upper extremities, trunk and lower extremities) and from the scores for erythema, induration and scaling (each scored using a five-point score from 0 to 4). The PASI is a cumbersome calculation and is more commonly utilized for clinical trials than for the routine management of patients with psoriasis. A score for nail involvement has also been proposed, known as the Nail Psoriasis Severity Index (NAPSI), but it has not been widely utilized.




Table 8.2 Calculation of the Psoriasis Area and Severity Index (PASI). The PASI ranges from 0 to 72.
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Guttate Psoriasis


Guttate psoriasis is more commonly seen in children and adolescents and is frequently preceded by an upper respiratory tract infection (Fig. 8.7). In over half of the patients, an elevated antistreptolysin O, anti-DNase B or streptozyme titer is found, indicating a recent streptococcal infection (see previous section).
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Fig. 8.7 Guttate psoriasis.


A Small discrete papules and plaques of guttate psoriasis in an adolescent; note the Koebner phenomenon. B Numerous papules due to the Koebner phenomenon after a sunburn.


B, Courtesy, Ronald P Rapini, MD.












Erythrodermic Psoriasis


This variant of psoriasis is characterized by generalized erythema and scaling, and its onset can be gradual or acute. Although there are many causes of erythroderma (see Ch. 10), clues to the diagnosis of psoriatic erythroderma include previous plaques in classic locations, characteristic nail changes, and facial sparing.









Pustular Variants






Generalized pustular psoriasis


In generalized pustular psoriasis, the infiltration of neutrophils dominates the histologic picture, while erythema and the appearance of sterile pustules dominate the clinical picture (Fig. 8.8). It is an unusual manifestation of psoriasis, and triggering factors include pregnancy, rapid tapering of corticosteroids (or other systemic therapies), hypocalcemia, infections, and, in the case of the localized pattern, topical irritants. Recently, biallelic mutations in the gene encoding the IL-36 receptor antagonist (leading to increased production of IL-8 and enhanced responses to IL-1β) have been identified in a subset of patients with generalized pustular psoriasis53. Generalized pustular psoriasis during pregnancy is also referred to as impetigo herpetiformis. Four distinct patterns of generalized pustular psoriasis can be seen:




• von Zumbusch pattern. This is a generalized eruption starting abruptly with erythema and pustulation (see Fig. 8.8). The skin is painful during this phase, and the patient has a fever and feels ill. After several days, the pustules usually resolve and extensive scaling is observed. Sometimes, chronic plaques of psoriasis, if present, can resolve. In the original case report by von Zumbusch (1910), nine episodes of pustulation occurred over a period of 10 years.


• Annular pattern. The eruption is characterized by annular lesions, consisting of erythema and scaling with pustulation at the advancing edge (Fig. 8.9). The lesions enlarge by centrifugal expansion over a period of hours to days, while healing occurs centrally.


• Exanthematic type. This is an acute eruption of small pustules, abruptly appearing and disappearing over a few days. It usually follows an infection or may occur as a result of administration of specific medications, e.g. lithium. Systemic symptoms usually do not occur. There is overlap between this form of pustular psoriasis and pustular drug eruptions, also referred to as acute generalized exanthematous pustulosis (AGEP; see Ch. 21).


• “Localized” pattern. Sometimes pustules appear within (Fig. 8.10) or at the edge of existing psoriatic plaques. This can be seen during the unstable phase of chronic plaque psoriasis and following the application of irritants, e.g. tars.
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Fig. 8.8 Generalized pustular psoriasis.


Large areas of erythema with numerous pustules and the formation of lakes of pus.
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Fig. 8.9 Annular pustular psoriasis.


Multiple annular inflammatory plaques studded with pustules. As the lesions enlarge, there can be central clearing, dry desquamation (A) and/or moist desquamation that resembles wet cigarette paper (B).
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Fig. 8.10 “Localized” pattern of pustular psoriasis.


The pustules are limited to pre-existing plaques of psoriasis.











Pustulosis of the palms and soles


Pustulosis of the palms and soles is characterized by “sterile” pustules of the palmoplantar surfaces admixed with yellow–brown macules (Fig. 8.11); scaly erythematous plaques may also be seen. A minority of patients have chronic plaque psoriasis elsewhere. In contrast to the natural history of generalized pustular psoriasis, the pustules remain localized to the palmoplantar surfaces and the course of this disease is chronic. Focal infections and stress have been reported as triggering factors and smoking may aggravate the condition. Pustulosis of the palms and soles is one of the entities most commonly associated with sterile inflammatory bone lesions, for which there are several names: chronic recurrent multifocal osteomyelitis, pustulotic arthro-osteitis, and SAPHO syndrome, which consists of synovitis, acne, pustulosis, hyperostosis and osteitis. Several neutrophilic dermatoses are associated with SAPHO (see Ch. 26).
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Fig. 8.11 Pustulosis of the palms and soles.


Multiple sterile papules are admixed with yellow–brown macules on the palm.











Acrodermatitis continua of Hallopeau


This is a rare manifestation of psoriasis. Clinically, pustules are seen on the distal portions of the fingers (Fig. 8.12) and sometimes the toes. Pustulation is often followed by scaling and crust formation. Pustules may also form in the nail bed (beneath the nail plate), and there may be shedding of nail plates. Transition into other forms of psoriasis can occur and acrodermatitis continua may be accompanied by annulus migrans of the tongue.
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Fig. 8.12 Acrodermatitis continua of Hallopeau.


Erythema and scale of the distal digit, pustules within the nail bed, and partial shedding of the nail plate.














Special Locations






Scalp psoriasis


The scalp is one of the most common sites for psoriasis. Unless there is complete confluence, the individual lesions are discrete, in contrast to the less well-defined areas of involvement in seborrheic dermatitis. At times, however, it is not possible to distinguish seborrheic dermatitis from psoriasis, and the two disorders may coexist. The lesions of psoriasis often advance onto the periphery of the face, the retroauricular areas and the upper neck. The scales sometimes have an asbestos-like appearance and can be attached for some distance to the scalp hairs (pityriasis amiantacea). Although pityriasis amiantacea can also be seen in patients with seborrheic dermatitis, secondarily infected atopic dermatitis and tinea capitis, psoriasis is the most common cause. Alopecia occasionally develops within involved areas (see Ch. 69). In addition, patients with dermatomyositis involving the scalp may have lesions that resemble psoriasis.









Flexural psoriasis


Flexural lesions are characterized by shiny, pink to red, sharply demarcated thin plaques (Fig. 8.13). There is much less scale than in untreated chronic plaque psoriasis. Often a central fissure is seen. The most common sites of involvement are the axillae, inguinal crease, intergluteal cleft, inframammary region and retroauricular folds. When flexural areas are the only sites of involvement, the term “inverse” psoriasis is sometimes used. Localized dermatophyte, candidal or bacterial infections can be a trigger for flexural psoriasis.
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Fig. 8.13 Inverse psoriasis.


Shiny erythematous plaques of the inframammary folds that lack scale.











Oral mucosa


Migratory annular erythematous lesions with hydrated white scale (annulus migrans) have been observed in patients with acrodermatitis continua of Hallopeau and generalized pustular psoriasis. The most common location is the tongue, and the clinical (and histologic) appearance is similar to geographic tongue.









Nail psoriasis


Nail involvement (Fig. 8.14) has been reported in 10–80% of psoriatic patients, depending upon the series. The fingernails are more often affected than the toenails. In a survey from the Netherlands, 79% of patients reported involvement of their nails, with 52% experiencing associated pain and 14% major restrictions in daily life due to the nail changes. Patients with nail involvement appear to have an increased incidence of psoriatic arthritis (see below).





[image: image]

Fig. 8.14 Nail psoriasis.


Changes include thickening and yellow discoloration of the nail plate, distal onycholysis, pitting, red spotted lunula and subungual hyperkeratosis.




Psoriasis affects the nail matrix, nail bed and hyponychium. Small parakeratotic foci in the proximal portion of the nail matrix lead to pits in the nails (see Ch. 71). Leukonychia and loss of transparency (less common findings) are due to involvement of the mid portion of the matrix. If the whole nail matrix is involved, a whitish, crumbly, poorly adherent “nail” is seen. Psoriatic changes of the nail bed result in the “oil spot” or “oil drop” phenomenon, which reflects exocytosis of leukocytes beneath the nail plate. Splinter hemorrhages are the result of increased capillary fragility, and subungual hyperkeratosis and distal onycholysis are due to parakeratosis of the distal nail bed. Vigorous removal of distal subungual debris may be an exacerbating factor.












Psoriatic Arthritis


Psoriatic arthritis occurs in 5–30% of patients with cutaneous psoriasis1, with some clinical investigators suggesting that classic studies of psoriatic arthritis may have underestimated its prevalence. In a minority of patients (10–15%), the symptoms of psoriatic arthritis appear before involvement of the skin. Currently, there are no specific serologic tests for establishing the diagnosis of psoriatic arthritis, but an important hallmark is erosive change radiographically, which may occur years after the presenting peri-articular inflammation. Psoriatic arthritis is more prevalent among patients with relatively severe psoriasis. Risk factors for a more severe course of the arthritis include: initial presentation at an early age, female gender, polyarticular involvement, genetic predisposition, and radiographic signs of the disease early on54.The following classification has been outlined by Moll55.




• Mono- and asymmetric oligoarthritis. Inflammation of the interphalangeal joints – both distal (DIP) and proximal (PIP) – of the hands and feet is the most common presentation of psoriatic arthritis (Fig. 8.15). Involvement of the PIP or both the DIP and PIP joints of a single digit can result in the classic “sausage” digit (Fig. 8.16). In contrast to rheumatoid arthritis, the metacarpophalangeal (MCP) joint is an unusual site for psoriatic arthritis. This form may be accompanied by inflammation of larger joints.


• Arthritis of the distal interphalangeal joints. Exclusive involvement of the DIP joints is a classic but uncommon presentation of psoriatic arthritis. This variant may occur in conjunction with contiguous nail involvement. In some patients, these joints will become fixed in a flexed position.


• Rheumatoid arthritis-like presentation. The clinical manifestations consist of a symmetric polyarthritis that involves small and medium-sized joints, in particular the PIP, MCP, wrist, ankle and elbow. Patients are usually seronegative, but some have a positive rheumatoid factor. Clinically, this variant is difficult to distinguish from rheumatoid arthritis. Whether seropositive patients have an overlap of the two disorders is debated.


• Arthritis mutilans. Fortunately, this is the least common variant of psoriatic arthritis. Patients have severe, rapidly progressive joint inflammation that results in destruction of the joints and permanent deformity. The digits become shorter, wider and softer to palpation because of osteolysis and a telescoping phenomenon. This variant can usually be distinguished from the arthritis mutilans that may accompany multicentric reticulohistiocytosis.


• Spondylitis and sacroiliitis. The spondylitis resembles that seen in ankylosing spondylitis, with axial arthritis as well as involvement of the knees and sacroiliac joints; many patients also have peripheral joint involvement. Individuals are often HLA-B27-positive and may have associated inflammatory bowel disease and/or uveitis.
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Fig. 8.15 Sites of psoriatic arthritis and reactive arthritis (formerly Reiter’s disease).


Adapted from Longo DL, Fauci AS, Kasper D, et al. Harrison’s Principles of Internal Medicine, 18th edn. New York: McGraw Hill, 2011.
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Fig. 8.16 Psoriatic arthritis.


Asymmetric involvement of the distal interphalangeal (DIP) and proximal interphalangeal (PIP) joints. A “sausage” digit (third digit bilaterally) results from involvement of both the DIP and PIP joints.




In a recent study from Germany involving 1511 patients with chronic plaque psoriasis, 20.6% of the affected individuals had psoriatic arthritis56. DIP involvement was observed in ~40% of the patients with arthritis, and 5% suffered from arthritis mutilans56. Patients with psoriatic arthritis can have involvement of juxta-articular tendons and the sites where they insert into bone (entheses) as well as swelling of the fingers (dactylitis). Enthesitis and dactylitis have been reported in ~20% and 15–30%, respectively, of patients with “probable” or definite psoriatic arthritis54.


Early diagnosis of psoriatic arthritis is important, as disease progression often results in loss of function.









Disorders Related to Psoriasis


A few disorders share important clinical and histologic features with psoriasis, but are distinct disease entities based upon genetic, epidemiologic or clinical features.






Inflammatory linear verrucous epidermal nevus (ILVEN)


ILVEN is characterized by linear psoriasiform lesions (i.e. scaling and erythematous plaques) that follow the lines of Blaschko (see Ch. 62). Based upon its chronicity and resistance to therapy, ILVEN is thought to be an entity separate from linear psoriasis.









Reactive arthritis (formerly Reiter’s disease)


This syndrome features urethritis, arthritis, ocular findings and oral ulcers, in addition to psoriasiform skin lesions. The disorder is uncommon in children and occurs more frequently in men as compared to women. The urethritis may be mild or severe with complications such as cervicitis, salpingitis and cystitis. Chlamydia trachomatis is a major cause of urethritis and may trigger the entire syndrome, as may other infections such as shigellosis. Conjunctivitis is a common eye finding in affected patients, although iritis, uveitis with glaucoma, and keratitis may also occur. Polyarthritis and sacroiliitis are the most frequent joint manifestations. Cutaneous lesions occur in approximately 5% of reactive arthritis patients, with a predilection for the soles, extensor surfaces of the legs, penis, dorsal aspects of the hands, fingers, nails and scalp (Fig. 8.17). The lesions on the plantar surface usually have thick yellow scale and are often pustular (keratoderma blennorrhagicum). Psoriatic plaques on the penis are referred to as balanitis circinata.
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Fig. 8.17 Reactive arthritis (formerly Reiter’s disease).


A, B Plantar lesions of keratoderma blennorrhagicum. C Papulosquamous lesions of balanitis circinata on the penis.




Reactive arthritis has a strong association with HLA-B27. Although the course is often self-limited, lasting weeks to months, some patients have disease that is chronic and disabling. Of note, HIV-infected patients can also develop this disorder and it may be severe.









Sneddon–Wilkinson disease (subcorneal pustular dermatosis)


This disorder is characterized by annular or polycyclic lesions, usually commencing in the flexures (Fig. 8.18A). Very superficial (subcorneal) sterile pustules (Fig. 8.18B,C) are the hallmark of Sneddon–Wilkinson disease, hence its second name. There may be a gravity-induced demarcation in some vesicopustules, with clear fluid superiorly and pus inferiorly. This disease has a cyclic course, i.e. as the pustules resolve they are replaced by superficial scaling and then new pustules form again. Some patients with Sneddon–Wilkinson disease have an associated IgA paraproteinemia. Its response to dapsone, combined with subcorneal pustules (in the absence of spongiform pustules), provide support for this condition being a disease entity distinct from pustular psoriasis, although some authors have questioned the existence of Sneddon–Wilkinson disease as a distinct entity. Of note, immunofluorescence studies are required to distinguish the subcorneal pustular dermatosis type of IgA pemphigus from Sneddon-Wilkinson disease.
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Fig. 8.18 Sneddon–Wilkinson disease.


A Annular and polycyclic plaques in the axilla. B Subcorneal pustules with scale and crusts as well as background erythema. C Discrete subcorneal pustule with an erythematous rim.


C, Courtesy, Joyce Rico, MD.















Associations between Psoriasis and Other Diseases






Associations with skin diseases


There is a pronounced under-representation of allergic skin diseases in psoriatic patients as compared to age-matched controls without psoriasis. The frequencies of atopic dermatitis, asthma, urticaria and allergic contact dermatitis have been found to be lower in psoriatic patients. For example, in one study atopic dermatitis was seen approximately 50 times less often in psoriatic compared with non-psoriatic patients1. An obvious explanation is the immunologic difference between these two conditions, with a predominantly Th1 response in psoriasis and a predominantly Th2 response in atopic dermatitis. However, in patients with psoriasis in atypical locations and/or treatment-resistant lesions, the possibility of allergic contact dermatitis as a triggering factor needs to be considered. In the authors’ experience, longstanding psoriatic lesions of the hands and external auditory canal are indications for patch testing.


A bi-directional relationship exists between lichen simplex chronicus (LSC) and psoriasis. If a psoriatic lesion is pruritic, superimposed LSC may develop and the surface becomes shiny with increased skin markings. Because the LSC itself is pruritic, the resultant rubbing may worsen the psoriasis (Koebner phenomenon). The patient then enters a vicious cycle. The combined picture is sometimes referred to as lichenified psoriasis or psoriasis neurodermiformis. Therapeutic regimens must address both disorders.


Seborrheic dermatitis is characterized by pink to red patches with yellowish, sometimes greasy, scales (see Ch. 13). The sites of predilection are the scalp, central face, ears, presternal area and intertriginous zones. As the clinical features of psoriasis and seborrheic dermatitis can be seen in the same patient, some authors use the term “sebopsoriasis”, especially when diagnostic lesions of psoriasis are not present elsewhere.









Infections


In contrast to atopic dermatitis, psoriatic lesions are seldomly secondarily infected by bacteria (i.e. impetiginized). One explanation for this resistance to secondary bacterial infections is increased production of skin-derived antimicrobial peptides (e.g. defensins, SKALP/Elafin; see Pathogenesis).


The relationship between psoriasis and mycotic infections is more complex. In flexural psoriasis, concomitant Candida infections are frequently observed and have been incriminated as local triggering factors. Candida species, but not dermatophytes, are more commonly found in psoriatic nails than in normal nails.









Cancer


Patients with psoriasis may have an increased overall risk of cancer, including lymphoma, and treatment with immunosuppressive agents may increase this risk57. Psoriatic patients who have had specific therapies, e.g. >200 PUVA treatments, are at increased risk for the development of skin cancers, especially squamous cell carcinomas (SCCs). Of note, the use of cyclosporine in patients previously treated with PUVA significantly increases the number and rate of appearance of SCCs. Lastly, there is controversy regarding whether PUVA-treated patients have an increased risk of cutaneous melanoma.









Association with internal diseases (including comorbidities)


Cardiovascular diseases, e.g. myocardial infarctions, pulmonary emboli, peripheral arterial disease and cerebrovascular accidents, are more common in patients with severe psoriasis. Severe psoriasis is associated with a threefold increased risk for myocardial infarction and a 3.5–4.4-year reduction in life expectancy. This is largely due to an increased risk of obesity, hypertension and diabetes mellitus (components of the metabolic syndrome; see Ch. 53)58-60. In patients with psoriasis, serum levels of C-reactive protein (CRP) have been reported to be elevated (as compared to healthy controls), and elevated CRP levels represent a risk factor for the development of cardiovascular disease. It has also been shown that TNF-α and IL-6 can target adipocytes and induce dyslipidemia. Recently, evidence has been accumulating that treatment with methotrexate and/or TNF-α inhibitors may reduce the risk of atherosclerotic cardiovascular disease61.


Non-alcoholic steatohepatitis, characterized by fatty infiltration, periportal inflammation and focal necrosis, is more commonly observed in patients with psoriasis. In a study of 142 adults with psoriasis, non-alcoholic fatty liver disease was detected in 59%, and it correlated with the presence of obesity, hyperlipidemia, the metabolic syndrome, an AST:ALT ratio >1 and psoriatic arthritis62. Chronic administration of methotrexate is associated with a significant risk for hepatic damage in patients with psoriasis, whereas similar methotrexate dosages in patients with rheumatoid arthritis do not pose such hepatotoxic potential. Although the reason for this difference is not known, several possible explanations have been put forward, including a genetic predisposition, increased alcohol consumption by psoriasis patients, and a higher incidence of non-alcoholic fatty liver disease.


Crohn’s disease, ulcerative colitis and psoriasis share an association with sacroiliitis and HLA-B27 positivity63. Additional disorders that share susceptibility genes with psoriasis are listed in Table 8.1.















Differential diagnosis


Although both seborrheic dermatitis (see above) and LSC are in the differential diagnosis of psoriasis, it is important to remember that either can coexist with psoriasis. When there is a single or limited number of erythematous plaques, especially if they are treatment-resistant, the possibility of SCC in situ (e.g. Bowen’s disease, erythroplasia of Queyrat) needs to be excluded via histologic examination. Occasionally, a biopsy is necessary to distinguish chronic plaque psoriasis from the mycosis fungoides variant of cutaneous T-cell lymphoma (CTCL). Clinical features suggestive of the latter include wrinkling due to epidermal atrophy and progression to infiltrated plaques. Dermatomyositis can involve the scalp, elbows and knees, as well as the hands, and initially may be diagnosed as psoriasis.


When plaques of psoriasis involve the shins, they may be misdiagnosed as hypertrophic lichen planus, but characteristic violaceous lesions elsewhere and mucosal involvement usually point to the correct diagnosis. Palmoplantar plaque psoriasis can be confused with keratotic eczema of the palms and soles, as both may have scaling and fissures. Sharp margination of the lesions favors psoriasis and examination of the remainder of the skin surface can provide clues to the diagnosis, e.g. involvement of the scalp or intergluteal fold with psoriasis. Elsewhere, chronic lesions of dermatitis may develop an appearance that is similar (clinically and histologically) to partially treated psoriasis and vice versa. However, over time, characteristic lesions often become apparent. When plaques of psoriasis develop pronounced hyperkeratosis, the possibility of concomitant hypothyroidism should be considered.


There are other causes of erythroderma (see Ch. 10), in addition to psoriasis, including Sézary syndrome (see Ch. 120), pityriasis rubra pilaris (see Ch. 9) and drug reactions (see Ch. 21). In the case of guttate psoriasis, the differential diagnosis may include small plaque parapsoriasis (Ch. 9), pityriasis lichenoides chronica (Ch. 9), secondary syphilis (Ch. 82) and pityriasis rosea (Ch. 9). The lesions of guttate psoriasis rarely involve the palms or soles and are often more erythematous than those of parapsoriasis. When lesions are limited in number or have an annular configuration, the possibility of tinea corporis is raised, and when the upper trunk is the predominant site of involvement, pemphigus foliaceus may be considered.


Psoriasis of the flexures is one cause of intertrigo. Other etiologies include seborrheic dermatitis, cutaneous candidiasis, tinea incognito, necrolytic migratory erythema, extramammary Paget’s disease, Bowenoid papulosis and contact dermatitis. Although KOH examination of associated scale allows a narrowing of the differential diagnosis, psoriasis and candidiasis can coexist (see above). In infants (more so than adults), the possibility of Langerhans cell histiocytosis (Ch. 91) needs to be considered. In these patients, there may also be scalp involvement with scaling and crusts. Occasionally, tinea capitis is in the differential diagnosis of scalp psoriasis.


When there are widespread pustules on a background of erythema, the possibility of a pustular drug eruption, also referred to as AGEP, needs to be considered in addition to generalized pustular psoriasis (see Ch. 21). The histologic findings of these conditions can be similar, including spongiform pustules of Kogoj and microabscesses in the stratum corneum. If eosinophils are also present, a pustular drug eruption is favored. In patients with pustulosis of the palms and soles and acrodermatitis continua, the initial evaluation includes the exclusion of a dermatophyte infection or secondarily infected dermatitis. The differential diagnosis of the annular form of pustular psoriasis includes Sneddon–Wilkinson disease and other causes of subcorneal pustules (Table 8.3). Reactive arthritis needs to be considered in any patient with the diagnosis of arthritis in the setting of psoriasiform skin lesions.


Table 8.3 Differential diagnosis of subcorneal/intraepidermal neutrophilic pustules. DIF, direct immunofluorescence; IIF, indirect immunofluorescence.






	DIFFERENTIAL DIAGNOSIS OF SUBCORNEAL/INTRAEPIDERMAL NEUTROPHILIC PUSTULES






	Disorder

	Histologic clues






	Impetigo

	Gram-positive cocci in bulla cavity






	Superficial candidiasis

	Yeast and pseudohyphae in stratum corneum






	Dermatophyte infection

	Branching hyphae in stratum corneum






	Superficial folliculitis

	Pustule at follicular orifice and infundibulum






	Pemphigus foliaceus

	Acantholytic cells; DIF, IIF – intercellular IgG deposits; anti-desmoglein 1 antibody






	IgA pemphigus, subcorneal pustular dermatosis type

	DIF>IIF – intercellular IgA deposits; anti-desmocollin 1 antibody






	Sneddon–Wilkinson disease (subcorneal pustular dermatosis)

	No spongiform pustules






	Pustular psoriasis

	Spongiform pustules*







	Acute generalized exanthematous pustulosis

	Spongiform pustules, eosinophils*







	Amicrobial pustulosis of the folds

	Spongiform pustules*







	Transient neonatal pustular melanosis

	Subcorneal and intracorneal pustules






	Acropustulosis of infancy

	Subcorneal and intracorneal pustules







* Not all cases.









Pathology






Papulosquamous Lesions






Initial lesion


In the initial lesion, i.e. a pinhead-sized papule, the histopathologic features are not yet diagnostic. A superficial perivascular infiltrate of lymphocytes and macrophages is seen in the dermis along with papillary edema and a dilation of capillaries. In acute eruptive guttate lesions, mast cell degranulation is a constant feature.


There is mild epidermal acanthosis without parakeratosis and the keratinocytes have a swollen appearance. Macrophages (detected by CD68 staining) and lymphocytes appear in the epidermis focally and some spongiosis of the epidermis is seen at these sites. Per a large body of evidence, neutrophils are not yet detected in this early phase.









Active lesion


A fully developed guttate lesion or the marginal zone of an enlarging psoriatic plaque is designated as an “active lesion”. The histopathologic findings in an active lesion are diagnostic for psoriasis.


In the dermis, the capillaries are increased in number and length and they have a tortuous appearance. Marked edema is seen, especially at the tops of the papillae. There is a mixed perivascular infiltrate of lymphocytes, macrophages and neutrophils, and lymphocytes and neutrophils have migrated into the epidermis.


The epidermis is acanthotic with focal accumulations of neutrophils and lymphocytes. At these sites, the epidermis is variably spongiotic. Above these foci, the granular layer is absent and the stratum corneum still contains flattened nuclei (parakeratosis). The accumulation of neutrophils within a spongiotic pustule is referred to as a “spongiform pustule of Kogoj” (Fig. 8.19) and the accumulation of neutrophil remnants in the stratum corneum, surrounded by parakeratosis, as a “microabscess of Munro”. These two findings are pathognomonic for psoriasis and AGEP.





[image: image]

Fig. 8.19 Spongiform pustule of Kogoj.


A collection of neutrophils is seen within the upper stratum spinosum.


Courtesy, Lorenzo Cerroni, MD.












Stable lesion


In the dermis, the capillaries are elongated and tortuous, extending upward into elongated club-shaped dermal papillae; only a small suprapapillary plate of epidermal cells covers the tip of these dermal papillae. This micromorphology explains the “Auspitz” phenomenon (see earlier). A modest perivascular infiltrate is seen that consists primarily of lymphocytes and macrophages. The psoriatic lesion is heterogeneous, consisting of active areas (hot spots) and chronic nonspecific areas (cold spots).


The hyperproliferation of the epidermis now has reached its characteristic pattern (Fig. 8.20). The rete ridges are elongated and have a squared-off appearance. Some rete ridges coalesce at the base. The horny layer has parakeratotic foci with an absence of the stratum granulosum. In some lesions, micropustules of Kogoj and microabscesses of Munro may be seen.
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Fig. 8.20 Stable plaque psoriasis.


Hyperplasia of the epidermis with “squared-off” rete ridges, elongation of the dermal papillae, dilated superficial blood vessels, hypogranulosis, and parakeratosis plus remnants of neutrophils (microabscess of Munro).


Courtesy, Lorenzo Cerroni, MD.















Pustular Psoriasis


In pustular psoriasis, accumulation of neutrophils is the predominant feature. Numerous neutrophils accumulate between eosinophilic strands of keratinocytes. In the stratum corneum, large accumulations of neutrophils are observed, surrounded by parakeratosis. As a result, exaggerated spongiform pustules of Kogoj and microabscesses of Munro, the histologic hallmarks of “active” psoriasis, are seen in pustular psoriasis (see Fig. 8.19).









Other


In reactive arthritis (formerly Reiter’s disease), the cutaneous histologic findings are similar to those described for psoriasis. Spongiform pustules can be seen in palmoplantar lesions. In Sneddon–Wilkinson disease, subcorneal pustules are the characteristic finding.












Treatment


Care of the psoriatic patient needs to focus not only on the skin, but also on the comorbidities that exist or might develop. An appropriate treatment regimen for a particular patient is selected from available topical and systemic medications as well as phototherapies. In clinical trials, single agents are usually evaluated, but in practice most patients receive combination therapy. To date, no treatment has been shown to cure this disease, so counseling of the patient and family members regarding its natural history and management strategies is recommended.


A brief description of each available treatment for psoriasis is provided below. The management of psoriasis requires individualization of therapy, with consideration of the extent of the disease and its effects on the patient’s quality of life as well as the likely benefits and potential side effects of specific treatments. The chronic nature of psoriasis necessitates adoption of a long-term approach with avoidance of dramatic short-term “fixes” that may actually produce a more reactive disease state (see below).






Topical Treatments


Guidelines of care for the treatment of psoriasis with topical therapies have been developed by the American Academy of Dermatology64.






Vitamin D3 analogues


In the early 1990s, vitamin D3 analogues became commercially available as a topical treatment for psoriasis. When the epidermis is hyperproliferative, vitamin D3 inhibits epidermal proliferation, and it induces normal differentiation by enhancing cornified envelope formation and activating transglutaminase; it also inhibits several neutrophil functions. Due to their therapeutic efficacy and limited toxicity, calcipotriene (calcipotriol) and other vitamin D3 analogues have become a first-line therapy for psoriasis65.


For a detailed description of topical vitamin D3 analogues, the reader is referred to Chapter 129. Table 8.4 summarizes the major characteristics of commercially available vitamin D3 analogues and Table 8.5 describes their indications and contraindications. Calcipotriene monotherapy has been shown to result in a ~60% reduction of PASI after 8 weeks of treatment, but practical use in psoriasis patients usually involves combination therapy with topical corticosteroids. When calcipotriene and betamethasone dipropionate are combined, an ~70% reduction in PASI has been observed (ointment formulation)66 as has clearing/minimal disease in ~70% of patients with scalp psoriasis (gel formulation)67.




Table 8.4 Vitamin D analogues. BID, twice daily. Calcipotriene is the US Adopted Name (USAN) and calcipotriol is the International Nonproprietary Name (INN).
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Table 8.5 Indications and contraindications for vitamin D3 analogues. If used in conjunction with phototherapy, vitamin D3 preparations need to be applied after UV irradiation or at least several hours prior, because they may reduce UV penetration into the skin.






	INDICATIONS AND CONTRAINDICATIONS FOR VITAMIN D3 ANALOGUES






	Indications






	



• Mild to moderate psoriasis: first-line treatment as monotherapy or in combination


• Severe psoriasis: combination treatment












	Contraindications






	



• Involvement requiring more than the maximally recommended quantity, e.g. 100 g/week of calcipotriene/calcipotriol (see Table 8.4)


• Abnormality in bone or calcium metabolism*


• Renal insufficiency


• Allergy to the vitamin D3 analogue or constituents of the preparation


• Pregnancy or lactation













* For example, sarcoidosis, bone metastases.









Corticosteroids


Since their introduction in the early 1950s, topical corticosteroids have become a mainstay in the treatment of psoriasis. They are often first-line therapy in mild to moderate psoriasis and in sites such as the flexures and genitalia, where other topical treatments can induce irritation. Chapter 125 provides detailed information on mechanisms of action, pharmacologic aspects and side effects of corticosteroid therapy.


Corticosteroids are manufactured in various vehicles, from ointments, creams and lotions to gels, foams and shampoos68; ointment formulations, in general, have the highest efficacy (see Ch. 125). Over the years, the anti-inflammatory properties of topical corticosteroids have been improved by increasing their lipophilicity by masking the hydrophilic 16- or 17-hydroxy groups or by introducing acetonides, valerates or propionates. Application under plastic or hydrocolloid occlusion also significantly enhances the penetration. Once-daily application has been shown to be as effective as twice-daily application, and long-term remissions may be maintained by applications on alternate days69. The indications and contraindications regarding the use of topical corticosteroids in the treatment of psoriasis are summarized in Table 8.6.


Table 8.6 Indications and contraindications for topical corticosteroids. Maximal quantities: 50 g/week of a superpotent corticosteroid; 100 g/week of a potent corticosteroid.






	INDICATIONS AND CONTRAINDICATIONS FOR TOPICAL CORTICOSTEROIDS






	Indications






	



• Mild to moderate psoriasis: first-line treatment as monotherapy or in combination


• Severe psoriasis: often in combination with a vitamin D3 analogue, a topical retinoid, anthralin or tar


• Monotherapy for flexural and facial psoriasis (usually mild strength)


• Recalcitrant plaques often require occlusion (plastic, hydrocolloid)












	Contraindications






	



• Bacterial, viral and mycotic infections


• Atrophy of the skin


• Allergic contact dermatitis due to corticosteroids or constituents of the formulation


• Pregnancy or lactation*













* Can consider limited use of mild- to moderate-strength corticosteroids.


At least 80% of patients treated with high-potency topical corticosteroids experience clearance. In fact, the maximum improvement is usually achieved within 2 weeks. With maintenance therapy consisting of 12 weeks of intermittent applications of betamethasone dipropionate ointment (restricted to weekends), 74% of patients remained in remission, compared with 21% of the patients receiving a placebo ointment69. Unfortunately, no efficacy data are available on prolonged treatment for more than 3 months. As tachyphylaxis and/or rebound can occur fairly rapidly, i.e. within a few days to weeks, intermittent treatment schedules (e.g. once every 2 or 3 days or on weekends) are advised for more prolonged treatment courses. Combination topical therapy can take advantage of the rapid effect of topical corticosteroids as well as the prolonged benefits of topical vitamin D3 analogues, anthralin or retinoids.









Anthralin


Anthralin (dithranol, cignolin, 1,8-dihydroxy-9-anthrone) has been available since 1916; it is still used as a treatment for psoriasis, although it was more commonly utilized in the past (see Ch. 129). It has marked epidermal effects, including an anti-hyperproliferative effect. Anthralin also inhibits mitogen-induced T-lymphocyte proliferation and neutrophil chemotaxis. In Europe and other regions outside the US, it is used most often in day-care centers and the inpatient setting70.


The indications and contraindications for the use of anthralin in the treatment of psoriasis are summarized in Table 8.7. In the authors’ experience, total clearing of psoriasis in at least 80% of patients occurs with 3–5 weeks of treatment in an inpatient setting or day-care center. If the anthralin treatment is performed at home, the efficacy is substantially less.


Table 8.7 Indications and contraindications for anthralin. To minimize irritation, concentration and application time are gradually escalated; neither should be increased more often than once every 3 days, given that peak erythema is seen 3–4 days following application.






	INDICATIONS AND CONTRAINDICATIONS FOR ANTHRALIN






	Indications






	



• Mild to moderate or severe* psoriasis: second-line treatment as monotherapy or in combination












	Contraindications






	



• Unstable plaque psoriasis in a phase of progression


• Pustular psoriasis


• Erythrodermic psoriasis













* Severe psoriasis usually treated in day-care center or inpatient setting.









Topical retinoids


All-trans-retinoic acid and 13-cis-retinoic acid, although effective in the treatment of acne, are not effective for psoriasis. However, topical tazarotene, an acetylene retinoid that selectively binds retinoic acid receptor (RAR)-β and RAR-γ, can be used to treat psoriasis. Tazarotene has been shown to decrease epidermal proliferation and it inhibits psoriasis-associated differentiation (e.g. transglutaminase expression and keratin 16 expression). It is manufactured in cream and gel formulations and is applied once or twice daily.


Indications and contraindications of tazarotene for the treatment of psoriasis are summarized in Table 8.8. In view of its modest efficacy as monotherapy, it is usually prescribed as a second-line therapy. Irritation of the skin can limit the use of tazarotene; pruritus, burning, irritation and erythema have been observed in up to 23%, 18%, 9% and 8% of patients, respectively. For this reason, combination therapy with topical corticosteroids is useful. The maximal area that can be treated with tazarotene is 10–20% of the body surface, and safety data are available for up to 1 year of treatment.


Table 8.8 Indications and contraindications for topical tazarotene.






	INDICATIONS AND CONTRAINDICATIONS FOR TOPICAL TAZAROTENE






	Indications






	



• Mild to moderate psoriasis: second-line treatment as monotherapy or in combination












	Contraindications






	



• Unstable plaque psoriasis in a phase of progression


• Erythrodermic psoriasis


• Allergic contact dermatitis to tazarotene or constituents of the formulation


• Pregnancy or lactation













The efficacy and safety of tazarotene as monotherapy have been investigated in several studies. After 6 weeks of treatment, at least 50% improvement (compared with baseline) was noted by 45% of the patients using twice-daily 0.05% tazarotene gel, compared to 13% of the patients using a placebo gel71.









Additional topical treatments


If the psoriatic plaques have thick scale, this needs to be reduced to enhance penetration of topical medications and ultraviolet (UV) light. Options include salt-water baths, topical salicylic acid and oral retinoids. Salicylic acid 5–10% has a substantial keratolytic effect and, in the case of scalp psoriasis, salicylic acid can be formulated in an oil or ointment base. Application of salicylic acid to localized areas can be done daily, but, for more widespread areas, two to three times per week is preferred. This is to prevent systemic intoxication (see Ch. 129), especially in infants or those with reduced renal function.


Coal tar has a range of anti-inflammatory actions and is effective as an antipruritic. Although crude coal tar (see Ch. 129) may be the most effective tar available for the treatment of psoriasis, a distilled product, liquor carbonis detergens (LCD), is also used. In view of its mutagenic potential, tar is contraindicated in pregnant or lactating women. However, guidelines on the use of tar products may differ between countries.


Calcineurin inhibitors are used to treat facial and flexural psoriasis. Randomized, placebo-controlled studies have demonstrated efficacy and safety for this indication71,72.












Photo(chemo)therapy and Systemic Medications


Evidence-based guidelines for the treatment of psoriasis with photo(chemo) therapy and classic systemic medications have been developed by various dermatologic organizations73-74a, and the tables in this chapter are adapted from these recommendations.






Photo(chemo)therapy


Photo(chemo)therapy represents a mainstay in the treatment of moderate to severe psoriasis. Phototherapy with broadband or narrowband ultraviolet B (UVB) and photochemotherapy with ultraviolet A (UVA) following ingestion of or topical application of a psoralen are classic treatment options. In the late 1970s, monotherapy with erythematogenic doses of broadband UVB proved to be an effective approach; later on, narrowband UVB (311–313 nm) was developed and is the optimal irradiation currently available. The 308 nm excimer laser can be used to treat a limited number of plaques in patients with localized disease.


Photo(chemo)therapy is discussed in detail in Chapter 134, and its indications and contraindications in psoriasis are summarized in Table 8.9.


Table 8.9 Indications and contraindications for photo(chemo)therapy. PUVA, psoralen + ultraviolet A; SCC, squamous cell carcinoma; UVB, ultraviolet B.






	INDICATIONS AND CONTRAINDICATIONS FOR PHOTO(CHEMO)THERAPY






	Indications






	



• Moderate to severe psoriasis: first-line treatment as monotherapy or in combination












	Contraindications (absolute or relative)






	



• Genetic disorders characterized by increased photosensitivity or an increased risk of skin cancer (UVB and PUVA)*


• Skin type I (UVB and PUVA)†


• Photosensitive dermatoses (UVB and PUVA)†


• Unavoidable phototoxic systemic or topical medications (UVB and PUVA)†


• Vitiligo (UVB and PUVA)†


• Previous history of arsenic exposure, ionizing irradiation or excessive photo(chemo)therapy (UVB and PUVA)


• High cumulative number of PUVA treatments, i.e. >150–200 individual treatments (PUVA)*


• Treatment with cyclosporine (UVB and PUVA)*


• Immunosuppressive medication (UVB and PUVA)


• Previous history of skin cancer (UVB and PUVA; * if current skin cancer, especially SCC or melanoma)


• Atypical melanocytic nevi (UVB and PUVA)


• Seizure disorder (risk of fall/injury; UVB and PUVA)


• Poor compliance (UVB and PUVA)


• Men and women in reproductive years without contraception (PUVA)


• Pregnancy or lactation (PUVA)*


• Impaired liver function or hepatotoxic medication (PUVA)


• Cataracts (PUVA)













* Absolute contraindication


† Need to adjust the dose and monitor closely.









Methotrexate


In 1971, amethopterin (methotrexate; MTX) was approved by the US Food and Drug Administration (FDA) as a treatment for psoriasis. The effect of MTX on lymphocytes, circulating and cutaneous, is a likely explanation for its antipsoriatic activity.


MTX is a first-line systemic therapy for psoriasis as it is highly efficacious for severe disease and all clinical variants of psoriasis. In chronic plaque psoriasis, initial improvement is observed between 1 and 7 weeks and maximum improvement can be expected after 8–12 weeks of treatment. MTX is administered weekly, usually as a single oral dose (but occasionally intramuscularly or subcutaneously) and less often every 12 hours for three doses per week; the maximum weekly dosage is usually 25 mg. Potential side effects restrict its use to moderate to severe disease resistant to topical treatments and photo(chemo)therapy and/or situations in which these are contraindicated. The use of folic acid supplementation during MTX administration is controversial due to the concern that folic acid may decrease the efficacy of MTX. Guidelines for MTX usage vary depending on the country and disease state.


Chapter 130 describes the mechanism of action, pharmacology and safety issues of MTX. Tables 8.10 and 8.11 summarize indications and contraindications as well as side effects of MTX.


Table 8.10 Indications and contraindications for methotrexate (MTX). BSA, body surface area.






	INDICATIONS AND CONTRAINDICATIONS FOR METHOTREXATE






	Indications






	



• Severe psoriasis



– Chronic plaque psoriasis (>10–15% BSA or interference with employment or social functioning)



– Pustular psoriasis (generalized or localized)



– Erythrodermic psoriasis



– Psoriatic arthritis (moderate to severe)



– Severe nail psoriasis


• Psoriasis not responding to topical treatments, photo(chemo)therapy and/or systemic retinoids












	Contraindications (absolute or relative)






	



• Impaired kidney function (creatinine clearance <60 ml/min)†


• Severe anemia, leukopenia and/or thrombocytopenia*


• Significant liver function abnormalities, hepatitis (active and/or recent), severe fibrosis, cirrhosis, excessive alcohol intake*


• Concomitant hepatotoxic medications


• Concomitant medications that increase MTX levels, e.g. trimethoprim–sulfamethoxazole*


• Significantly reduced pulmonary function*


• Pregnancy or lactation*


• Currently planning to have children (male and female patients)‡


• Immunodeficiency syndromes


• Severe infections*


• Active infections


• Peptic ulcer (active)*


• Gastritis


• Concomitant radiation therapy


• Pleural effusion or ascites†


• Hypersensitivity to MTX*


• Unreliable patient*













* Absolute contraindication.


† Requires significant reduction in dosage.


‡ Because of possible mutagenic risk and teratogenicity, discontinue MTX 3 months prior to attempts to conceive; continue contraception during these 3 months.


Table 8.11 Side effects of methotrexate (MTX). PUVA, psoralens + ultraviolet A; SCC, squamous cell carcinoma.






	SIDE EFFECTS OF METHOTREXATE






	Subjective symptoms

	Hematopoietic†


	Mucocutaneous






	



Most frequent*,†


Nausea


Vomiting


Abdominal pain


Fatigue


Headache


Occasional


Loss of libido


Impaired memory







	



Leukopenia‡


Thrombocytopenia


Anemia







	



Oral erosions†


Alopecia


Delayed phototoxicity


Tenderness and/or necrosis of plaques due to overdose


Rarely, urticaria, angioedema, vasculitis

















	Hepatic

	Pulmonary

	Fetal development






	Hepatitis†
Cirrhosis§


	Interstitial pneumonitis (acute-onset cough, dyspnea)

	Birth defects: cranial and absence of digits











	Carcinogenesis‖


	Idiosyncratic reaction






	In rheumatoid arthritis patients, increased risk of lymphoma
Risk factor for cutaneous SCC in PUVA-treated patients

	Early in course with full dosage
Severe pneumonia
Gastrointestinal hemorrhage
Pancytopenia











	Opportunistic infections

	Additional/unusual






	
Pneumocystis jiroveci pneumonia
Cryptococcosis
Disseminated histoplasmosis
Disseminated herpes zoster

	Osteopathy (pain, osteoporosis, compression fractures)
Ventricular cardiac arrhythmias
Lowered seizure threshold







* Same day or 2–3 days following MTX administration; may respond to folic acid, dose reduction or antiemetic drug.


† May be reduced by folic acid (1–5 mg/day except on day MTX administered).


‡ Up to 11% of patients on oral regimens.


§ Up to 25% of patients receiving long-term therapy.


‖ No increased risk of malignancy was observed in large series of psoriasis patients75,76.









Cyclosporine


Cyclosporine is a cyclic undecapeptide that was isolated from the fungus Tolypocladium inflatum by Gams in 1970. Based on large controlled studies, cyclosporine is a highly effective treatment for the severe manifestations of psoriasis. As a calcineurin inhibitor, it prevents T-lymphocyte activation from being translated into the release of effector cytokines such as IL-2. Cyclosporine can be used safely, provided that the guidelines are strictly followed. In view of its nephrotoxic effects (e.g. reduced glomerular filtration rate, tubular atrophy), cyclosporine should be given for several-month courses (i.e. maximally 1 year, although duration is still a matter of debate) and alternated with other therapies. An alternative is an intermittent schedule using multiple short courses of a few weeks’ duration.


The indications and contraindications of cyclosporine are summarized in Table 8.12. Cyclosporine can produce dramatic rapid improvement of psoriasis, but this must be balanced by the requirement for an appropriate replacement therapy, given the need to ultimately stop cyclosporine therapy.


Table 8.12 Indications and contraindications for cyclosporine. The recommended starting dose is 3 mg/kg/day in two divided doses; at 2-week intervals, dosage can be increased to a maximum of 5 mg/kg/day. PUVA, psoralens + ultraviolet A.






	INDICATIONS AND CONTRAINDICATIONS FOR CYCLOSPORINE






	Indications






	



• Severe psoriasis


• Conventional therapies (topical treatments, photo(chemo)therapy, acitretin, methotrexate) ineffective or inappropriate












	Contraindications






	



• Impaired renal function*


• Uncontrolled hypertension*


• Primary or secondary immunodeficiency


• Concomitant immunosuppressive therapy


• Past or present* malignancy


• Concomitant drugs affecting cyclosporine pharmacokinetics†


• History of arsenic exposure


• History of excessive photo(chemo)therapy (>200 PUVA treatments), radiotherapy*


• Concurrent photo(chemo)therapy*


• Severe infections*


• Active infections


• Pregnancy or lactation


• Concurrent methotrexate administration


• Significant hepatic disease


• Hyperuricemia, hyperkalemia


• Hypersensitivity to cyclosporine*


• Vaccination with live vaccines


• Seizure disorder


• Poorly controlled diabetes mellitus


• Severe chronic organ dysfunction


• Alcohol and drug abuse


• Malabsorption


• Unreliable patient*













* Absolute contraindications.


† Requires dose adjustment and careful monitoring; cyclosporine is inactivated by the cytochrome P450 3A isoform.


Guidelines for pre-cyclosporine screening and long-term evaluation during cyclosporine administration are outlined in Chapter 130. An important aspect is assessment of renal function, and creatinine clearance should be estimated using the Cockrof-Gault formula:





[image: image]





In elderly patients and patients with a history of hypertension, the risks of renal impairment and hypertension are increased.


Cyclosporine treatment in psoriatic patients has been reported to increase the frequency of SCCs, especially in those previously treated with PUVA. The underlying mechanism is not mutagenesis but a decrease in immunosurveillance of the skin. In particular, psoriatic patients who have been exposed to high cumulative doses of UV radiation are at risk for development of cutaneous malignancies. Although cyclosporine is an immunosuppressive agent, no increase in serious infections has been reported in patients treated with cyclosporine alone. Other side effects include: gastrointestinal discomfort, hypertrichosis, paresthesias, gingival hyperplasia, headache, vertigo, muscle cramps and tremor77. Metabolic side effects include hyperkalemia, hypomagnesemia, hyperuricemia (due to decreased clearance of uric acid), and elevated cholesterol and triglycerides.


The efficacy of cyclosporine for psoriasis has been clearly shown in multiple controlled and uncontrolled studies. For example, the European multicenter dose-finding studies have shown that doses of 1.25, 2.5–3 and 5 mg/kg/day of cyclosporine resulted in reductions of the PASI of 35%, 57% and 86%, respectively. An improvement in the PASI of 75% was achieved in 24%, 52% and 88% of the patients. Of note, because the criteria for these studies were different from those used for FDA approval of targeted immune modulators (“biologic” therapies), the PASI numbers are not directly comparable. Efficacy of cyclosporine has been demonstrated in all variants of psoriasis (including nail psoriasis), but less so for psoriatic arthropathy78. The improvement is observed within a few weeks. In general, a reduction of the PASI of 60–70% can be reached within 4 weeks of treatment79. During long-term treatment, there are no signs of tachyphylaxis.









Systemic retinoids


By the 1930s, vitamin A deficiency was known to cause hyperkeratosis of the skin (phrynoderma). Thirty years later, modifications of the vitamin A molecule resulted in the discovery of the so-called first generation of retinoids, including all-trans-retinoic acid (tretinoin) and 13-cis-retinoic acid (isotretinoin). Further research resulted in the development of the second generation of retinoids, the mono-aromatic retinoids, etretinate and its free metabolite acitretin79. Acitretin is an effective treatment for psoriasis as well as disorders of keratinization and cutaneous lupus. A major problem with systemic retinoids is their teratogenicity, making contraception mandatory in women of childbearing age during treatment and (depending on the drug half-life) for a period of 2 months to 3 years after discontinuing therapy. Chapter 126 provides a description of the modes of action, pharmacologic aspects and side effects of these medications.


The indications and contraindications for the use of acitretin in the treatment of psoriasis are summarized in Table 8.13, and the recommended initial and ongoing evaluations are outlined in Tables 8.14 and 8.15, respectively.


Table 8.13 Indications and contraindications for acitretin. Blood donation is contraindicated in patients receiving acitretin.






	INDICATIONS AND CONTRAINDICATIONS FOR ACITRETIN






	Indications






	



• Severe psoriasis that cannot be managed by topical treatments or photo(chemo)therapy


• Monotherapy is indicated for erythrodermic or pustular psoriasis


• Combination therapy is indicated for chronic plaque psoriasis












	Contraindications






	



• Severe liver dysfunction*


• Severe kidney dysfunction (elimination reduced)*


• Pregnancy or lactation*


• Women of childbearing potential who cannot guarantee adequate contraception during and up to 3 years following discontinuation of acitretin*


• Hyperlipidemia, especially hypertriglyceridemia, that cannot be controlled*


• Concomitant medications that interfere with retinoid bioavailability or whose metabolism is altered†


• Concomitant hepatotoxic drugs, e.g. methotrexate‡


• Poorly controlled diabetes mellitus


• History of pancreatitis


• Excessive alcohol intake*


• Use of contact lenses


• Unreliable patient*


• Atherosclerosis













* Absolute contraindications.


† Requires dose adjustment and careful monitoring, e.g. phenytoin competes for plasma protein binding.


‡ Reserved for treatment-resistant patients.


Table 8.14 Pre-acitretin screening. ALT, alanine aminotransferase; AST, aspartate aminotransferase; γGT, gamma glutamyl transpeptidase; HDL, high-density lipoproteins






	PRE-ACITRETIN SCREENING






	



• History to exclude contraindications


• Complete blood count


• Liver function tests (AST, ALT, γ GT, alkaline phosphatase, bilirubin)


• Serum triglycerides, cholesterol, HDL


• Glucose


• Serum creatinine


• Pregnancy test


• Consider spinal X-ray (often initially performed during the first 3 months of therapy if long-term treatment is anticipated)













Table 8.15 Evaluation during acitretin treatment. HDL, high-density lipoproteins.






	EVALUATION DURING ACITRETIN TREATMENT






	



• Monitor mucocutaneous side effects


• Serum cholesterol/triglycerides/HDL and liver enzymes (every month for the first 2 months then every 2–3 months)


• Serum creatinine (elderly patients or patients with mild to moderate renal dysfunction)


• Monitor for development of hyperostosis by history (twice yearly) and by X-ray of spine (e.g. once yearly in patients receiving long-term treatment)


• Pregnancy test (throughout treatment)













In patients with chronic plaque psoriasis, 0.5 mg/kg/day is the initial dosage, which can be increased depending upon the clinical response and side effects. For erythrodermic psoriasis, the initial dosage is 0.25 mg/kg/day, and in pustular psoriasis, the dose should be maximized, i.e. doses up to 1 mg/kg/day. In patients with chronic plaque psoriasis, mild cheilitis (just perceived by the patient) is the goal, whereas in patients with pustular psoriasis, a dose that causes a clinically apparent but tolerable cheilitis is an endpoint.


The efficacy of acitretin monotherapy in chronic plaque psoriasis is limited, with approximately 70% of patients achieving a moderate or better response. In one study, 23% of patients treated with 50 mg of acitretin daily for 8 weeks achieved ≥75% improvement in their PASI79. Combination treatment with photo(chemo)-therapy and/or vitamin D3 analogues results in a substantial improvement in clinical response. Maximal therapeutic efficacy is reached after 2–3 months. Acitretin has been shown to be an effective maintenance therapy. As monotherapy, acitretin is highly effective in erythrodermic and pustular psoriasis. Its efficacy in nail psoriasis and psoriatic arthritis is only modest.









Targeted immune modulators (“biologic” therapies)


Beginning in 2000, biologic therapies were introduced for the treatment of psoriatic arthritis and moderate to severe psoriasis. Their two major targets are T cells and cytokines, including TNF-α and IL-12/23. Table 8.16 lists the biologic agents that are currently commercially available. Although briakinumab (a human monoclonal antibody against the p40 subunit of IL-12 and IL-23) was found to have greater efficacy than methotrexate in patients with moderate to severe plaque psoriasis79a, applications for approval by the FDA and European Medicines Agency (EMEA) were withdrawn due to safety concerns (including a possible increased risk of cardiovascular adverse events). Chapter 128 provides a description of the modes of action, dosages, side effects and monitoring recommendations for biologic agents. Of note, guidelines, including European S3-Guidelines, have been developed for the treatment of psoriasis patients with TNF-α inhibitors (adalimumab, etanercept and infliximab) and ustekinumab74,80-82.




Table 8.16 Commercially available biologic agents used for the treatment of psoriasis. EMA, European Medicines Agency; FDA, Food and Drug Administration; IL, interleukin; TNF, tumor necrosis factor


[image: image]




Biologic therapies are indicated for patients with moderate to severe psoriasis and/or psoriatic arthritis. Several guidelines restrict their use to “high-need patients” in whom all other existing treatments are contraindicated or have led to insufficient improvement, whereas some investigators have voiced the opinion that biologic therapies should be an option for patients who have failed to respond adequately to one classic systemic treatment83; the latter recommendation has to be balanced against the high cost of these medications. Both indications and contraindications for currently commercially available therapies are outlined in Table 8.17.


Table 8.17 Indications and contraindications for commercially available targeted immune modulators (“biologic” agents). Administration of live vaccines (see Table 128.9) is contraindicated in patients receiving biologic agents for psoriasis. BCG, Bacillus Calmette-Guérin; NYHA, New York Heart Association.






	INDICATIONS AND CONTRAINDICATIONS FOR COMMERCIALLY AVAILABLE TARGETED IMMUNE MODULATORS (“BIOLOGIC” AGENTS)






	Indications






	General indications






	



• Patients with moderate to severe psoriasis, eligible for a systemic treatment


• Patients with psoriatic arthritis, particularly those who have failed other disease-modifying antirheumatic drugs (DMARDs)












	Restricted indication






	



• Patients with moderate to severe psoriasis who are not candidates for topical treatments, photo(chemo)therapy or classic systemic treatments because of insufficient efficacy or contraindications












	Contraindications






	(The exact contraindications vary by agent [see Ch. 128]; some listed below are relative, while others are absolute [*])






	



• Guttate, pustular, or erythrodermic psoriasis


• Significant viral, bacterial or fungal infections*


• Increased risk for developing sepsis*


• Active tuberculosis*


• Immunosuppressed patient


• Past history of hepatitis B


• Pregnancy (TNF-α inhibitors, alefacept† and ustekinumab are category B)


• Breastfeeding


• Malignancy within the past 5 years (does not include adequately treated single cutaneous squamous or basal cell carcinoma)


• Excessive chronic sun exposure or photo(chemo)therapy


• Allergic reaction to the biologic agent*


• Selective for alefacept†: CD4 counts <250 cells/mcl*; HIV infection*


• Selective for TNF-α inhibitors: ANA+ (especially if high titer) or autoimmune connective tissue disease, blood dyscrasias, congestive heart failure (NYHA grade III or IV) or demyelinization disorders (the latter also in first-degree relatives)*


• Selective for ustekinumab: BCG vaccination within the past 12 months (mode of action expected to increase susceptibility to mycobacterial infections)













† Production of alefacept in the US was discontinued in 2011.


The relative efficacies of the various biologic agents are reviewed in Chapter 128. With regard to the percentage of patients achieving PASI 75 improvement, there is significant overlap between the efficacies of biologic agents (as assessed after 3 months of therapy) and those of photo(chemo)therapy and classic systemic medications such as MTX and cyclosporine, although only a few studies directly comparing biologic agents with classic systemic medications are available. In general, TNF-α inhibitors and anti-IL-12/23 antibodies have substantial efficacy and enable long-term control of psoriasis84.









Other systemic therapies


Additional systemic therapies have been reported as beneficial in the management of psoriasis (Table 8.18). In general, they are used less often than the medications previously described in this chapter, and there are regional differences in their use.


Table 8.18 Additional systemic therapies for psoriasis.






	ADDITIONAL SYSTEMIC THERAPIES FOR PSORIASIS






	Medication

	Side effects






	Fumarates85


	Renal impairment, flushing, gastrointestinal disturbances, headache, fatigue






	Mycophenolate mofetil86


	See Ch. 130







	Oral calcitriol87 (0.5–3 mcg/day)

	Hypercalcemia, hypercalciuria






	6-thioguanine (40–160 mg/day)

	Myelosuppression, hepatotoxicity, gastrointestinal disturbances






	Hydroxyurea

	See Ch. 130


















Therapeutic Management






General considerations


Before considering a specific treatment in an individual psoriatic patient, it is important to exclude triggering factors. Aggravating factors such as focal infections, medications and psychological stress have been described above. Furthermore, it is also crucial to assess the various aspects of disease severity, in particular88:




• The area of involvement and the degree of erythema, induration and desquamation of the cutaneous lesions. For research purposes, these aspects can be summarized as the PASI (see Table 8.2).


• The impairment of quality of life. The visibility of the lesions and symptoms such as pruritus are relevant factors, and psycho-emotional stress and the response of family and friends to the psoriasis should also be considered. Impact of psoriasis on quality of life can be measured by questionnaires (e.g. Dermatology Life Quality Index [DLQI], Skindex29).


• The responsiveness to previous treatments. Individual patients report a wide variation with respect to their clinical response to various treatments. For example, some patients, even those with widespread disease, may experience excellent improvement with a mild topical therapy, whereas patients with localized disease may prove recalcitrant to even high-dose systemic treatments.





Relative and absolute contraindications to the various treatment options have to be recognized, especially in the case of photo(chemo)therapy and systemic medications. Because psoriasis is a chronic condition, patients have to cope not only with their disease, but also with their treatments, for prolonged periods of time. For example, individual circumstances may restrict the time available for intensive daily treatments. Lastly, some patients cannot accept a few coin-sized lesions in visible sites, while for others this is less of a problem. Therefore, treatment selection is a multivariable decision-making process and not a simple stepwise therapeutic ladder.









Management with topical agents


It is important before instituting topical therapy that the patient understands that due to the Koebner phenomenon, trauma (e.g. from scratching or debriding lesions) can negate therapeutic interventions. Although it may seem obvious, patients should also be told that topical agents do not prevent new lesions from appearing at additional sites. For patients with mild to moderate involvement, topical treatments are the first choice. Patients with more widespread involvement may also be treated with a topical agent; however, a high degree of compliance is required and this can be difficult to achieve.


Evidence for the efficacy of various topical treatments was reassessed in a recent meta-analysis89. From this analysis, it was concluded that only very potent topical corticosteroids tended to be more effective than monotherapy with the vitamin D3 analogue calcipotriene. In ambulatory patients, calcipotriene was more effective than anthralin, coal tar, the other vitamin D3 analogues (tacalcitol and calcitriol) and the retinoid tazarotene89. The efficacy of coal tar and anthralin are difficult to assess, as the success of these topicals is highly dependent on the treatment setting. A day-care or inpatient setting is optimal, as it allows the patient to more easily cope with the side effects of staining, stinging and irritation.


Combination treatment is advised for the vast majority of patients, thereby increasing efficacy and reducing side effects. For example, a fixed combination of calcipotriene and betamethasone dipropionate applied once daily proved to be superior to twice-daily calcipotriene or twice-daily betamethasone dipropionate monotherapy90.


Based on the above discussion, the authors recommend the following: start with calcipotriene cream or ointment twice daily for a period of 8 weeks (except for sensitive skin areas and the scalp). If this regimen is not successful or if rapid clearing is required, the combination of calcipotriene and a potent topical corticosteroid is applied for 4 weeks. In the case of an insufficient response or irritation, another vitamin D3 analogue or tazarotene may be tried as monotherapy or in combination with a topical corticosteroid. In addition, a topical corticosteroid under hydrocolloid occlusion can be used for a few recalcitrant plaques.


A trial of tar or anthralin may be tried, especially in patients with longstanding disease and incomplete responses or fast relapses. These treatments often require a day-care or inpatient facility as their use in the ambulatory setting is disappointing. With regard to maintenance therapy, some patients prefer only intermittent clearing courses with no intervening therapy, while other patients want continuous treatment. Daily use of a topical vitamin D3 analogue (below the maximum allowed weekly dosage) provides a safe long-term form of maintenance therapy. If the therapeutic response is insufficient, intermittent application of a topical corticosteroid (once or twice weekly) is helpful.


Psoriasis in sensitive areas and on the scalp should be managed differently. Psoriasis of the face and flexures can be treated with a calcineurin inhibitor, resulting in a rapid improvement91. In these sensitive areas, tacalcitol and calcitriol tend to result in less irritation as compared to calcipotriene; the use of ultrapotent corticosteroids should be avoided. For scalp psoriasis, removal of scale with a formulation containing 10–20% salicylic acid is the initial step. Intermittent use of potent and ultrapotent topical corticosteroids (or corticosteroid-containing shampoos) in combination with calcipotriene lotion is our preferred regimen for scalp psoriasis.


If topical therapies do not provide adequate improvement, treatment with photo(chemo)therapy or a systemic agent is indicated.









Management with photo(chemo)therapy and classic systemic medications


For patients with moderate to severe involvement, topical therapies may be ineffective or impractical. On a chronic basis, patients with widespread disease often cannot manage their psoriasis with topical treatments and become frustrated and non-compliant. Evidence for the efficacy of photo(chemo)therapy and classic systemic treatments has been reassessed in a meta-analysis92. PUVA had the highest percentage of patients with clearance (70%), followed by UVB (67.9%) and cyclosporine (64%). The investigators also developed practice guidelines and recommended the following sequence of therapies: UVB, PUVA, methotrexate, acitretin and then cyclosporine92.


However, in the selection of a systemic treatment for an individual patient, the existence of relative and absolute contraindications has to be considered. Therefore, it is not always practical to define a therapeutic ladder. For example, photo(chemo)therapy would not be chosen for patients with a history of excessive exposure to UV radiation, but these same patients could be excellent candidates for retinoid therapy (considering its anticancer effects). Methotrexate is contraindicated in patients with excessive alcohol intake or active hepatitis, while cyclosporine is contraindicated in those with renal insufficiency or hypertension.


Despite these considerations, some general recommendations can be offered. If the response to topical therapies is unsatisfactory, the first treatment to be considered is typically narrowband UVB phototherapy. If a few months of UVB therapy do not result in adequate improvement or a sufficient long-term remission is not achieved, one of the other treatment modalities previously discussed should be selected (with a consideration of individualized risk factors). An important issue is whether a maintenance treatment is needed or desired. Cyclosporine should not be used as a maintenance treatment, whereas methotrexate, acitretin and fumarates can be employed for long-term control of psoriasis; fumarates are only available in some European countries. However, long-term use of these systemic treatments is restricted by their cumulative toxicity potential. The concept of rotational therapies is valuable but complex. If neither photo(chemo)therapy nor classic systemic medications provide adequate improvement, treatment with a biologic agent is indicated.









Targeted immune modulators (“biologic” therapies)


Several biologic therapies are currently available worldwide for the treatment of psoriasis and/or psoriatic arthritis: adalimumab, etanercept, infliximab and ustekinumab. Despite the availability of effective topical and classic systemic medications as well as phototherapy, safety concerns, lack of efficacy, and inconveniences are important restrictions, in particular for long-term use93. For such patients, biologic agents can provide benefit for their skin disease as well as psoriatic arthritis (especially TNF-α inhibitors), with prevention of permanent destructive changes. Reduction of inflammation resulting from active psoriasis may also impact the development of metabolic syndrome and the cardiovascular diseases.


The side-effect profiles are very different from those of photo(chemo)-therapy and classic systemic medications, with no indication to date of cumulative toxicity. As a 1-year course of biologic therapy costs approximately $20 000 (~[image: image]15 000), national health authorities and managed care insurance companies have adopted a restrictive approach. Therefore, in many countries, biologic agents are available exclusively for those patients with severe psoriasis who cannot be treated adequately with the classic treatments. However, a possible impact on comorbidities (see above) may influence decisions in the future.









How to combine treatments


Enhanced clinical response and a possible reduction in side effects are the goals of combination therapy. However, for safety reasons, some combinations are contraindicated.






Beneficial combinations


The combination of calcipotriene with superpotent topical corticosteroids has been shown to be more effective than either treatment as monotherapy, whereas the combination of calcipotriene plus medium-strength corticosteroids did not have a substantial additive effect compared with each as monotherapy. However, the irritation caused by calcipotriene can be reduced by the addition of medium-strength corticosteroids. Improved efficacy has also been observed with the combination of calcipotriene–cyclosporine and calcipotriene–acitretin, compared with each as monotherapy94,95. For example, with low-dose cyclosporine (2 mg/kg/day) plus topical calcipotriene, marked improvement or clearing was seen in 90% of patients. In a dose-escalating study of acitretin, the combination of acitretin and calcipotriene was more effective and permitted a lower dose of both acitretin and calcipotriene as compared to each as monotherapy. The combination of calcipotriene and PUVA is characterized by a marked reduction in the cumulative dose of UVA required and enhanced efficacy, compared with the respective monotherapies. However, evidence for a beneficial effect of the combination of UVB and calcipotriene is less convincing. Combining etanercept (25 mg subcutaneously once weekly) and acitretin has been shown to be as effective as etanercept 25 mg subcutaneously twice weekly96.


Topical corticosteroids are frequently combined with other antipsoriatic treatments. Although increases in the duration of subsequent remission periods have been noted, controlled studies are required to substantiate these claims. The combination of phototherapy with application of anthralin or tar is a time-honored therapy. However, if phototherapy is optimized by using near-erythematogenic doses, the additive benefit of anthralin or tar above that of phototherapy alone has not been substantiated, although remission periods following the combination of anthralin and optimized phototherapy are prolonged.









Contraindicated combinations and combinations with restricted use


The combination of acitretin and cyclosporine carries the risk of accumulation of cyclosporine, because cyclosporine is inactivated by the cytochrome P450 system, which is inhibited by acitretin. An increased occurrence of SCCs has been observed in patients treated with the combination of cyclosporine and PUVA, either simultaneously or sequentially (PUVA followed by cyclosporine)97. As a result, the combination of cyclosporine and photo(chemo)therapy is contraindicated. Although a combination of methotrexate and PUVA has been reported to be safe98, additional long-term studies are needed.


The combination of coal tar with PUVA is contraindicated as it may induce significant phototoxic responses. The combination of cyclosporine and methotrexate has been viewed as high risk because both are immunosuppressants. However, this combination has been used with success by rheumatologists, and, in recalcitrant psoriasis, the combination has proved to be very effective without major side effects. The combination of methotrexate and acitretin has been used in those patients in whom all treatments have failed99. Although this combination can be very effective, severe hepatotoxicity has been reported; therefore, careful monitoring is mandatory.












How to manage childhood psoriasis


In a recent review, the efficacy and safety of treatment modalities in children were described100. Only two randomized controlled trials were identified; one examined topical calcipotriene and the other etanercept. The authors recommended topical calcipotriene as first-line therapy for mild to moderate juvenile psoriasis, combined with mild- to moderate-strength topical corticosteroids (if necessary). For treatment-resistant flexural and/or facial psoriasis, tacrolimus 0.1% ointment can be added to the treatment regimen. Anthralin is then considered if this treatment regimen is not effective or the psoriasis is moderate to severe. The next step is to recommend treatment with narrowband UVB, especially in adolescents, with attention to the number of treatments. Although controversial, the use of antibiotics can be considered in patients with guttate psoriasis where there is suspicion of a streptococcal infection. Of the systemic medications, methotrexate is regarded as the treatment of choice, with retinoids considered in pustular and erythrodermic psoriasis. Cyclosporine is occasionally utilized for exceptional cases, and etanercept should be considered as a third-line drug for therapy-resistant psoriasis100.












Future Treatments


Future treatments for psoriasis will include additional targeted biologic therapies, which focus on one key aspect of psoriasis pathogenesis. For example, antagonism of IL-17, IL-20 or IL-22 may prove to be as beneficial as targeting IL-12/IL-23. A number of small molecules are also under investigation, including oral inhibitors of kinases such as Janus kinase (JAK), protein kinase C or p38 kinase, as well as inhibitors of STAT-3 (see Pathogenesis) such as topical STA-21/ochromycinone.
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Small plaque parapsoriasis and large plaque parapsoriasis








Synonyms


[image: image] Parapsoriasis en plaques (small and large plaque parapsoriasis) [image: image] Digitate dermatosis (small plaque parapsoriasis) [image: image] Xanthoerythrodermia perstans (small plaque parapsoriasis) [image: image] Chronic superficial dermatitis (small plaque parapsoriasis) [image: image] Retiform parapsoriasis (variant of large plaque parapsoriasis) [image: image] Parakeratosis variegata (variant of large plaque parapsoriasis) [image: image] Patch stage of mycosis fungoides (some cases of large plaque parapsoriasis)








Key features







[image: image] Chronic, asymptomatic, erythematous scaly patches characterize both major forms of parapsoriasis


[image: image] In small plaque parapsoriasis, the lesions are generally less than 5 cm in diameter or digitate


[image: image] In large plaque parapsoriasis, the lesions are generally greater than 5 cm in diameter


[image: image] Histologically, superficial perivascular, interface or lichenoid lymphocytic infiltrates are seen


[image: image] There is a predominance of CD4+ T cells in the infiltrate


[image: image] A dominant T-cell clonality is demonstrable in many cases












Introduction


Small plaque parapsoriasis and large plaque parapsoriasis are idiopathic, chronic dermatoses classified within the parapsoriasis group of skin diseases. Related disorders include acute and chronic variants of pityriasis lichenoides and lymphomatoid papulosis (see Ch. 120). This group is significant for the tendency of its disorders to coexist or overlap with one another and for its association with lymphomas1.









History


Small plaque parapsoriasis and large plaque parapsoriasis were included in the parapsoriasis group as defined by Brocq in 19022 and refined subsequently by several authors whose work was summarized by Lambert and Everett in 19811. In the mid to late twentieth century, it became widely accepted that small plaque parapsoriasis and large plaque parapsoriasis were distinct entities3, and that large plaque parapsoriasis and its variants were closely related to the patch stage of mycosis fungoides4.









Epidemiology


Small plaque parapsoriasis and large plaque parapsoriasis are more common in middle-aged and elderly individuals, but they may also occur in children. They peak during the fifth decade of life and occur in all racial groups and geographic regions. There is a male predominance that is greater for small plaque parapsoriasis, where it approximates 3 : 1.









Pathogenesis


The etiologies of small plaque and large plaque parapsoriasis are unknown. Both disorders are characterized by superficial cutaneous lymphoid infiltrates composed primarily of CD4+ T cells5,6. Dominant T-cell clonality has been demonstrated in many cases of large plaque parapsoriasis and in fewer cases of small plaque parapsoriasis6-8. The difference may be an artifact of a lower T-cell density in small plaque parapsoriasis. Alternatively, it may be that some cases are truly polyclonal and represent a distinct biologic subset of disease. Of note, more recent studies have failed to confirm earlier reports of human herpesvirus-8 within lesions of large plaque parapsoriasis9.


It is now well established that at least some cases of large plaque parapsoriasis and its variants are manifestations of the patch stage of mycosis fungoides (see Ch. 120). This helps to explain the progression of large plaque parapsoriasis to more overt forms of lymphoma at a rate of 10% to 35% over a period of 6–10 years1,10,11. The concept of “clonal dermatitis” has been put forth to describe T-cell lymphoproliferative disorders that may constitute an intermediate or transitional step between chronic dermatitis and overt cutaneous T-cell lymphomas7 (Fig. 9.1). A mycosis fungoides pyramid can be envisioned, in which a relatively small number of cases evolve from a much larger pool of chronic dermatitis through the intermediary of clonal dermatitis. Small retrospective studies suggest that clonal dermatitis has an approximately 20% risk of progression to cutaneous T-cell lymphoma over 5 years12.





[image: image]

Fig. 9.1 The mycosis fungoides pyramid and the proposed transitional role of clonal dermatitis in the evolution of mycosis fungoides.




Although both small plaque and large plaque parapsoriasis can be viewed as forms of clonal dermatitis, large plaque parapsoriasis appears to have a significantly greater risk of progression to overt lymphoma. However, in contrast to those cases of parapsoriasis in which dominant clonality precedes the evolution of histologically overt mycosis fungoides, it appears that some cases of early mycosis fungoides may still contain oligoclonal T cells from which a dominant clone has yet to evolve13. Other examples of clonal dermatitis can be found among cases of primary idiopathic erythroderma and chronic dermatitis.









Clinical Features


Despite inclusion of the word “plaque” in their terminology, both small plaque and large plaque parapsoriasis are diseases composed of patches rather than plaques. In both entities, skin lesions are chronic and generally asymptomatic or mildly pruritic. They may wax and wane early in their clinical course, but they typically become persistent and can slowly progress to become more extensive. Some cases regress fully, either spontaneously or after therapy, but this may require a period of several years. Lesions can be widespread on the trunk and extremities or more limited in their distribution. In the latter instance, they often favor more sun-protected sites.


Small plaque parapsoriasis typically presents as round–oval patches that are generally less than 5 cm in diameter (Fig. 9.2A). They are variably erythematous (but often less intense than psoriasis) and covered with a fine scale. Those with a yellow hue have been termed “xanthoerythrodermia perstans”1. An important variant of small plaque parapsoriasis is “digitate dermatosis”, which presents as elongated, finger-like patches symmetrically distributed on the flanks3 (Fig. 9.2B). These lesions are an exception to the 5-cm rule in that they may measure 10 cm or more along their long axis. The reported risk of progression to mycosis fungoides varies from zero14 to low11.





[image: image]

[image: image]

Fig. 9.2 Small plaque parapsoriasis.


A Small (<5 cm), erythematous, slightly scaly patches. B Digitate dermatosis with elongated finger-like lesions on the flank.




Large plaque parapsoriasis presents as variably erythematous, round or irregularly shaped scaly patches that are larger than 5 cm (Fig. 9.3A). They may or may not exhibit the clinical triad of atrophy, telangiectasia and hyper/hypopigmentation that warrants the descriptive designation “poikiloderma vasculare atrophicans”. Rather than being a specific entity, poikiloderma can be seen in several disorders, including certain autoimmune connective tissue diseases (e.g. dermatomyositis) and genodermatoses, in addition to large plaque parapsoriasis and mycosis fungoides. “Retiform parapsoriasis”, also known as “parapsoriasis variegata”, “parakeratosis variegata” or “parapsoriasis lichenoides”, is a variant of large plaque parapsoriasis in which there are widespread, ill-defined patches in a net-like or zebra-stripe pattern1 (Fig. 9.3B). Long-term follow-up has shown that virtually all of these rare retiform cases progress to overt mycosis fungoides. As noted earlier, patients with other forms of large plaque parapsoriasis develop clinically unequivocal lymphomas (mostly mycosis fungoides) at a rate of 10% to 35% per decade.





[image: image]

[image: image]

Fig. 9.3 Large plaque parapsoriasis.


A Large, variably erythematous patches in the bathing trunk region is a classic presentation. B Retiform parapsoriasis with atrophic, red–brown papules in a net-like pattern.











Pathology


Patches of small plaque parapsoriasis exhibit a mild, nonspecific spongiotic dermatitis and parakeratosis. Lesions of large plaque parapsoriasis may have similar histologic findings or an interface lymphocytic infiltrate with a variable degree of lichenoid features. Some cases of large plaque parapsoriasis are indistinguishable from the patch stage of mycosis fungoides and may contain atypical lymphoid cells (see Ch. 120). These cases should be diagnosed as mycosis fungoides; however, their proportion is difficult to establish because experts disagree on the minimum criteria required to histopathologically diagnose mycosis fungoides. The term “large plaque parapsoriasis” should be used for those remaining patients who fail to show the histopathologic features of mycosis fungoides. Poikilodermatous variants of large plaque parapsoriasis demonstrate the histopathologic triad of epidermal atrophy, telangiectasias and pigment incontinence.









Differential Diagnosis


The diagnosis of small plaque parapsoriasis and large plaque parapsoriasis is based on a correlation between clinical and histopathologic findings; other tests are of minimal value. They are distinguished from each other by their clinical features. The principal differential diagnostic considerations are listed in Table 9.1. Both small plaque and large plaque parapsoriasis are differentiated from mycosis fungoides based on failing to meet the minimum histopathologic criteria for that disorder. While some patients with lesions clinically consistent with large plaque parapsoriasis will meet microscopic criteria for mycosis fungoides, others will not. Therefore, large plaque parapsoriasis remains a useful designation for such patients. Poikilodermatous variants of large plaque parapsoriasis must be distinguished from poikilodermatous patches associated with dermatomyositis, lupus erythematosus, Rothmund–Thomson syndrome, Kindler syndrome, dyskeratosis congenita and chronic radiodermatitis.


Table 9.1 Principal differential diagnosis of small plaque parapsoriasis and large plaque parapsoriasis.






	PRINCIPAL DIFFERENTIAL DIAGNOSIS OF SMALL PLAQUE PARAPSORIASIS AND LARGE PLAQUE PARAPSORIASIS






	Small plaque parapsoriasis

	Large plaque parapsoriasis






	



Pityriasis rosea


Drug eruption, in particular pityriasis rosea-like


Pityriasis lichenoides chronica


Psoriasis, including guttate


Mycosis fungoides


Secondary syphilis


Nummular dermatitis







	



Mycosis fungoides


Drug eruption, in particular mycosis fungoides-like


Psoriasis


Poikilodermatous autoimmune connective tissue disease (e.g. dermatomyositis)


Poikilodermatous genodermatoses (see Table 63.8)


Chronic radiodermatitis













Small plaque parapsoriasis is distinguished from pityriasis rosea by the presence of a herald patch and resolution of the latter disorder within a few months. Psoriasis and secondary syphilis are excluded on the basis of clinicopathologic and serologic features. Patients with pityriasis lichenoides, acute and chronic, generally have lesions that are smaller and more widely distributed than do patients with small plaque parapsoriasis. Drug eruptions resembling pityriasis rosea or mycosis fungoides must also be excluded by clinicopathologic correlation.









Treatment


All therapeutic approaches are based primarily on uncontrolled case series, case reports or anecdotal evidence (Table 9.2). In this author’s opinion (GSW), patients with small plaque parapsoriasis should be reassured that their risk of developing mycosis fungoides is practically not an issue. Ackerman and co-workers disagree and have expressed the opinion that even small plaque parapsoriasis is mycosis fungoides. Patients with small plaque parapsoriasis may be followed without treatment if they prefer. Standard therapy includes topical corticosteroids, topical coal tar products, and various forms of phototherapy. The role of newer topical agents, such as bexarotene, calcineurin inhibitors and imiquimod, remains to be established. There is some concern that calcineurin inhibitors might be implicated if lymphoma were to develop. Until this issue is clarified, due caution should be exercised in the treatment of small plaque parapsoriasis.


Table 9.2 Therapeutic ladder for small plaque parapsoriasis and large plaque parapsoriasis. Key to evidence-based support: (1) prospective controlled trial; (2) retrospective study or large case series; (3) small case series or individual case reports.






	
THERAPEUTIC LADDER FOR SMALL PLAQUE PARAPSORIASIS AND LARGE PLAQUE PARAPSORIASIS[image: image]







	



Topical corticosteroids (2)


Topical calcineurin inhibitors (3)


Topical coal tar products (3)


Sunlight (2)


Ultraviolet B (UVB) phototherapy – broadband or narrowband (2)


PUVA (psoralen plus UVA) phototherapy (2)


Topical bexarotene (2)


Topical imiquimod (3)


Topical mechlorethamine (nitrogen mustard)* (2)


Topical carmustine (BCNU)* (2)


Antihistamines† (3)













* More appropriate for patch-stage mycosis fungoides.


† If there is pruritus.


Patients with large plaque parapsoriasis should be treated regardless of whether one believes that their lesions already represent or may evolve into mycosis fungoides. Initial therapy may be similar to that described for small plaque parapsoriasis. Those cases of large plaque parapsoriasis that meet the histopathologic criteria for mycosis fungoides can be treated with all the agents commonly used in the early stages of that disease. In addition to topical corticosteroids and phototherapy, these include topical mechlorethamine (nitrogen mustard), topical carmustine (BCNU), topical bexarotene, and subcutaneous interferon-α. Experimental therapies include interleukin-1215 and the excimer laser (308 nm).












Pityriasis lichenoides et varioliformis acuta and pityriasis lichenoides chronica








Synonyms


[image: image] Mucha–Habermann disease (PLEVA) [image: image] Guttate parapsoriasis (PLC)








Key features







[image: image] Pityriasis lichenoides et varioliformis acuta (PLEVA) and pityriasis lichenoides chronica (PLC) are two ends of a disease spectrum


[image: image] Both entities are characterized by recurrent crops of spontaneously regressing erythematous papules


[image: image] Lesions of PLEVA are crusted, vesicular or pustular, whereas in PLC they are scaly


[image: image] Individual patients may show intermediate or mixed lesions


[image: image] Histologically, an interface dermatitis with necrotic keratinocytes is seen


[image: image] The infiltrate is predominantly T cells that are often monoclonal












Introduction


The acute and chronic forms of pityriasis lichenoides exist on a disease spectrum with variable presentations that can pose diagnostic and therapeutic challenges16,17. These are papular, clonal T-cell disorders that may rarely be associated with mycosis fungoides.









History


Pityriasis lichenoides, including its two main variants PLEVA and PLC, was first described between 1894 and 1925. Mucha and Habermann are credited with recognition of PLEVA18,19, while Juliusberg is associated with PLC20. Pityriasis lichenoides was included in Brocq’s 1902 treatise on a group of chronic, idiopathic dermatoses that he termed “parapsoriasis”.









Epidemiology


Pityriasis lichenoides is more prevalent in the pediatric population, but it affects patients in all age groups, races and geographic regions. There is a male predominance.









Pathogenesis


The etiology of pityriasis lichenoides is unknown. It has been postulated to be a response to foreign antigens such as infectious agents and drugs. A few reports describe its association with specific infections (e.g. HIV), medications (e.g. estrogen–progesterone, TNF-α inhibitors [infliximab, adalimumab]), and radiocontrast dye. Of note, increased numbers of maternally derived keratinocytes have been detected within the epidermis of young male patients with pityriasis lichenoides (as compared to normal skin) and perhaps they triggered a host-(child) versus-graft (mother) disease.


Both PLEVA and PLC contain lesional T-cell infiltrates, with a general predominance of CD8+ cells in PLEVA and CD4+ cells in PLC21,22. Both types of lesions can exhibit dominant T-cell clonality, although it is more easily demonstrated in PLEVA, where the infiltrate is denser23-25. This clonality indicates that pityriasis lichenoides is a T-cell lymphoproliferative disorder like lymphomatoid papulosis and some forms of T-cell cutaneous lymphoid hyperplasia. Indeed, some patients with lymphomatoid papulosis develop individual lesions indistinguishable from pityriasis lichenoides, suggesting that these two conditions may be related21,26. The concept of pityriasis lichenoides as a T-cell lymphoproliferative disorder may help to explain its occasional association with other lymphoproliferative disorders such as cutaneous T-cell lymphoma, Hodgkin disease and other lymphomas27-30.









Clinical Features


Pityriasis lichenoides presents as recurrent crops of spontaneously regressing erythematous to purpuric papules. The acute form (PLEVA) and the chronic form (PLC) exist on a disease continuum. Many patients have intermediate or mixed manifestations, either serially or concurrently. In patients with PLEVA, individual lesions develop crusts, ulcers, vesicles or pustules, which may heal with varioliform scars if dermal damage is extensive (Fig. 9.4). Lesions are usually asymptomatic and typically resolve within weeks. Disease manifestations are confined to the skin, except rarely, when acute lesions are associated with malaise, fever, lymphadenopathy, arthritis and/or bacteremia. The term “febrile ulceronecrotic Mucha–Habermann disease (FUMHD)” has been used to refer to such severe variants in which mucosal, gastrointestinal and pulmonary involvement can be observed31. Transition from PLEVA to this febrile variant has been associated with increased serum levels of TNF-α.





[image: image]
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Fig. 9.4 Clinical spectrum of pityriasis lichenoides.


In the acute form (PLEVA), widespread erythematous papules and papulovesicles are admixed with crusted lesions (A, B); sometimes, there can be an ulcerative component (C). Individuals with the chronic form (PLC) develop multiple red–brown papules, some of which have scale (D). A number of patients will have lesions characteristic of both PLEVA and PLC, i.e. an overlap (E).


A, Courtesy, Julie V Schaffer, MD. B, Courtsey, Thomas Schwarz, MD. E, Courtesy, Kalman Watsky, MD.





In PLC, the papules are erythematous to red–brown and scaly (see Fig. 9.4). They pursue a more indolent course, regressing over weeks to months. When these lesions subside, there may be residual hypopigmented macules; the latter are more obvious in darkly pigmented individuals and may be the presenting complaint (see Ch. 66). Pityriasis lichenoides can resolve spontaneously after weeks to months or it may pursue a chronic relapsing course, sometimes interspersed with long periods of remission. Some studies have suggested that the distribution of skin lesions is more important than their acute or chronic nature in predicting outcome32. Patients with a diffuse distribution of lesions had the shortest average course of disease (11 months), while those with a peripheral distribution had the longest average clinical course (33 months). The central distribution variant was intermediate.









Pathology


Pityriasis lichenoides exhibits a superficial perivascular interface dermatitis in all cases (Fig. 9.5). Those lesions at the acute end of the spectrum contain a denser infiltrate that may be top-heavy and wedge-shaped. Lymphocytes predominate in the infiltrate, although neutrophils may be admixed. The epidermis shows focal parakeratosis and evidence of damage ranging from edema to extensive epidermal necrosis in well-developed lesions. Extravasation of erythrocytes is usually present. The usual histopathologic alterations accompany the presence of crusts, vesicles, pustules and ulcers. Lymphocytic vasculitis is sometimes described, but most cases lack true fibrinoid necrosis of blood vessels (and use of this histologic term can be confusing to clinicians). All of these changes are blunted in the more chronic skin lesions, where the principal microscopic features include parakeratosis and a milder interface lymphocytic infiltrate accompanied by focal keratinocyte necrosis and mild erythrocyte extravasation. Lymphoid atypia is not a standard feature of pityriasis lichenoides. Although some pathologists allow occasional atypical lymphocytes, others regard this as a sign of lymphomatoid papulosis.





[image: image]
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Fig. 9.5 Pityriasis lichenoides – histopathologic features.


A In the chronic form (PLC), parakeratosis may be more prominent, but the epidermal destruction is less intense. B In the acute form (PLEVA), extravasated erythrocytes as well as apoptotic keratinocytes are seen. Uniformly present is a superficial perivascular interface dermatitis. As with the clinical presentations, there is a continuous histologic spectrum.


Courtesy, Lorenzo Cerroni, MD.












Differential Diagnosis


The diagnosis of pityriasis lichenoides is made by the correlation of clinical features with lesional histopathology. The principal differential diagnostic considerations for pityriasis lichenoides are listed in Table 9.3. For PLEVA, the main clinical and histopathologic differential diagnostic considerations include lymphomatoid papulosis, drug eruptions, arthropod reactions, cutaneous small vessel vasculitis, and varicella. For PLC, the principal differential diagnosis includes small plaque parapsoriasis, guttate psoriasis, lichen planus (exanthematous), pityriasis rosea, secondary syphilis, lymphomatoid papulosis, drug eruptions and papular dermatitis. All of these differential diagnostic possibilities can usually be excluded on the basis of key historical, clinical, pathologic and laboratory findings. More than one biopsy specimen may be required to achieve clinicopathologic correlation.


Table 9.3 Principal differential diagnosis of pityriasis lichenoides et varioliformis acuta (PLEVA) and pityriasis lichenoides chronica (PLC).






	PRINCIPAL DIFFERENTIAL DIAGNOSIS OF PITYRIASIS LICHENOIDES ET VARIOLIFORMIS ACUTA (PLEVA) AND PITYRIASIS LICHENOIDES CHRONICA (PLC)






	PLEVA

	PLC






	Lymphomatoid papulosis

	Small plaque parapsoriasis






	Cutaneous small vessel vasculitis

	Guttate psoriasis






	Lichenoid drug eruption

	Lichen planus






	Arthropod reactions

	Pityriasis rosea






	Varicella, enteroviral exanthems

	Secondary syphilis






	Folliculitis

	Lymphomatoid papulosis






	Erythema multiforme

	Papular dermatitis






	Dermatitis herpetiformis

	Lichenoid drug eruption







Aside from immunopathology, most other laboratory tests offer little diagnostic value. A preponderance of CD8+ T cells supports the diagnosis of PLEVA because there are few skin disorders that share this feature. Conversely, the demonstration of CD30+ cells generally excludes pityriasis lichenoides and helps establish the alternative diagnosis of lymphomatoid papulosis. Direct fluorescent antibody (DFA) and serologic testing as well as immunohistochemical staining are helpful in excluding varicella and syphilis.









Treatment


All treatments for pityriasis lichenoides are based primarily on uncontrolled case series, case reports or anecdotes (Table 9.4). If a drug association is suspected, trial discontinuance of the suspected agent is warranted. First-line therapy includes topical corticosteroids, topical coal tar preparations, tetracycline, erythromycin and various types of phototherapy. Oral tetracycline and erythromycin are used for their anti-inflammatory rather than antibiotic effects, with erythromycin favored in children. A several-month course is often required, followed by a gradual taper. Other antibiotics may be employed if there is secondary infection, usually with Staphylococcus aureus.


Table 9.4 Therapeutic ladder for pityriasis lichenoides et varioliformis acuta (PLEVA) and pityriasis lichenoides chronica (PLC). Key to evidence-based support: (1) prospective controlled trial; (2) retrospective study or large case series; (3) small case series or individual case reports.






	
THERAPEUTIC LADDER FOR PITYRIASIS LICHENOIDES ET VARIOLIFORMIS ACUTA (PLEVA) AND PITYRIASIS LICHENOIDES CHRONICA (PLC)[image: image]







	



Topical corticosteroids (2)


Topical coal tar products (3)


Oral erythromycin (2)


Oral tetracycline (2)


Oral azithromycin (3)


Sunlight (2)


Ultraviolet B (UVB) phototherapy – broadband or narrowband (2)


PUVA (psoralen plus UVA) phototherapy (2)


Methotrexate (2)


Cyclosporine (3)


Special treatments (3):



Antihistamines*




Systemic antibiotics†




Systemic corticosteroids‡














* If there is pruritus.


† If there is secondary infection.


‡ If there is fever, arthritis or other systemic findings.


More fulminant cases may require low-dose weekly methotrexate. Those rare cases associated with fever and arthritis may benefit from systemic corticosteroids, IVIg or cyclosporine, once infection has been excluded. Antihistamines may be helpful in those instances where significant pruritus is present. There are recent reports of the efficacy of etanercept, oral bromelain (bromelin) and photodynamic therapy.












Pityriasis rubra pilaris








Synonyms


[image: image] Lichen ruber pilaris [image: image] Devergie’s disease [image: image] Lichen ruber acuminatus








Key features







[image: image] Follicular papules with an erythematous base are a characteristic finding, including on the proximal dorsal fingers


[image: image] There is a coalescence of orange–red plaques, but with obvious islands of sparing


[image: image] An orange–red waxy keratoderma of the palms and soles is often seen


[image: image] Of the five types described, the classic adult form is the most common


[image: image] The classic types (adult and juvenile) typically resolve within 3–5 years


[image: image] Histologically, there is alternating vertical and horizontal ortho- and parakeratosis












History


Pityriasis rubra pilaris (PRP) was first described in 1835 by Claudius Tarral as a variant of psoriasis. Devergie33 later recognized it as a separate entity in 1857 and named it “pityriasis pilaris”. In 1889, Besnier34 recommended the name “pityriasis rubra pilaris”, and it has persisted.









Epidemiology


Although PRP shows no gender bias, affecting both men and women equally, ethnic variations may exist. For example, in one report, the incidence in Great Britain was 1 in 5000 new patient visits whereas in India it was 1 in 50 000 visits. The incidence has either two or three peaks. The first is during the first and second decades and the second is during the sixth decade. The third peak, if real, results from splitting the first and second decades into two separate peaks.


Nearly all cases are acquired, with occasional reports of a familial form. An autosomal dominant inheritance pattern with variable penetrance is more commonly observed, although an autosomal recessive pattern has also been described. Of patients with PRP, from zero to 6.5% are reported to have a family history of PRP35. Except for the non-classic forms of PRP, it appears to be a self-limited disease process, resolving within 3 to 5 years in almost all cases.









Pathogenesis


No clear etiology has been established. Early on, a vitamin A deficiency was proposed, but this has not been substantiated. The therapeutic success of systemic retinoids suggests a possible dysfunction in keratinization or vitamin A metabolism. Infections, UV exposure and various minor traumas to the skin have been reported to precede the onset of PRP, implicating a physical trigger or superantigen in selected patients.


The possibility of an autoimmune pathogenesis has also been raised. For example, there are reports of PRP in association with myasthenia gravis, celiac disease, myositis, inflammatory arthritis, and hypothyroidism. An abnormal immunologic response to particular antigens has been suggested by the coexistence of PRP with HIV infection36, as well as with internal malignancies (e.g. renal cell, bronchogenic and hepatocellular carcinomas)37.









Clinical Features


The multiple, well-described clinical features of classic PRP are helpful in making the diagnosis. Follicular hyperkeratosis on an erythematous base is a key finding. This results in rough papules, especially on the dorsal aspect of the proximal fingers, which have been described as reminiscent of a nutmeg grater. These papules are also seen on the trunk and extremities, and they can coalesce to form large salmon-colored to orange–red plaques with distinctive “islands of sparing” (Fig. 9.6). The plaques can then progress to an erythrodermic appearance with varying degrees of exfoliation (Fig. 9.7). The palms and soles are commonly involved with a distinctive orange–red waxy keratoderma (Fig. 9.8). Erythema with a fine diffuse scale is often seen on the scalp35,38. Scalp disease that mimics seborrheic dermatitis is a common initial clinical manifestation of adult PRP, and rapid progression to erythroderma can occur over several weeks.





[image: image]
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Fig. 9.6 Pityriasis rubra pilaris.


A Follicular papules and confluent orange–red scaly plaques with islands of sparing. B The islands of sparing may be sharply demarcated; note the salmon color of the plaques.







[image: image]

Fig. 9.7 Pityriasis rubra pilaris.


In areas of diffuse erythroderma, follicular hyperkeratosis (knee) may not be as apparent as within relatively spared islands (compare to Fig. 9.6A).







[image: image]

Fig. 9.8 Pityriasis rubra pilaris.


The orange–red color of the skin, including that of the palms, aids in the clinical diagnosis; note the waxy appearance of the keratoderma.


Courtesy, Irwin Braverman, MD.





Nail involvement is characterized by a thickened plate with a yellow–brown discoloration and subungual debris. The mucous membranes are rarely involved, but they may show features similar to oral lichen planus.


The most common form of PRP (see below) usually begins in the head and neck region and then progressively advances caudally. Pruritus and burning have been reported in 20% of patients with PRP. Although less common than in atopic dermatitis or Darier disease, Kaposi’s varicelliform eruption can occur in patients with PRP. As with other forms of erythroderma (see Ch. 10), eruptive seborrheic keratoses may appear. Both photoaggravated and phototriggered forms of PRP can also occur. Resolving PRP may have a clinical appearance that resembles erythema gyratum repens (see Ch. 19).


To distinguish the different clinical presentations of PRP, Griffiths39 proposed a classification schema based upon age, duration, and type of cutaneous involvement (Fig. 9.9). A generalized eruption is seen in all of the forms except for the circumscribed juvenile type. Type I (classic adult) PRP is the most common form, accounting for a little over half of cases. It is typically self-limited, clearing within 3 years in 80% of patients. Its features are those described above. Type II is also seen in adults and differs from type I by a palmoplantar keratoderma with a coarse and lamellated scale, a more ichthyosiform scaling on the lower extremities, and occasional alopecia. Only 20% of type II patients experience clinical resolution within 3 years.





[image: image]

Fig. 9.9 Classification of pityriasis rubra pilaris (PRP).


*A generalized distribution of PRP, often with findings similar to type I, may be seen in association with elongated follicular spines, acne conglobata and hidradenitis suppurativa in HIV-infected individuals; this is referred to as type VI PRP or the HIV-associated follicular syndrome.




PRP types III–V are seen in children and adolescents. Type III, the classic juvenile form, represents 10% of cases; it most closely resembles the classic adult form and also typically clears within 3 years. Type IV (circumscribed) is the most common of the juvenile forms, and its focal nature sets it apart from the other clinical presentations. Type V, the atypical juvenile form, has features similar to adult type II disease with more ichthyosiform scaling and a chronic course. In addition, scleroderma-like changes of the fingers have been described. The rare patients with familial forms of PRP present with the atypical adult (type II) and atypical juvenile (type V) forms of the disease.


A type VI has been proposed for those with HIV infection who develop PRP36. This type is often recalcitrant to conventional therapy for PRP, but it may respond to antiretroviral therapy. Patients can also have nodulocystic lesions of acne conglobata and hidradenitis suppurativa as well as elongated follicular spines.









Pathology


Psoriasiform dermatitis with irregular hyperkeratosis and alternating vertical and horizontal ortho- and parakeratosis (“checkerboard pattern”) is distinctive (Fig. 9.10A). The hair follicles are dilated and filled with a keratinous plug, while the “shoulder” of stratum corneum surrounding the follicular opening frequently shows parakeratosis (Fig. 9.10B). The interfollicular epidermis often exhibits hypergranulosis as well as thick, shortened rete pegs. A sparse lymphohistiocytic perivascular infiltrate is seen in the underlying dermis. Acantholysis and focal acantholytic dyskeratosis within the epidermis have been described. These latter features are claimed to be helpful when distinguishing PRP from psoriasis.
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Fig. 9.10 Pityriasis rubra pilaris – histopathologic features.


Psoriasiform dermatitis with alternating vertical and horizontal ortho- and parakeratosis (“checkerboard pattern”) (A), as well as follicular hyperkeratosis with parakeratosis in the shoulders of the follicular plug (B).


Courtesy, Lorenzo Cerroni, MD.












Differential Diagnosis


The major entity in the differential diagnosis is psoriasis. The distinctive orange–red palmoplantar keratoderma plus the keratotic follicular papules with a nutmeg grater appearance, the classic islands of sparing of the trunk, and no family history of psoriasis help differentiate PRP from psoriasis. The presence of oil-drop changes, small pits, and marginal onycholysis of the nails favor psoriasis. Microscopically, acantholysis and focal acantholytic dyskeratosis, if present, are especially useful in diagnosing PRP. A thickened granular cell layer, short thicker rete pegs, limited vascular dilation in the dermal papillae, and the absence of both neutrophilic migration towards the epidermis and Munro microabscesses further help distinguish PRP from psoriasis.


Early PRP of the scalp can mimic seborrheic dermatitis. As additional clinical features of PRP develop, these two entities can be distinguished. Furthermore, scalp dermatitis is much more responsive to conventional therapy. The relative recalcitrant nature of scalp PRP may serve as a clue to the diagnosis. A PRP-like eruption can be seen in patients with dermatomyositis (Wong type) and cutaneous T-cell lymphoma, as can erythema and scaling of the scalp. Children with acute-onset PRP may be misdiagnosed as having Kawasaki disease, and, occasionally, PRP is confused with progressive symmetric erythrokeratoderma. The various disorders that can present as an erythroderma are discussed in Chapter 10.









Treatment


Therapy for PRP is primarily empiric because a unifying etiology remains elusive and the number of patients required for large-scale, randomized trials is generally not available. Furthermore, it is difficult to assess treatment outcomes when the natural course of the disease in many patients is spontaneous resolution. Regardless, PRP has been recognized as an acute cutaneous disorder for over 150 years, allowing for the collection of considerable therapeutic experience40.


Initial reports of successful treatments for PRP involved oral vitamin A, sometimes in combination with vitamins B and D. However, toxic doses of vitamin A were often required and liver toxicity was a potential problem. Systemic retinoids have received considerable attention as a useful therapy. Isotretinoin, in doses of 1–1.5 mg/kg per day, can induce significant clearing within 3–6 months of instituting therapy. In a retrospective report of 30 PRP patients (19 years of age or younger) who were treated with oral isotretinoin, the greatest improvement was noted within 6 months, with a recurrence rate of 17% post discontinuation of the medication41. Higher doses (up to 2 mg/kg per day) are occasionally required. Acitretin is also beneficial in the treatment of PRP and there have been recent case reports of the successful use of alitretinoin41a. The effect of retinoids on familial PRP appears less certain.


Methotrexate has also been reported to lead to significant clinical improvement of PRP. Weekly oral doses of 10–25 mg are usually administered, and responses are seen within 3–6 months. Hepatotoxicity and myelosuppression are well-known potential side effects (see Ch. 130). When more toxic, but not yet proven to be more effective, regimens are used (e.g. methotrexate 5 days per week), severe myelosuppression, increased hepatotoxicity, and opportunistic infections such as Pneumocystis jiroveci pneumonia can be seen.


In severe cases of PRP, a combination of methotrexate (5–30 mg/week) plus a systemic retinoid (previously etretinate and now acitretin) has been utilized. Both agents can be given at the onset of therapy, or the second medication can be added if the response to the first is inadequate. In this situation, an increased risk for hepatotoxicity must be kept in mind.


There are reports and small case series in which TNF-α inhibitors and ustekinumab have led to improvement of PRP42,42a. Other potential therapies include topical retinoids, calcineurin inhibitors and vitamin D analogues as well as systemic immunosuppressives – azathioprine, corticosteroids, cyclosporine – and, in response to reports of decreased serum levels of retinol-binding proteins in patients with PRP, anabolic steroids. These medications have met with variable results. Although UV light therapy runs the risk of exacerbating the disease, there are some reports of success with narrowband UVB, UVA1 or PUVA in combination with an oral retinoid43; even one patient with UVB-provoked PRP reportedly responded to bath PUVA.


Less toxic regimens are recommended for the classic juvenile form of PRP, given the high likelihood of spontaneous remission and the potential long-term effects of aggressive systemic therapies.












Pityriasis rosea








Synonym


[image: image] Pityriasis rosea Gibert








Key features







[image: image] A self-limited papulosquamous eruption that is occasionally pruritic


[image: image] Seen primarily in adolescents and young adults, favoring the trunk and proximal extremities


[image: image] Individual lesions are usually oval in shape and their long axis is oriented along Langer’s lines of cleavage


[image: image] Less common variants include inverse, vesicular, purpuric and pustular












Introduction


Pityriasis rosea is a common, “acute”, self-limited papulosquamous eruption that favors otherwise healthy adolescents and young adults. Its striking appearance often prompts a request for medical evaluation. There is an absence of significant systemic manifestations, and its spontaneous resolution provides great consolation to the patient. Although the classic presentation is readily recognized, atypical forms may present a greater challenge. A viral etiology has been postulated, but this remains unproven.









History


Robert Willan described “roseola annulata” in 1798 as a self-limited eruption in otherwise healthy children. In 1860, the French physician Camille Melchior Gibert first named the condition pityriasis (scaly) rosea (pink)44. This aptly conveyed the clinical features and remains the name that is still used today.









Epidemiology


Most cases of pityriasis rosea occur in young healthy persons, the majority of whom are between the ages of 10 and 35 years45. Its peak incidence is during adolescence, and it is rarely diagnosed before the age of 2 years. There is no racial predilection and it is found worldwide. There is a slight female predominance, and some studies have even suggested a female : male ratio of 2 : 1. The typical eruption lasts 6 to 8 weeks, though exceptionally it can persist for 5 months or longer. Some authors report a modest seasonal variation with peaks in the spring and fall.









Pathogenesis


The precise cause of pityriasis rosea remains elusive, and a viral etiology is frequently proposed. Most recently, attention has focused on human herpesvirus-7 (HHV-7) and, less so, on HHV-6. However, some studies have shown no difference in the prevalence of DNA from HHV-6 or HHV-7 in peripheral blood mononuclear cells of patients with pityriasis rosea; attempts to identify HHV-7 DNA within cutaneous lesions have been unsuccessful46. Proponents of a viral etiology47 point to the prodromal symptoms experienced by some patients, the clustering of cases, and the almost complete absence of recurrent episodes, suggesting an immunologic defense against an infectious agent.









Clinical Features


Although classic pityriasis rosea is usually easily recognized, the more unusual variants can be more challenging to diagnose. In the classic situation, a solitary lesion appears on the trunk and enlarges over several days. Less often, this initial lesion is seen on the neck or proximal extremities. It predates the remainder of the eruption by hours to days and is referred to as the “herald patch” because it heralds the onset of the disease. Its incidence varies from 12% to 94%, depending on the study, but in most series it has been seen in over 50% of cases. Multiple herald patches have also been reported.


The herald patch is a skin- to pink- to salmon-colored patch or plaque with a slightly raised advancing margin (Fig. 9.11). The size commonly varies from 2 to 4 cm, but it can be as small as 1 cm or as large as 10 cm. The center shows the characteristic small fine scales of pityriasis rosea, and the margin has a larger, more obvious trailing collarette of scale with the free edge pointing inwards. Approximately 5% of patients may experience a mild prodrome with headache, fever, arthralgias or general malaise. On occasion, the herald patch appears simultaneously with the more widespread eruption.





[image: image]

Fig. 9.11 Pityriasis rosea.


Herald patch on the abdomen of an adolescent.


Courtesy, Kalman Watsky, MD.





Typically, within the next few days, there is a blossoming of lesions on the trunk and proximal extremities. These numerous smaller thin papules and plaques are reminiscent of the larger herald patch that predated them; in darkly pigmented skin, the lesions tend to be more papular and hyperpigmented (Fig. 9.12). Again, there is a subtle advancing border, central fine scaling, and the characteristic collarette of scale (Fig. 9.13). The lesions are usually round to oval in shape, with their long axis following Langer’s lines of cleavage (Fig. 9.14). On the posterior trunk, such an orientation leads to what is often referred to as a “fir tree” or “Christmas tree” pattern. Minute pustules can also be seen during this initial phase of pityriasis rosea. The face, palms and soles are usually (but not always) spared. When all these features are present, the diagnosis is easiest to establish. This is also the time when patients are most alarmed by their clinical appearance and are likely to seek medical attention.





[image: image]

Fig. 9.12 Pityriasis rosea in darkly pigmented skin.


Note the central hyperpigmentation and the follicular papules.


Courtesy, Aisha Sethi, MD.
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Fig. 9.13 Pityriasis rosea.


A, B Both oval and round plaques can be seen as well as central fine scale or a collarette of scale.


B, Courtesy, Julie V Schaffer, MD.








[image: image]

Fig. 9.14 Inverse pityriasis rosea.


Oval annular plaques in the groin.




The eruption of pityriasis rosea usually persists for 6–8 weeks and then spontaneously resolves; however, occasional patients have lesions that may last 5 months or longer. In the latter situation, the possibility of pityriasis lichenoides chronica arises. Most patients with pityriasis rosea experience few, if any, symptoms. In approximately 25% of patients, pruritus is noted that is mild to severe48,49.


Atypical forms of pityriasis rosea require a more astute observer. Inverse pityriasis rosea involves the axillae and inguinal areas (see Fig. 9.14) and sometimes the face. It is more common in younger children and in those with darkly pigmented skin. Oral lesions are also uncommon, but they may be underreported. Urticarial, erythema multiforme-like, vesicular50, pustular and purpuric variants have also been described.









Pathology


The microscopic features of pityriasis rosea are nonspecific. Small mounds of parakeratosis, spongiosis, and a mild lymphohistiocytic perivascular and interstitial papillary dermal infiltrate can be seen. There may be mild erythrocyte extravasation. In severe cases, these features are more pronounced, including the rare formation of epidermal pustules.


Most patients with pityriasis rosea do not have biopsies performed, because the clinical picture is quite characteristic and the histopathology relatively nonspecific.









Differential Diagnosis


Pityriasis rosea can sometimes be difficult to distinguish from secondary syphilis. The presence of cutaneous signs such as split papules and condyloma lata points to syphilis, as does the history or presence of a primary chancre. Patients with secondary syphilis usually have more systemic complaints, and they often have peripheral lymphadenopathy. Histologically, the absence of plasma cells favors pityriasis rosea and nowadays immunohistochemical staining for spirochetal antigens can be done (see Ch. 0). Serologic testing – e.g. Venereal Disease Research Laboratory (VDRL), fluorescent treponemal antibody absorbance (FTA-ABS) – allows the diagnosis of secondary syphilis to be confirmed.


There are drug eruptions that can mimic pityriasis rosea; they have been reported in patients receiving angiotensin-converting enzyme (ACE) inhibitors, metronidazole, isotretinoin, gold, arsenic, bismuth, imatinib and clonidine, as well as omeprazole, etanercept, tripelennamine, ketotifen, salvarsan and BCG vaccine. A drug-induced pityriasis rosea-like eruption is often slower to resolve than the idiopathic form.


The herald patch or generalized eruption can resemble tinea corporis or nummular dermatitis. The presence of the collarette of scale, the orientation of the lesions, and the history can help distinguish pityriasis rosea from nummular dermatitis, but it can be difficult in the case of vesicular pityriasis rosea. Guttate psoriasis usually has a thicker scale, smaller size, and lacks the fir-tree distribution. Other papulosquamous disorders such as pityriasis lichenoides should also be considered, especially when lesions last longer than 4 months. Patients with the atypical variants of pityriasis rosea may overlap with a wider spectrum of diseases.









Treatment


Because pityriasis rosea is often asymptomatic and self-limited, patient education and reassurance represent a satisfactory treatment plan. In patients with pruritus, counterirritant antipruritic lotions or low- to medium-strength topical corticosteroids may be needed for symptomatic relief. In more severe cases, UVB phototherapy (broadband or narrowband) or natural sunlight exposure and oral antihistamines can be used. Rarely, a brief course of systemic corticosteroids may be required51.


In a double-blind, placebo-controlled trial, 73% of patients had complete resolution after receiving 14 days of erythromycin in divided doses52. The placebo group showed no resolution over the same time period. In a bilateral comparison trial of UVB, a reduction in severity, but not pruritus or duration, was observed53.












Pityriasis rotunda








Synonyms


[image: image] Tinea circinata [image: image] Pityriasis circinata








Key features







[image: image] Asymptomatic dermatosis seen primarily in the Far East and Mediterranean basin and in individuals of African descent


[image: image] There are large circular and polycyclic scaly patches with sharp margins and no evidence of inflammation clinically


[image: image] In most patients, lesions are hyperpigmented and localized to the trunk and extremities


[image: image] Histologic features are similar to those of ichthyosis vulgaris, raising the possibility of an unusual form of ichthyosis


[image: image] In some patients it may be associated with malnutrition, mycobacterial infections and/or underlying malignancies, while in others it is familial












Introduction


Pityriasis rotunda has been associated with a number of unrelated conditions and in many patients is suspected to be due in part to malnutrition54,55. It is possible that malnutrition is a final common pathway for patients with underlying infectious diseases or malignancies. One proposal is that pityriasis rotunda represents a minor acquired ichthyosis that can be familial56. Nonetheless, it remains an unusual dermatosis, the pathogenesis of which has yet to be determined57.









History


Pityriasis rotunda was first described by Toyama in 1906 as “tinea circinata” and was later named pityriasis rotunda by Matsura.









Epidemiology


Pityriasis rotunda is most commonly observed in adults between the ages of 25 and 45 years and has a slight female predominance54-56,58. It has been described in the Far East (Japan and China), the Mediterranean basin (Morocco, Italy and Israel), and in Africans, African-Americans, and Caribbean blacks in the UK.









Pathogenesis


No clear unifying cause has been identified. A pre-existing chronic disorder is often, but not invariably, found. Associations with malnutrition, mycobacterial diseases (tuberculosis and leprosy), malignancies (hepatocellular carcinoma, gastric carcinoma and multiple myeloma) and hepatic cirrhosis have been reported54,55. Although Caucasian patients with pityriasis rotunda are occasionally reported, they are generally in good health55. Some authors have suggested that pityriasis rotunda is a reflection of malnutrition in genetically susceptible patients with a possible underlying disorder. This hypothesis is supported by the observation that the lesions improve when the patient’s nutritional status improves. In southern Italy, an association with glucose-6-phosphate dehydrogenase (G6PD) deficiency and favism has been reported58.









Clinical Features


Pityriasis rotunda is typically asymptomatic, and it may be overlooked by the patient. It is characterized by large circular and polycyclic lesions that are often 10 cm (and may be up to 30 cm) in diameter. They have associated fine scale and are moderately hyperpigmented with a sharp margin and no inflammation. The trunk and extremities are favored. A hypopigmented halo has been described in some patients, and sometimes the entire lesion can be hypopigmented.


Grimalt proposed categorizing pityriasis rotunda into two groups56. Type I is said to occur primarily in blacks and Asians as hyperpigmented lesions, possibly in association with an internal malignancy but with no family history. Type II pityriasis rotunda is thought to occur more commonly in Caucasians and be characterized by numerous (>30) lesions; patients may have a family history of the disorder but no associated internal malignancy.









Pathology


Pityriasis rotunda has microscopic features of ichthyosis vulgaris. There is an absent or diminished granular cell layer with moderate hyperkeratosis without parakeratosis. There may be increased pigmentation of the basal cell layer, and epidermal atrophy can be seen along with areas of pigment incontinence, a minimal perivascular lymphohistiocytic infiltrate, and occasional follicular plugging54. Special stains for fungi are negative.









Differential Diagnosis


The differential diagnosis includes tinea corporis, tinea versicolor, leprosy and large plaque parapsoriasis. It lacks the pruritus and inflammation of dermatitis, and there is no associated anesthesia or peripheral nerve thickening. The combination of a potassium hydroxide examination, fungal culture and routine histology excludes major entities in the differential diagnosis. Of note, mycobacteria have never been isolated. Because of the large size of the lesions, the hypopigmented variant of pityriasis rotunda can resemble one form of progressive macular hypomelanosis; however, the latter has no associated scale and it lacks the histologic features of ichthyosis vulgaris.









Treatment


Pityriasis rotunda is relatively difficult to treat. Trials with topical lactic acid, urea, tars, emollients and corticosteroids have provided little benefit. Topical tretinoin cream 0.1% can result in modest improvement and systemic retinoids warrant consideration for patients with more extensive disease. However, reversal of any underlying disorder – in particular, malnutrition, infection or malignancy – should be addressed first.












Granular parakeratosis








Synonyms


[image: image] Axillary granular parakeratosis [image: image] Intertriginous granular parakeratosis








Key features







[image: image] The primary lesions are brownish-red keratotic papules that can coalesce into plaques


[image: image] The adult form occurs almost exclusively in women


[image: image] In most adult cases, lesions are localized to the axillae, but other intertriginous sites can be affected


[image: image] The infantile form is associated with diaper wearing and presents as bilateral plaques in the inguinal folds or erythematous geometric plaques underlying pressure points from the diaper


[image: image] Histopathologically, there is distinct retention of basophilic keratohyaline granules within areas of parakeratosis in the stratum corneum


[image: image] A defect in processing profilaggrin to filaggrin is a proposed mechanism












Introduction


Granular parakeratosis is typically a pruritic disorder, initially reported to occur only in the axillae. It is now recognized that other intertriginous sites (i.e. the groin, inframammary and abdominal folds) can also be involved59-61. An underlying disorder in keratinization has been suggested that may explain its distinct histopathologic findings62.









History


Northcutt and colleagues59 first described granular parakeratosis in 1991. Mehregan et al. proposed renaming this condition “intertriginous granular parakeratosis” to reflect its localization to these areas.









Epidemiology


Granular parakeratosis is observed most commonly in adult women59-61. It affects middle-aged or older adults, and it has been reported in both darkly pigmented and lightly pigmented individuals. Although it is an unusual condition in young adults62, there is an infantile form in which diaper-wearing plays a role63.









Pathogenesis


Granular parakeratosis is thought to be an acquired keratotic dermatosis that was initially linked to the use of personal hygiene products. These included deodorants and antiperspirants in roll-on or stick form, as well as creams and soaps used in excess and/or in a susceptible individual59-62. However, patients without a known irritant have also been reported62. The mechanism that underlies the role of diapers is also unknown.


A disorder of keratinization characterized by a basic defect in the processing of profilaggrin to filaggrin has been proposed. Based on ultrastructural and immunohistochemical studies, Metze and Rutten62 came to the same conclusion as Northcutt et al.59 that the retention of keratohyalin granules within the stratum corneum could be due to a defect in filaggrin metabolism. In this model, there is a failure to degrade keratohyalin granules and to aggregate keratin filaments during cornification.









Clinical Features


The primary lesions are keratotic brownish-red papules that can have a conical shape. They can coalesce into larger well-demarcated plaques with various degrees of maceration secondary to local occlusion (Fig. 9.15). Lesions can persist for months or longer and recur. Pruritus is the most common complaint, but irritation is also a problem if there are erosions or fissures. Some patients experience a flare with an increase in ambient temperature and sweating. The axillae are the most common sites of involvement, with both unilateral and bilateral lesions having been described. Additional intertriginous areas such as the groin and inframammary fold may be affected.





[image: image]

Fig. 9.15 Granular parakeratosis.


Brownish-red papules with coalescence into a keratotic plaque in the axilla.


Courtesy, David Mehregan, MD.





In the infantile form, there may be bilateral plaques in the inguinal folds or erythematous geometric plaques underlying pressure points from the diaper.









Pathology


The characteristic feature is an unusual form of parakeratosis. The stratum corneum is thickened and compacted with increased eosinophilic staining (Fig. 9.16). Retained nuclei are present throughout this keratin layer, creating the parakeratosis. The most unusual feature is the visible retention of basophilic keratohyalin granules within these areas of parakeratosis64.





[image: image]

Fig. 9.16 Axillary granular parakeratosis.


Marked, compact parakeratosis with small bluish granules within the stratum corneum representing keratohyaline granules (insert).


Courtesy, Luis Requena, MD.












Differential Diagnosis


The differential diagnosis includes the most common causes of intertrigo (e.g. seborrheic dermatitis, candidiasis, inverse psoriasis, erythrasma) and Hailey–Hailey disease, Darier disease and pemphigus vegetans59-62. Sometimes the papules may be confused with seborrheic keratoses and the plaques with acanthosis nigricans. Irritant or allergic contact dermatitis also needs to be considered in some patients. A biopsy will confirm the diagnosis of granular parakeratosis.









Treatment


Based upon case reports and small series, therapeutic success has been reported with topical corticosteroids, vitamin D analogues, retinoids, ammonium lactate and antifungals59-62. In addition, cryotherapy as well as oral isotretinoin and oral antifungals have been used. Spontaneous resolution has also been observed (including in infants), as have relapses.














[image: image]

 Pityriasis rubra pilaris. Diffuse erythroderma with desquamation and follicular hyperkeratosis on the knee.







[image: image]

 Pityriasis rosea in darkly pigmented skin.


It tends to be more papular than that in lightly pigmented skin. Note the associated hyperpigmentation.







References





1 Lambert WC, Everett MA. The nosology of parapsoriasis. J Am Acad Dermatol. 1981;5:373-395.


2 Brocq L. Les parapsoriasis. Ann Dermatol Syph. 1902;3:433-468.


3 Hu C-H, Winkelmann RK. Digitate dermatosis. A new look at symmetrical, small plaque parapsoriasis. Arch Dermatol. 1973;107:65-69.


4 Sánchez JL, Ackerman AB. The patch stage of mycosis fungoides. Am J Dermatopathol. 1979;1:5-26.


5 Lindae ML, Abel EA, Hoppe RT, Wood GS. Poikilodermatous mycosis fungoides and atrophic large-plaque parapsoriasis exhibit similar abnormalities of T-cell antigen expression. Arch Dermatol. 1988;124:366-372.


6 Haeffner AC, Smoller BR, Zepter K, Wood GS. The differentiation and clonality of lesional lymphocytes in small plaque parapsoriasis. Arch Dermatol. 1995;131:321-324.


7 Wood GS, Tung RM, Haeffner AC, et al. Detection of clonal T-cell receptor γ gene rearrangements in early mycosis fungoides/Sézary syndrome by polymerase chain reaction and denaturing gradient gel electrophoresis (PCR/DGGE). J Invest Dermatol. 1994;103:34-41.


8 Klemke CD, Dippel E, Dembinski A, et al. Clonal T cell receptor gamma-chain gene rearrangement by PCR-based GeneScan analysis in the skin and blood of patients with parapsoriasis and early-stage mycosis fungoides. J Pathol. 2002;197:348-354.


9 Quéreux G, André-Garnier E, Knol AC, et al. Evaluation of the role of human herpes virus 6 and 8 in parapsoriasis. Exp Dermatol. 2009;18:357-361.


10 Lazar AP, Caro WA, Roenigk HH, Pinski KS. Parapsoriasis and mycosis fungoides: the Northwestern University experience, 1970 to 1985. J Am Acad Dermatol. 1989;21:919-923.


11 Vakeva L, Sarna S, Vaalasti A, et al. A retrospective study of the probability of the evolution of parapsoriasis en plaques into mycosis fungoides. Acta Derm Venereol. 2005;85:318-323.


12 Siddiqui J, Hardman DL, Misra M, Wood GS. Clonal dermatitis: a potential precursor of CTCL with varied clinical manifestations. J Invest Dermatol. 1997;108:584.


13 Yamanaka K, Clark R, Rich B, et al. Skin-derived interleukin-7 contributes to the proliferation of lymphocytes in cutaneous T-cell lymphoma. Blood. 2006;107:2440-2445.


14 Samman PD. The natural history of parapsoriasis en plaques (chronic superficial dermatitis) and prereticulotic poikiloderma. Br J Dermatol. 1972;87:405-411.


15 Rook AH, Wood GS, Yoo EK, et al. Interleukin-12 therapy of cutaneous T-cell lymphoma induces lesion regression and cytotoxic T-cell responses. Blood. 1999;94:902-908.


16 Bowers S, Warshaw EM. Pityriasis lichenoides and its subtypes. J Am Acad Dermatol. 2006;55:557-572.


17 Ersoy-Evans S, Greco MF, Mancini AJ, et al. Pityriasis lichenoides in childhood: a retrospective review of 124 patients. J Am Acad Dermatol. 2007;56:205-210.


18 Mucha V. Über einen der Parakeratosis variegata (Unna) bzw: Pityriasis lichenoides chronica (Neisser-Juliusberg) nahestehenden eigentumlichen Fall. Arch Dermatol Syph. 1916;123:586-592.


19 Habermann R. Über die akut vereaufende, Nekrotisierende unterart der Pityriasis lichenoides (pityriasis lichenoides et varioliformis acuta). Dermatol Z. 1925;45:42-48.


20 Juliusberg F. Über die Pityriasis lichenoides chronica (psoriasiform lichenoides exanthem). Arch Dermatol Syph. 1899;50:359-374.


21 Wood GS, Strickler JG, Abel EA, et al. Immunohistology of pityriasis lichenoides et varioliformis acuta and pityriasis lichenoides chronica. Evidence for their interrelationship with lymphomatoid papulosis. J Am Acad Dermatol. 1987;16:559-570.


22 Muhlbauer JE, Bhan AK, Harrist TJ, et al. Immunopathology of pityriasis lichenoides acuta. J Am Acad Dermatol. 1984;10:783-795.


23 Weiss LM, Wood GS, Ellisen LW, et al. Clonal T-cell populations in pityriasis lichenoides et varioliformis acuta (Mucha-Habermann disease). Am J Pathol. 1987;126:417-421.


24 Shieh S, Mikkola DL, Wood GS. Differentiation and clonality of lesional lymphocytes in pityriasis lichenoides chronica. Arch Dermatol. 2001;137:305-308.


25 Dereure O, Levi E, Kadin ME. T-cell clonality in pityriasis lichenoides et varioliformis acuta: a heteroduplex analysis of 20 cases. Arch Dermatol. 2000;136:1483-1486.


26 Black MM. Lymphomatoid papulosis and pityriasis lichenoides: are they related? Br J Dermatol. 1982;106:717-721.


27 Samman PD. Poikiloderma with pityriasis lichenoides. Trans St. John’s Hosp Dermatol Soc. 1971;57:143-147.


28 Rivers JK, Samman PD, Spittle MF, et al. Pityriasis lichenoides-like lesions associated with poikiloderma: a precursor of mycosis fungoides. Br J Dermatol. 1986;115:17.


29 Fortson JS, Schroeter AL, Esterly NB. Cutaneous T-cell lymphoma (parapsoriasis en plaque). An association with pityriasis lichenoides et varioliformis acuta in young children. Arch Dermatol. 1990;126:1449-1453.


30 Panizzon RG, Speich R, Dazzi H. Atypical manifestations of pityriasis lichenoides chronica: development into paraneoplasia and non-Hodgkin lymphomas of the skin. Dermatology. 1992;184:65-69.


31 Sotiriou E, Patsatsi A, Tsorova C. Febrile ulceronecrotic Mucha-Habermann disease: a case report and review of the literature. Acta Derm Venereol. 2008;88:350-355.


32 Glemetti C, Rigoni C, Alessi E, et al. Pityriasis lichenoides in children: a long-term follow-up of eighty-nine cases. J Am Acad Dermatol. 1990;23:473-478.


33 Devergie A. Pityriasis pilaris. Traite pratique des maladies de la peau, 2nd edn. Paris: Martinet; 1857. 454–64


34 Besnier E. Du pityriasis rubra pilaire. Ann Dermatol Syphiligr Paris. 1889;10:253-287.


35 Albert MR, Mackool BT. Pityriasis rubra pilaris. Int J Dermatol. 1999;38:1-11.


36 Miralles ES, Nunez M, De Las Heras ME, et al. Pityriasis rubra pilaris and human immunodeficiency virus infection. Br J Dermatol. 1995;133:990-993.


37 Batchelor RJ, Yung A, Merchant W, Goodfield MJ. Pityriasis rubra pilaris as the initial presentation of renal cell carcinoma? Clin Exp Dermatol. 2005;30:442-443.


38 Sehgal VN, Bajaj P, Jain S. Pityriasis rubra pilaris: report of four cases. J Dermatol. 2000;27:174-177.


39 Griffiths WAD. Pityriasis rubra pilaris. Clin Exp Dermatol. 1980;5:105-112.


40 Dicken CH. Treatment of classic pityriasis rubra pilaris. J Am Acad Dermatol. 1994;31:997-999.


41 Allison DS, El-Azhary RA, Calobrisi SD, Dicken CH. Pityriasis rubra pilaris in children. J Am Acad Dermatol. 2002;47:386-389.


41a Molin S, Ruzicka T. Treatment of refractory pityriasis rubra pilaris with oral alitretinoin: case report. Br J Dermatol. 2010;163:221-223.


42 Muller H, Gattringer C, Zelger B, et al. Infliximab monotherapy as first-line treatment for adult-onset pityriasis rubra pilaris: case report and review of the literature on biologic therapy. J Am Acad Dermatol. 2008;59:S65-S67.


42a Wohlrab J, Kreft B. Treatment of pityriasis rubra pilaris with ustekinumab. Br J Dermatol. 2010;163:655-656.


43 Kirby B, Watson R. Pityriasis rubra pilaris treated with acitretin and narrow-band ultraviolet B (Re-TL-01). Br J Dermatol. 2000;142:376-377.


44 Gibert CM. Traite pratique des maladies de la peau et de la syphilis, 3rd edn. Paris: H Plon; 1860. 402


45 Chuang T, IIstrup DM, Perry HO, Kurland LT. Pityriasis rosea in Rochester, Minnesota, 1969 to 1978: a 10-year epidemiologic study. J Am Acad Dermatol. 1982;7:80-89.


46 Kempf W, Adams V, Kleinhans M, et al. Pityriasis rosea is not associated with human herpesvirus 7. Arch Dermatol. 1999;135:1070-1072.


47 Drago F, Broccolo F, Rebora A. Pityriasis rosea: an update with a critical appraisal of its possible herpesviral etiology. J Am Acad Dermatol. 2009;61:303-318.


48 Hartley AH. Pityriasis rosea. Pediatr Rev. 1999;20:266-269.


49 Allen RA, Janniger CK, Schwartz RA. Pityriasis rosea. Cutis. 1995;56:198-202.


50 Balci DD, Hakverdi S. Vesicular pityriasis rosea: an atypical presentation. Dermatol Online J. 2008;14:6.


51 Drago F, Rebora A. Treatment for pityriasis rosea. Skin Therapy Lett. 2009;14:6-7.


52 Sharma PK, Yadav TP, Gautam PK, et al. Erythromycin in pityriasis rosea: a double-blind, placebo-controlled clinical trial. J Am Acad Dermatol. 2000;42:241-244.


53 Leenutaphong V, Jiamton S. UVB phototherapy for pityriasis rosea: a bilateral comparison study. J Am Acad Dermatol. 1995;33:996-999.


54 Pinto GM, Tapadinhas C, Moura C, Afonso A. Pityriasis rotunda. Cutis. 1996;58:406-408.


55 Swift PJ, Saxe N. Pityriasis rotunda in South Africa: a skin disease caused by undernutrition. Clin Exp Dermatol. 1985;10:407-412.


56 Grimalt R, Gelmetti C, Brusasco A. Pityriasis rotunda: report of a familial occurrence and review of the literature. J Am Acad Dermatol. 1994;31:866-871.


57 Gupta S. Pityriasis rotunda mimicking tinea cruris/corporis and erythrasma in an Indian patient. J Dermatol. 2001;28:50-53.


58 Lodi A, Betti R, Chiarelli G, et al. Familial pityriasis rotunda. Int J Dermatol. 1990;29:483-485.


59 Northcutt AD, Nelson DM, Tschen JA. Axillary granular parakeratosis. J Am Acad Dermatol. 1991;24:541-544.


60 Mehregan DA, Vandersteen P, Sikorski L, Mehregan DR. Axillary granular parakeratosis. J Am Acad Dermatol. 1995;33:373-375.


61 Webster CG, Resnik KS, Webster GF. Axillary granular parakeratosis: response to isotretinoin. J Am Acad Dermatol. 1997;37:789-790.


62 Metze D, Rutten A. Granular parakeratosis: a unique acquired disorder of keratinization. J Cutan Pathol. 1999;26:339-352.


63 Chang MW, Kaufmann JM, Orlow SJ, et al. Infantile granular parakeratosis: recognition of two clinical patterns. J Am Acad Dermatol. 2004;50(5 suppl.):S93-S96.


64 Scheinfeld NS, Mones J. Granular parakeratosis: pathologic and clinical correlation of 18 cases of granular parakeratosis. J Am Acad Dermatol. 2005;52:863-867.
















10 Erythroderma




Wolfram Sterry, Matthias Steinhoff











Synonyms


[image: image] Exfoliative dermatitis [image: image] Exfoliative erythroderma [image: image] Red man syndrome








Key features







[image: image] Erythroderma is defined clinically as generalized redness and scaling of the skin


[image: image] Systemic manifestations include peripheral edema, tachycardia, loss of fluid and proteins, and disturbances in thermoregulation


[image: image] Erythroderma has multiple etiologies; the most common causes are psoriasis, drug reactions, atopic dermatitis and cutaneous T-cell lymphoma (CTCL)


[image: image] Establishing the correct diagnosis requires consideration of initial sites of involvement, additional clinical findings, histologic and molecular features, and associated systemic abnormalities, as well as a complete medical history


[image: image] Despite an intensive evaluation, the cause remains unknown (idiopathic) in 25–30% of patients; some of these patients eventually develop CTCL


[image: image] Treatment strategies should address the dermatologic disease as well as the underlying etiology and the systemic complications of the erythroderma












Introduction


Erythroderma is defined as a generalized redness and scaling of the skin. However, it does not represent a defined entity, as it is the clinical presentation of a variety of diseases. Most commonly, erythroderma is due to generalization of pre-existing dermatoses (such as psoriasis or atopic dermatitis), drug reactions or cutaneous T-cell lymphoma (CTCL). Although up to 50% of the patients have a history of more localized skin lesions prior to the onset of the erythroderma, identification of the underlying disease process represents one of the most complex challenges in dermatology. Sustained efforts during longitudinal evaluation may lead to the precise identification of the etiology. In approximately one-quarter of the patients, no specific etiology is found, and these cases are called “idiopathic erythroderma”.


Attention should also be focused on the potential systemic complications of erythroderma. Hypothermia, peripheral edema, and loss of fluid, electrolytes and albumin with subsequent tachycardia and cardiac failure are a serious threat to the erythrodermic patient. In addition, long-lasting erythrodermas may be accompanied by cachexia, diffuse alopecia, palmoplantar keratoderma, nail dystrophy and ectropion.









History


The term “erythroderma” was introduced in 1868 by Hebra to describe an exfoliative dermatitis involving more than 90% of the skin surface. Based upon the clinical course, erythroderma was classified into chronically relapsing (Wilson–Brocq), chronically persisting (Hebra), and self-limiting epidemic (Savill) variants. However, these subdivisions are no longer employed.









Epidemiology


No precise data exist regarding the prevalence or incidence of erythroderma as most reports are retrospective and do not address the issue of overall incidence. Large series of patients have focused on male-to-female ratios, average age, and underlying diseases1-6. Men are more commonly affected (male-to-female ratio from approximately 2 : 1 to 4 : 1). An even higher ratio can be found in the subset of idiopathic erythroderma, also referred to as “red man syndrome” (not to be confused with the cutaneous reaction to rapid infusion of vancomycin). The average age at onset of erythroderma was 52 years, with an average of 48 years in series including children, and 60 years in those excluding them1,3,4,6.


Of a total of 746 patients, dermatitis (24%), psoriasis (20%), drug reactions (19%) and CTCL (8%) represented the most common underlying causes of erythroderma1,3,4,6. When categories within the dermatitis group were examined, atopic dermatitis (9%) was the most common type, followed by contact dermatitis (6%), seborrheic dermatitis (4%) and chronic actinic dermatitis (3%).


For adults, unusual causes include ichthyoses, bullous dermatoses (usually pemphigus foliaceus), pityriasis rubra pilaris, Ofuji’s papuloerythroderma, and systemic lupus erythematosus (Table 10.1). Despite multiple skin biopsies, an in-depth clinical investigation and a detailed medical history, the underlying cause of erythroderma is not found in at least 25% of patients.




Table 10.1 Causes of erythroderma in adults. BMZ, basement membrane zone; DDI, dideoxyinosine; DIF, direct immunofluorescence; DIHS, drug-induced hypersensitivity syndrome; DRESS, drug reaction with eosinophilia and systemic symptoms; IIF, indirect immunofluorescence.
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With regard to infants and neonates, ichthyoses, immunodeficiencies, dermatitides, psoriasis, and consequences of infection (e.g. staphylococcal scalded skin syndrome) represent the major causes of erythroderma (Table 10.2)7. In addition, the possibility of drug-induced erythroderma needs to be considered.




Table 10.2 Causes of erythroderma in neonates and infants. SCID, severe combined immunodeficiency. ELISA, enzyme-linked immunosorbent assay; MRSA, methicillin-resistant Staphylococcus aureus; SCID, severe combined immunodeficiency; TSST-1, toxic shock syndrome toxin 1.


[image: image]


[image: image]












Pathogenesis


The pathogenetic mechanisms of the underlying diseases will be discussed in the respective chapters. The pathways involved in the de novo genesis of erythroderma or the generalization of pre-existing skin lesions are not well understood. The number of germinative cells as well as their mitotic rate is increased in erythrodermic skin, and the transit time of cells through the epidermis is shortened. Consequently, scales consist of material normally retained by the skin (nucleic acids, amino acids, soluble protein), and the daily loss of scales increases from 500–1000 mg to 20–30 g8. In acute erythroderma, the lost material usually has marginal metabolic significance.









Clinical features






Cutaneous Manifestations


Erythroderma is defined clinically by the presence of erythema and scaling involving more than 90% of the skin surface. Based upon its natural history, erythroderma can be classified into primary or secondary types. In the primary form, the erythema (often initially on the trunk) extends within a few days or weeks to involve the entire skin surface, and this is followed by scaling (Fig. 10.1). The secondary form of erythroderma is defined as a generalization of a preceding localized skin disease – for example, psoriasis or atopic dermatitis.





[image: image]

Fig. 10.1 Erythroderma with desquamation.


Obvious exfoliation of scale with underlying erythema.




With the exception of very slowly progressing secondary erythroderma, erythema precedes the development of exfoliation by 2–6 days. The associated scaling varies extensively in size and color depending upon the stage of the erythroderma and nature of the underlying disease. In more acute phases, scales are usually large and crusted, whereas in chronic states they tend to be smaller and drier. Occasionally, the cause of the erythroderma is suggested by the character of the scale – for example, fine in atopic dermatitis or dermatophytosis, bran-like in seborrheic dermatitis, crusted in pemphigus foliaceus, and exfoliative in drug reactions.


Despite the varied causes, erythrodermas have several common clinical features. Pruritus, the most frequent complaint, is observed in up to 90% of patients. This symptom varies according to the underlying cause, and it is most severe in patients with dermatitis or Sézary syndrome9. Given the itch–scratch cycle, the skin may become thickened, and areas of lichenification are seen in one-third of cases. Especially in the case of chronic erythrodermas, patients develop dyspigmentation, with hyperpigmentation (40/90 patients, 45%) observed more frequently than hypo- or depigmentation (18/90 patients, 20%)4. Palmoplantar keratoderma appears in approximately 30% of erythrodermic patients, and it is often an early sign in pityriasis rubra pilaris9. A keratoderma with scale-crust can point to crusted scabies, whereas a painful and fissured keratoderma can occur in Sézary syndrome.


In cases of pre-existing dermatoses, nail changes may precede the erythroderma (e.g. pits in psoriasis or horizontal ridging in atopic dermatitis), whereas others develop subsequently. Nail changes are said to be present in approximately 40% of patients. Most often “shiny” nails are observed, but discoloration, brittleness, dullness, subungual hyperkeratosis, Beau’s lines, paronychia and splinter hemorrhages can be seen. The nails may even be totally shed. Due to their slower development, nail changes are of potential value in differentiating the underlying cause. Diffuse non-scarring alopecia appears in 20% of patients with chronic erythroderma, including that due to CTCL; the latter is also associated with cicatricial alopecia.


Patients with erythroderma due to a variety of causes can begin to develop multiple seborrheic keratoses, and these papules may be pale in color compared with the background erythema (Fig. 10.2). Colonization of the skin with Staphylococcus aureus is common in the setting of erythroderma, and this can lead to secondary cutaneous infections. Independent of the cause of the erythroderma, bilateral ectropion and purulent conjunctivitis can develop as ocular complications. Lastly, an exacerbation of the erythroderma can follow UV irradiation or drug ingestions, and this is not restricted to patients with photosensitive eczema and drug-induced erythroderma, respectively4.
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Fig. 10.2 Eruptive seborrheic keratoses in a patient with idiopathic erythroderma.


Courtesy, Jean L Bolognia, MD.












Systemic Manifestations


An awareness of potential systemic complications of erythroderma is essential for proper patient management. Pedal or pretibial edema is observed in approximately 50% of patients (182/380)1,3-5, and probably results from a shift of fluid into extracellular spaces. In patients with drug-induced erythroderma, facial edema may also develop. Because of the markedly increased blood flow through the skin and an increased fluid loss by transpiration, tachycardia affects 40% of patients, and there is a risk of high-output cardiac failure, particularly in elderly persons. Furthermore, increased skin perfusion leads to thermoregulatory disturbances. Although hyperthermia (37%, 146/391 patients) is more frequent than hypothermia (4%, 14/391), most patients describe chilly sensations1,2,4,6. The chronic and excessive loss of heat leads to a compensatory hypermetabolism with subsequent development of cachexia. Anemia, characterized by features of both iron deficiency and anemia of chronic disease, is also observed in patients with chronic erythroderma.


The most common extracutaneous manifestation of erythroderma is generalized peripheral lymphadenopathy, which is found in approximately half of the patients. Even in the absence of an underlying lymphoproliferative disorder, the lymphadenopathy may be prominent and, if so, histologic and molecular examination of a lymph node is recommended (in particular, flow cytometry and T-cell receptor gene analysis)10. The major differential diagnosis is between lymphomatous involvement and reactive dermatopathic lymphadenopathy. Hepatomegaly occurs in 20% of the cases (113/578), with a slight predominance in erythroderma due to drug-induced hypersensitivity. Splenomegaly is rarely seen and occurs most often in association with lymphoma1-4,6.









Specific Findings of the Underlying Disease


In addition to the aforementioned general features, the clinical presentations can have additional, sometimes specific, features suggesting the underlying etiology (see Tables 10.1 & 10.2).






Psoriasis


Psoriasis is the most common underlying disorder in adults, whereas in children it represents the second most common cause of erythroderma, after drug eruptions. As a rule, psoriatic erythroderma is preceded by typical psoriatic plaques (see Ch. 8). Its onset is most often a result of the withdrawal of potent topical or oral corticosteroids, cyclosporine or methotrexate; occasionally, widespread flares follow irritant contact dermatitis (e.g. tar), phototoxicity or systemic infection. After generalization of the erythema, the typical features of psoriatic plaques are lost (Fig. 10.3), and disseminated sterile subcorneal pustules may develop. Due to a slower turnover rate, nail changes, such as oil-drop changes, onycholysis or nail pits (Fig. 10.4), may still be visible and provide valuable clues to the diagnosis of psoriatic erythroderma. Treatment of the erythroderma may result in the reappearance of more characteristic plaques of psoriasis.
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Fig. 10.3 Psoriatic erythroderma.


The disease flare correlated with the administration of lithium.


Courtesy, Jean L Bolognia, MD.
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Fig. 10.4 Psoriatic erythroderma.


Nail findings (pitting and onycholysis with a proximal rim of inflammation) point to the diagnosis of psoriasis.











Atopic dermatitis


Although occurring at any age, atopic erythroderma develops most frequently in patients with a history of moderate to severe atopic dermatitis. As a result, well-established pre-existing lesions can be found, especially when the erythroderma is of recent onset. The pruritus is intense, and secondary excoriations or prurigo-like lesions are frequently observed. Lichenification is often prominent and atrophy of the skin due to topical corticosteroids may be seen. Increased serum IgE and eosinophilia may accompany other signs and symptoms of atopy.









Drug reactions


The number of drugs that can cause erythroderma is staggering (Table 10.3; see also Ch. 21). Whereas erythroderma resulting from topical medications usually begins as dermatitis, eruptions due to systemic drugs begin as a morbilliform or scarlatiniform exanthem. In areas of greatest hydrostatic pressure (ankles and feet), the lesions may become secondarily purpuric. Of the group of erythrodermas, those that are drug-induced have the shortest duration, usually resolving 2–6 weeks after withdrawal of the responsible drug. However, it is imperative to exclude a drug reaction with eosinophilia and systemic symptoms (DRESS), nowadays often referred to as drug-induced hypersensitivity syndrome (DIHS).


Table 10.3 Drugs associated with erythroderma.






	DRUGS ASSOCIATED WITH ERYTHRODERMA






	Common






	



• Allopurinol


• Beta-lactam antibiotics


• Carbamazepine/oxcarbazepine


• Gold


• Phenobarbital












	



• Phenytoins


• Sulfasalazine


• Sulfonamides*


• Zalcitabine












	Less common






	



• Captopril/lisinopril


• Carboplatin/cisplatin


• Cytarabine


• Cytokines (IL-2/GM-CSF)


• Dapsone


• Diflunisal


• Fluindione


• Hydroxychloroquine/chloroquine


• Isoniazid


• Isotretinoin/acitretin












	



• Lithium


• Mercury compounds


• Minocycline


• Omeprazole/lansoprazole


• Ribavirin


• Telaprevir


• Thalidomide


• Tocilizumab


• Vancomycin†












	Rare‡







	



• Abacavir


• Amiodarone


• Aspirin (ASA)


• Aztreonam


• Beta-blockers


• Chlorpromazine


• Cimetidine


• Ciprofloxacin


• Clofazimine


• Codeine


• Erythropoietin


• Fluorouracil


• Imatinib


• Indinavir


• Lamotrigine


• Methotrexate












	



• Mitomycin C


• Nifedipine/diltiazem


• Other NSAIDs


• Penicillamine


• Pentostatin


• Pseudoephedrine


• Rifampin


• St. John’s wort


• Sulfonylureas


• Tear gas (CS gas)


• Terbinafine


• Tobramycin


• Tramadol


• Vinca alkaloids


• Zidovudine













* Includes furosemide.


† Not to be confused with red man syndrome due to rapid infusion of drug.


‡ For additional drugs, see ref. 11.









Idiopathic erythroderma


In approximately one-third of erythrodermic patients, no underlying disease is detectable. This group consists primarily of elderly men with a chronic course of relapsing pruritic erythroderma in association with dermatopathic lymphadenopathy and extensive palmoplantar keratoderma (Fig. 10.5); this constellation is referred to as “red man syndrome” or “l’homme rouge” (not to be confused with the red man syndrome that accompanies rapid intravenous infusions of vancomycin). When this group was compared with the entire group of erythrodermic patients, lymphadenopathy (68% vs 44%) and peripheral edema (54% vs 40%) were found to be more common than in other types of erythroderma, and hypothermia exceeded hyperthermia12. In one series, atopic dermatitis, drug-induced and CTCL were the most common etiologies not initially identified in patients with idiopathic erythroderma2. In a second series, CTCL was the most common underlying disease, using the detection of a cutaneous clonal T-cell population as a diagnostic criterion13. However, it is important to note that the presence of a T-cell clone in the peripheral blood of elderly individuals may reflect a diminished T-cell receptor repertoire rather than CTCL.





[image: image]

Fig. 10.5 Idiopathic erythroderma.


This is the type of patient that requires longitudinal evaluation to exclude the development of cutaneous T-cell lymphoma.











Cutaneous T-cell lymphoma


Erythroderma due to CTCL is subdivided into Sézary syndrome and erythrodermic mycosis fungoides (see Ch. 120). Sézary syndrome is defined by the triad of erythroderma, circulating malignant T lymphocytes, and generalized lymphadenopathy. Additional clinical features include a painful and fissured keratoderma, diffuse alopecia, and leonine facies. The skin may be quite infiltrated or hyperpigmented (melanoerythroderma), and severe pruritus is common. To aid in distinguishing between Sézary syndrome and erythrodermic mycosis fungoides, revised criteria were recently proposed by the International Society of Cutaneous Lymphomas and the Cutaneous Lymphoma Task Force of the EORTC for the diagnosis of Sézary syndrome – erythroderma and evidence of a T-cell clone in the blood plus one of the following: (1) ≥1000 Sézary cells/mm3; (2) a CD4 : CD8 ratio of ≥10 : 1; or (3) an increased percentage of CD4+ cells with an abnormal phenotype (≥40% CD4+/CD7− or ≥30% CD4+/CD26−)14.









Pityriasis rubra pilaris


Erythrodermic pityriasis rubra pilaris (PRP) can be observed in children and adults (see Ch. 9). Usually, the lesions have a salmon to orange–red color (Fig. 10.6A). The degree of scaling varies, but it can be marked with large scales (Fig. 10.7). The combination of follicular keratotic papules on the knees, elbows and dorsal aspects of the fingers plus nappes claires (islands of uninvolved skin within the erythroderma) favors the diagnosis of PRP (Fig. 10.6B). When the classic histologic features are present (see below), this is also helpful in distinguishing PRP from psoriasis. Occasionally, CTCL can have an appearance similar to PRP.
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Fig. 10.6 Erythroderma secondary to pityriasis rubra pilaris.


A few islands of sparing are noted on the upper back (A), but are more noticeable on the flank and breast (B). Note the salmon color.
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Fig. 10.7 Erythroderma due to pityriasis rubra pilaris.


Large thin scales are seen as well as the characteristic orange–red color.











Paraneoplastic erythroderma


Paraneoplastic erythroderma is most commonly associated with lymphoproliferative malignancies, including types of T-cell lymphoma other than Sézary syndrome. In the case of solid-organ malignancies, the erythroderma usually appears late in the course of the disease. Fine scales and erythema can be accompanied by a brownish hue (i.e. melanoerythroderma). Additional signs of malignancy, such as cachexia or fatigue, may be seen.









Bullous dermatoses


Among the bullous dermatoses, pemphigus foliaceus most commonly presents as erythroderma; erythrodermic forms of paraneoplastic pemphigus and bullous pemphigoid are rare (see Table 10.1; see also Chs 29 & 30). In pemphigus foliaceus, impetigo-like blisters and erosions are followed by collarettes of scale and scale-like crusts (Fig. 10.8). Usually, the erythroderma is preceded by localized lesions on the face and upper trunk.
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Fig. 10.8 Erythroderma due to pemphigus foliaceus.


Generalized erythema with widespread scale-crusts and large areas of erosion.











Ichthyoses


Erythroderma due to one of the inherited ichthyoses is usually present from birth or infancy. In neonates, one must consider congenital ichthyosiform erythroderma (CIE; previously referred to as non-bullous CIE), epidermolytic ichthyosis (previously referred to as bullous CIE), and Netherton syndrome (see Table 10.2; see also Ch. 57). As a rule, CIE presents as a collodion baby (90% of the cases)15. Within a few days after birth, an erythroderma with fine white scaling appears. Epidermolytic ichthyosis initially presents as generalized erythema with superimposed superficial blisters and erosions. This disorder may be mistakenly diagnosed as staphylococcal scalded skin syndrome or as a form of epidermolysis bullosa. Later, children develop spiny, corrugated hyperkeratoses, particularly in flexural areas, and blisters and erosions become less prevalent. Netherton syndrome manifests as an ichthyosiform erythroderma in neonates. It is associated with trichorrhexis invaginata (“bamboo hair”), elevated serum levels of IgE, and an immune defect that can result in life-threatening infections, particularly within the first years of life. Later, either the ichthyosiform erythroderma persists or ichthyosis linearis circumflexa develops, which is characterized by garland-like scaly eruptions.









Staphylococcal scalded skin syndrome


Staphylococcal scalded skin syndrome (SSSS; see Ch. 74) is seen primarily in children (<5 years of age), and it is due to a circulating exfoliative toxin produced by Staphylococcus aureus. Since desmoglein 1 is cleaved by exfoliative toxin A, pemphigus foliaceus and SSSS exhibit clinical similarities, with the latter often becoming erythrodermic. Common foci for the initial infection include the nares, nasopharynx, conjunctivae and umbilicus. After a period of 1–2 days of a low-grade fever, large areas of tender erythema develop. The skin appears tense and subcorneal blisters appear, which subsequently desquamate. A very similar syndrome, the toxic shock syndrome, can be caused by staphylococcal or streptococcal exotoxins. It favors adults, but acral exfoliation has a delayed appearance, usually 2 weeks later.









Omenn syndrome


Omenn syndrome represents an autosomal recessive form of severe combined immunodeficiency (see Ch. 60), and it is characterized by failure to thrive, leukocytosis with prominent eosinophilia, hypogammaglobulinemia, and elevated serum IgE levels. Cutaneous findings, which appear in neonates, are generally the first sign of the syndrome and include an erythroderma with diffuse alopecia. Systemic manifestations include prominent lymphadenopathy, hepatosplenomegaly and recurrent diarrhea. In the absence of hematopoietic stem cell or bone marrow transplantation, the disease is rapidly fatal with recurrent infections.















Pathology


Although sometimes subtle, histopathologic features of the underlying disease are present in about two-thirds of patients. Diagnostic findings were frequently found in psoriasis (81% of 16 patients in one series)16, but less often in PRP or CTCL (50% of 6 and 8 patients, respectively). Erythroderma due to drug hypersensitivity and dermatitis had typical pathologic findings in 67% (4 of 6) and 64% (9 of 16) of patients, respectively16. Specific histopathologic clues to the underlying disease are discussed below.









Psoriasis


In 60% of erythroderma patients diagnosed as having psoriasis, changes associated with “early” psoriasis are found17. These findings include slight epidermal hyperplasia, a reduced or absent granular layer, focal parakeratosis, an edematous papillary dermis, and a perivascular and interstitial lymphohistiocytic infiltrate. Sometimes, extravasated erythrocytes can be observed. Epidermal hyperplasia with bottleneck-like rete ridges, confluent parakeratosis, absence of the granular layer, elongated dermal papillae, and a sparse lymphohistiocytic infiltrate define the fully developed plaque form of psoriasis, and appear in 30% of patients with psoriatic erythroderma. Ten percent of patients with psoriatic erythroderma exhibit findings of regressing psoriasis (i.e. slight epidermal hyperplasia, a normal or even thickened granular layer, and a fibrotic papillary dermis)17.









Atopic dermatitis


A constant finding in atopic erythroderma is mild to moderate spongiosis, which is sometimes located in the follicular infundibulum. However, spongiosis is found in other forms of dermatitis, including contact dermatitis. Almost always, acanthosis and parakeratosis are additional histologic features. A perivascular, rarely epidermotropic infiltrate is observed in the upper dermis; it is accompanied by dermal edema and prominent dermal vessels. In one series, numerous eosinophils were found within the infiltrate in 77% of patients12.









Drug reactions


Histologically, changes vary considerably (see Ch. 21). Eosinophils may or may not be present.









Idiopathic erythroderma


The findings in idiopathic erythroderma are generally nonspecific. Subacute forms may have parakeratosis, acanthosis, spongiosis, papillary edema and a superficial perivascular lymphohistiocytic infiltrate, whereas chronic forms exhibit hyperkeratosis, psoriasiform acanthosis, little (if any) spongiosis and a thickened papillary dermis9. In order to identify the underlying disease in patients with idiopathic erythroderma, the submission of multiple biopsies from untreated affected skin (taken either simultaneously or sequentially) is advocated. Clinicopathologic correlation is important as sometimes there is evidence of two disorders, e.g. dermatitis superimposed upon psoriasis.









Cutaneous T-cell lymphoma


The histologic features of typical erythrodermic CTCL consist of a band-like infiltrate in the papillary dermis containing small to medium-sized (and occasionally large) mononuclear cells with hyperchromatic, cerebriform nuclei as well as a variable number of admixed inflammatory cells. Neoplastic cells, or sometimes groups of neoplastic cells, colonize the basal layer of the epidermis, and the cells are either evenly distributed or form Pautrier’s microabscesses; the latter are pathognomonic but occur in a minority of cases. In contrast to circumscribed forms of mycosis fungoides, there is often less epidermotropism and the morphology of the neoplastic cells is sometimes more monotonous in erythrodermic mycosis fungoides and Sézary syndrome18.









Pityriasis rubra pilaris


The characteristic histologic finding in PRP is foci of orthokeratosis alternating with parakeratosis in both vertical and horizontal directions. These features are also found in the follicular infundibula. A slight psoriasiform hyperplasia may be present, but the granular layer is normal and the rete ridges do not become thinned. In addition, a superficial and sparse interstitial infiltrate of lymphocytes is observed, and neutrophils are absent17.









Ichthyoses


With the exception of epidermolytic hyperkeratosis in epidermolytic ichthyosis (bullous CIE), the histopathologic findings in ichthyosiform erythrodermas are generally non-diagnostic. In the non-bullous inflammatory type, psoriasiform hyperplasia, focal spongiosis and focal parakeratosis are found to a variable extent; a sparse perivascular lymphocytic infiltrate may be present.









Bullous dermatoses


The major histologic features of the bullous dermatoses are outlined in Table 10.1, as are the immunofluorescence microscopy findings. The latter are required for precise diagnosis (see Chs 29 & 30).









Staphylococcal scalded skin syndrome


Subcorneal blisters typically contain sparse acantholytic keratinocytes and few inflammatory cells.









Omenn syndrome


The histologic features of Omenn syndrome can resemble GVHD, with vacuolar degeneration of the basal layer and keratinocyte necrosis, but the former disorder is characterized by a denser dermal infiltrate of lymphocytes (as well as macrophages and eosinophils), acanthosis and parakeratosis. Degeneration of subcutaneous fat lobules may be observed. Examination of the enlarged lymph nodes shows an absence of lymph node architecture with massive infiltration of histiocytes and eosinophils.















Differential diagnosis


Erythroderma is a clinical presentation for a variety of diseases, and identification of the underlying etiology represents one of the most complex challenges in dermatology (Figs 10.9 & 10.10; see Tables 10.1 & 10.2). The evaluation starts with a complete medical history: up to 45% of the patients will have a prior history of a more localized skin disease, and approximately 20% of cases represent drug reactions1-6. A comprehensive clinical examination may reveal additional clues to the underlying disease. Once the number of possible underlying diseases is reduced, further laboratory investigation can aid in establishing the final diagnosis.





[image: image]

Fig. 10.9 Approach to the differential diagnosis of adult erythroderma.


*Of peripheral blood and/or tissue. DRESS/DIHS, drug reaction with eosinophilia and systemic symptoms/drug-induced hypersensitivity syndrome.
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Fig. 10.10 Approach to the differential diagnosis of infantile erythroderma.











Treatment


Erythroderma can represent a serious medical threat to the patient, therefore hospitalization may be required. Regardless of the underlying disease, the initial management consists of nutritional assessment, correction of fluid and electrolyte imbalances, prevention of hypothermia, and treatment of secondary infections. Sedating oral antihistamines may ease the often severe pruritus9. Systemic corticosteroids may be necessary in idiopathic erythroderma and drug reactions. With an initial dose of 1–2 mg/kg/day of prednisone, and a maintenance dose of 0.5 mg/kg/day or less, rapid and often continued clearing of the erythroderma can be achieved. Caution must be exercised upon tapering, as rebound may occur. Topical therapy includes open wet dressings and bland emollients or low-potency corticosteroid ointments. High-potency topical corticosteroids should be reserved for lichenified areas, and chronic, extensive application should be avoided. Coal tar ointments may aggravate the condition.


In neonates and children with erythroderma, management of fluid and electrolyte balance is critical in order to prevent hypernatremic dehydration. Emollients, topical antibiotics and, depending upon the extent and severity of the secondary infections, systemic antibiotics are administered. Due to increased transcutaneous absorption, topical salicylic and lactic acid should be avoided19.


Treatment of specific underlying diseases is outlined in the respective chapters (see Tables 10.1 & 10.2). In the case of psoriatic erythroderma, administration of methotrexate, acitretin, cyclosporine or targeted immunomodulators (biologic agents) is preferred over systemic corticosteroids, given the risk of a pustular flare when corticosteroids are tapered20. For drug reactions, following the discontinuation of all non-essential drugs and all suspected drugs, erythroderma usually improves within 2–6 weeks (with the exception of some patients with DRESS/DIHS). However, systemic prednisone (1–2 mg/kg/day) or even the administration of IVIg may be useful in severe cases. After careful exclusion of any underlying cause, idiopathic erythroderma may be treated with low-potency topical corticosteroids and oral antihistamines. In refractory cases, cyclosporine has been used successfully, with an initial dosage of 5 mg/kg/day, and subsequent reduction to 1–3 mg/kg/day. Additional steroid-sparing agents include methotrexate, azathioprine and mycophenolate mofetil, all of which have been used anecdotally, with dosages similar to those for recalcitrant atopic dermatitis. There are a few case reports of the use of etanercept.
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Synonym


[image: image] Lichen ruber planus








Key features







[image: image] Idiopathic inflammatory disease of the skin, hair, nails and mucous membranes, seen most commonly in middle-aged adults


[image: image] Flat-topped violaceous papules and plaques favoring the wrists, forearms, genitalia, distal lower extremities and presacral area


[image: image] Clinical variants include annular, bullous, hypertrophic, inverse, linear, ulcerative, vulvovaginal–gingival, drug-induced and lichen planopilaris


[image: image] Some lichenoid drug eruptions have a photodistribution, while others are clinically and histologically indistinguishable from idiopathic lichen planus


[image: image] The most commonly incriminated drugs include angiotensin-converting enzyme (ACE) inhibitors, thiazide diuretics, antimalarials, quinidine and gold


[image: image] Histologically, there is a dense, band-like lymphocytic infiltrate and keratinocyte apoptosis with destruction of the epidermal basal cell layer


[image: image] In this T-cell-mediated autoimmune disorder, basal keratinocytes express altered self-antigens on their surface












Introduction


Lichen planus (LP), the prototype of lichenoid dermatoses, is an idiopathic inflammatory disease of the skin and mucous membranes. Classic LP is characterized by pruritic, violaceous papules that favor the extremities1. Histologically, a dense, band-like lymphocytic infiltrate is seen underlying an acanthotic epidermis with hypergranulosis, apoptosis, and destruction of the basal cell layer. The etiology and pathogenesis of LP are not fully understood, but the disorder has been associated with multiple environmental exposures, including viral infections, medications, vaccinations and dental restorative materials. LP-like lesions that resemble idiopathic LP may also develop in chronic GVHD, where alloreactive T cells that recognize foreign major histocompatibility complex (MHC) molecules are central effectors (see Ch. 52). This lends support to the hypothesis that an autoimmune reaction against epitopes on lesional keratinocytes that have been modified by viral or drug antigens may be responsible for this disorder.


Lichenoid eruptions represent a heterogeneous group of conditions that resemble idiopathic LP in terms of their clinical appearance and histologically demonstrate a lichenoid tissue reaction. The latter is a pattern characterized by vacuolar alteration of epidermal basal cells intimately associated with a band-like infiltrate of primarily lymphocytes in the papillary dermis. Many clinically distinct inflammatory dermatoses have in common varying elements of these lichenoid histologic features, and they are referred to as lichenoid dermatoses (Table 11.1).


Table 11.1 Major lichenoid dermatoses and possible associated target antigens. The variation in clinical presentations may reflect the differences in the effector mechanisms by which epidermal cells are damaged and/or target antigens. The shaded entities are discussed in this chapter. Allo, alloantigens; Auto, autoantigens; C, contact allergens; D, drug antigens; T, tumor antigens; V, viral antigens.
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History


The term lichen planus was initially introduced by Erasmus Wilson in 1869 to describe the condition that had been previously named leichen ruber by Hebra1.









Epidemiology


Although its incidence varies depending upon geographic locale, cutaneous LP has been reported to affect from 0.2% to 1% of the adult population1, whereas oral lesions have been observed in up to 1–4% of the population. There is no overt racial predisposition. The onset of LP occurs most commonly during the fifth or sixth decade, with two-thirds of patients developing the disease between the ages of 30 and 60 years. LP is rare in both infants and the elderly and, in general, only 1–4% of patients are children. However, more recent studies have suggested that LP may actually be more common in children, especially in Arab populations. Oral LP is also quite uncommon in young people and it usually affects middle-aged to elderly individuals (mean age at diagnosis being 52 years). Although LP is frequently thought to have no gender predilection, some studies have found that women were affected approximately twice as often as men.


Mucosal involvement, particularly oral lesions, may be observed in up to 75% of patients with cutaneous LP, but the former can be the only manifestation of the disease. Only 10–20% of patients whose initial presentation is oral LP will eventually develop cutaneous LP. Although reports of familial LP are rare, it may occur more frequently than previously thought; for example, LP occurs in up to 10% of first-degree relatives of affected patients. Cases of familial LP have been noted to have an earlier age of onset, a higher relapse rate, and more frequent oral mucosal involvement. Nonetheless, reports of concurrent LP in monozygotic twins who were living together suggest an environmental trigger.









Pathogenesis


There is a growing body of evidence that LP represents T-cell-mediated autoimmune damage to basal keratinocytes that express altered self-antigens on their surface.






Target antigens


Clinical observations and anecdotal evidence have long suggested a relationship between exposure to a number of exogenous agents (e.g. viruses, medications, contact allergens) and the development of LP (see Table 11.1). A critical component for the generation of effector T cells with cytotoxic potential is the presentation of these exogenous antigens in the context of antigen-presenting cells.






Hepatitis C virus


Of the many potential exogenous antigens, greater attention has been focused on the possible role of viruses, particularly hepatitis C virus (HCV). In several case–control studies, the prevalence of HCV (3.4–38%) was 2- to 13.5-fold higher in patients with LP than in controls. This association seems to be strongest in Japanese and Mediterranean populations, probably due to the high prevalence of HCV infection in these countries. In the US, one case–control study found that 12 (55%) of 22 patients with LP had anti-HCV antibodies, and this was significantly higher than the 25% of 40 psoriatic patients or the 0.17% of blood donors who tested positive2. While it may still be premature to conclude that HCV infection and LP are causally related, a recent systematic review and meta-analysis of existing epidemiologic studies demonstrated that an association between LP and HCV infection did exist in certain geographic regions (e.g. East and Southeast Asia, South America, the Middle East, Europe), but not in others (e.g. North America, South Asia, and Africa)3. It remains to be determined whether HCV infection precedes the development of LP and is directly involved in its pathogenesis.


Of the various types of LP, it is the oral form that is most commonly viewed as a manifestation of HCV infection. The PCR technique (see Fig. 3.3) detected HCV RNA in 93% of oral LP lesions4, suggesting HCV replication within LP lesions; however, this result was not confirmed by a less sensitive immunoperoxidase staining procedure or by other PCR studies. In addition, the effects of anti-HCV therapy (e.g. a combination of interferon and ribavirin) are highly variable; some LP lesions actually appeared or flared during therapy. Possible explanations for these conflicting results include detection of HCV RNA simply reflecting the absorption of antibody-coated viral particles onto the cell surface membrane (supported by the inability to consistently detect HCV genomic sequences), HCV merely acting as a triggering factor in predisposed individuals, and technical difficulties due to the genomic diversity of HCV.


Of note, an increased frequency of the HLA-DR6 allele has been reported in Italian patients with HCV-associated oral LP5, raising the possibility that CD4+ T cells activated upon recognition of HCV-encoded peptides bound to HLA-DR6 molecules could be directly involved in the pathogenesis of LP. In support of this possibility, HCV tetramer analysis has shown that HCV-specific CD4+ and/or CD8+ T cells are present with higher frequency in oral LP lesions compared with the circulating compartment, suggesting that they play a role in the pathogenesis of LP6.









Other viruses


With regard to the role of other viruses in LP, human herpesvirus (HHV)-6 was detected in 67–100% of oral LP lesions by in situ hybridization and immunohistochemical techniques when it was absent from normal oral tissues. In addition, a retrospective survey of 18 lesional LP tissue samples (as well as 11 non-lesional LP and 11 lesional psoriasis samples) found that 11 of the 18 lesional LP samples contained HHV-7 DNA as compared to 1 of 11 and 2 of 11 non-lesional LP and lesional psoriasis samples, respectively7. Remission of LP was associated with decreased HHV-7 protein expression, in particular within infiltrating plasmacytoid dendritic cells8. There are also sporadic case reports of LP lesions developing in areas recently affected by herpes simplex virus (HSV) or varicella zoster virus (VZV) infections9, although the presence of these viruses in the lesions was not confirmed by PCR and a Koebner phenomenon represents a possible alternative explanation. Even when viral DNA is detected within LP lesions, it may simply represent a previous (unrelated) local infection, or a systemic or even distant site infection, rather than proof of causation.


While measurements (via PCR) of viral genomes within lesional skin or blood have been inconclusive, virus-specific T cells are present within lesions. This suggests that the pathology is a direct consequence of immune responses (perhaps to virally induced alterations in the antigenicity of epidermal cells; see below) rather than the viruses themselves. It is also possible that virus-specific T cells are nonspecifically trapped within sites of inflammation, having been activated systemically or locally at distant sites, and then they expand and mediate tissue damage “accidently” due to cross-reactivity with other antigens (e.g. drugs)10.









Vaccines


A number of reports have described the appearance of LP after administration of different types of HBV vaccines11. The time interval between the initial dose and the development of cutaneous or mucosal lesions has varied from a few days to 5 months. Interestingly, a bullous variant was reportedly observed in five of 18 pediatric patients, in whom LP is generally rare. It is possible that HBV-reactive T cells cross-react with epitopes expressed on keratinocytes. One recommendation is that patients who develop LP before completing their vaccination series should avoid further injections because of an increased risk of developing severe LP lesions.









Bacteria


Studies investigating a possible bacterial connection in LP have been limited. Specifically, studies have not supported a definitive etiologic role for Helicobacter pylori in LP.









Contact allergens


The role of contact allergy to a variety of metals in the exacerbation or induction of oral LP has been well described, based on exposure to metallic dental restorations or constructions, positive patch test results, and then regression or complete clearing after removal of the sensitizing metal and replacement with other materials. Because involved allergens are dissolved and spread via saliva, mucosal reactions may extend beyond the contact areas. The metals that aggravate oral LP include amalgam (mercury), copper and gold. Although approximately 95% of patients had improvement after removal of the sensitizing metal, 75% of patients with negative patch test results also reported clearing of oral LP after removal of the metal and replacement with other materials. Such results indicate that spontaneous remissions may occur and draw into question the importance of contact allergy to metals in the pathogenesis of LP. Nevertheless, some authors have argued that even in patients who improved after the removal but had negative patch test results, mercury may have acted as an irritant factor in the pathogenesis of LP (via the Koebner phenomenon).


The development of contact allergy to metals within dental restorations in patients with LP could be explained by easy penetration of the metal via damaged mucosa. Thus, contact allergy to dental amalgam restorations should be suspected and patch tests should be performed in patients with oral LP, especially if the lesions are in close contact with amalgam fillings.









Drugs


Cutaneous eruptions similar or even identical to LP (both clinically and histologically) have been linked to a variety of drugs. The terms “lichen planus-like” and “lichenoid” are often used to describe this phenomenon12. A wide variety of drugs have been associated with lichenoid drug eruptions and the list of such drugs steadily increases (Table 11.2). However, recurrence of the lesions subsequent to drug rechallenge has not been documented for the majority of these drugs. The mechanism by which certain drugs can induce a lichenoid tissue reaction in susceptible hosts is unknown, but appears to be similar to LP.


Table 11.2 Drugs implicated in lichenoid drug eruptions. More commonly associated drugs are in bold. NSAIDs, nonsteroidal anti-inflammatory drugs.






	DRUGS IMPLICATED IN LICHENOID DRUG ERUPTIONS






	Antimicrobials






	



• Ethambutol


• Griseofulvin


• Isoniazid


• Ketoconazole












	



• Pyrimethamine


• Streptomycin


• Sulfamethoxazole


• Tetracyclines












	Antihypertensives






	



• Captopril


• Enalapril


• Labetalol


• Methyldopa












	



• Propranolol


• Diazoxide*


• Doxazosin


• Prazosin












	Antimalarials






	



• Chloroquine


• Hydroxychloroquine












	



• Quinacrine












	Antidepressants, antianxiety drugs, antipsychotics and anticonvulsants






	



• Amitriptyline


• Carbamazepine


• Chlorpromazine


• Imipramine












	



• Levomepromazine


• Lorazepam


• Methopromazine


• Phenytoin












	TNF-α inhibitors






	



• Adalimumab


• Etanercept












	



• Infliximab


• Lenercept












	Diuretics






	



• Chlorothiazide


• Hydrochlorothiazide












	



• Furosemide


• Spironolactone












	Hypoglycemic agents






	



• Chlorpropamide


• Glyburide












	



• Tolazamide


• Tolbutamide












	Metals






	



• Gold salts‡


• Arsenic


• Bismuth












	



• Mercury


• Palladium












	NSAIDs






	



• Acetylsalicylic acid


• Benoxaprofen


• Diflunisal


• Fenclofenac


• Flurbiprofen












	



• Ibuprofen


• Indomethacin


• Naproxen


• Sulindac












	Miscellaneous drugs






	



• Allopurinol


• Amiphenazole


• Anakinra


• Cinnarizine


• Cyanamide


• Dapsone


• Gemfibrozil


• Hydroxyurea


• Imatinib


• Interferon-α


• Iodides


• Isotretinoin


• Levamisole


• Lithium


• Mercapto-propionylglycine


• Mesalamine












	



• Methycran


• Nifedipine


• Omeprazole


• Orlistat


• Penicillamine


• Propylthiouracil


• Procainamide


• Pyrithioxin


• Simvastatin


• Quinine


• Quinidine


• Rituximab


• Sildenafil


• Sulfasalazine


• Trihexyphenidyl













* Also used to treat hypoglycemia.


‡ Including in alcoholic beverages.












Autoantigens


In occasional patients, LP has been reported as a possible autoimmune reaction triggered by an underlying neoplasm. Also, a lichenoid tissue reaction is seen in patients with paraneoplastic pemphigus. The temporal relationship between LP and the underlying neoplasm in the reported patients suggests that the neoplasms may have stimulated a cell-mediated immune response against tumor antigens that led to the generation of autoreactive T cells that cross-reacted against antigens expressed on epidermal cells.


Although numerous case reports describe patients with both LP and autoimmune diseases, studies with larger numbers of patients with LP have shown no increased incidence of autoimmune diseases. Many investigators have described a significant association between specific HLA antigens and LP; for example, an increased frequency of HLA-B27, HLA-B51, HLA-Bw57 (oral LP in English patients), HLA-DR1 (cutaneous and oral LP), HLA-DR9 (oral LP in Japanese and Chinese patients) and HLA-DR6 (HCV-associated oral; see above). However, a true association with a particular HLA allele has been difficult to establish because of significant geographic heterogeneity and clinical patient selection.


A murine model of LP has been established by employing autoreactive T cells capable of producing interferon- γ (IFN-γ) and tumor necrosis factor-α (TNF-α) (Fig. 11.1)13. Intradermal inoculation of CD4+ autoreactive T-cell clones into the footpads of syngeneic mice can induce local histologic changes similar to LP or lichenoid skin diseases. In this model, the autoreactive T cells can respond to self MHC class II antigens constitutively expressed on macrophages and Langerhans cells, and they migrate into the epidermis, resulting in epidermal injury. These T cells, therefore, can induce LP-like lesions without any alteration in the antigenicity of the epidermis. However, in the natural disease process, exogenous agents (e.g. viral infections, drugs) could induce alterations in the antigenicity of epidermal cells and trigger the activation of T cells. Of note, such autoaggressive reactions could function to eliminate abnormal keratinocytes altered by these exogenous agents. However, in the situation where T cells initially responding to self-antigens modified by exogenous agents subsequently become cross-reactive with some self-epitopes, these T cells would then chronically respond to the previously ignored self-epitopes, leading to perpetuation of an autoimmune attack by such T cells13 rather than elimination of the abnormal keratinocytes.





[image: image]

Fig. 11.1 Mouse model for the lichenoid tissue reaction.


Because in humans all the analyses are performed on existing skin lesions (after the inflammatory response is underway), it is difficult to provide insight into initiating events and to establish whether the T cells present are indeed relevant to the pathogenesis. This experimentally induced animal model has the advantage that the orchestrated series of events resulting in epidermal injury can be examined from the onset and over time.











Effector cells


There are conflicting data regarding the phenotype of the inflammatory infiltrate in LP lesions. Although initial immunohistochemical studies showed that the cellular infiltrate contained an increased ratio of CD4+ to CD8+ T cells14, other investigators found a predominance of CD8+ T cells, particularly in older lesions. Evidence to support the crucial role of CD8+ T cells in autoimmune damage to basal keratinocytes has been provided by CD8+ T cells isolated from lesional skin; these T cells exhibited specific cytotoxic activity against autologous lesional and normal keratinocytes15. One caution is that these CD8+ T-cell lines and clones could represent an in vitro selection and/or expansion of autoreactive T cells during their culture with autologous antigen-presenting cells.


Basal cell damage as evidenced by apoptotic DNA fragments is greatest in the epidermis. A possible mechanism is illustrated in Figure 11.2 in which IFN-γ produced by CD8+ T cells upregulates Fas expression by keratinocytes, rendering them susceptible to T-cell-mediated, Fas ligand-driven apoptosis. This interaction triggers a cascade of intracellular enzymatic reactions resulting in DNA fragmentation (see Ch. 107). In addition to Fas, death receptor-induced apoptosis involves signaling processes via TNF-R1, TRAIL-R1 and 2, and DR3 or DR6. Because type 1 helper T cells (Th1), like the autoreactive CD4+ T cells in the murine model (see Fig. 11.1), can produce large amounts of IFN-γ and TNF-β upon activation and thereby induce or enhance the expression of apoptosis-associated proteins such as Fas and TRAIL, they may also play a role in extensive epidermal damage by promoting apoptotic death of keratinocytes. It is also likely that when epidermal damage is severe, perforin and granzyme are involved as well (see Ch. 20).





[image: image]

Fig. 11.2 Possible consequences of autoimmune attack by T-cells.


A Activated memory T cells express Fas ligand (Fas L), which binds to Fas expressed on epidermal keratinocytes, resulting in apoptosis. Apoptosis can also be induced via the release of cytotoxic granules which contain perforin and granzyme B (see Ch. 20). Fas/Fas L and perforin/granzyme can independently trigger the cell death program, but the process leading to apoptosis is similar in both pathways. CD8+ cytotoxic T cells and NK cells use both pathways. B Because keratinocytes are not only targets but also produce granzyme B, perforin and Fas L to protect themselves from immune-mediated damage, Fas L-bearing keratinocytes can induce Fas/Fas L-mediated death in neighboring Fas-bearing T cells, contributing to the resolution of the lichenoid tissue reaction. This pathway serves to eliminate potentially harmful autoaggressive T cells. Thus, keratinocytes should not be viewed just as victims of the immune-mediated damage. Recovery from the inflammation is associated with the migration of regulatory T (Treg) cells into the site.




Additionally, IFN-γ and TNF-α, released by both CD4+ T cells and CD8+ T cells, can induce keratinocyte expression of ICAM-1, thereby rendering these T cells more adhesive to the keratinocytes and thus facilitating exocytosis of granules containing perforin and granzymes. Of note, these cytokines have been shown to be present at high concentrations in LP lesions. More recent studies have shown that granule exocytosis, rather than the Fas/Fas-ligand system, is the main pathway of cytotoxicity mediated by CD4+ and CD8+ T cells in humans16. However, a combination of the two mechanisms is most likely, with predominance depending upon the particular stage in the disease process.






Effector T cells’ access to the epidermis


A critical event in the initiation of immune responses in LP lesions is for memory T cells to migrate from the circulation into a particular skin site. Release of type 1 IFNs, such as IFN-α, from activated plasmacytoid dendritic cells (pDCs) and keratinocytes may be critical in inducing skin-directed migration of effector memory T cells (Fig. 11.3A). Stimulation of Toll-like receptors (TLRs) expressed on pDCs and keratinocytes by pathogens or endogenous ligands (released via skin damage) represents one of the earliest events and it is sufficient to induce type 1 IFN production. Type 1 IFN signaling and type 1 IFN-inducible chemokines (e.g. IP10/CXCL10) then serve to recruit chemokine receptor CXCR3-expressing effector memory T cells (Th1 cells) into the skin via CXCR3/IP10 interactions (Table 11.3). A number of other molecular interactions, such as CCR4/TARC, CCR10/CTACK and LFA-1/ICAM-1 expressed on T cells and keratinocytes, respectively, have also been implicated in the recruitment of memory T cells and pDCs to the dermal–epidermal junction17-19. Because IFN-α from pDCs induces IFN-γ production by T cells and IFN-γ also sustains IFN-α production, a positive feedback loop may be operational within LP lesions. This ordered sequence of events provides a possible explanation for why LP lesions develop within traumatized sites and virally induced lesions.
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Fig. 11.3 Phases of lichen planus.


A In the induction phase, keratinocytes and plasmacytoid dendritic cells (pDCs), upon stimulation of their Toll-like receptors (TLRs) by pathogens or endogenous ligands, can release type 1 IFNs (e.g. IFN-α); this represents an early event in the cascade leading to T-cell-mediated epidermal damage. Activated keratinocytes, via production of IL-1β and TNF-α, can induce activation and migration of DCs. Chemokines, such as IP10/CXCL10, released locally by pDCs, serve to attract CXCR3-expressing CD8+ or CD4+ effector memory T cells (which have differentiated from naive T cells within lymph nodes following presentation by DCs of self-peptides modified by exogenous antigens [viruses, medications and contact allergens]). Additional chemokine and chemokine receptor pairs have also been implicated in this process (see Table 11.3), and the precise mix of chemokines and cytokines released into the tissue plays an important role in determining the composition of the inflammatory infiltrates. B In the evolution phase, effector T cells (Te) that come to express skin-homing receptors (E-selectin ligands) migrate into the inflammatory site and upon recognition of antigens, are activated and release proinflammatory cytokines and cytotoxic granules, which in turn cause epidermal injury. In addition, Fas/FasL can trigger cell death (see Fig. 11.2). “Inflammatory” and “ ‘homeostatic” chemokines produced by keratinocytes direct the traffic of not only “pathogenic” T cells (Te) but also “immune surveillance” T cells (Ts) or regulatory T cells (Treg) into the sites; the relative balance of chemokines produced may determine the outcome of the T-cell-mediated immune responses.




Table 11.3 Chemokines and chemokine receptors involved in T-cell migration into the skin. Binding of MCP-1 (CCL2) to CCR2 on monocytes plays an important role in their recruitment to sites of cutaneous inflammation. CCR, receptor for CC chemokines; CTACK, cutaneous T-cell-attracting chemokine; CXCR, receptor for CXC chemokines; IP-10, interferon-inducible protein 10; I-TAC, interferon-inducible T cell α-chemoattractant; MCP-2, monocyte chemoattractant protein 2; MDC, macrophage-derived chemokine; MEC, mucosal-associated epithelial chemokine; MIG, monokine induced by interferon-γ; MIP-1α, macrophage inflammatory protein 1α; RANTES, regulated on activation normal T cell expressed and secreted; TARC, thymus- and activation-regulated chemokine.






	CHEMOKINES AND CHEMOKINE RECEPTORS INVOLVED IN T-CELL MIGRATION INTO THE SKIN






	Chemokines*


	Chemokine receptors

	Functional type of chemokines/T cells attracted†







	RANTES (CCL5)
MCP-2 (CCL8)
Eotaxin-1, -2, -3 (CCL11,24,26)

	CCR3

	Inflammatory/Th2 cells






	TARC (CCL17)
MDC (CCL22)

	CCR4

	Inflammatory/Th2 cells






	MIP-1α,β (CCL3,4)
RANTES (CCL5)
MCP-2 (CCL8)

	CCR5

	Inflammatory/Th2 cells






	CCL1

	CCR8

	Homeostatic/memory T cells






	CTACK (CCL27)
MEC (CCL28)

	CCR10

	Homeostatic/memory T cells






	MIG (CXCL9)
IP-10 (CXCL10)
I-TAC (CXCL11)

	CXCR3

	Inflammatory/Th1 cells






	CXCL16

	CXCR6

	Inflammatory/Th1 cells







* Cytokines that have chemoattractant activity; two major groups are differentiated based on the position of two cysteine (C) residues compared with the other amino acid residues (X): CXC- or α-chemokines and CC- or β-chemokines.


† ”Inflammatory” chemokines are produced at sites of cutaneous inflammation and mediate skin-directed migration of memory T cells (Th1, Th2); “homeostatic” chemokines are constitutively produced within non-inflamed skin and mediate skin-directed migration of memory T cells with an “immune surveillance” function.


Although chemokines produced at inflammatory skin sites are thought to regulate the composition of the Th1- or Th2-driven cellular infiltrates, memory T cells with a “surveillance” function can also migrate to skin sites under non-inflamed conditions. “Homeostatic” chemokines constitutively produced under non-inflamed conditions can mediate the skin-directed migration of these “immune surveillance” T cells (Table 11.3), leading to clearance of invading pathogens such as viruses. In addition, CD4+ regulatory T (Treg) cells that have the capacity to suppress activated T cells are also able to enter inflamed skin sites (Fig. 11.3B). Lastly, it should be noted that there is no definitive means of distinguishing “immune surveillance” T cells or protective regulatory T cells from “pathogenic” T cells in LP lesions.


While the epidermotropic migration of effector T cells leading to epidermal damage is clearly a complicated, multistep process, the latter can be bypassed (at least in part) in the case of fixed drug eruptions. This is because effector T cells responsible for the epidermal damage persist as a stable population in previously affected, but normal-appearing, skin. As a result, fixed drug eruption represents a simplified disease model for studying the pathogenesis of lichenoid tissue reactions, and the orchestrated series of events can be analyzed from prior to drug challenge to resolution of lesions (Fig. 11.4)20.
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Fig. 11.4 Proposed cascade of events within lesions of fixed drug eruption (FDE).


In resting lesions (previous sites of FDE but prior to drug challenge), intraepidermal CLA+ CD8+ T cells remain quiescent, but in a primed state as evidenced by CD69 expression. They also express TCR αβ, CD3, CD8, CD45RA and CD11β, but not CD27 and CD56, and therefore most closely resemble effector memory T cells. Upon administration of the causative drug, these T cells are activated to release IFN-γ and cytotoxic granules into the local environment. Nearby mast cells contribute to activation of the intraepidermal CD8+ T cells by releasing TNF-α and inducing adhesion molecules on surrounding keratinocytes. In fully evolved lesions, keratinocytes are killed by the direct action of cytotoxic granules released from the CD8+ T cells in concert with both CD4+ effector T cells and neutrophils recruited from the circulating bloodstream. At the end of the immune response, Treg cells are recruited into the lesions and serve to ameliorate severity. Although the majority of activated cell populations are removed by apoptosis, a proportion of intraepidermal CD8+ T cells is prevented from undergoing apoptosis by IL-15 (produced by surrounding keratinocytes) and persists as a stable population with a memory function. Treg, regulatory T cell.

















Clinical Features


The characteristic primary lesion of LP is a small, polygonal-shaped, violaceous, flat-topped papule; some papules are umbilicated. The surface is slightly shiny or transparent, and a network of fine white lines called “Wickham’s striae” (Fig. 11.5) or small gray–white puncta are also seen. The latter correspond histologically to focal thickening of the granular layer. The papules may be widely dispersed or they may cluster or coalesce into larger plaques (Fig. 11.6). LP is usually pruritic. Although the Koebner phenomenon (i.e. isomorphic response) is commonly seen in LP (Fig. 11.7), excoriations and impetiginization are unusual. Linear papules may be the initial presentation of the disease, presumably reflecting koebnerization into sites of previous trauma or scratching. However, such lesions need to be distinguished from the linear variant of LP which follows the lines of Blaschko (see below).
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Fig. 11.5 Lichen planus on the dorsal surface of the hand.


Wickham’s striae can be easily identified in the upper lesion. Note the flat-topped nature of the lesions and the post-inflammatory hyperpigmentation.


Courtesy, Frank Samarin, MD.
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Fig. 11.6 Lichen planus.


Violaceous papules and plaques with white scale and Wickham’s striae.
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Fig. 11.7 Koebnerization of lichen planus into the site of the excision of the saphenous vein.


Lesions also appeared where Steri-Strips™ had been applied.




The most frequently involved sites are the flexor surfaces of the wrists and forearms; the dorsal surface of the hands, anterior aspect of the lower legs, neck and presacral area are also common sites. The mucous membranes, especially the oral mucosa (see below), are affected in more than half of patients, and this is often the only site of involvement. Lesions are also commonly seen on the glans penis, where they can have an annular or figurate configuration (Fig. 11.8A) and may become erosive. Several of the distinctive variants of LP are discussed separately.





[image: image]

[image: image]

Fig. 11.8 Annular lichen planus of the glans penis (A) and the trunk (B).


On the penis, the lesions have led to a figurate outline with central hyperpigmentation.


A, Courtesy, Frank Samarin, MD.





The duration of the disease is dependent upon the LP variant. While the lesions of exanthematous LP typically resolve within a year, hypertrophic, oral and nail LP tend to be more persistent. In particular, ulcerative oral LP may be a lifelong affliction.






Actinic LP


This variant is reported under a variety of names, including LP actinicus, LP subtropicus, LP tropicus and lichenoid melanodermatitis. Although the majority of reported patients have been from Middle Eastern countries, it has been observed worldwide. Most patients are young adults or children. There is no predilection for either sex. The onset of this variant is during the spring and summer, and the lesions primarily involve sun-exposed skin of the forehead and face, followed by the dorsal surfaces of the arms and hands and the neck. The lesions usually consist of red–brown plaques with an annular configuration, but melasma-like hyperpigmented patches have been observed. Summertime actinic lichenoid eruption (see below) has sometimes been regarded as a variant of or synonymous with actinic LP, but in the authors’ opinion they are two separate entities with different histologic features.









Acute (exanthematous) LP


Because lesions are usually widely distributed and disseminate rapidly, this form is also known as exanthematous or eruptive LP. The commonly affected areas include the trunk (Fig. 11.9), the inner aspects of the wrists and the dorsal aspect of the feet. Reports in the literature of this form probably include lichenoid drug eruptions. The clinical course is usually self-limited and, in general, lesions resolve with hyperpigmentation within 3 to 9 months.
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Fig. 11.9 Exanthematous lichen planus.


Papulosquamous lesions on the back.











Annular LP


This form is thought to occur when papules spread peripherally and the central area resolves (see Fig. 11.8). The annular edge is slightly raised and typically purple to white in color, while the central portion is hyperpigmented or skin-colored; lesions can resemble granuloma annulare (except for the associated scale in annular LP). Annular lesions occur in about 10% of patients with LP and are usually scattered among more typical lesions, but the former may represent the predominant finding. The most common site of involvement is the axilla, followed by the penis (see Fig. 11.8A), extremities and groin. Most patients are asymptomatic, while some have pruritus.









Atrophic LP


Atrophic LP may represent a resolving phase of LP, given the history of the lesions: papules coalesce to form larger plaques that often, over time, become centrally depressed and atrophic with residual hyperpigmentation. The clinical appearance of atrophic LP is likely a result of thinning of the epidermis rather than degeneration of elastic fibers, and the epidermal atrophy may be accentuated by the use of potent topical corticosteroids. The most common site of involvement is the lower extremity. This form closely resembles lichen sclerosus clinically (Fig. 11.10A); it may even mimic the early phase of morphea. Occasionally, morphea of the trunk has been reported in association with oral LP, as has the simultaneous occurrence of LP and lichen sclerosus, as well as the combination of LP, morphea and lichen sclerosus, the latter reflecting the well-known relationship between morphea and lichen sclerosus.





[image: image]

[image: image]

[image: image]

Fig. 11.10 Unusual variants of lichen planus.


A Atrophic lichen planus of the lower extremities. B Bullous lichen planus on the shin. C Lichen planus pemphigoides in a patient with anti-basement membrane zone autoantibodies.




Recent reports have suggested the existence of another variant, referred to as “annular atrophic LP”, in which there is complete loss of elastic fibers in the center (± the active borders) of the annular lesions.









Bullous LP and LP pemphigoides


Bullous or vesiculobullous lesions can develop solely within pre-existing LP lesions or more randomly, including within previously uninvolved skin. The former is called bullous LP (Fig. 11.10B), while the latter is referred to as LP pemphigoides (Fig. 11.10C).


A consensus has emerged that LP pemphigoides can be differentiated from bullous LP. In the latter, blisters occur in longstanding lesions of LP as a result of an intense lichenoid infiltration of lymphocytes and extensive epidermal damage, i.e. exaggerated Max-Joseph spaces. In contrast, in LP pemphigoides there are circulating IgG autoantibodies directed against the 180 kDa BP antigen (BPAG2, type XVII collagen), as in idiopathic BP. These findings suggest that damage to the basal layer by a lichenoid infiltrate may expose hidden antigens to the autoreactive T cells, leading to the formation of autoantibodies and subepidermal bullae. Indeed, LP pemphigoides evolving into pemphigoid nodularis has been described. To date, no reactivity against the 230 kDa BP antigen, type VII collagen or the laminin-5 subunits has been detected.









Hypertrophic LP


This variant is also referred to as LP verrucosus (Fig. 11.11). Extremely pruritic, thick hyperkeratotic plaques are seen primarily on the shins or dorsal aspect of the foot and may be covered by a fine adherent scale. The lesions are usually symmetric and tend to be chronic because of repetitive scratching. The average duration of hypertrophic LP in patients whose lesions had cleared was reported to be 6 years. Chronic venous stasis frequently contributes to the development of this condition. Squamous cell carcinoma may develop within a background of longstanding hypertrophic LP. It should be noted that there are patients who develop hypertrophic LP-like reactions with infundibulocystic follicular hyperplasia that may progress to multiple keratoacanthomas or follicularly based squamous cell carcinomas21.
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Fig. 11.11 Hypertrophic lichen planus.


A On the shins, very thick discrete plaques with dyspigmentation are admixed with smaller linear plaques and areas of postinflammatory hyperpigmentation. B On the dorsal digits, thin violaceous plaques in addition to thick keratotic plaques that favor the knuckles.


B, Courtesy, Joyce Rico, MD.












Inverse LP


In this unusual variant, an inverse distribution pattern is observed. Pink to violaceous papules and plaques appear in intertriginous zones (axillae > inguinal and inframammary folds; Fig. 11.12) and less often in the popliteal and antecubital fossae. Occasionally, LP lesions occur elsewhere on the body. Hyperpigmentation is usually present as well and it may be the sole manifestation, leading to overlap with LP pigmentosus.
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Fig. 11.12 Inverse lichen planus.


Oval thin violaceous plaques in the axilla. Postinflammatory hyperpigmentation is also present.


Courtesy, Jeffrey P Callen, MD.












LP pigmentosus


LP pigmentosus typically presents in individuals with skin types III and IV as brown to gray–brown macules in sun-exposed areas of the face and neck, usually with no preceding erythema and often evolving into diffuse or reticulated pigmentation (see Ch. 67). Involvement of intertriginous sites is occasionally observed, and a linear distribution following Blaschko’s lines has also been described. Although the clinical and histologic (e.g. marked pigment incontinence and epidermal atrophy) features as well as the skin-type predilection of LP pigmentosus are similar to those of erythema dyschromicum perstans (see below), the former condition can be distinguished by its photo- and flexural distribution as well as an older mean age at onset (fourth to fifth versus first to third decades), a tendency for irregularly shaped or confluent rather than discrete oval lesions, and the coexistence of classic LP lesions in approximately 20% of patients.









Lichen planopilaris


In lichen planopilaris, involvement of the hair follicle is observed, both clinically and histologically. This variant is also called follicular LP and LP acuminatus. Multiple, keratotic plugs surrounded by a narrow violaceous rim are observed primarily on the scalp, although other hair-bearing areas can also be affected (Fig. 11.13). The inflammatory process may result in scarring and loss of follicular structure, i.e. a permanent alopecia. Over time, the areas of involvement often “burn out” centrally and are indistinguishable from other causes of “end-stage” cicatricial alopecia (see Ch. 69). However, examination of the periphery may reveal the primary lesions (see Fig. 11.13C). Women are more frequently affected than men, and this form may occur alone or with typical LP lesions elsewhere.
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Fig. 11.13 Lichen planopilaris.


A Keratotic spines surrounded by a violaceous rim in a linear variant and B scattered on the trunk. C Cicatricial alopecia with “end-stage” changes centrally, but perifollicular inflammation at the margins.




A variant of lichen planopilaris known as Graham Little–Piccardi–Lassueur syndrome is characterized by the triad of: (1) non-cicatricial loss of pubic and axillary hairs and disseminated spinous or acuminated follicular papules (see Fig. 11.13B); (2) typical cutaneous or mucosal LP; and (3) scarring alopecia of the scalp with or without atrophy (see Fig. 11.13C). These features need not be present simultaneously. Another more recently recognized variant of LP of the scalp is frontal fibrosing alopecia which occurs primarily in elderly women.









Linear LP


Although linear lesions frequently occur in sites of scratching or trauma in patients with LP (as a result of the Koebner phenomenon), the term linear LP (Fig. 11.14) is usually reserved for lesions that appear spontaneously within the lines of Blaschko (see Fig. 11.13A). Some authors consider linear LP an intermediate entity between LP and lichen striatus. This form has also been referred as zosteriform but the distribution pattern of LP is generally not dermatomal (with the exception of the koebnerization of LP into the site of a previous herpes zoster infection). The possibility exists that when LP has a strictly dermatomal pattern, this represents an isotopic phenomenon following “zoster sine herpete”.
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Fig. 11.14 Linear lichen planus.


Coalescence of violaceous lesions with Wickham’s striae along the lines of Blaschko on an extremity. Note the postinflammatory hyperpigmentation proximally.


Courtesy, Joyce Rico, MD.





Although linear LP is usually seen in patients in their late 20s or early 30s, the initial presentation can be in the first to eighth decades. Presumably this pattern reflects somatic mosaicism (see Ch. 62), but how the involved and uninvolved skin differ is not known.









LP–lupus erythematosus overlap syndrome


Patients whose lesions have overlapping features of both LP and lupus erythematosus (LE) have been reported. These lesions are preferentially located in acral sites. Histologic and direct immunofluorescence (DIF) microscopic findings show features of both LP and LE. Whether systemic immunologic abnormalities such as high titers of ANA are present in these patients is controversial, but case reports suggest that some patients have disease at the chronic cutaneous LE end of the clinical spectrum while others meet the criteria for systemic LE.









Nail LP


The nails are affected in approximately 10% of patients with LP; usually, several nails are affected (see Ch. 71). The characteristic nail abnormalities include lateral thinning (Fig. 11.15A), longitudinal ridging, and fissuring (11.15B). These changes are manifestations of matrix damage, which can lead to scarring and dorsal pterygium formation (Fig. 11.15C) if left untreated. Nonspecific changes in the nail bed include yellow discoloration, onycholysis and subungual hyperkeratosis. In some patients, twenty-nail dystrophy may represent a variant of LP. Nail LP presenting as twenty-nail dystrophy is much more common in children than in adults, although other forms of nail involvement are extremely rare in children.
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Fig. 11.15 Nail lichen planus.


A Thinning of the nail plate with lateral loss. B Longitudinal fissuring of shortened nail plates. C Violaceous discoloration of the periungual area with pterygium formation.











Oral LP


Oral LP can appear in at least seven forms, which occur separately or simultaneously: atrophic, bullous, erosive, papular, pigmented, plaque-like and reticular. The most common and characteristic form of oral LP is the reticular pattern (Fig. 11.16A). It is characterized by slightly raised whitish linear lines in a lace-like pattern or in rings with short radiating spines. This form is usually asymptomatic and the most common site of involvement is the buccal mucosa; lesions are often bilateral and symmetric. Gingival involvement is common, and oral LP affecting the gingivae exclusively is seen in approximately 10% of cases. It typically presents as chronic desquamative gingivitis. Gingivitis also occurs as a component of the “vulvovaginal–gingival syndrome” (see below).
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Fig. 11.16 Oral lichen planus.


A White lacy pattern and an erosion on the buccal mucosa, the most common location for the reticular form. Note the ring configuration with short radiating spines. B Erosions on the lateral aspect of the tongue in addition to lacy white plaques and scarring.


B, Courtesy, Louis A Fragola, Jr, MD.





Atrophic, erosive (Fig. 11.16B) and bullous lesions are associated with symptoms ranging from mild discomfort to severe pain. There is a higher incidence of plaque-like lesions among tobacco smokers. For unknown reasons, oral LP is very uncommon in young patients, and in some studies, women have been affected about twice as often as men.


Patients with oral LP should be questioned about symptoms related to esophageal involvement21a and examined for other mucosal lesions, particularly genital lesions, and vice versa, because ~70% of patients with mucosal vulvovaginal LP have clinical signs of oral LP. It has been reported that the erosive or ulcerative type of oral LP is less frequently associated with cutaneous LP than are all other types of oral LP. Such mucous membrane lesions are more therapy-resistant and less likely to spontaneously remit than cutaneous lesions. Malignant transformation of longstanding, non-healing oral LP has been reported, but it must be distinguished from pseudoepitheliomatous hyperplasia.


Several studies have reported a relationship between oral LP and chronic liver disease, particularly that due to HCV infection (see Pathogenesis)4,5. Some authors found that in patients with the reticular and plaque forms, there were statistically significant differences between those with and those without HCV infection, whereas other authors reported an association of HCV with the erosive type. In the HCV-positive oral LP group, oral lesions were more frequently located on the tongue, labial mucosa and gingivae22.









Ulcerative LP


Ulcerations can occur within palmoplantar lesions of LP, particularly those on the soles. Palmoplantar LP is not as rare as was once thought and usually appears between the third and fifth decade of life. Although palmoplantar LP is more common in men than in women, ulcerative LP prevails in female patients. Typical LP lesions may be present in additional sites of the body. The ulcers are intensely painful and often recalcitrant to conventional therapy. Chronic ulcerative lesions are at risk of developing squamous cell carcinoma.









Vulvovaginal LP


LP of the vulva can present with several clinical variants, but the most common appears to be erosive disease23. Vaginal involvement occurs in up to 70% of women with erosive vulvar LP, and because there is often oral mucosal involvement as well, the term “vulvovaginal–gingival syndrome” has been introduced. The differential diagnosis of vulvovaginal LP includes lichen sclerosus and blistering diseases (see Ch. 73). Since scarring may be a sequela of vulvovaginal LP, patients should be carefully monitored for the development of malignancy, including after the resolution of active disease.









Lichenoid drug eruption (drug-induced LP)


Despite the significant overlap between LP and lichenoid drug eruption (Fig. 11.17), there are both clinical and histologic clues that favor one diagnosis over the other (Table 11.4)24. Both sexes are equally affected, but lichenoid drug eruptions tend to occur in adults approximately 10 years older than those with idiopathic LP.
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Fig. 11.17 Lichenoid drug eruption.


Photodistributed lichenoid eruption due to hydrochlorothiazide (note sparing under watchband).




Table 11.4 Features for distinguishing lichenoid drug eruption from lichen planus.






	FEATURES FOR DISTINGUISHING LICHENOID DRUG ERUPTION FROM LICHEN PLANUS






	 

	Lichenoid drug eruption

	Idiopathic lichen planus






	Mean age

	66 years

	50 years






	Location

	More generalized; often spares the “classic” sites of LP

	Wrists, flexor forearms, presacral, lower legs, genitalia






	Morphology

	More eczematous, psoriasiform or pityriasis rosea-like

	Shiny, flat-topped, polygonal, violaceous papules






	Wickham’s striae

	Uncommon

	Present






	Hyperpigmentation

	Very common, sometimes persistent

	Common






	Photodistribution

	Frequent*


	Unusual






	Mucous membranes

	Usually spared

	Often involved






	Histology

	Varying degree of eosinophilic and/or plasma cell infiltrates

	Eosinophils and plasma cells uncommon






	Deep infiltrate may be present

	Dense band-like infiltrate of lymphocytes






	Parakeratosis

	No parakeratosis







* Especially with medications such as hydrochlorothiazide.


There is usually a latent period of several months from drug introduction to the appearance of the cutaneous eruption. Halevy and Shai12 reported 17 patients with lichenoid eruptions induced by a variety of drugs and found that the mean latent period was 12 months. The latent period varies depending not only on the offending drug, but also on other factors such as the frequency of drug administration, the dosage, and the intensity of the patient’s individual reaction to the offending drug. For example, the latent period has been reported to be between 2 months and 3 years for penicillamine, approximately 1 year for β-blockers, and 4–6 weeks for quinacrine. In contrast to morbilliform eruptions, the time course between drug cessation and lesional resolution can be several weeks to months.


A wide range of cutaneous eruptions have been observed in patients receiving TNF-α inhibitors; they include new onset or paradoxical worsening of psoriasis (including palmoplantar pustulosis), eczematous eruptions, interstitial granulomatous dermatitis, granuloma annulare, cutaneous small vessel vasculitis, cutaneous lupus erythematosus, and lichenoid eruptions. The latter are not limited to any particular TNF-α inhibitor, and while some patients have clinical features similar to idiopathic LP, others have less specific skin lesions clinically, but on histologic examination lichenoid interface changes are seen. The time interval between initiation of TNF-α blockade and appearance of the lichenoid eruption varies from 3 weeks to 16 months. In some patients, complete resolution or significant improvement followed discontinuation of the TNF-α inhibitor, whereas in others, clearance occurred despite continued administration of the drug. In that TNF-α inhibitors are used to treat severe LP, a possible explanation for the paradoxical induction of lichenoid eruptions is a tipping of the balance between Th1 and Th2 immune responses, Treg and Th17 cellular responses, or IFN-α and IFN-γ production. Perhaps inhibition of TNF-α allows for upregulation of other cytokines such as IFN-α.


“Giant cell lichenoid dermatitis” is a relatively novel, usually drug-associated entity, characterized by a lichenoid dermatitis with a granulomatous infiltrate composed of histiocytes and multinucleated giant cells. Patients present with red–purple papules and plaques, and diagnosis of the disease, also called granulomatous lichenoid dermatitis, is based solely on histologic criteria. Additional histologic features include infiltration of hair follicles and eccrine structures. When this reaction pattern represents a hypersensitivity drug reaction, it may develop during the active or resolving phase of a viral infection25. The implicated drugs include antibiotics, ACE inhibitors, β-blockers, lipid-lowering agents, phenolphthalein, and nonsteroidal anti-inflammatory drugs (NSAIDs).












Pathology


Despite its different clinical manifestations, the histopathology of LP is fairly uniform. The primary features are hyperkeratosis without parakeratosis, focal increases in the granular cell layer, irregular acanthosis with a “sawtooth” appearance, liquefactive degeneration of the basal cell layer, and a band-like lymphocytic infiltrate at the dermal–epidermal junction (Fig. 11.18). Colloid bodies representing apoptotic or dyskeratotic keratinocytes (also referred to as Civatte, hyaline or cytoid bodies) are usually present in the lower levels of the epidermis and the superficial dermis. Vacuolar changes within the basal cell layer may become confluent and result in small separations between the epidermis and the dermis (called “Max-Joseph spaces”). There is often incontinence of pigment with multiple dermal melanophages.
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Fig. 11.18 Histopathologic features of lichen planus.


Hyperkeratosis, focal increase in the granular layer, sawtoothing of the epidermis with keratinization of the basal layer, and a lichenoid infiltrate. Apoptosis of keratinocytes and melanophages are also present (insert).


Courtesy, Lorenzo Cerroni, MD.





The number of epidermal Langerhans cells is usually increased in active lesions. The majority of cells in the inflammatory infiltrate are lymphocytes, mainly CD3+ T cells (see Pathogenesis, above). However, exocytosis of lymphocytes into the epidermis is usually not abundant in LP. Plasma cells, macrophages or eosinophils may be seen within the dermis, but not frequently and the latter more commonly in drug-induced LP. Neutrophils are not commonly seen in LP.


Oral LP lesions often show parakeratosis rather than hyperkeratosis, and the epidermis frequently becomes atrophic. Lesions of lichen planopilaris are characterized by an inflammatory cell infiltrate around the hair follicles even at an early stage. Most of the inflammation involves the upper half of the follicle, with the isthmus affected in one-third of patients. Destruction of the follicles represents a later stage. In LP pemphigoides, a primary histologic feature of the bullous lesions is a subepidermal separation with an abundance of eosinophils (occasionally neutrophil-rich infiltrates), whereas the papular lesions have the usual features of LP. DIF microscopy of peribullous skin shows linear deposition of IgG and C3 along the dermal–epidermal junction, similar to BP.


Apoptotic cells, as evidenced by Civatte bodies, tend to remain in the lower levels of the epidermis in idiopathic LP; in contrast, they are found in the spinous or granular layer in lichenoid drug eruptions. In a nonspecific “sponge-like” manner, colloid bodies often stain with IgM, IgA, IgG or C3, and this is the characteristic finding by DIF microscopy. In lichen planopilaris lesions, IgM, IgG and IgA are found in varying combinations along the follicle–dermal interface. Although the band-like inflammatory infiltrate is usually restricted to the papillary dermis in LP and involvement of the deep vascular plexus suggests a lichenoid drug eruption (though observed in <50% of cases), inflammation and destruction of the distal and proximal ends of the sweat ducts is also seen in some cases of LP; however, the secretory glands are unaffected.


The histologic changes in lichenoid drug eruption are very similar to those in idiopathic LP (see Table 11.4). Van den Haute et al.24 conducted a retrospective study in which they compared histologic sections from 15 patients with idiopathic LP and 15 with a lichenoid drug eruption. They noted that no single feature was significantly more likely to occur in the latter than in the former. Nonetheless, they assigned some histologic signs to a list of “lichenoid drug eruption-related criteria” because they were present in more than 50% of the drug eruption cases and were not seen in idiopathic LP (in their study); these included focal parakeratosis, focal interruption of the granular layer, and cytoid bodies in the cornified and granular layers. Although eosinophils were observed exclusively in the lichenoid drug eruptions, they were found in only 2 of the 15 cases. Thus, these results indicate that the absence of eosinophils cannot be interpreted as a sign of idiopathic LP. Also, there were no significant differences in DIF findings between lichenoid drug eruptions and idiopathic LP. In sum, it would be ill advised to make the diagnosis of lichenoid drug eruption solely on the basis of histologic criteria.









Differential Diagnosis


LP can be viewed as one of the major reaction patterns in response to various exogenous agents such as drugs, viruses and contact allergens. Before labeling patients as having “idiopathic LP”, an in-depth search should be undertaken to identify any such inducing factors, because there are no definite criteria (either clinical or histologic) for differentiating drug-induced LP from idiopathic LP. Patients with oral LP lesions in apposition to metallic dental restorations should undergo patch testing with relevant metals (see Ch. 14). These metals include amalgam (mercury), copper and gold. A lichenoid “id” reaction can be seen in children with contact dermatitis to nickel (e.g. in metal snaps in pants).


Other inflammatory conditions that are in the clinical differential diagnosis include lupus erythematosus (LE), lichen nitidus, lichen striatus, lichen sclerosus, pityriasis rosea, erythema dyschromicum perstans (ashy dermatosis), psoriasis, annular lichenoid eruption, lichenoid GVHD, and secondary syphilis. Patients with paraneoplastic pemphigus can have clinical features of a mucocutaneous lichenoid eruption (see Ch. 29).


The disease that is most difficult to differentiate from LP is LE, particularly in patients with oral or scalp lesions alone. In these patients, the diagnosis of LE may only be made after additional biopsies are performed or other signs of LE appear. DIF studies are helpful; granular or homogeneous bands of immunoglobulin in the basement membrane zone have been demonstrated in lesional and non-lesional mucosa in systemic LE (100% and 71%, respectively) and in lesional mucosa in chronic cutaneous (discoid) LE (73%), but only rarely in LP (4%)26. The situation becomes even more complicated when there is a flare of disease in a patient with cutaneous LE who is receiving an antimalarial drug, one of the more common causes of a lichenoid drug eruption (see Table 11.2).


When LP affects the mucosal surface of the vulva, the lesions may be difficult to differentiate clinically or histologically from other inflammatory diseases, especially lichen sclerosus. While LP typically involves the inner aspects of the labia minora and consists of a glazed erythema that may easily bleed on touching, lichen sclerosus is typically observed on the outer aspects of the labia minora, and the vagina and oral mucosa are usually not involved. This mucosal vulvar variant of LP affects adult women and has not been reported before puberty, while lichen sclerosus is frequently seen in children.









Treatment


It is difficult to evaluate the efficacy of different forms of therapy in LP, because the majority of reports regarding its treatment consist of small series of patients or anecdotes (Table 11.5). In addition, spontaneous remission of cutaneous and oral LP can occur after varying amounts of time. For example, spontaneous remission of cutaneous LP has been observed in up to two-thirds of patients after 1 year, whereas the reported mean duration of oral LP is about 5 years and the erosive form rarely spontaneously resolves22.


Table 11.5 Therapeutic ladder for lichen planus. Systemic treatments are usually reserved for more severe disease. Key to evidence-based support: (1) prospective controlled trial; (2) retrospective study or large case series; (3) small case series or individual case reports.






	THERAPEUTIC LADDER FOR LICHEN PLANUS [image: image]






	



Topical corticosteroids (2)


Superpotent topical corticosteroids (oral LP (1); cutaneous LP (2))


Topical calcineurin inhibitors (e.g. pimecrolimus and tacrolimus in oral LP (1); tacrolimus in vulvar (2) and other forms (3) of LP)


Intralesional corticosteroids (2)


Intramuscular triamcinolone acetonide [0.5–1 mg/kg/month × 3–6 months] (3)


Narrowband UVB (2)


Oral metronidazole* [500 mg po bid] (2)


Antimalarials* (2)


Systemic retinoids* (1 for etretinate; 3 for alitretinoin)


Griseofulvin* (2)


PUVA (2)


UVA1 (2)


308-nm excimer laser for oral LP (2)


Systemic corticosteroids† (1)


Low-dose weekly methotrexate (2)


Mycophenolate mofetil (2)


Thalidomide (2)


Cyclosporine (3)


Sulfasalazine* (1 for cutaneous LP)


Extracorporeal photochemotherapy (2)


Targeted immunomodulators (TNF-α inhibitors, alefacept, basiliximab) (3)













* Implicated in lichenoid drug eruptions.


† Often a first-line therapy for severe, acute cutaneous LP.


In all instances, the possibility that LP is drug-induced should be considered before embarking on therapy. The diagnosis of lichenoid drug eruption is confirmed by withdrawal of the suspected drug followed by disappearance of the lesions and their recurrence upon re-exposure to the drug. However, rechallenge is often not performed. There are reports of patch testing and in vitro tests that involve incubation with the offending drug (e.g. lymphocyte stimulation and macrophage migration inhibition tests12) being used to identify the causative drugs, but they remain of limited value in confirming the diagnosis.


The next step is to determine which drug – or drugs, if multiple drugs are prescribed – should be withdrawn. The degree of difficulty depends upon the ability to substitute an unrelated but equally effective drug. Lastly, both the patient and the physician who prescribed the medication must be advised that withdrawal of the causative drug may not lead to quick resolution of the skin eruption and that therapies utilized for idiopathic LP may be required (see below).


Well-described therapies for LP include topical, intralesional and systemic corticosteroids, systemic retinoids, narrowband UVB, PUVA, topical calcineurin inhibitors, antimalarials and, for severe or treatment-resistant cases, oral immunosuppressive agents. In mild cases, symptomatic treatment includes topical corticosteroids and oral antihistamines for reducing pruritus. Topical corticosteroids are particularly popular for children. Hypertrophic LP lesions may benefit from intralesional corticosteroids or topical corticosteroids under occlusion. Vulvovaginal LP is best treated with topical superpotent (class I) corticosteroids and calcineurin inhibitors (see Table 11.5)27, but if they fail, oral immunosuppressive drugs (e.g. methotrexate, mycophenolate mofetil) and/or low-dose oral prednisone may be required. Of note, despite their worldwide use as a mainstay of therapy, the efficacy of topical corticosteroids in cutaneous LP has not been systematically evaluated. Inhaled forms of corticosteroids are sometimes used for oral LP.


In several studies, tacrolimus 0.1% ointment was found to be effective in reducing the symptoms of oral LP unresponsive to more conventional therapies, including erosive disease. Most patients experienced symptomatic improvement in less than 1 month following twice-daily application. However, in one study, the median relapse time was 5 weeks (range, 2 to 20 weeks), and patients often require intermittent therapy to prevent subsequent flares28. Symptoms of burning did resolve with continued use of the ointment. To date, serious adverse effects from long-term use (>1 year) have not been reported. However, given the FDA warning regarding topical calcineurin inhibitors and a possible increased risk of cutaneous carcinomas plus the increased risk of developing squamous cell carcinoma in the setting of erosive oral and vulvar LP, continued safety monitoring is recommended.


In a recent small case series, topical rapamycin (sirolimus) resulted in a complete (4/6 patients) or partial (2/6 patients) remission by 3 months in individuals with refractory erosive oral LP. The proposed mechanism of action of rapamycin is an increase in the number of Treg cells, leading to decreased activation of T cells and B cells.






Systemic therapies


In severe, acute cases, systemic corticosteroids remain a commonly employed intervention. Although different dosage regimens have been proposed, the minimal effective daily dose of prednisone for treating LP is usually 15 to 20 mg1; treatment is continued for 2–6 weeks and then gradually tapered over several weeks. Rebound and relapses may occur, but long-term maintenance therapy with systemic corticosteroids should be avoided. One study demonstrated that the median time to clearing was 18 weeks in the corticosteroid-treated group and 29 weeks in the placebo group29.


Acitretin is the only systemic retinoid that has a relatively good level of evidence regarding its efficacy in the treatment of cutaneous LP. A therapeutic regimen consisting of acitretin 30 mg/day for 8 weeks resulted in significant improvement or remission in 64% of those in the treatment group, compared with 13% in the placebo group. Retinoids tend to be used for recalcitrant cases, and, therefore, relapses may occur after discontinuation of the drug; as a result, long-term maintenance therapy may be required. The authors have successfully used etretinate (50 mg/day) to treat patients with the acute, exanthematous form of LP.


Long-term (3 to 6 months) administration of griseofulvin was shown to result in complete improvement in 86% of patients with LP1; however, the methods used in this study were not described in complete detail, so definitive conclusions cannot be made. In particular, oral erosive lesions have been reported to respond favorably to this drug. As a result, griseofulvin is often tried in such patients. A complete response or significant improvement (79%) of generalized LP (mean duration of disease, 3.5 months) was observed with metronidazole, 500 mg twice daily for 20 to 60 days30. More recently, in a retrospective study, hydroxychloroquine (200 mg twice daily) was shown to improve both lichen planopilaris and frontal fibrosing alopecia31. Oral sulfasalazine administered in increasing doses from 1.5 to 3 g/day for at least 4 weeks was reported to be effective for cutaneous LP but not for mucosal LP. Recently, a randomized, double-blind, placebo-controlled trial utilizing a maximum of 2.5 gm/day of sulfasalazine found cutaneous improvement (>50%) in 82.6% vs 9.6% of patients at six weeks31a.


Based upon a case series, weekly low-dose methotrexate was noted to improve oral LP32. Efficacy of methotrexate for generalized LP has also been described. A complete response was achieved in 10 of 11 patients within 1 month and the medication was well tolerated without adverse effects.


Based on a small case series, oral cyclosporine was reported as useful in inducing a remission in severe cases of LP resistant to retinoids and systemic corticosteroid therapy33. Complete responses have been observed with doses of cyclosporine ranging from 1 to 6 mg/kg/day. The majority of patients have not experienced a relapse during follow-up periods of several months, but a rebound in disease activity can occur upon discontinuation of cyclosporine. Similar successful results were described in lichen planopilaris; alleviation of symptoms, resolution of clinical activity, and halting the progression of hair loss was achieved within 3 to 5 months34. However, long-term use of cyclosporine can be associated with renal toxicity, hypertension and an increased risk of developing cutaneous squamous cell carcinomas (see Ch. 130).


Mycophenolate mofetil, an immunosuppressive agent which specifically and reversibly inhibits the proliferation of activated T cells, was reported to be effective in the management of disseminated, erosive, hypertrophic and bullous variants of LP as well as lichen planopilaris35. It may be preferable to other immunosuppressive drugs such as cyclosporine because of its safer side-effect profile. Thalidomide has also been reported to be an effective therapy.


Newer TNF-α inhibitors (see Ch. 128) as well as T-cell-modulating biologic therapies (e.g. alefacept) have been used in scattered patients with severe recalcitrant LP. For example, basiliximab, a chimeric antibody directed against the IL-2 receptor, reportedly improved severe erosive oral LP. Another observation was a more rapid response to alefacept in two patients with LP as compared to those with psoriasis, perhaps suggesting a more direct role for CD4+ T cells. Specific recommendations await larger clinical trials.









Phototherapy


In patients with resistant longstanding LP, significant improvement has been observed after bath or systemic PUVA. However, the risk of promoting carcinogenesis, especially in patients with skin types I and II, has to be balanced against the benefits. The usefulness of PUVA has prompted evaluation of extracorporeal photopheresis (ECP) for recalcitrant LP. One case series demonstrated that erosive oral LP cleared in all seven patients after an average of 24 sessions of ECP (two consecutive days per month) and follow-up at 24 months revealed no recurrences36.


UVA1 has been shown to be effective in the treatment of therapy-resistant LP, including disease exacerbated during PUVA therapy. The use of narrowband UVB (peak emission 311 nm) for recalcitrant LP has also been reported. In an open prospective trial in 10 patients with recalcitrant LP, complete clearance occurred after 30 exposures (mean cumulative dose, 17.7 J/cm2) in five patients, while partial responses were observed (without any recurrences for 6 months) in the remainder. The excimer laser (308 nm) was used to treat oral LP unresponsive to conventional therapies and was reported to produce excellent results37. Remission times ranged from 2 to 17 months. Of note, the only poor responder in the study had chronic active HCV infection.















Lichen striatus








Synonyms


[image: image] Linear lichenoid dermatosis [image: image] Blaschko linear acquired inflammatory skin eruption (BLAISE)








Key features







[image: image] An asymptomatic, linear dermatosis that primarily affects children


[image: image] The primary lesion is a small, flat-topped papule that ranges in color from pink to skin-colored to tan (hypopigmented)


[image: image] Multiple lesions appear over the course of days to weeks along the lines of Blaschko and usually on an extremity


[image: image] Spontaneously resolves over months to a few years


[image: image] Digital involvement may result in nail dystrophy












Introduction


Lichen striatus is an asymptomatic, uncommon, self-limited, linear dermatosis of unknown etiology that generally affects children. The diagnosis is usually made clinically based upon the appearance of the primary lesions and the distinctive developmental pattern. Its distribution along Blaschko’s lines plus the age of the patient usually narrows the differential diagnosis rather quickly. Occasionally, there is overlap with linear LP and “blaschkitis” (see Ch. 62).









History


In 1898, Balzer and Mercier first described a peculiar linear papular eruption that they termed “lichenoid trophoneurosis”. Forty years later, Senear and Caro proposed the name “lichen striatus”. Ever since the condition was first described, the pathogenesis of its linearity has been the subject of debate. Brocq proposed that it represented a locus minoris resistentiae, but we now know that it is a manifestation of mosaicism (see Ch. 62).









Epidemiology


Lichen striatus is seen primarily in children between the ages of 4 months and 15 years, although the disorder occasionally occurs in adults; the median age of onset is 2 to 3 years and the vast majority of cases occur in preschool-age children38. The reported female : male ratio has varied from 1.6 : 139 to 2 : 138.









Pathogenesis


Although the distribution of lichen striatus along Blaschko’s lines points to somatic mosaicism (see Ch. 62), neither the gene(s) involved nor the triggering factors are known. Environmental agents, particularly viruses, have been implicated, given the predominance of the disorder in young children and its seasonal variation (it appears more commonly during spring and summer). However, to date, a viral association has not been proven via serologic testing or cultures.


In theory, during early fetal development, aberrant clone(s) of epidermal cells produced by somatic mutation migrate out along the lines of Blaschko. Exposure to an infectious agent (e.g. virus, BCG vaccine) or other precipitant could then break previous tolerance to the aberrant clone by inducing a novel membrane antigen. The presence of CD8+ T cells scattered or in clusters around necrotic keratinocytes supports a cell-mediated immunologic reaction by which cytotoxic T cells would attack and eliminate the mutated or virally modified keratinocyte clones. A similar mechanism has been proposed for linear LP, and a post-transplant loss of tolerance could explain linear GVHD.


Lichen striatus may represent a manifestation of an atopic diathesis with the abnormal immune responses usually associated with atopy being a predisposing factor. The timing and relative infrequency of lichen striatus suggests that an infectious agent acts as a trigger in genetically predisposed individuals. Lastly, there are scattered reports of lichen striatus occurring at sites of injury (e.g. the periphery of a burn scar39) rather than along Blaschko’s lines, but this could also be explained by a break in tolerance.









Clinical Features


Lichen striatus is typically asymptomatic, but intense pruritus can occasionally occur. The eruption consists of a continuous or interrupted band composed of discrete or clustered pink, skin-colored or tan (hypopigmented) papules that are flat-topped, smooth or scaly, and range in diameter from 2 to 4 mm. Infrequently, vesicles may be present. Typically, there is a single, unilateral streak on an extremity along Blaschko’s lines (Fig. 11.19); occasionally, there is a bilateral distribution pattern and/or multiple parallel bands. It is uncommon for lichen striatus to involve the trunk or head and neck region. There are reports of the eruption speading distally from the trunk down an extremity, as well as observations of proximal extension along an extremity40. Although lichen striatus does not usually recur, relapses may occasionally occur, either in the same site or on the same side of the body38.





[image: image]

[image: image]

Fig. 11.19 Lichen striatus.


A Linear array of pink flat-topped papules on the hand in association with dystrophy (splitting, fraying) of R2 (lateral) and R3 (medial) nails. B Single streak on the lower extremity composed of multiple pink flat-topped papules. The primary differential diagnosis would be blaschkitis and linear LP.




The eruption usually appears suddenly, develops fully over days to weeks, and after several months to a year or more, undergoes spontaneous resolution, leaving postinflammatory hypopigmentation, particularly in those with more darkly pigmented skin. In the latter individuals, the eruption is often first noticed as linear hypopigmentation. When lesions involve the nail apparatus, onycholysis, splitting, fraying and total nail loss may result (see Fig. 11.19A).









Pathology


The histologic features of lichen striatus are variable and depend upon the age of the lesion at the time the biopsy is performed. In addition, different areas within the same streak can have different findings. In general, there is a lichenoid tissue reaction in addition to varying degrees of involvement of the hair follicles and sweat glands and ducts. Even though the lichenoid inflammation that may be present around hair follicles is indistinguishable from that seen in lichen planopilaris, sweat gland and hair follicle involvement can still be a helpful diagnostic feature of lichen striatus39.


The alterations within the epidermis are secondary and include intercellular and intracellular edema, exocytosis, parakeratosis, dyskeratosis, and focal or diffuse lysis of the basal layer in areas where the lichenoid infiltrate invades the epidermis. Dyskeratotic keratinocytes may be found in the granular and horny layers (similar to the corps ronds in Darier disease) and at the dermal–epidermal junction in up to half of the cases. Older lesions may have features similar to those seen in LP or lichen nitidus. By immunohistochemistry, CD3+ T-cell infiltrates were noted in which CD8+ T cells surrounded necrotic keratinocytes and infiltrated vesicles filled with Langerhans cells. Depending upon the age of the lesions, Langerhans cells were either decreased (earlier lesions due to the attack by CD8+ T cells) or increased (later phase due to an influx of precursor cells).









Differential Diagnosis


Although the differential diagnosis includes other inflammatory diseases that can assume a linear pattern, such as linear porokeratosis, linear psoriasis, inflammatory linear verrucous epidermal nevus, and linear Darier disease, the primary differential diagnosis is linear LP, blaschkitis and linear GVHD. The latter occurs in a specific clinical setting, while blaschkitis favors the trunk, is usually seen in adults, often consists of multiple streaks, and can have features of dermatitis. Although linear LP and lichen striatus can occasionally be indistinguishable histologically, the primary lesions usually differ in size and color, and hypopigmentation is a frequent sequela of lichen striatus, while, in general, hyperpigmentation appears in the wake of LP. Lichen striatus is also characterized by minimal, if any, pruritus, as well as spontaneous resolution within a short period of time. In lichen nitidus, linear lesions reflect previous traumatic injury to the skin.









Treatment


Treatment of lichen striatus is usually not needed, except for the unusual case in which there is significant pruritus. Topical corticosteroids under occlusion have successfully been used to hasten spontaneous resolution. In scattered case reports, topical calcineurin inhibitors have also been reported to be effective, including for the nail dystrophy. Obviously, with any purported therapy, the natural history of lichen striatus must be kept in mind.












Lichen nitidus








Key features







[image: image] The eruption consists of multiple, tiny, discrete, shiny papules, often in clusters


[image: image] Favored sites of involvement include the flexor aspects of the upper extremities, the genitalia and the anterior trunk


[image: image] Linear arrays of papules occur secondary to the Koebner phenomenon


[image: image] The histologic correlate of the papule is a well-circumscribed infiltrate composed of lymphocytes and epithelioid cells confined to the width of two to three dermal papillae












Introduction


Lichen nitidus is an uncommon chronic eruption consisting of multiple, tiny, discrete, skin-colored papules that are often arranged in larger clusters. The papules have a distinctive histology with a dense, well-circumscribed, lymphohistiocytic infiltrate closely apposed to the epidermis. There has been considerable debate, however, as to whether lichen nitidus represents a distinct and separate entity or should be regarded as an unusual variant of LP; their coexistence has certainly been reported and progression from lichen nitidus to LP has also been observed. It is generally accepted that lichen nitidus has no relationship to any systemic illness; only a few authors believe that it may be a cutaneous manifestation of Crohn’s disease41.









History


In 1901, Pinkus first described a peculiar papular eruption he termed “lichen nitidus” and suggested that it was a distinct entity histologically. Based upon the presence of epithelioid cells within the well-circumscribed inflammatory infiltrate, early authors believed that lichen nitidus was of tuberculous origin.









Epidemiology


Reliable epidemiologic data are difficult to accumulate because of the relative rarity of lichen nitidus. In a US study of 43 patients, primarily Caucasians and African-Americans, the disorder was not found to be restricted to any specific population group based on race, sex or age42. Other authors have reported that lichen nitidus is more prevalent among children or young adults, and a female predominance has been described in the generalized variant. It has also been reported in patients with Down syndrome.









Pathogenesis


Although much attention has been focused on the relationship of lichen nitidus to LP, there has been limited recent study of its pathogenesis. Lichen nitidus was initially thought to represent a tuberculous lesion or tuberculid because of its histologic features. However, no causative (infectious) agents have ever been demonstrated, even by repeated inoculations of tissue into animals.


Even though LP and lichen nitidus can coexist in the same patient and they share some similar clinical features (Table 11.6), most authors believe that lichen nitidus is a separate entity because of its distinctive clinical and histologic features. The possibility exists that the two conditions represent different responses to a similar triggering factor (e.g. hepatitis B vaccine). For example, Kano et al.41 described a patient who had Crohn’s disease in whom LP and lichen nitidus developed over different time frames. However, in view of the distinct differences in the composition of the respective cellular infiltrates, immunologic mechanisms responsible for the development of lichen nitidus are likely different from those in LP.


Table 11.6 Comparison of clinical and histologic features of lichen nitidus versus lichen planus.






	COMPARISON OF CLINICAL AND HISTOLOGIC FEATURES OF LICHEN NITIDUS VERSUS LICHEN PLANUS






	 

	Lichen nitidus

	Lichen planus






	Clinical






	Size

	Pinhead

	Pinhead to larger plaques






	Color

	Skin-colored

	Violaceous






	Number

	Multiple to numerous

	Multiple






	Distribution

	Upper extremities (flexor aspects), genitalia, chest, abdomen

	Wrists, flexor forearms, presacral, dorsal aspect of hands, anterior lower legs, genitalia






	Oral involvement

	Rare*


	Common (>50%)






	Nail involvement

	<5–10%

	∼10%






	Wickham’s striae

	Absent

	Common






	Hyperpigmentation

	Uncommon

	Common






	Hypopigmentation

	Common†


	Unusual






	Koebner phenomenon

	Common

	Common






	Pruritus

	Sometimes

	Common






	Histologic






	Parakeratotic cap

	Common

	Rare






	Granular layer

	Thin to absent

	Focally increased






	Dermal infiltrate

	Lymphocytes, epithelioid cells and occasional Langhans giant cells; usually confined to width of 2–3 dermal papillae; “ball and claw” configuration due to hyperplastic rete ridges

	Band-like infiltrate of lymphocytes






	Transepidermal elimination

	Unusual

	Rare






	Deposits of immunoreactants

	Absent

	Globular deposits of IgG, IgA, IgM and/or C3 in lower levels of the epidermis







* May be underestimated.


† Especially in darkly pigmented individuals.









Clinical Features


Lichen nitidus is characterized by numerous tiny, discrete, skin-colored, uniform, pinhead-sized papules (Fig. 11.20A) that occasionally exhibit a central depression. Individual papules are usually flat with a shiny surface (Fig. 11.20B). Pruritus can occur, but it is an uncommon feature. Although most often skin-colored, the papules may exhibit a variety of hues, from pink or yellow to red–blue or brown. In darkly pigmented individuals, the papules tend to be hypopigmented, but sometimes they are hyperpigmented; marked hyperpigmentation has rarely been reported.
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Fig. 11.20 Lichen nitidus.


A Numerous tiny flat-topped papules on the hand. B A close-up view shows the shiny surface.




The lesions are usually distributed on the flexor aspects of the upper extremities as well as the genitalia, chest, abdomen and dorsal aspects of the hands. Less commonly, the face, neck, lower extremities, palms, soles and mucous membranes are involved. Oral lesions are thought to be rare but are probably underestimated; they appear as minute, flat, gray–white papules on the soft mucosa or white plaques on the tongue and hard palate. Nail involvement is observed up to 10% of patients (primarily adults) and the changes include pitting, rippling, longitudinal ridging, terminal splitting, and increased longitudinal linear striations. Occasionally, the typical papules of lichen nitidus are seen in the periungual region.


Lichen nitidus is one of several diseases that exhibit the Koebner phenomenon. The latter is especially prevalent in patients with generalized disease. Vesicular and hemorrhagic lesions are found in some patients, and they are often admixed with the more typical papules. Several other variants have been described, including palmoplantar, linear and follicular spines. A perforating variant has also been reported, usually in association with LP. While grouped papules tend to remain distinct, they may coalesce into plaques (especially in the generalized type), and when this occurs on the elbows and knees, it can have a psoriasiform appearance. According to one study, the duration in two-thirds of the patients was 1 year or less and the longest duration was 8 years42. It is generally accepted that lichen nitidus is not associated with any systemic diseases or abnormal laboratory findings.









Pathology


The constellation of histologic features in lichen nitidus is very distinctive. As a result, the clinical diagnosis can be confirmed histologically. A well-circumscribed infiltrate composed of lymphocytes, epithelioid cells and occasional Langhans giant cells is typically “clutched” by the surrounding hyperplastic rete ridges in a “ball and claw” configuration (Fig. 11.21). In most lesions, the infiltrate is confined to the width of two to three dermal papillae.





[image: image]

Fig. 11.21 Histopathologic features of lichen nitidus.


Note the typical “ball and claw” configuration for the infiltrate and epidermis, respectively. Several Langhans giant cells are within the infiltrate.




The overlying epidermis is usually atrophic and frequently exhibits a parakeratotic “cap” centrally. Absence or thinning of the overlying granular layer is seen and liquefactive degeneration of the basal layer is consistently observed, often accompanied by incontinence of melanin pigment. Civatte bodies are occasionally seen. A Max-Joseph-like space, i.e. focal separation of the epidermis and dermis secondary to liquefactive degeneration, is sometimes observed. The lichenoid infiltrate closely apposes the epidermis and is thought to play a role in inducing reactive epidermal proliferation of the surrounding rete ridges and atrophy of the overlying epidermis. In perforating lichen nitidus, transepidermal elimination is observed (see Ch. 96).


The predominant cell types in the dermal infiltrate are lymphocytes and epithelioid cells, and in some cases, epithelioid cells predominate. Immunohistochemical studies have shown a marked predominance of CD4+ T cells over CD8+ T cells43, as well as the presence of large numbers of CD1+ Langerhans cells in the dermal infiltrates. Of note, the pattern in lichen nitidus lesions of a mixed cellular infiltrate characterized by macrophages and a helper T-cell response with few cutaneous lymphocyte antigen-positive (CLA+) cells is different from that seen in LP44.









Differential Diagnosis


The differential diagnosis includes LP, lichen striatus, guttate lichen sclerosus, lichen spinulosus, lichen scrofulosorum, verruca plana, papular sarcoidosis, the lichenoid variant of secondary syphilis, frictional lichenoid dermatitis (elbows and knees), and papular eczema (especially in skin types V and VI). All of these diagnoses (except LP and perhaps lichen scrofulosorum) can usually be excluded relatively easily on the basis of clinical plus histologic findings. It is not always possible to differentiate early tiny papules of LP because they may be clinically and histologically indistinguishable from lichen nitidus (see Table 11.6). Furthermore, lesions identical to lichen nitidus can be found in 25% to 30% of patients with LP. In such cases, the lack of variation in size, the absence of a violaceous color or Wickham’s striae, and no deposits of immunoglobulin in dermal papillae would suggest the diagnosis of lichen nitidus.


Periappendageal inflammation is more typical of lichen striatus, but patients with the latter have been described where both periappendageal inflammation and superficial features of lichen nitidus were present, suggesting a morphologic spectrum. Lichen spinulosus is characterized by follicular keratotic papules, 1–3 mm in size with a central horny spine, that are grouped into patches on the neck, buttocks, abdomen and upper limbs. The possibility of the spinous follicular variant of lichen nitidus should be kept in mind when a patient presents with spiny keratotic papules plus typical histologic features of lichen nitidus. Lastly, lichen nitidus-like lesions can be seen in a photodistribution in summertime actinic lichenoid eruption, also referred to as actinic lichen nitidus (see below).









Treatment


Since the majority of patients experience spontaneous clearing within one or several years, treatment is primarily symptomatic. When significant pruritus is present, topical corticosteroids and oral antihistamines may be helpful. Anecdotally, topical calcineurin inhibitors have been reported as an effective therapy in children with lichen nitidus. Generalized lichen nitidus that had failed to respond to topical corticosteroids has been successfully treated with either narrowband UVB or photochemotherapy (PUVA)45. In case reports, resolution of lichen nitidus has also been described with oral etretinate and oral itraconazole. Nevertheless, the anecdotal nature of these reports makes it difficult to evaluate their true effectiveness and the risk-to-benefit ratio must always be kept in mind. One patient with peripheral CD4+ T-cell lymphocytopenia and lichen nitidus who was treated with topical dinitrochlorobenzene (DNCB) developed a pruritic erythematous eruption followed by resolution of the lesions of lichen nitidus46.












Erythema dyschromicum perstans








Synonyms


[image: image] Ashy dermatosis [image: image] Ashy dermatitis








Key features







[image: image] Slowly progressive appearance of gray, gray–blue or gray–brown, oval-shaped macules and patches


[image: image] Occasionally, there is a peripheral rim of erythema


[image: image] As in pityriasis rosea, the long axis of oval lesions can follow skin cleavage lines


[image: image] Seen most commonly in Latin American patients with skin types III and IV


[image: image] Histologic examination demonstrates multiple dermal melanophages












Introduction


This entity was first described in 1957 by Ramírez as an asymptomatic, slowly progressive, ashy-colored, macular hyperpigmentation and was referred to as “dermatitis cenicienta”. The disorder was subsequently renamed erythema dyschromicum perstans (EDP) or ashy dermatosis. Some authors consider EDP to be a variant of LP because of the overlapping clinical and histologic features (see LP pigmentosus). However, flat-topped violaceous papules and plaques are not seen in patients with EDP, and in this textbook, they are viewed as separate entities.









History


In 1957, Ramírez referred to these patients as los cenicientos (the ash-colored ones) and named the condition “dermatitis cenicienta”. Subsequently, five patients from Venezuela were reported who were believed to be similar to those described by Ramírez. These authors suggested calling the disorder “erythema chronicum figuratum melanodermicum” because they considered it to be a new variant of erythema perstans. Sulzberger then proposed a less cumbersome and more descriptive term, “erythema dyschromicum perstans”.









Epidemiology


Although it has been observed that EDP occurs most often in more darkly pigmented Latin Americans, there have been occasional reports in Asians and Caucasians. The disorder clearly favors individuals with skin types III and IV. In general, no gender predilection exists, although a few authors reported that women were more commonly affected than men. While the age of onset is variable, EDP frequently appears during the first to third decade of life.









Pathogenesis


In 1973, Pinkus47 speculated that an as-yet-unidentified set of pollutants in our environment, either contactants or inhaled or ingested substances, may be the cause of EDP in certain predisposed individuals. Indeed, there have been sporadic case reports of temporal associations with the ingestion of ammonium nitrate, whipworm infestation, and HIV seroconversions; in one patient, characteristic lesions occurred suddenly after a radiographic study using orally administered contrast medium (barium sulfate). However, to date, a rigorous epidemiologic study examining potential triggers has not been performed. Lastly, the possibility has been raised that some patients with multiple fixed drug eruptions or lichenoid drug eruptions are misdiagnosed as having EDP48, emphasizing the need to carefully review all medications, including over-the-counter drugs and herbal remedies.









Clinical Features


Most patients present with a slow progression of gray, gray–brown or gray–blue macules and patches (Fig. 11.22). The presence of an erythematous, peripheral margin measuring 1–2 mm in width is actually uncommon. When present, these borders eventually disappear after several months. Most lesions measure between 0.5 and 2.5 cm but can be larger. Although the lesions may vary in shape, many are oval with their long axes following skin cleavage lines, thus assuming a pattern similar to that of pityriasis rosea.





[image: image]

Fig. 11.22 Erythema dyschromicum perstans.


Numerous, oval to polygonal, gray–brown macules on the extremities.


Courtesy, Wake Forest University.





The macules may slowly enlarge or multiply to involve large areas of the body. The most common sites of involvement are the neck, trunk and proximal arms, and the distribution is usually symmetric. Occasionally, asymmetric lesions, usually located on the face and neck, have been observed, as well as lesions along the lines of Blaschko. Characteristically, there is sparing of the palms, soles, scalp, nails and mucous membranes. Although spontaneous clearing can occur, especially in prepubertal children (~70% within 2–3 years), the lesions usually persist for years in adults.









Pathology


The histologic findings vary depending on the phase in the life of the lesion. In the border of active lesions, vacuolization of the basal layer, occasional colloid bodies and a lichenoid lymphocytic infiltrate of a varying degree are typically seen. These histologic findings may be seen even in the perilesional normal-appearing skin, suggesting that the pathologic processes have already begun in these areas. In inactive ashy-colored lesions, a considerable amount of pigment incontinence with variable epidermal change, including atrophy and effacement of the normal pattern of rete ridges, is seen. Again, these findings in the active and late inactive lesions are quite similar to those of the different stages of fixed drug eruptions.


DIF microscopy studies of the active border have demonstrated IgM, IgG, fibrinogen and C3 staining of colloid bodies, as in LP. However, positive staining for fibrinogen at the dermal–epidermal junction is often the only finding in immunofluorescence studies of EDP. Immunopathologic studies have shown the dermal infiltrate (when present) to be composed of CD4+ and CD8+ T cells, a common pattern in LP.









Differential Diagnosis


The clinical differential diagnosis includes primarily generalized fixed drug eruption and postinflammatory hyperpigmentation secondary to a lichenoid drug eruption, pityriasis rosea, small plaque parapsoriasis, LP or erythema multiforme. Although the lesions of pityriasis rosea are often oval, the resultant hyperpigmentation is predominantly epidermal, not dermal. Histologically, in fixed drug eruptions, there is incontinence of pigment, but clinically the shape of the lesions is usually more circular and the color more brown. Less common entities in the differential diagnosis are macular urticaria pigmentosa, pinta and leprosy. There is a lack of consensus as to whether idiopathic eruptive macular pigmentation is a variant of EDP seen more commonly in children or a distinct entity. Distinguishing EDP from a lichenoid drug eruption can prove quite difficult and a search for incriminating drugs is essential.









Treatment


In general, proposed treatments for EDP are unsuccessful; they include sun protection, topical corticosteroids, retinoids and vitamin C, chemical peels, oral antibiotics, vitamin A, dapsone, antimalarials, griseofulvin and corticosteroids. On the basis of a case series, clofazimine was reported as a successful treatment. Spontaneous remission can occur, but unfortunately many patients have the disease for years.












Keratosis lichenoides chronica


This entity was first described in 1895 by Kaposi. He used the term “lichen ruber acuminatus verrucosus et reticularis” to describe a patient with a linear, warty lichenoid eruption. Since his original description, patients with similar lesions have been reported, but with a confusing nomenclature which includes lichen verrucosus et reticularis, porokeratosis striata lichenoides, keratosis lichenoides chronica, lichenoid trikeratosis and Nékam’s disease49. Over time, keratosis lichenoides chronica has become the most consistently used name for this disorder.


Keratosis lichenoides chronica is characterized by violaceous, keratotic lichenoid papules that are arranged in a characteristic linear and reticulated pattern (Fig. 11.23A). Lesions are usually symmetrically distributed on the limbs (Fig. 11.23B) and the trunk49. Another prominent feature is a greasy and scaly eruption involving the upper portion of the face which has been described as a seborrheic dermatitis-like mediofacial eruption or psoriasiform scaling plaques (Fig. 11.23C). Keratotic papules are sometimes present on the palms and soles, and the nails and scalp may also be affected. Although the clinical course of keratosis lichenoides chronica is usually chronic and progressive, occasionally, regression of individual lesions during the summer or with aging has been reported.
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Fig. 11.23 Keratosis lichenoides chronica.


A Linear and stellate keratotic plaques. B Symmetrical distribution of linear and reticulated keratotic plaques admixed with small, violaceous lichenoid papules. C Crusted psoriasiform scaling plaques on the face.


B, Courtesy, Kathyrn Schwarzenberger, MD; C, Courtesy, Jiro Arata, MD.





The histologic features of keratosis lichenoides chronica are very similar to those seen in LP. Furthermore, there are no significant differences in immunofluorescence or immunopathologic findings between keratosis lichenoides chronica and idiopathic LP, suggesting that it may be an unusual variant of LP or an unusual isomorphic response. Treatment should be symptomatic and it is usually unsatisfactory; topical and systemic corticosteroids, methotrexate, cyclosporine, etretinate, oral vitamin A and PUVA have all been tried but with little success, although a beneficial effect from UVB or etretinate plus PUVA has been reported.









Actinic lichen nitidus (summertime actinic lichenoid eruption)


Summertime actinic lichenoid eruption was first described by Bedi50 in 1978. Since its initial description, the disorder has been reported under a variety of names, including LP subtropicus, LP tropicus, lichenoid melanodermatitis, LP atrophicus annularis and LP actinicus. Of note, the last-mentioned is synonymous with actinic LP and the first three terms have also been used to describe actinic LP, so although many authors have regarded summertime actinic lichenoid eruption as synonymous with actinic LP, Bedi considered it to be a separate entity. The former typically occurs in young adults with skin types IV or V following prolonged exposure to the summer sun and presents with pinhead-sized lichenoid papules that are almost exclusively confined to sun-exposed areas.


Isaacson et al.51 broadened the clinical spectrum of summertime actinic lichenoid eruption to include several types of lichenoid eruptions: annular hyperpigmented plaques, melasma-like patches, grayish-white pinhead-sized papules, and typical LP-like papules/plaques. As a result, their description of the histologic findings varied according to the morphology of the different types of clinical lesions. Hussain52 then proposed that the designation “summertime actinic lichenoid eruption” should be limited to papular eruptions exclusively in sun-exposed areas with lichen nitidus-like histologic features, while the term actinic LP should be used to describe annular lesions with classic histopathologic features of LP. In addition, he suggested abolishing the term summertime actinic lichenoid eruption and replacing it with actinic lichen nitidus or lichen nitidus actinicus. This view has been supported by other authors.









Annular lichenoid dermatitis (of youth)


Annular lichenoid dermatitis of youth was first described in 2003 by Annessi and colleagues53. They observed, in a series of young patients, peculiar annular lesions whose clinical features appeared to overlap with those of inflammatory morphea, mycosis fungoides, inflammatory vitiligo, and figurate erythemas. In the initial reports, the annular lichenoid dermatitis occurred primarily in children and young adults (age range, 5–22 years), with no sexual predilection. However, in a more recently reported series of six patients, four were adult men, ranging in age from 33 to 45 years54.


Patients present with erythematous macules that enlarge into annular patches with a reddish-brown, non-scaling border and central hypopigmentation. The lesions are usually 5 to 15 cm in diameter, involve primarily the groin and flanks, and are either solitary or multiple (range, 2–12 lesions; mean, 3).


Histologically, there is a band-like lymphocytic infiltrate within the papillary dermis, along with vacuolar changes of the epidermal basal layer and epidermotropism of lymphocytes. Although variable in number, apoptotic keratinocytes are localized to the tips of the rete ridges (a notable finding that distinguishes this entity from mycosis fungoides). Neither spongiosis nor changes in the horny and granular layers are observed. The infiltrate is composed primarily of CD4+ T cells or CD8+ T cells, with few B cells and macrophages. A normal number of melanocytes is present in the hypopigmented areas, a finding that is helpful in differentiating annular lichenoid dermatitis from inflammatory vitiligo. The absence of T-cell receptor rearrangements aids in excluding indolent mycosis fungoides54.


The disease follows a chronic course, with some lesions spontaneously resolving while others are quite persistent. Although the pathogenesis remains unknown, it is thought to represent a reaction pattern to antigenic triggers (including hepatitis B vaccine), as is suspected in other lichenoid dermatoses. Topical or systemic corticosteroids and phototherapy have led to marked improvement or complete regression of the lesions.
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 Lichen planus on the dorsal surface of the hand. Wickham’s striae can be easily identified in the upper right lesion. Note the flat-topped nature of the lesions.
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 Hypertrophic lichen planus on the dorsal aspect of the hands.
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 Linear lichen planus. Discrete lesions along the lines of Blaschko on the lower extremity of an adult.







[image: image]

 Spectrum of chronic cutaneous GVHD.


From: Schaffer JV, McNiff JM, Seropian S, et al. Lichen sclerosus and eosinophilic fasciitis as manifestations of chronic graft-versus-host disease: expanding the sclerodermoid spectrum. J Am Acad Dermatol. 2005;53:591-601.
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 Chronic GVHD. A Lacy white pattern on the mucosal surface of the lower lip in the lichenoid form. Note the Beau’s lines of the fingernails reflecting the time of the transplant. B Morpheaform plaque with a healing ulceration on the shoulder in the sclerodermoid form.
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12 Atopic Dermatitis




Thomas Bieber, Caroline Bussmann











Synonym


[image: image] Atopic eczema








Key features







[image: image] Common inflammatory skin condition that typically begins during infancy or early childhood and is often associated with other “atopic” disorders such as asthma and allergic rhinoconjunctivitis


[image: image] Complex genetic disease with environmental influences


[image: image] Characterized by intense pruritus and a chronic or chronically relapsing course


[image: image] Acute inflammation and involvement of the cheeks, scalp and extensor aspects of the extremities predominates in infants, shifting to chronic inflammation with lichenification and a predilection for flexural sites in children and adults


[image: image] A proactive approach to management is recommended, including avoidance of trigger factors, daily use of emollients, and anti-inflammatory therapy to control subclinical inflammation as well as overt flares












Introduction


Atopic dermatitis (AD) is the most common chronic inflammatory skin disease, and its increasing prevalence presents a major public health problem worldwide1. Characteristic features of AD include pruritus and a chronic or chronically relapsing course, usually beginning during infancy (early onset) but occasionally first developing in adulthood (late onset)2. AD is a paradigmatic complex genetic disease and is often accompanied by other atopic disorders such as allergic rhinoconjunctivitis and asthma. These conditions may appear simultaneously or develop in succession. AD has a predilection for infants and young children, while asthma favors older children and pollen allergy predominates in adolescents. This characteristic age-dependent sequence is referred to as the “atopic march”3,4 (Fig. 12.1). Considering that the atopic disease progression starts with AD, management should not be concentrated solely on the treatment of acute flares, but also be directed towards improving the underlying genetically determined epidermal barrier dysfunction and preventing active dermatitis (e.g. via maintenance therapy). Such an approach could potentially block the sensitizations and ongoing inflammation that drive the atopic march forward5.





[image: image]

Fig. 12.1 The atopic march.











History and definitions


Since its description during the nineteenth century, the clinical phenotype of AD has been given multiple different names, including “Besnier’s prurigo” and “disseminated neurodermatitis”. The association of AD with allergic rhinitis and asthma was recognized by Besnier in 1892. The term “atopy” (originating from the Greek word atopos, meaning strange or unusual) was first applied to this triad in the 1920s, including the use of “atopic eczema”. A decade later, Hill and Sulzberger proposed the name “atopic dermatitis”. The list of characteristic features proposed by Hanifin and Rajka6 in 1980 (Table 12.1) helped to establish unity in the clinical concept of AD. In 1994, Williams and co-workers7 simplified Hanifin and Rajka’s criteria to establish the UK Working Party’s Diagnostic Criteria for AD, which were validated for the purpose of clinical studies; these criteria were modified slightly by Williams in 2005 (Table 12.2)2.


Table 12.1 Diagnostic features of atopic dermatitis6.






	DIAGNOSTIC FEATURES OF ATOPIC DERMATITIS






	Major features (3 of 4 present)






	



• Pruritus


• Typical morphology and distribution of skin lesions


• Chronic or chronically relapsing dermatitis


• Personal or family history of atopy












	Minor features (3 of 23 present)






	



• Xerosis


• Ichthyosis/palmar hyperlinearity/keratosis pilaris


• Immediate (type I) skin test reactivity


• Elevated serum IgE


• Early age of onset


• Tendency toward cutaneous infections/impaired cell-mediated immunity


• Tendency toward nonspecific hand or foot dermatitis


• Nipple eczema


• Cheilitis


• Recurrent conjunctivitis


• Dennie–Morgan infraorbital fold


• Keratoconus


• Anterior subcapsular cataract


• Orbital darkening


• Facial pallor/erythema


• Pityriasis alba


• Anterior neck folds


• Pruritus when sweating


• Intolerance to wool and lipid solvents


• Perifollicular accentuation


• Food intolerance


• Course influenced by environmental/emotional factors


• White dermographism/delayed blanch













Table 12.2 Diagnostic guidelines for atopic dermatitis2,7.






	DIAGNOSTIC GUIDELINES FOR ATOPIC DERMATITIS






	



Must have:



• An itchy skin condition (or parental report of scratching or rubbing in a child)



Plus three or more of the following:



• History of involvement of the skin creases such as folds of elbows, behind the knees, fronts of ankles, the neck and around the eyes*




• A personal history of asthma or hayfever (or history of atopic disease in a first-degree relative in children under 4 years of age)



• A history of generally dry skin in the last year



• Visible flexural eczema (or eczema involving the cheeks/forehead and extensor limbs in children under 4 years of age)



• Onset under 2 years of age (not used if child is under 4 years of age)













* Original 1994 guidelines also included the cheeks in young children.


According to the current consensus nomenclature by the World Allergy Organization (WAO)8, the term “atopy” is tightly linked to the presence of allergen-specific IgE antibodies in the serum, as documented by positive fluorescence enzyme immunoassays (previously radioallergosorbent [RAST] tests) or skin prick tests. Thus, an IgE-associated or allergic form of dermatitis corresponds to AD in the strict sense (formerly known as extrinsic AD). The remaining 20–30% of patients with the clinical phenotype of AD who have no evidence of IgE-sensitization are categorized as having a non-IgE-associated or non-allergic form of dermatitis (formerly known as intrinsic AD). However, IgE-associated/allergic “true” AD and non-IgE-associated/non-allergic dermatitis have substantial overlap and cannot be considered as two separate diseases; for example, the latter often represents an early transitional form of IgE-associated AD.









Epidemiology


The current prevalence of AD in most high-income and some low-income countries is approximately 10–30% in children and 2–10% in adults, representing a two- to threefold increase over the past several decades1. In general, the prevalence of AD in rural areas and low-income countries is significantly lower than in their urban and high-income counterparts, illustrating the importance of lifestyle and environment in the pathogenesis of atopic disease. This observation supports the controversial hygiene hypothesis, which postulates that decreased exposure to infectious agents in early childhood increases susceptibility to allergic diseases.


Three subsets of AD based on age of onset have emerged from epidemiologic studies:




• early-onset type: defined as AD beginning in the first 2 years of life. This is the most common type of AD, which develops during the first 6 months of life in 45% of affected individuals, during the first year of life in 60%, and before 5 years of age in 85%. Approximately half of children with disease onset during the first 2 years of life develop allergen-specific IgE antibodies by 2 years of age. About 60% of infants and young children with AD go into remission by 12 years of age, but in others disease activity persists into adolescence and adulthood


• late-onset type: defined as AD that starts after puberty. There are few recent epidemiological studies on AD with onset in adulthood. Approximately 30% of AD patients overall are in the non-IgE-associated category, and among adults, the vast majority of such patients are women


• senile-onset type: an unusual subset of AD that begins after 60 years of age has been identified more recently9.












Pathogenesis






Genetics


The concordance rate for AD is higher among monozygotic twins (77%) compared to dizygotic twins (15%), supporting the importance of genetic factors in its pathogenesis. Although the entities in the atopic triad cluster together in families, a parental history of AD is a stronger risk factor for the development of AD than either asthma or allergic rhinitis, suggesting the existence of genes specific to AD10. AD is a complex genetic disease, and both gene–gene and gene–environment interactions have pathogenic roles (Fig. 12.2). Two major sets of genes have been implicated in AD: (1) genes encoding epidermal proteins; and (2) genes encoding proteins with immunologic functions that are not specific to the skin. Selected chromosomal loci and candidate genes in these two groups that have been identified to date are listed in Table 12.3. In addition to classic genetic changes, epigenetic alterations may have a role in the development of AD.





[image: image]

Fig. 12.2 Genetic and environmental factors in the development and exacerbation of atopic dermatitis


TLR, Toll-like receptor.


Adapted with permission from ref. 5.





Table 12.3 Selected susceptibility loci and candidate genes for atopic dermatitis10–18. Genome-wide association studies have identified other susceptibility loci, including 3q21, 3p26, 16q, 17q25 and 20p. FCER1A, Fc fragment of IgE high-affinity receptor I alpha polypeptide; LETKI, lymphoepithelial Kazal-type-related inhibitor; RANTES, regulated on activation, normally T-cell expressed and secreted; SNP, single nucleotide polymorphism; SPINK5, serine peptidase inhibitor Kazal type 5.






	SELECTED SUSCEPTIBILITY LOCI AND CANDIDATE GENES FOR ATOPIC DERMATITIS






	Chromosomal location

	Candidate gene(s)

	Defective protein(s)






	Genes encoding epidermal proteins






	1q21 (epidermal differentiation complex)

	FLG

	Filaggrin (loss-of-function variants; see text)






	5q31–q32

	SPINK5

	Serine protease inhibitor LETKI






	11q13.5

	(rs7927894 SNP)

	? (synergistic interaction with FLG null mutations)






	19q13

	KLK7/SCCE

	Kallikrein-related peptidase 7/stratum corneum chymotryptic enzyme






	Genes encoding immunologic proteins






	1q23

	FCER1A

	High-affinity IgE receptor, α chain






	4q32

	TLR2

	Toll-like receptor-2






	4q34

	IRF2

	Interferon regulatory factor 2






	5q31

	IL4

	Interleukin-4






	IL5

	Interleukin-5






	IL12B

	Interleukin-12B






	IL13

	Interleukin-13






	GM-CSF

	Granulocyte–macrophage colony-stimulating factor






	CD14

	Monocyte differentiation antigen CD14






	8p23

	DEFB1

	β-defensin 1






	11q13

	GSTP1

	Glutathione S-transferase P1






	11q22

	IL18

	Interleukin-18






	14q11

	CMA1

	Mast cell chymase






	16p12

	IL4R

	Interleukin-4 receptor, α subunit (gain-of-function polymorphisms)






	17q11

	CCL5/RANTES

	Chemokine (C-C motif) ligand 5/RANTES (gain-of-function polymorphisms in the promoter region)







Mutations in the filaggrin gene (FLG), which encodes a protein that aggregates keratin filaments during terminal differentiation of the epidermis, are responsible for ichthyosis vulgaris (see Table 12.5 and Ch. 57) and represent a major predisposing factor for AD13. A number of studies have shown that the same loss-of-function filaggrin variants that cause ichthyosis vulgaris have a prevalence of 20–50% in European children and adults with AD (compared to ≤10% of the general population)14, and different loss-of-function filaggrin variants have been identified in similar proportions of Asian patients with AD (± ichthyosis vulgaris). With an overall odds ratio of ≥4, these filaggrin variants represent one of the strongest known genetic factors for a complex disease, with penetrances of ~60% for one variant allele and ~90% for two variant alleles. The presence of the filaggrin variants is correlated with early-onset, relatively severe, “extrinsic” (specific IgE-associated) AD that tends to persist into adulthood; affected individuals have an increased risk of eczema herpeticum and peanut allergies as well as a propensity to later develop asthma14,14a. However, in general, there is no correlation between the filaggrin variants and asthma without prior AD, supporting a role for epicutaneous sensitization and inflammation in the skin (related to the disrupted epidermal barrier) in the subsequent development of asthma.









Epidermal Barrier Dysfunction


AD is characterized by dry, scaly skin (xerosis) in lesional and non-lesional areas, which is the consequence of epidermal barrier dysfunction and an altered stratum corneum leading to increased transepidermal water loss19. Factors that contribute to the impaired cutaneous barrier of AD are summarized in Table 12.4.


Table 12.4 Epidermal defects and immunologic mechanisms involved in the pathogenesis of atopic dermatitis (AD). CCL or CXCL, chemokine (C-C or C-X-C motif) ligand; CCR or CXCR, chemokine (C-C or C-X-C motif) receptor; CLA, cutaneous lymphocyte antigen; CTACK, cutaneous T-cell-attracting chemokine; IL, interleukin; Tregs, regulatory T cells.






	EPIDERMAL DEFECTS AND IMMUNOLOGIC MECHANISMS INVOLVED IN THE PATHOGENESIS OF ATOPIC DERMATITIS






	Impairment of the epidermal barrier






	



• Changes in the balance between proteolytic enzymes (e.g. kallikrein-related peptidase 7/stratum corneum chymotryptic enzyme) and their antiprotease counterparts (e.g. the serine protease inhibitor LETKI) lead to a net increase in protease activity that accelerates degradation of corneodesmosomes and lipid-processing enzymes; one result is a failure to generate ceramides15,20


• Deficiency of filaggrin, which normally contributes to the assembly of the cornified envelope and (via its breakdown products) increases the water-binding capacity of the stratum corneum; of note, Th2-type inflammation can decrease the expression of filaggrin21


• Disturbed maturation of lamellar bodies, potentially due to variations in the pH of the stratum corneum as well as alterations in epidermal lipid metabolism


• Other alterations in epidermal differentiation, including changes in cornified envelope proteins (e.g. involucrin, loricrin) and lipid composition


• As a result of the defective epidermal barrier, there is increased penetration of environmental irritants and allergens into the skin, triggering inflammation and sensitization22












	Mechanisms of inflammation in the absence of IgE-mediated sensitization*







	



• Increased epidermal protease activity may initiate an inflammatory cascade16


• Neuropeptides, irritants and scratching can stimulate the release of proinflammatory cytokines by keratinocytes


• T-cell-mediated (but IgE-independent) reactions to epicutaneous (through the disrupted epidermal barrier) allergen exposure, as demonstrated by atopy patch testing23












	Epicutaneous sensitization






	



• Animal models have shown that epicutaneous sensitization can induce both a localized AD-like dermatitis and bronchial hyperreactivity to aerosolized allergens24


• Allergens have increased cutaneous penetration due to the impaired epidermal barrier


• Keratinocytes in AD patients produce high levels of thymic stromal lymphopoietin (TSLP), an IL-7-like cytokine that drives dendritic cells to induce Th2 polarization25


• Pollen-associated prostaglandin-like bioactive lipids and water-soluble mediators also modulate dendritic cell function and promote Th2 polarization26


• Proinflammatory mechanisms may be amplified by increased epidermal protease activity16


• Chronic cutaneous inflammation in AD patients has systemic consequences (e.g. functional changes in circulating monocytes27); the skin may therefore represent the “point of entry” for atopic sensitization and deliver systemic signals promoting sensitization upon allergen exposure in the lungs or gut












	Role of dendritic cells (DCs)






	



• Key roles that link innate and adaptive immunity28


• Plasmacytoid DCs (responsible for antiviral defense) are almost absent in AD lesional skin29


• Two distinct populations of myeloid DCs are present: Langerhans cells (LCs) and inflammatory dendritic epidermal cells (IDECs; only found in inflamed skin)30



– Both express the high-affinity receptor for IgE (FcεRI) only in IgE-associated (extrinsic) AD; inflammatory signals can lead to upregulation of FcεRI expression31




– Participate in the sensitization phase (see above)



– Central roles in the uptake and presentation of allergens to Th1/Th2 cells and possibly Tregs32



• LCs promote Th2 polarization and have a limited capacity to produce proinflammatory cytokines


• IDECs promote Th1 polarization and produce proinflammatory cytokines; in acute AD, IDECs are actively recruited and large numbers invade the epidermis after 48–72 hours33












	T-cell responses, cytokines and chemokines






	



• Th2 cytokines (e.g. IL-4, IL-5, IL-13) predominate in acute AD lesions and in the systemic immunologic background of IgE-associated (extrinsic) AD


• Th1 cytokines (e.g. IFN-γ, IL-12) predominate in chronic AD lesions


• IDECs and eosinophils produce IL-12 and may be instrumental in the Th2 to Th1/Th0 switch


• An orchestra of cytokines and chemokines produced by keratinocytes and endothelial cells contributes to inflammatory cell recruitment and evolution of the inflammatory reaction over time34



– TSLP (see above) stimulates DCs to: (1) release CCL17 and CCL22; and (2) expand T cells that produce IFN-γ as well as those that produce IL-5 and IL-13



– CCL1, CCL27 (CTACK) and CCL18 attract CCR4+ Th2 cells


• IL-22-producing CD4+ or CD8+ T cells that do not produce IL-17 have been described in AD patients


• The role of CD25+/Foxp3+ Tregs in AD is not yet fully understood



– Circulating CLA+, CCR6+ Tregs are increased in AD patients



– Lesional AD skin is devoid of functional Tregs35













	Role of microbial colonization






	



• Epidermal keratinocytes express a variety of pattern recognition receptors (e.g. Toll-like receptors [TLRs]) that bind to specific microbial structures, which induces an inflammatory response and the release of antimicrobial peptides such as defensins and cathelicidins (see Ch. 4); however, production of the latter peptides is down-regulated in the skin of patients with AD


• S. aureus colonization of the skin occurs in >90% of AD patients due to factors such as decreased levels of antimicrobial peptides and increased bacterial adherence to eczematous/excoriated skin


• S. aureus contributes to sensitization and inflammation in AD via several mechanisms



– TLR-2 recognition of S. aureus cell wall components (e.g. lipoteichoic acid, peptidoglycan) stimulates an inflammatory response



– Staphylococcal superantigens amplify inflammatory reactions via multiple pathways36 and may contribute to corticosteroid resistance by inducing the competing β isoform of the glucocorticoid receptor



– Staphylococcal enterotoxins A–D (SEA-D) can provoke IgE-mediated sensitization, which correlates with disease severity37




– Staphylococcal toxins also augment inflammation by subverting the function of Tregs












	Role of autoimmunity






	



• Some patients with AD have circulating IgE antibodies directed against self-proteins expressed by keratinocytes and endothelial cells38



– The presence of these antibodies correlates with disease severity



– Prevalence of ~25% in adult patients; have also been detected in infants39




– Predisposing factors include early-onset AD, severe pruritus, recurrent bacterial skin infections and high serum IgE levels


• Structural similarities between exogenous allergens and human proteins are thought to have a role in the development of IgE autoantibodies; this likely occurs in the context of cutaneous inflammation and scratching/cellular damage that leads to exposure of the autoantigens (see Fig. 12.2)


• Some autoallergens induce Th1 responses40


• These observations suggest that AD exists at the frontier between allergy and autoimmunity













* Commonly occurs in early-onset as well as intrinsic forms of AD.


Table 12.5 Associated features of atopic dermatitis (“atopic stigmata”). AD, atopic dermatitis.






	ASSOCIATED FEATURES OF ATOPIC DERMATITIS (“ATOPIC STIGMATA”)






	Xerosis

	



• Important feature that is present in most patients with AD


• Often most prominent on the lower legs; may be generalized


• Dry skin with fine scale in areas without clinically apparent inflammation


• Typically worse during the winter


• Impaired epidermal barrier function from decreased water content in the stratum corneum leads to easier entry of irritants, which can promote pruritus and initiate an inflammatory response












	Ichthyosis vulgaris

	



• Autosomal semidominant disorder with incomplete penetrance caused by mutations in the filaggrin gene (FLG; see text and Ch. 57)


• ~15% of patients with AD have moderate to severe ichthyosis vulgaris; conversely, >50% of patients with ichthyosis vulgaris have AD


• Excessive fine, whitish to brown scaling that favors the lower legs (especially the shins) and spares the flexures












	Keratosis pilaris

	



• Common condition that affects >40% of patients with AD and ~75% of those with ichthyosis vulgaris


• Onset typically in childhood; may improve after puberty (especially facial involvement)


• Affects the lateral aspect of the upper arms, thighs and (especially in children) lateral cheeks > trunk and extensor aspects of the distal extremities


• Keratotic follicular papules, often with a rim of erythema (see Fig. 12.12A) or (especially on the cheeks) a background of patchy erythema


• The keratosis pilaris rubra (KPR) variant features numerous tiny, “grain-like” follicular papules superimposed on prominent confluent erythema (see Fig. 12.12B&C); often widespread (face & ears > trunk & proximal extremities) and tends to persist after puberty; presence of erythema rather than hyperpigmentation differentiates KPR from erythromelanosis follicularis faciei et colli, and a lack of atrophy in KPR differentiates it from keratosis pilaris atrophicans (see Ch. 38)


• Keratolytic agents and topical retinoids are sometimes used to decrease the hyperkeratotic component, but the benefit is limited and these agents can be irritating, especially in AD patients; treatment with vascular lasers (e.g. the pulsed dye laser) can improve associated erythema












	Palmar and plantar hyperlinearity

	



• Increased prominence of the palmar and, less often, plantar creases (see Fig. 12.13)


• Associated with ichthyosis vulgaris and FLG mutations












	Dennie–Morgan lines

	



• Symmetric, prominent horizontal fold(s) (single or double) just beneath the margin of the lower lid, originating at or near the inner canthus and extending one-half to two-thirds the width of the lid (see Fig. 12.14)












	Periorbital darkening (“allergic shiners”)

	



• Skin around the eyes appears gray to violet–brown, while the rest of the facial skin is rather pale


• Periorbital edema and lichenification may also be seen












	Anterior neck folds

	



• Horizontal folds across the middle of the anterior neck












	Hertoghe sign

	



• Absence or thinning of the lateral eyebrows












	White dermographism

	



• Stroking the skin leads to a white streak that reflects excessive vasoconstriction


• Most apparent on the forehead


• Mid-facial pallor (see Fig. 12.14) and a delayed blanch response represent additional manifestations of aberrant vascular reactivity in patients with atopic dermatitis












	Follicular prominence

	



• “Goose bump-like” appearance of the skin, most often on the trunk (see Fig. 12.5)


• More commonly observed in children with darkly pigmented skin




















Immunopathology


Immunologic mechanisms involved in the pathogenesis of AD are presented in Table 12.4.









Pruritus


AD is characterized by persistent, severe pruritus, which significantly impacts the quality of life in affected individuals. The mechanisms of pruritus have just started to be understood. Since classic antihistamines are ineffective in AD, it is assumed that this mediator does not have a crucial role in AD-related pruritus. In contrast, neuropeptides, proteases, kinins, and cytokines such as interleukin (IL)-31 are known to induce itch. IL-31 is strongly pruritogenic and exerts its biologic activity through a heterodimeric receptor composed of the IL-31 receptor A and oncostatin M receptor β protein, both of which are overexpressed in lesional skin of AD41-43. These findings imply that IL-31 has an important role in the pruritus of AD.












Clinical features






Disease Course


AD is characterized by a broad clinical spectrum that varies depending upon the age of the patient, and it is divided into infantile, childhood and adolescent/adult stages. In each stage, patients may develop acute, subacute and chronic eczematous lesions, all of which are intensely pruritic and often excoriated. Acute lesions predominate in infantile AD and are characterized by edematous, erythematous papules and plaques that may exhibit vesiculation, oozing and serous crusting. Subacute eczematous lesions display erythema, scaling and variable crusting. Chronic lesions, which typify adolescent/adult AD, present as thickened plaques with lichenification as well as scale; prurigo nodule-like lesions can also develop (see below). Perifollicular accentuation and small, flat-topped papules (papular eczema) are particularly common in individuals with darkly pigmented skin. In any stage of AD, the most severely affected individuals may evolve to a generalized exfoliative erythroderma (see Ch. 10). All types of AD lesions can leave postinflammatory hyper-, hypo- or (in more severe cases) depigmentation upon resolution (Fig. 12.3).
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Fig. 12.3 Postinflammatory pigmentary alteration in atopic dermatitis.


A Ill-defined hypopigmented patches with variable residual erythema and scale on the shoulder and upper arm. B Postinflammatory depigmentation in a patient with widespread, severe disease and multiple lesions of prurigo nodularis.


B, Courtesy, Jean L Bolognia, MD.





Infantile AD (age <2 years) typically develops after the second month of life, often initially appearing as edematous papules and papulovesicles on the cheeks (often sparing the central face), which may evolve to form large plaques with oozing and crusting (Fig. 12.4). Involvement of the scalp, neck, extensor aspects of the extremities, and trunk (Fig. 12.5) can also occur, usually with sparing of the diaper area. In the first 6 months of life, the face and the neck are affected in over 90% of patients with AD44. Young infants may attempt to relieve itch through rubbing movements against their bedding, whereas older infants are better able to directly scratch affected areas.
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Fig. 12.4 Atopic dermatitis on the face of an infant.


Acute lesions with oozing and serous crusting are common in this age group.


Courtesy, Julie V Schaffer, MD.
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Fig. 12.5 Atopic dermatitis on the extensor surface of an infant’s arm.


Involvement of the extensor aspects of the extremities is common in this age group. Note the follicular prominence on the trunk.




In childhood AD (age 2 to 12 years), the lesions are less exudative and tend to become lichenified. The classic sites of predilection are the antecubital and popliteal fossae (flexural eczema) (Fig. 12.6). In addition, the head (especially periorificial regions), neck, wrists, hands, ankles and feet are often affected (Fig. 12.7). Xerosis typically becomes pronounced and widespread.
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Fig. 12.6 Atopic dermatitis extending from the antecubital fossae to the wrists and hands.


Note the excoriations and lichenification.
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Fig. 12.7 Lichenified atopic dermatitis on the wrists and hands of children.


A Pink plaques with excoriation and hemorrhagic crusting as well as lichenification. B Thick lichenified plaques.


Courtesy, Julie V Schaffer, MD.





Adult/adolescent AD (age >12 years) also features subacute to chronic, lichenified lesions, and involvement of the flexural folds typically continues. However, the clinical picture may also change. Adults with AD frequently present with chronic hand dermatitis that has both endogenous and exogenous components (Fig. 12.8), while others have primarily facial dermatitis (Fig. 12.9), often with severe eyelid involvement (see below). Additional sites of predilection include the retroauricular region, neck and chest. Patients who have suffered from continuous AD since childhood are more likely to have extensive or even erythrodermic disease that is resistant to treatment. Such individuals may also have severe excoriations and chronic papular skin lesions (Fig. 12.10) as a result of habitual scratching and rubbing.
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Fig. 12.8 Severe chronic hand dermatitis in an adult with atopic dermatitis.
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Fig. 12.9 Severe atopic dermatitis with facial involvement in an adult.
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Fig. 12.10 Chronic papular lesions in an adult with atopic dermatitis.


This resulted from habitual scratching and rubbing in the setting of longstanding disease.




Senile AD (age >60 years) is characterized by marked xerosis. Most of these patients do not have the lichenified flexural lesions typical of AD in children and younger adults.


AD has a profound adverse impact on the quality of life of affected children and adults, with intense pruritus and stigmatization often resulting in sleep disturbances, psychological distress, social isolation, disrupted family dynamics and impaired functioning at school or work.









Regional Variants of Atopic Dermatitis


Several regional variants of AD can occur in isolation or together with the classic age-related patterns of involvement described above. The face is a frequent location for site-specific manifestations. Eczema of the lips, referred to as cheilitis sicca, is common in AD patients, especially during the winter. It is characterized by dryness (“chapping”) of the vermilion lips, sometimes with peeling and fissuring, and may be associated with angular cheilitis. Patients try to moisten their lips by licking, which in turn may irritate the skin around the mouth, resulting in so-called lip-licker’s eczema. Another common feature of childhood AD is ear eczema, presenting as erythema, scaling and fissures under the earlobe and in the retroauricular area, sometimes in association with bacterial superinfection. Eyelid eczema can represent the only manifestation of AD, especially in adults. In contrast to eyelid eczema due to other causes, it is characterized by lichenification of the periorbital skin.


“Head and neck dermatitis” represents a variant of AD that typically occurs after puberty and primarily involves the face, scalp and neck. When older children and teenagers present with this form of AD, it usually persists into adulthood. It is postulated that lipophilic Malassezia yeasts, members of the normal skin flora that colonize the head and neck area, represent an aggravating factor for this condition. Serum levels of M. furfur-specific IgE have been shown to correlate with the severity of head and neck dermatitis45, and improvement with systemic antifungal treatment has been observed in some patients. Sweating, heat, dryness, sun exposure and emotional stress can also aggravate this form of AD.


Eczema variants also occur in acral sites. Juvenile plantar dermatosis presents with “glazed” erythema, scale and fissuring on the balls of the feet and plantar aspect of the toes in children with AD, especially during the winter (see Ch. 13). Atopic hand eczema (see Fig. 12.8) affects approximately 60% of adult patients with AD and may be the only manifestation of the condition. It often occurs in atopic individuals whose hands are frequently exposed to water and other irritants in household or occupational settings. Atopic hand eczema typically involves the volar wrists and dorsum of the hands. The palms and sides of the fingers may develop the deep-seated vesicles of dyshidrotic eczema (see Ch. 13).


The prurigo form of AD favors the extensor aspects of the extremities and is characterized by firm, dome-shaped papules and nodules with central scale-crust, similar to prurigo nodularis lesions in non-atopic patients. Nummular lesions also tend to develop on the extremities in children and adults with AD, appearing as coin-shaped eczematous plaques, usually 1 to 3 cm in diameter and often with prominent oozing and crusting (similar in appearance to the lesions that characterize nummular dermatitis occurring outside the setting of atopy; see Ch. 13). Colonization with Staphylococcus aureus is thought to represent a trigger for this type of eczema. Intense pruritus is a feature of both prurigo and nummular lesions. Frictional lichenoid eruption has a predilection for atopic children (especially boys) and presents as multiple small, flat-topped, pink to skin-colored papules on the elbows and (less often) knees and dorsal hands. It classically occurs in the spring or summer, pruritus is variable, and the histologic findings are nonspecific. Lastly, chronic nipple eczema can develop in children and adults with AD (Fig. 12.11).
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Fig. 12.11 Nipple eczema in an adolescent with atopic dermatitis.


Courtesy, Julie V Schaffer, MD.












Associated Features






Pruritus


Intense pruritus is a hallmark of AD. The itch is often worse in the evening and may be exacerbated by exogenous factors such as sweating or wool clothing. Rubbing and scratching in response to pruritus can initiate flares or exacerbate existing dermatitis, explaining why AD is known as the “itch that rashes”. Excoriations (linear or punctate) are frequently present, providing evidence of scratching (see Figs 12.6 & 12.7A). With repeated rubbing and scratching, the skin becomes thickened and leathery with exaggerated skin markings (see Figs 12.6 & 12.7).









Atopic stigmata


Physical findings other than dermatitis that are frequently observed in patients with AD are presented in Table 12.5 (see Figs 12.12-12.15).
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Fig. 12.12 Keratosis pilaris.


A Discrete perifollicular papules with central keratotic cores on the extensor surface of the upper arm. Each papule has a rim of erythema. B, C Keratosis pilaris rubra on the lateral face. This variant is characterized by tiny, “grain-like” follicular papules superimposed on confluent erythema.


B, C, Courtesy, Julie V Schaffer, MD.
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Fig. 12.13 Exaggerated palmar creases.


This patient had both atopic dermatitis and ichthyosis vulgaris.


Courtesy, Jean L Bolognia, MD.
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Fig. 12.14 Infant with atopic dermatitis of the face with central facial sparing.


Note the Dennie–Morgan lines and central facial pallor.
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Fig. 12.15 Pityriasis alba.


Note the slight scale associated with the hypopigmented macules and patches on the cheeks.


Courtesy, Anthony J Mancini, MD.












Pityriasis alba


Pityriasis alba frequently affects children and adolescents with AD. It is characterized by multiple ill-defined hypopigmented macules and patches (usually 0.5 to 2 cm in diameter) with fine scaling, which are typically located on the face (especially the cheeks; Fig. 12.15) but occasionally appear on the shoulders and arms. These lesions are most obvious in individuals with darkly pigmented skin and/or following sun exposure. Pityriasis alba is thought to result from a low-grade eczematous dermatitis that disrupts the transfer of melanosomes from melanocytes to keratinocytes. Similar hypopigmented lesions can appear upon resolution of more overtly inflamed, erythematous lesions of AD (see Fig. 12.3A). The differential diagnosis of pityriasis alba also includes postinflammatory hypopigmentation secondary to other dermatoses (e.g. psoriasis or pityriasis lichenoides chronica; usually also extrafacial involvement), pityriasis versicolor (typically more sharply demarcated, small lesions that may coalesce centrally), vitiligo (sharply demarcated and depigmented rather than hypopigmented) and (occasionally if extrafacial involvement) hypopigmented mycosis fungoides. Regular use of sunscreens and other forms of photoprotection may minimize the appearance of pityriasis alba.












Complications






Infections


Patients with AD are predisposed to the development of skin infections because of factors including an impaired skin barrier and modified immune milieu (see Table 12.4). Bacterial and viral infections represent the most common complications of AD. Considering that S. aureus colonizes the skin of the vast majority of patients with AD, it is not surprising that impetiginization (which can also occur due to Streptococcus pyogenes) occurs quite frequently (Fig. 12.16). Bacterial infections may also exacerbate AD by stimulating the inflammatory cascade, e.g. via S. aureus exotoxins that act as superantigens (see Table 12.4).
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Fig. 12.16 Infected hand dermatitis in a patient with atopic dermatitis.


There is impetigo-like crusting as well as pustules.


Courtesy, Louis A Fragola, Jr, MD.





Eczema herpeticum represents rapid dissemination of a herpes simplex viral infection over the eczematous skin of AD patients46. It initially develops as an eruption of vesicles, but affected individuals more often present with numerous monomorphic, punched-out erosions with hemorrhagic crusting (Fig. 12.17). Eczema herpeticum is frequently widespread and may occur at any site, with a predilection for the head, neck and trunk. It is often associated with fever, malaise and lymphadenopathy, and complications may include superinfection with S. aureus or S. pyogenes as well as herpetic keratoconjunctivitis and meningoencephalitis46. Patients with mutations in the filaggrin gene and those who have both severe AD and asthma have an increased risk for eczema herpeticum, and decreased production of antimicrobial peptides may have a pathogenic role. Patients with AD are also predisposed to the development of widespread molluscum contagiosum, sometimes with several hundred lesions (see Ch. 81).
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Fig. 12.17 Eczema herpeticum.


Note the monomorphic erosions and hemorrhagic crusts.


Courtesy, Julie V Schaffer, MD.












Ocular complications


Besides development of acute conjunctivitis as a component of allergic rhinoconjunctivitis, the spectrum of atopic eye disease also includes chronic manifestations such as atopic keratoconjunctivitis (typically in adults) and vernal keratoconjunctivitis (favors children living in warm climates)47. Symptoms include ocular itching, burning, tearing and mucus discharge, often in association with conjunctival injection and (especially in atopic keratoconjunctivitis) blepharitis that manifests as swelling and scaling of the eyelids. Vernal keratoconjunctivitis features large, cobblestone-like papillae on the upper palpebral conjunctiva, and atopic keratoconjunctivitis is more prone to scarring. Additional infrequent ocular complications of AD include subcapsular cataracts (anterior more specific to AD, posterior more common)48, keratoconus and retinal detachment.















Diagnostic criteria


Several authors and groups have suggested guidelines to assist in establishing the clinical diagnosis of AD. Major features in these sets of criteria include pruritus, eczematous skin lesions in typical age-specific distribution patterns, a chronic or chronically relapsing course, early age at onset, and a personal and/or family history of atopy. Atopic stigmata (see Table 12.5), especially xerosis, are also recognized as supporting features. The Diepgen score represents another validated set of diagnostic criteria, which is separated into objective, subjective and laboratory features49. Validated scores to assess the severity of AD include the EASI (Eczema Area Scoring Index), SCORAD (SCORing Atopic Dermatitis) and POEM (Patient-Oriented Eczema Measure)50. IgE-associated and non-IgE-associated AD are distinguished based on the evaluation of total serum IgE levels (elevated in the former; normal <150 IU/ml) and the presence or absence of specific IgE. Although recognition of the latter can support the diagnosis of an atopic state, exposures to the allergens identified are not necessarily relevant to aggravation of AD (see below).









Pathology


The histologic features of AD depend upon the stage of the lesion sampled. Acute, exudative eczema is characterized by marked spongiosis, with intraepidermal fluid collection leading to the formation of vesicles (micro and macro) or even bullae. Some dermal edema may also be present, together with perivascular lymphocytes that extend into the epidermis and a variable number of eosinophils (Fig.12.18A). In subacute lesions, vesiculation is absent whereas acanthosis, hyperkeratosis and parakeratosis become evident (Fig. 12.18B). In chronic, lichenified eczema, epidermal thickening is more pronounced in a pattern that may be either irregular or regular (psoriasiform). Changes in the granular layer vary from thickening secondary to rubbing (as in lichen simplex chronicus) to thinning when there is a psoriasiform pattern (seen in some nummular lesions). Spongiosis and inflammation are less conspicuous, but there may be an increased number of mast cells and dermal fibrosis.
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Fig. 12.18 Histologic features of acute and subacute atopic dermatitis.


A Acute lesion showing spongiosis, intraepidermal vesicles and exocytosis of lymphocytes. B Subacute lesion with parakeratosis and less spongiosis.


A, Courtesy, Ronald P Rapini, MD.





These features are not specific, as similar findings are observed in other eczematous dermatoses such as allergic contact dermatitis. There are occasionally histologic clues to the etiology, such as individually necrotic keratinocytes that suggest an irritant contact dermatitis. However, a skin biopsy is usually more helpful in excluding other entities that can mimic AD clinically, such as mycosis fungoides.









Differential diagnosis


The differential diagnosis of AD is broad and includes other chronic dermatoses, infections, infestations and malignancies as well as metabolic, genetic (e.g. primary immunodeficiencies) and autoimmune disorders (Table 12.6). Depending upon the age of the patient and the clinical presentation, such entities may be considered prior to diagnosing AD, especially when the history, morphology and/or distribution of the skin lesions are atypical.


Table 12.6 Differential diagnosis of atopic dermatitis. A, adults; B, both; C, children/infants.






	DIFFERENTIAL DIAGNOSIS OF ATOPIC DERMATITIS






	Chronic dermatoses






	
C>A


	Seborrheic dermatitis

	Common






	B

	Contact dermatitis (allergic* or irritant)

	Common






	B

	Psoriasis (especially palmoplantar)

	Common






	A>C

	Nummular dermatitis

	Uncommon (although nummular lesions can be seen in AD, nummular eczema outside this setting is uncommon)






	A

	Asteatotic eczema

	Common






	A>C

	Lichen simplex chronicus (secondary to pruritus of variable etiology)

	Common






	Infections and infestations






	B

	Scabies

	Common






	B

	Dermatophytosis*


	Common






	B

	HIV-associated dermatoses

	Variable






	C

	HTLV-1-associated “infective dermatitis”

	Variable






	C

	Chronic mucocutaneous candidiasis

	Rare






	C

	Neonatal mucocutaneous candidiasis

	Variable






	B

	Impetigo

	Variable (nummular lesions of AD most commonly mimic impetigo)






	C

	Congenital syphilis

	Variable






	Primary immunodeficiencies






	C

	Wiskott–Aldrich syndrome

	Rare






	C

	Hyperimmunoglobulin E syndrome

	Rare






	C

	Severe combined immunodeficiency

	Rare






	C

	DiGeorge syndrome (congenital thymic aplasia)

	Rare






	C

	Immunoglobulin deficiencies: X-linked hypogammaglobulinemia, common variable immunodeficiency, IgA deficiency

	Variable






	C

	Ataxia telangiectasia

	Rare






	Malignancies






	A>C

	Mycosis fungoides and Sézary syndrome

	Uncommon






	C

	Langerhans cell histiocytosis

	Rare






	Metabolic and genetic disorders






	C

	Netherton syndrome

	Rare






	C

	Ectodermal dysplasias

	Rare






	B

	Keratosis pilaris

	Common






	C

	Hartnup disease

	Rare






	C

	Phenylketonuria

	Rare






	B

	Acrodermatitis enteropathica, glucagonoma syndrome, pellagra, riboflavin deficiency

	Rare






	C>A

	Other causes of “nutritional dermatitis”, e.g. biotin deficiency, essential fatty acid deficiency, organic acidurias, cystic fibrosis

	Rare






	Autoimmune disorders






	A>C

	Dermatitis herpetiformis

	Uncommon






	A>C

	Pemphigus foliaceus

	Uncommon






	B

	Dermatomyositis

	Uncommon (but often misdiagnosed as AD in children)






	A>C

	Lupus erythematosus

	Uncommon






	Other






	B

	Drug eruptions

	Uncommon (although drug eruptions are common, those resembling atopic dermatitis are uncommon)






	A>C

	Photoallergic contact dermatitis

	Uncommon






	A

	Chronic actinic dermatitis

	Uncommon






	B

	Graft-versus-host disease

	Uncommon







* More common causes of disseminated eczema (“id reaction”), which is especially frequent in the setting of stasis dermatitis + allergic contact dermatitis.


In infants, AD is often preceded and/or accompanied by seborrheic dermatitis, which commonly presents during the first month of life as yellowish-white, adherent scale-crusts on the scalp. Infantile seborrheic dermatitis also has a predilection for skin folds (where lesions may be oozing and lack scale) and the forehead, in contrast to the typical distribution of infantile AD on the extensor surfaces of the extremities and cheeks as well as the scalp. Scabies in infants often has generalized involvement and can mimic AD; in addition to the presence of burrows or identification of the mite or eggs (e.g. via dermoscopy or skin scrapings), scabies can usually be distinguished by the predominance of discrete small crusted papules, involvement of the axillae and diaper area, and the presence of acral vesiculopustules. Other less common conditions that occasionally represent a diagnostic consideration in infants, such as primary immunodeficiencies, are listed in Table 12.6.


Adolescents and adults without a personal or family history of atopy who present with an eczematous eruption should have a thorough history and (when indicated) patch testing to assess for the possibility of allergic contact dermatitis. This diagnosis should also be considered in children and adults with established AD who fail to respond as expected to treatment or develop lesions in an atypical distribution pattern. Components of emollients or topical corticosteroid preparations represent potential allergens in these individuals. Protein contact dermatitis can also present as a chronic eczematous dermatitis and is more common in atopic individuals. Common causes include a variety of foods and animal products (Table 12.7; see Ch. 16), and it is diagnosed by prick testing or observation of an urticarial reaction within 30 minutes of patch testing on previously affected skin.


Table 12.7 Causes of protein contact dermatitis.






	CAUSES OF PROTEIN CONTACT DERMATITIS






	



• Fruits (banana, fig, kiwi, lemon, pineapple)


• Grains (barley, rye and wheat flours)


• Latex


• “Meats” (fish, seafood, beef, pork, poultry)


• Mites and insects (rice flour beetle, dust mite, storage mite)


• Nuts (almond, hazelnut, peanut)


• Spices (caraway, curry, dill, garlic, paprika, parsley)


• Vegetables (carrot, cauliflower, celery, cucumber, lettuce, mushroom, onion, parsnip, potato)


• Animal dander, hair, saliva or urine (cow, deer, goat, dog, cat, rodents, hedgehog, rabbit, giraffe)













Mycosis fungoides (MF) should be considered in adolescents and adults with chronic dermatitis poorly responsive to topical corticosteroid treatment. Because the histologic findings of early MF may be difficult to distinguish from those of AD, multiple biopsies are recommended, preferably from untreated areas of skin since corticosteroids can eliminate epidermotropic T cells that point to the diagnosis of MF. Longitudinal evaluation of such individuals is required, especially when the clinical and/or histologic features are not classic for AD, with additional biopsies as indicated.









Treatment


Because AD is a chronic relapsing disease, the classic approach to therapy is targeting acute flares with short-term treatment regimens, i.e. reactive management. Based on recent insights into the underlying skin barrier defect and its relationship to inflammatory processes in the skin and other organs, a proactive approach that includes long-term maintenance therapy is now recommended51. Currently, management of AD includes the following components:




• avoidance of trigger factors, including irritants, relevant allergens and microbial agents


• skin care that aims to compensate for the genetically determined impaired epidermal barrier function


• anti-inflammatory therapy to control subclinical inflammation as well as overt flares


• in selected cases, adjunctive or complementary modalities.





As a rule, management should be adapted to the severity of the disease. While mild cases can typically be controlled by continuous use of emollients and intermittent use of a low-potency topical corticosteroid for flares, moderate AD may also require proactive maintenance with anti-inflammatory agents. In more severe and refractory cases, the use of phototherapy and systemic drugs may be necessary to control the disease (Table 12.8). An appropriate educational program for patients and parents is another essential component of the management of AD.


Table 12.8 Therapeutic ladder for atopic dermatitis (AD). Key to evidence-based support: (1) prospective controlled trial; (2) retrospective trial or large case series; (3) small series or individual case reports.






	THERAPEUTIC LADDER FOR ATOPIC DERMATITIS [image: image]







	 

	Evidence






	Emollients (basic therapy)

	1






	Topical corticosteroids

	1






	Topical calcineurin inhibitors

	1






	UVB (narrowband>broadband), UVA-UVB, UVA1 or oral PUVA

	1






	Systemic corticosteroids (short term for severe acute flares; “rebound” exacerbations often occur upon discontinuation)

	2






	Cyclosporine (short/intermediate term)

	1






	Azathioprine

	1






	Mycophenolate mofetil/enteric-coated mycophenolate sodium

	1*/2






	Methotrexate

	1*/2






	Interferon-γ

	
**







	IVIg

	2†







	Omalizumab

	2†







	Rituximab

	2






	Other (crude coal tar, hydroxychloroquine, extracorporeal photochemotherapy)

	2–3






	Adjunctive therapies






	



Wet wraps, open wet dressings or soaks (combined with topical corticosteroids for acute flares)


Dilute sodium hypochlorite (bleach) baths


Treatment of associated bacterial, viral or fungal infections


Oral antihistamines for antipruritic† and sedative effects


Leukotriene antagonists†


Sodium cromoglycate (topical or oral)†


Probiotics† (may have efficacy in primary prevention)













* In recent randomized controlled trials in adults with severe AD, enteric-coated mycophenolate sodium was found to have similar efficacy to cyclosporine as maintenance therapy, and methotrexate was found to have similar efficacy to azathioprine (see text).


** Although found to be effective in one randomized controlled trial, results of other studies have been inconsistent (see Ch. 128).


† No significant benefit was found in a small controlled trial.


† Inconsistent demonstration of efficacy in controlled trials.






Avoidance of Trigger Factors


Multiple environmental and psychological factors can trigger AD, including allergens (e.g. pollen, dust mites, animal dander), sweating, harsh soaps, wool or other rough fabrics, cigarette smoke and emotional stress. These vary depending upon the patient and may be identified (and subsequently avoided) by a careful history and (when indicated) allergy testing. Fluorescence enzyme immunoassays (which have largely replaced RAST tests) can be performed on serum samples to quantify specific IgE antibodies against suspected allergens; skin prick testing represents another option to assess for immediate hypersensitivity. The atopy patch test can provoke an eczematous reaction through the epicutaneous application of aeroallergens (for which the test has been standardized) or food allergens, with readings at 48 and 72 hours to detect delayed hypersensitivity52. It holds promise as a relatively specific tool to evaluate children with AD for clinically significant allergies.


Allergen-specific immunotherapy, which can abrogate allergic sensitizations, represents a strategy to block trigger factors in selected patients with AD. For example, in some randomized controlled studies, sublingual or subcutaneous immunotherapy led to improvement of skin disease in AD patients with specific sensitizations against house dust mites53. Modest improvement in this subset of AD patients has also been observed after reducing dust mites in the home (especially the bedroom) through methods such as utilization of mattress and pillow covers, high-filtration vacuum cleaning and miticide sprays.


Food hypersensitivity affects about 10–30% of infants and children with AD, and ~90% of reactions in this patient population are caused by five allergens: eggs (most often linked to AD exacerbations), milk, peanuts, soy and wheat. Reactivity to peanuts (as well as tree nuts, fish and shellfish) tends to persist, but children usually “outgrow” sensitivities to other foods54. The clinical history and (in selected instances) provocation tests should be used to determine the relevance of positive laboratory and skin prick tests, since results of the latter tests do not necessarily identify allergies that are exacerbating the patient’s AD. For example, double-blind food challenges may be useful in young children with a history of food-induced paroxysms of pruritus. Although avoidance of food allergen triggers can help to prevent flares in a subset of patients with the IgE-associated form of AD (especially infants with severe, refractory disease), this must be balanced with the potential for adverse sequelae from unnecessarily restrictive diets (e.g. kwashiorkor due to “rice milk” diets). Modified diets should be supervised by a pediatric dietician to ensure that they are nutritionally adequate.


Because S. aureus, which densely colonizes the skin in most AD patients, is known to amplify the cutaneous inflammation that underlies AD (see Table 12.4), reduction of bacterial load can play a role in the management of AD. In a recent randomized controlled study, 0.005% sodium hypochlorite baths (0.5 cup of household bleach [6% sodium hypochlorite] added to a full 40-gallon bathtub) twice weekly together with intermittent use of intranasal mupirocin ointment over a 1- to 3-month period led to greater improvement of moderate to severe, superinfected AD than did placebo (with both groups initially receiving a 2-week course of oral cephalexin)55. Cleansers and emollients containing antiseptics such as triclosan or clioquinol represent additional options. In general, the use of topical and systemic antibiotics should be restricted to short-term treatment of superinfections in order to prevent the development of bacterial resistance. There is some evidence that the S. aureus strains that colonize and superinfect patients with AD are more likely to be susceptible to first-generation cephalosporins (e.g. cephalexin) than are those that cause other S. aureus skin infections in the same communities55,56.









Basic Therapy (Skin Care)


Recent findings highlighting the critical role of an impaired skin barrier in the pathogenesis of AD underscore the importance of a continuous basic therapy with emollients, even in periods and sites in which the AD is not active. The formulation of the emollient should be chosen based upon the degree of dryness of the skin, the sites of application, acceptance by the patient and the season. Ointments (e.g. petrolatum) and water-in-oil creams are more occlusive and tend to cause less burning and stinging than oil-in-water creams and lotions. However, the greasiness of an ointment is not acceptable to all patients. Potentially allergy-provoking ingredients such as perfumes, lanolin and herbal extracts should be avoided. The addition of moisturizing factors that are able to bind water (e.g. glycerol, urea) leads to increased hydration of the epidermis57. However, emollient products with higher concentrations of urea or α- and β-hydroxy acids, which can decrease scaling as well as dryness, tend to sting when used in children and on acutely inflamed or excoriated skin. Emollients containing particular combinations of lipids that are normally present in the stratum corneum (e.g. cholesterol, fatty acids, ceramides) may optimize barrier repair58. Emollients should be applied twice daily to the entire cutaneous surface.


AD patients should use mild, non-alkaline cleansers (e.g. syndet bars; see Ch. 153) as needed (e.g. focusing on soiled and apocrine-containing areas). Bubble baths and scented salts or oils should be avoided. Although allowing moisture to fully evaporate from the skin following bathing can worsen xerosis, application of an emollient to the skin within 3 minutes of exiting a daily lukewarm bath or shower increases skin hydration and barrier function. If treatment with a topical corticosteroid is indicated, it should be applied immediately after bathing, prior to the emollient. For acute flares of AD, 10- to 20-minute soaks in lukewarm bathwater or tap water compresses followed directly with corticosteroid application (“soak and smear”) or placement of wet wraps after topical corticosteroid application can soothe oozing or crusted lesions and result in rapid improvement. Scalp care should include a bland shampoo. Shampoos, lotions and creams containing tar (5–10% liquor carbonis detergens) are helpful in some patients but may be irritating in children and when used on acutely inflamed skin.









Topical Anti-inflammatory Therapy


Topical corticosteroids are the mainstay of pharmacologic therapy for AD, and topical calcineurin inhibitors (TCIs) also play an important role. For the treatment of acute flares of AD, topical corticosteroids represent the first-line therapy because of their potent anti-inflammatory effects. These agents suppress production of several transcription factors, which leads not only to reduced expression of proinflammatory cytokines, but also to inhibition of cell growth and decreased synthesis of collagen and other structural proteins (explaining side effects such as skin atrophy; see Ch. 125). Topical corticosteroids designed to have decreased systemic bioavailability and a favorable therapeutic index (e.g. prednicarbate, hydrocortisone butyrate, fluticasone propionate, mometasone furoate) may be preferable, especially for infants and young children with widespread involvement.


Considerations in selecting the potency and vehicle of the topical corticosteroid include the location, type (e.g. acute versus chronic), thickness and extent of the AD lesions as well as the age of the patient. The corticosteroid should have an appropriate potency to quickly gain control of the flare, and continuation of daily therapy until the active dermatitis is completely clear minimizes the likelihood of a rebound. Long-term daily use of an inadequately potent topical corticosteroid can result in a greater risk of side effects (as well as less control of the eczema) than relatively brief use of a more potent agent. After clinical resolution of longstanding or severe lesions, tapering to every-other-day treatment may be considered prior to decreasing to maintenance therapy. For children and adults with moderate to severe AD, randomized controlled trials have demonstrated that the risk of relapse can be significantly reduced by proactive maintenance with twice-weekly application of a mid-potency topical corticosteroid to the usual areas of involvement (in conjunction with emollient use), with no evidence of cutaneous atrophy after up to a year of treatment59-61.


For the face and body folds, high-potency corticosteroids (particularly long-term use) should be avoided if possible due to risk of cutaneous atrophy. Potent corticosteroids (e.g. class 1–2) are often needed for thick or lichenified plaques, nummular or prurigo-like lesions, and eczema on the palms and soles. Flurandrenolide tape represents another option for prurigo-like lesions, since it physically blocks scratching and rubbing of the affected area. Corticosteroid ointments (which minimize burning/stinging) and creams are generally preferred considering the dryness of the skin in AD patients and the emollient effects of these vehicles. Application immediately after bathing improves cutaneous penetration and also decreases burning. Corticosteroid solutions, foams or (especially for children and individuals of African descent) oils represent choices for AD on the scalp.


Two topical calcineurin inhibitors (TCIs) have been approved by the US Food and Drug Administration (FDA) for the treatment of AD: tacrolimus 0.03% and 0.1% ointment (for “moderate to severe” disease) and pimecrolimus 1% cream (for “mild to moderate” disease) (see Ch. 128). These agents suppress T-cell activation and modulate the secretion of cytokines and other proinflammatory mediators. Their efficacy in the treatment of AD has been proven in clinical trials in adults and children at least 2 years of age (and, for pimecrolimus, infants ages 3–23 months, although it is not approved for this group)62,63. The major side effect of both medications is burning at the site of application; they are not associated with cutaneous atrophy.


There has been no short-term or intermediate-term (>10 years) evidence of systemic immunosuppression or an increased risk for malignancy in clinical studies or post-marketing surveillance of topical tacrolimus and pimecrolimus, and long-term data collection is ongoing64,65. However, in 2006 the FDA introduced black box warnings for both drugs concerning a theoretical cancer risk; this was based on the occurrence of lymphomas in mice exposed to systemic levels 30–50-fold greater than the highest recorded blood levels in human patients. Pharmacokinetic studies in children and adults with AD have demonstrated minimal systemic absorption of TCIs, with transient detectable (but low) blood levels occasionally observed in patients with severe AD involving a large portion of the body surface area.


TCIs are particularly suitable for AD affecting the face and intertriginous areas, sites where corticosteroid-induced skin atrophy is of increased concern and TCI therapy is especially effective. TCIs are also beneficial in patients with frequently flaring or persistent AD that would otherwise require almost continual use of topical corticosteroids. Recent randomized controlled studies have shown that the proactive application of tacrolimus ointment (e.g. twice weekly as maintenance) can prevent flares of AD without increasing the overall amount of medication used66,67.









Phototherapy


AD patients can benefit from treatment with ultraviolet (UV) light. UVA1, UVA combined with UVB, and narrowband UVB have each been shown to improve both the eczema and associated pruritus. The immunomodulatory effects of phototherapy occur via induction of T-cell apoptosis, reduction of dendritic cells, and modified cytokine expression (e.g. decreased IL-5, IL-13 and IL-31 after treatment of AD with UVA1)68 (see Ch. 134). In addition, treatment with UVB has been shown to reduce S. aureus colonization of the skin in AD patients69. Narrowband UVB and high-dose UVA1 can both be helpful for chronic AD, and UVA1 may also be useful in the treatment of acute flares. Phototherapy can be combined with topical corticosteroids, particularly in the initial phase of treatment. The side-effect profile of phototherapy is favorable compared to systemic immunosuppressive agents, with potential risks of “sunburn” and, with long-term treatment, photoaging and possibly induction of cutaneous malignancies. The time and effort required to travel several times a week to a phototherapy center may be problematic for some patients (e.g. disrupting school and work), and a home UV unit may be an option for those receiving chronic treatment. In younger children, phototherapy may be difficult for practical reasons (e.g. lack of cooperation), and some centers limit its routine use to patients ≥12 years of age.









Systemic Anti-inflammatory Therapy


Systemic anti-inflammatory treatment should be restricted to severe, refractory cases of AD that do not respond adequately to intensive topical therapy. The risk–benefit profile should be carefully considered before starting an immunosuppressive agent, and patients receiving these medications require close monitoring for side effects. Of note, no systemic medications besides corticosteroids have been FDA-approved for treatment of AD. However, in general, treatment of AD with systemic corticosteroids should be avoided due to a propensity for significant rebound flares upon their discontinuation69a and the unacceptable side effects of long-term use (see Ch. 125). In the occasional exception of a severe, generalized acute flare (e.g. with a specific trigger) resistant to aggressive topical management, treatment with a systemic corticosteroid should be limited to a short course, with transition to a topical regimen, phototherapy and/or an alternative systemic agent.


Administration of oral cyclosporine typically leads to rapid improvement of skin disease and associated pruritus in patients with AD, and its efficacy has been established in randomized controlled trials. However, the use of oral cyclosporine to treat AD is limited by potential side effects such as nephrotoxicity (which can develop after as little as 3–6 months of therapy) and increased blood pressure, which seem to be dose-dependent. Treatment is frequently started with a dose of 5 mg/kg/day, which should be gradually reduced to the minimal effective maintenance dose (usually ~2 mg/kg/day). Of note, cyclosporine is often not sufficient as monotherapy, requiring combination with topical corticosteroids to reach an almost complete remission.


Azathioprine can be an effective treatment for moderate to severe AD in children and adults70, with modest benefit documented in a randomized controlled trial. Because individuals with genetically determined low activity of the enzyme thiopurine methyltransferase (TPMT) have increased susceptibility to azathioprine-induced myelotoxicity, the risk of this complication can be decreased by determining TPMT activity and/or genotyping for TPMT polymorphisms prior to initiating therapy and adjusting the dose accordingly (2–3.5 mg/kg/day if normal, 0.5–1 mg/kg/day if low)71. The results of several uncontrolled studies suggest that mycophenolate mofetil (1–2.5 g/day; 25–50 mg/kg/day in children) is also an effective and safe treatment for moderate to severe AD72. A recent randomized controlled trial found that enteric-coated mycophenolate sodium and cyclosporine (3 mg/kg daily) overall had similar effectiveness for long-term maintenance treatment (following 6 weeks of cyclosporine 5 mg/kg daily) of severe AD in adults, although patients receiving mycophenolate had more flares early in maintenance and those receiving cyclosporine had shorter remissions following discontinuation of therapy72a. In AD patients treated with either azathioprine or mycophenolate mofetil, initial responses are often delayed a month or more, and full benefit typically occurs after 2–3 months of therapy. Methotrexate (7.5–25 mg/week) has shown promising results in small series of adults with AD and had similar efficacy to azathioprine in a recent randomized controlled trial73.









Adjunctive Pharmacologic Therapy


Sedating antihistamines (e.g. hydroxyzine, diphenhydramine, doxepin) can be useful in breaking the “itch–scratch cycle” in AD when given at bedtime, especially in patients with pruritus that disrupts sleep or who scratch excessively during the night. Non-sedating antihistamines are occasionally helpful, but the most benefit is usually obtained at higher doses, that are sedating. In controlled trials, adjunctive therapy with antihistamines and other medications, including leukotriene inhibitors and antimicrobial agents aimed at reducing colonization (see above), has not consistently demonstrated efficacy (see Table 12.8).









Alternative/Complementary Therapy


Dietary lipid supplements (e.g. evening primrose and borage oils) have been studied as a treatment for AD but showed no advantage over placebo. Chinese herbal therapy for AD has been evaluated in controlled trials; although benefit was reported in some of these studies, other investigators have not been able to replicate the results. In one report, analysis of “herbal creams” noted by parents in the UK to improve their children’s AD revealed that 80% contained a corticosteroid, more than half of which represented clobetasol propionate74.


Patients with AD and parents of affected children often seek and tend to be receptive to alternative treatment methods such as biofeedback and hypnotherapy. Although beneficial effects of such modalities have been reported, efficacy has not been established in controlled studies, and placebo groups in controlled trials of AD treatments often have high response rates.









Targeted Molecular Therapy (“Biologics”)


The anti-IgE monoclonal antibody omalizumab, which inhibits the binding of IgE to its high-affinity receptor (FcεRI), is FDA-approved for the treatment of asthma in patients ≥12 years of age with sensitization to aeroallergens and a total IgE level up to 700 IU/ml (with dosing based on the IgE level). It is administered every 2–4 weeks via subcutaneous injection, which must be performed in-office due to the risk of anaphylaxis. Improvement of AD upon treatment with omalizumab has been described in several uncontrolled series. However, in a small randomized controlled trial in adults with AD, a clinical response was not noted despite depletion of IgE and decreased responses to allergens in immediate- and delayed-type skin tests75. Whether a subgroup of AD patients (e.g. with acute disease) may respond better than others remains to be determined.


The anti-CD20 monoclonal antibody rituximab (administered via two intravenous infusions separated by 2 weeks), which inhibits mature B cells but does not affect plasma cells or IgE levels, has been shown in an open-label trial to substantially improve severe AD in adults76. The monoclonal antibody mepolizumab inhibits IL-5, a crucial factor for growth and differentiation of eosinophils. Although mepolizumab can decrease the eosinophil count in patients with AD, it failed to lead to a significant clinical improvement in a controlled trial77.









Emerging Therapies


Additional targeted molecular therapies are currently under development for the treatment of asthma and AD, with goals of blocking factors such as cytokines involved in the regulation of IgE synthesis (e.g. IL-4) or chemoattractant receptor-homologous molecule expressed on Th2 cells (CRTH2). Other potential targets are involved in the migration of inflammatory cells, such as the chemokine receptor CCR3 and phosphodiesterase 4. Since AD patients are deficient in antimicrobial peptides, the development of similar synthetic antimicrobial agents could improve control of microbial, fungal and viral infections. Designing better agents to repair the skin barrier represents another area of investigation.









Educational Programs


Education of patients and their parents about skin care and the natural history, triggers and rationale for proactive management of AD is very important. Parents often seek an eradicable cause for their child’s AD and have difficulty accepting “control” rather than a “cure” of the condition78. The majority of patients and parents are particularly anxious about corticosteroid use, which often leads to delayed and inadequate treatment79. Addressing their specific concerns and acknowledging the stresses associated with this chronic disease (also noting the improvement in pruritus and sleep disturbances likely to result from treatment) make it easier for families to deal with AD and facilitate doctor–patient/parent communication. Interdisciplinary educational programs involving psychologists and dieticians as well as dermatologists have been shown to improve both the severity of the eczema and quality of life80. Patients and families can also receive information and support from groups such as the National Eczema Association (www.nationaleczema.org).









Primary Prevention


Although the therapeutic armamentarium available for AD can successfully control the disease in most patients, primary prevention of AD represents a highly desirable goal. For infants with a family history of atopy, there is evidence that exclusive breastfeeding during the first 4–6 months of life or feeding with formulas based on hydrolyzed milk products rather than intact cow’s milk protein can protect against the development of AD (no benefit from soy milk)81,82. In these high-risk infants, some studies have also shown a modest benefit with a low-allergen maternal diet during breastfeeding, but manipulated maternal diets during pregnancy have been associated with preterm labor and lower birthweights. In several randomized placebo-controlled studies, administration of probiotics (e.g. lactobacilli) or prebiotics (non-digestible oligosaccharides that promote the growth of desirable bacteria) to pregnant mothers and infants has been associated with significantly decreased frequencies of AD at 1 to 4 years of age (approximately half of the frequencies in placebo groups)83,84. There is no substantial evidence for effects of dietary interventions beyond 4–6 months of age (including delayed introduction of allergenic foods such as eggs) on the development of AD81.
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In addition to contact and atopic dermatitis, there exists a heterogeneous group of inflammatory skin diseases that obviously share the hallmarks of eczemas but display characteristic additional features. Their pathogenesis is generally less well understood than that of contact or atopic dermatitis, but most display distinctive etiologic features. There is some overlap within the entire group.






Seborrheic dermatitis








Key features







[image: image] Infantile and adult forms


[image: image] Lesions favor the scalp, ears, face, central chest, and intertriginous areas


[image: image] Etiologic links with active sebaceous glands, abnormal sebum composition, and Malassezia furfur (Pityrosporum ovale)


[image: image] Can be a cutaneous sign of HIV infection












Introduction


Seborrheic dermatitis is a common mild chronic eczema typically confined to skin regions with high sebum production and the large body folds. Although its pathogenesis is not fully elucidated, there is a link to sebum overproduction (seborrhea) and the commensal yeast Malassezia.









History


Seborrheic dermatitis was first described by Unna1, who also suspected Malassezia furfur (Pityrosporum ovale) as a causative factor. The nosologic position of seborrheic dermatitis was widely discussed for decades, the focus resting on dysfunction of the sebaceous glands and the high amounts of M. furfur present in scales of seborrheic dermatitis. In 1984 it was shown by Shuster2 that seborrheic dermatitis could be suppressed by systemic ketoconazole. This finding was corroborated by later studies3, and it became clear that seborrheic dermatitis was strongly linked to Pityrosporum yeasts. Today, a direct role of M. furfur in seborrheic dermatitis is accepted.









Epidemiology


An infantile and an adult form are distinguished, the former being self-limited and confined to the first 3 months of life, while the latter is chronic with a peak in the fourth to sixth decades. Adult seborrheic dermatitis is probably the most common type of eczema. Its prevalence is estimated at 5%, but its lifetime incidence is much higher. There are no reliable incidence data because seborrheic dermatitis of the scalp (its most common presentation) cannot be completely separated from the common problem of dandruff in population-based studies. Men are afflicted more often than women. There is neither a genetic predisposition nor horizontal transmission. Extensive and therapy-resistant seborrheic dermatitis is an important cutaneous sign of HIV infection4, Parkinson’s disease, and mood disorders5.









Pathogenesis






Malassezia


The genus Malassezia is part of the normal resident skin flora (see Table 77.3)6,7. Studies on the predominance of certain Malassezia spp. have revealed conflicting results8,9. M. furfur may behave as an opportunistic pathogen (e.g. fungemia in neonates receiving intravenous lipid emulsions) or cause or aggravate a spectrum of skin (and even systemic) diseases: pityriasis versicolor, Pityrosporum folliculitis, seborrheic dermatitis and possibly atopic dermatitis.









Malassezia and seborrheic dermatitis


M. furfur can be regularly isolated from lesions of seborrheic dermatitis, including infantile seborrheic dermatitis (whereas healthy prepubertal children are not colonized to a significant degree). This coincides with the presence of enlarged sebaceous glands in the neonatal period. There is no simple stoichiometric relationship between yeast number and severity of seborrheic dermatitis, and unaffected skin may carry a load of organisms similar to seborrheic dermatitis lesions. Even in the scalp (in which M. furfur is the predominant organism of the resident flora), only twice as many yeasts may be recovered from areas of seborrheic dermatitis as from normal controls6. Similarly, severely immunodeficient HIV-infected patients with seborrheic dermatitis do not harbor more organisms than HIV-infected patients without seborrheic dermatitis10. However, the number of yeasts drops in parallel with the therapeutic benefit of antimycotic agents and rises again when seborrheic dermatitis relapses.









Active sebaceous glands and seborrheic dermatitis


Seborrheic dermatitis occurs predominantly in areas of the skin with active sebaceous glands and is often associated with sebum overproduction. In infants, sebum is produced for a few weeks after birth, and the adult form of seborrheic dermatitis does not develop before puberty. This argues for a role of sebaceous gland activation by androgens. However, patients with seborrheic dermatitis may have normal sebum production and those with excessive sebum production are often free of seborrheic dermatitis. Thus, the amount of sebum produced alone does not appear to be the decisive risk factor.


It has been proposed that the composition of the skin surface lipids is the relevant factor11. In patients with seborrheic dermatitis, triglycerides and cholesterol are elevated but squalene and free fatty acids are significantly decreased. Free fatty acids (which have a known antimicrobial effect) are formed from triglycerides by bacterial lipases, produced by the lipolytic Propionibacterium (Corynebacterium) acnes. A major constituent of the resident microbial skin flora, P. acnes has been found to be greatly reduced in seborrheic dermatitis12. Seborrheic dermatitis may thus be linked to an imbalance of the microbial flora.









Immune responses to M. furfur in seborrheic dermatitis


An etiologic role for immune mechanisms against M. furfur – particularly in view of the prominence of seborrheic dermatitis in HIV-infected individuals – has been suspected but never convincingly proven13. However, studies on cellular immunity have yielded contradictory results6,7. The inflammation seen in seborrheic dermatitis may be irritant, caused by toxic metabolites, lipase and reactive oxygen species6,13,14.












Clinical Features


Seborrheic dermatitis is defined by clinical parameters, including:




• sharply demarcated patches or thin plaques that vary from pink–yellow to dull red to red–brown with bran-like to flaky “greasy” scales; vesiculation and crusting may occur but are rare and mostly due to irritation


• a predilection for areas rich in sebaceous glands – scalp, face, ears, presternal region – and, less often, the intertriginous areas


• a mild course with little or moderate discomfort.





Seborrheic dermatitis is most often limited in extent, but generalized and even erythrodermic forms can occur, albeit rarely.






Infantile seborrheic dermatitis


This form usually begins about one week after birth and may persist for several months. Initially, mild greasy scales adherent to the vertex and anterior fontanelle regions arise which may later extend over the entire scalp. Inflammation and oozing may finally result in a coherent scaly and crusty mass covering most of the scalp (“cradle cap”). Disseminated lesions, usually of lesser intensity, may appear on the face, retroauricular folds, neck, trunk and proximal extremities, often displaying a psoriasiform appearance. Lesions of the axillae and inguinal folds are acutely inflamed (Fig. 13.1), oozing, sharply demarcated and surrounded by satellite lesions. Superimposed infection with Candida spp. may occur.





[image: image]

Fig. 13.1 Infantile seborrheic dermatitis.


Glistening red plaques of the neck, axillary and inguinal folds as well as the penis and umbilicus. Note disseminated lesions on the trunk and extremities.


Courtesy, Robert Hartman, MD.












Adult seborrheic dermatitis


In adults, seborrheic dermatitis is generally found on the scalp and, usually of milder intensity, on the face; less often, lesions occur on the central upper chest and the intertriginous areas. Erythrodermic seborrheic dermatitis has been described as a rarity.


Pityriasis simplex capillitii (dandruff) is defined as a diffuse, slight to moderate, fine white or greasy scaling of the scalp and terminal hair-bearing areas of the face (beard area), but without significant erythema or irritation. Scales accumulate visibly on dark clothing. This common condition may be the mildest form of seborrheic dermatitis of the scalp.


In seborrheic dermatitis of the scalp, there is inflammation and pruritus in addition to dandruff. The vertex and parietal regions are predominantly affected, but in a more diffuse pattern than the discrete plaques of psoriasis. Towards the forehead, the erythema and scaling are usually sharply demarcated from uninvolved skin, with the border either at the hairline or slightly transgressing beyond it. Pruritus is usually moderate but may be intense, particularly in patients with male pattern alopecia; folliculitis, furuncles and meibomitis are not uncommon complications, elicited by scratching and rubbing.


Seborrheic dermatitis of the facial skin is often strikingly symmetric, affecting the forehead, medial portions of the eyebrows, upper eyelids, nasolabial folds and lateral aspects of the nose, retroauricular areas (Fig. 13.2), and occasionally the occiput and neck. Lesions are yellowish-red, with a typical bran-like scale. Non-purulent otitis externa is often observed. If present, lesions of the trunk are preferentially found in the presternal and intertriginous areas; those in the central chest can have a petaloid appearance. Seborrheic dermatitis, like inverse psoriasis, is a cause of intertrigo.
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Fig. 13.2 Adult seborrheic dermatitis of the face, ear and scalp.


A Sharply demarcated pink plaque with flaky white and greasy scale. Note the fissure in the retroauricular sulcus. B Sharply demarcated pink–orange thin plaques with yellow, greasy scale, especially in the melolabial fold. When this degree of severity is seen, the possibility of underlying HIV infection needs to be considered. C Symmetric red–brown to violet plaques of the central forehead, nasal bridge and medial cheeks with an associated hypopigmented figurate rim.


C, Courtesy, Jeffrey P Callen, MD.





In patients with seborrheic dermatitis, the skin is sensitive to irritation, and exposure to sun or heat, febrile illnesses and overly aggressive topical therapy may precipitate flares and dissemination. Irritated seborrheic dermatitis lesions can become bright red and erosive. Pityrosporum folliculitis is another complication characterized by pruritic erythematous follicular papules, sometimes pustules, typically in sites rich in sebaceous glands.


Adult seborrheic dermatitis has a chronic relapsing course. Patients feel well and systemic signs are absent. Extensive and severe seborrheic dermatitis, however, should raise the suspicion of underlying HIV infection. In patients with Parkinson’s disease, seborrheic dermatitis is a common finding, along with seborrhea. Its severity, however, is not correlated with that of the Parkinson’s disease15. The facial immobility of patients with Parkinson’s disease might result in a greater accumulation of sebum on the skin, resulting in a permissive effect on the growth of Malassezia15,16. Rebound flares of seborrheic dermatitis can follow tapers of systemic corticosteroids.












Pathology


Acute seborrheic dermatitis displays spongiosis with a superficial perivascular and perifollicular lymphocytic infiltrate composed mainly of lymphocytes. Older lesions show irregular acanthosis and focal parakeratosis. The latter may appear similar to psoriasis, but exocytosis of neutrophils, Munro’s microabscesses and confluent parakeratotic horny layers are absent.









Differential Diagnosis


Infantile seborrheic dermatitis is distinguished from atopic dermatitis by its earlier onset, different distribution pattern, less intense inflammation, and, most importantly, by the absence of pruritus, irritability and sleeplessness. In contrast to atopic dermatitis, infants with seborrheic dermatitis generally feed well and are content. Irritant diaper dermatitis is confined to the diaper area and tends to spare the skin folds (see below). Candidiasis of the diaper area may result from colonization with fecal yeast. Infantile psoriasis may be difficult to distinguish from psoriasiform seborrheic dermatitis. It has been suggested that psoriasiform diaper dermatitis is a primary manifestation of psoriasis, but most affected infants do not subsequently develop psoriasis.


Rare conditions to be considered are Langerhans cell histiocytosis (see Ch. 91), Wiskott–Aldrich syndrome (see Ch. 60) and Leiner’s disease. The last-mentioned is a questionable entity, once thought to be the maximal variant of infantile seborrheic dermatitis, but nowadays viewed as erythroderma in the setting of underlying immunosuppression (see Chs 10 & 60).


When there is scalp scaling in prepubertal, especially black, children, the possibility of tinea capitis due to Trichophyton tonsurans should be considered. In pityriasis amiantacea, thick asbestos-like scales adhere to tufts of scalp hairs; up to a third of the affected children and adolescents eventually develop psoriasis.


A number of entities are included in the differential diagnosis of adult seborrheic dermatitis. Distinction of seborrheic dermatitis of the scalp from psoriasis can be difficult, and there may be overlap (due to the Koebner phenomenon). However, the plaques of psoriasis tend to be thicker, with silvery white scale, more discrete, less pruritic and unassociated with seborrhea. In addition, features of psoriasis may be found elsewhere. Dry scaling of the scalp, along with dry brittle hair (as opposed to greasy hair), is a symptom of dispositionally dry skin (e.g. in atopic dermatitis), frequently mistaken for (and mistreated as) seborrheic dermatitis. Mild erythema and scale of the posterior scalp, often with demonstrable hair loss, can be seen in dermatomyositis (Fig. 13.3)17.





[image: image]

Fig. 13.3 Seborrheic-like dermatitis due to dermatomyositis.


This patient presented with severe pruritus of the scalp. In addition to the scalp involvement, she had Gottron’s papules and a photodistributed poikiloderma.


Courtesy, Jeffrey P Callen, MD.





Seborrheic dermatitis of the face may closely resemble both early rosacea and the butterfly lesions of systemic lupus erythematosus. Lupus erythematosus rarely affects the nasolabial folds and often has a clearly demonstrable photodistribution. Notably, seborrheic dermatitis and rosacea frequently coexist. The differential diagnosis of seborrheic dermatitis of the trunk includes pityriasis rosea (but, in this entity, the lesions are ellipsoid in shape, have collarette-like scaling, and there is no predilection for the central chest) as well as superficial eruptive psoriasis and subacute cutaneous lupus erythematosus.


Seborrheic dermatitis of the intertriginous areas must be distinguished from inverse psoriasis, erythrasma, intertriginous dermatitis, candidiasis, and, rarely, Langerhans cell histiocytosis.









Treatment






Infantile seborrheic dermatitis


Infantile seborrheic dermatitis usually responds satisfactorily to skin care measures such as bathing and application of emollients. Ketoconazole cream (2%) is indicated in more extensive or persistent cases18. Short courses of low-potency topical corticosteroids may be used initially to suppress inflammation. Mild shampoos are recommended for the removal of scalp scales and crusts. Avoidance of irritation (e.g. the use of strong keratolytic shampoos or mechanical measures to remove the scales from the scalp) is important.









Adult seborrheic dermatitis


The mainstay of therapy is the use of topical azoles (e.g. ketoconazole), either as shampoos (scalp) or as creams (body). The high response rate (75–90%) of this treatment has been documented in double-blind trials3. Ciclopirox olamine has antifungal and anti-inflammatory activities and has also been shown to be effective as a shampoo or cream in double-blind, randomized trials. Because seborrheic dermatitis is a predispositional disorder, it tends to relapse if treatments are not carried out repetitively. As M. furfur has a slow proliferation rate, an interval of two to several weeks will pass until relapses appear. The intervals of topical therapy should follow this rhythm.


Additional measures, particularly in the initial stages of treatment, include low-potency topical corticosteroids and emollients. Second-line treatment options include zinc pyrithione and tar shampoos as well as topical calcineurin inhibitors. Recently, a nonsteroidal cream that contains shea butter and several plant extracts has reported to be efficacious19.















Asteatotic eczema








Synonyms


[image: image] Eczema craquelé [image: image] Winter eczema [image: image] Winter itch [image: image] Dessication dermatitis








Key features







[image: image] Dry, rough, scaly and inflamed skin with superficial cracking that resembles a “dried riverbed”


[image: image] Sites of predilection are the shins, lower flanks, and posterior axillary line


[image: image] Associated with aging, xerosis, low relative humidity, and frequent bathing












Introduction


Dry skin (xerosis, exsiccosis, asteatosis) may result from both exogenous and endogenous causes: a dry climate or low indoor humidity; excessive exposure to water, soaps and surfactants; marasmus and malnutrition; renal insufficiency and hemodialysis; and hereditary conditions such as ichthyosis vulgaris and atopic dermatitis. The most common cause of xerosis is aging. Rarely, but especially when widespread and refractory to therapy, eczema craquelé may be related to an underlying systemic lymphoma20.









History


Asteatosis as the cause of “nummular eczema” was first mentioned by Gross21 in the late 1940s.









Epidemiology


Dry skin probably occurs in everyone over the age of 60 years, but its severity is strongly linked to the exogenous factors mentioned above.









Pathogenesis


Xerosis of aging skin is not caused by deficient sebum production, but by a complex dysfunction of the stratum corneum (see Ch. 124)22. There is a decrease of intercellular lipids with a deficiency of all key stratum corneum lipids23 and an altered ratio of fatty acids esterified to ceramide 124, persistence of corneodesmosomes25, and premature expression of involucrin and formation of the cornified envelope26, resulting in corneocyte retention and marked impairment of barrier recovery23. The water-binding capacity of the stratum corneum layer is reduced owing to decreased synthesis of “natural moisturizing factor” (NMF) which contains urea and degradation products of filaggrin27. Consequently, the stratum corneum desiccates, loses its pliability and forms small cracks, which render the skin surface dull, rough and scaly.


Mild xerosis is asymptomatic, but if more pronounced, the skin conveys unpleasant sensations such as itching and stinging. Inflammation is enhanced by the release of proinflammatory cytokines secondary to barrier perturbation, mechanical factors (scratching, rubbing), and the application of irritative or sensitizing substances in topical preparations and skin care products.









Clinical Features


Xerosis first arises on the shins. Later it may spread to the thighs, proximal extremities and trunk, but spares the face and neck as well as the palms and soles. It develops insidiously over many years, whereas asteatotic eczema often has a more subacute to acute onset.


Xerotic skin is dry, dull, with fine bran-like scales which may be released as powdery clouds when patients take off their stockings. If more advanced, the skin exhibits a criss-cross pattern of superficial cracks and fissures of the horny layer (“crazy-paving”, eczema craquelé, “dried riverbed”) and appears pink to light red in color (Fig. 13.4). The skin becomes rough, and may develop an appearance similar to ichthyosis vulgaris (“pseudo-ichthyosis”). In more advanced stages of asteatotic eczema, there is a dull erythema as well as oozing, crusting and abundant excoriations; disseminated nummular lesions are frequently seen. Vesiculation and lichenification are not regular features except when irritant or allergic contact dermatitis is superimposed.





[image: image]
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Fig. 13.4 Asteatotic eczema (eczema craquelé).


A The distal lower extremity has obvious inflammation and xerosis with adherent white scales (pseudo-ichthyosis) as well as a criss-cross pattern of superficial cracks and fissures said to resemble a dried riverbed. B When widespread, there can be involvement of the trunk and proximal extremities. Along with the distal lower extremity, the posterior axillary line is a common site for asteatotic eczema.


A, Courtesy, Louis A Fragola, Jr, MD; B, Courtesy, Thomas Schwarz, MD.












Pathology


Histologically, xerotic skin appears rather normal except for a compact and slightly irregular stratum corneum. Asteatotic eczema in addition exhibits mild focal spongiosis, parakeratosis and a lymphocytic infiltrate with neutrophils in the superficial dermis.









Differential Diagnosis


Conditions that need to be distinguished from asteatotic eczema include stasis dermatitis, adult atopic dermatitis (which may overlap with asteatotic eczema), allergic contact dermatitis, nummular dermatitis and scabies.









Treatment


Asteatotic eczema usually clears within a few days of the application of topical corticosteroid ointment. Proper attention must be given to the care of xerosis in order to avoid relapses: regular use of emollients, including petrolatum-, urea-, ceramide- or lactic acid-containing preparations, use of bath oils, and the elimination of factors that aggravate dry skin (see above). Topical calcineurin inhibitors have also been used. Coexisting stasis dermatitis should be treated as well (see below).












Stasis dermatitis








Synonyms


[image: image] Gravitational dermatitis [image: image] Varicose eczema [image: image] Congestion eczema








Key features







[image: image] Often associated with other signs of venous hypertension


[image: image] Can be complicated by allergic contact dermatitis


[image: image] One of the most common causes of disseminated eczema (autosensitization dermatitis)












Introduction


Stasis dermatitis is a common component of the clinical spectrum of chronic venous insufficiency of the lower extremities (see Ch. 105). It may arise as an early sign of chronic venous insufficiency, but can persist or recur throughout all stages and is often most prominent when ulcers are present. There is little doubt that chronic venous hypertension per se is the initial trigger for stasis dermatitis. Over time, additional etiological factors may act in concert, most importantly contact sensitization to ingredients of topical therapies. Stasis dermatitis is one of the most common causes of secondary dissemination of dermatitis, and is therefore a complex and multifactorial condition.









History


The term “stasis dermatitis” was introduced by Pillsbury28, and the term “gravitation dermatitis” by Belisario29.









Epidemiology


The prevalence of chronic venous insufficiency is variable among different ethnic groups and societies. In Central Europe, approximately 15% of the adult population has symptoms of chronic venous insufficiency and about 1% suffers from venous ulcers. Prevalence rates clearly rise with age.









Pathogenesis






Chronic venous insufficiency and the microvasculature


Venous hypertension of the lower limbs is linked to the upright position and is caused by multiple factors, most importantly valvular incompetence of the deep leg veins. Venous hypertension slows the blood flow in the microvasculature, distends the capillaries and damages the capillary permeability barrier, allowing the passage of fluid and plasma proteins into the tissue (edema) and extravasation of erythrocytes (stasis “purpura” and hemosiderin deposition). These processes lead to microangiopathy, with serious consequences30.




• Proteins (particularly fibrin) are deposited around the vessels as hyaline cuffs; these may, together with interstitial edema, inhibit oxygen diffusion and metabolic exchange.


• Slow blood flow induces upregulation of ICAM-1 and VCAM-1 on endothelia31, expression of L-selectin on neutrophils32, and activation of neutrophils and macrophages33. Neutrophils are attracted into and trapped within affected areas (notably the medial supramalleolar region)34.


• Release of inflammatory mediators, free radicals and proteases by neutrophils leads to pericapillary inflammation. Free iron ions released from hemosiderin deposits create a proinflammatory vicious cycle by increasing free radical production and lipid peroxidation and activating matrix metalloproteinases35. Platelets accumulate in the microvasculature and may trigger focal thrombosis.


• The subsequent imbalance in the capillary network can produce fibrosis and tissue remodeling, lipodermatosclerosis (i.e. dermal sclerosis and septal sclerosis that present as sclerosing panniculitis), dysfunction of the lymphatics, and stellate sclerotic areas depleted of capillaries with the formation of peripheral giant capillaries (“atrophie blanche”). These same processes may later result in the formation of venous ulcers.





Of note, patients with stasis dermatitis (with or without ulceration) have elevated plasma levels of homocysteine, when compared to a control population36, and hyperhomocysteinemia is associated with an increased risk of thromboses.









Pathogenesis of stasis dermatitis


Chronic inflammation and microangiopathy are likely to be responsible for stasis dermatitis. Stasis dermatitis typically occurs in the same (i.e. the medial supramalleolar) regions where microangiopathy is most intense, and the patches of dermatitis arise preferentially over dilated varicose veins. Also, dermal inflammation is known to induce epidermal dysfunction (e.g. barrier impairment).


Sometimes, patients report intense pruritus that even becomes manifest before the eczema. Pruritus may be caused both by repeated congestion and decongestion, and by the release of inflammatory mediators within the dermis. Scratching or rubbing worsens and perpetuates the dermatitis.









Complicating pathogenetic factors







• Contact sensitization. Even before stasis dermatitis is manifest, pruritus and dryness of the skin invariably prompts the patient to apply various creams and ointments (including home remedies), and even more so after ulcers have formed. Sensitizations are therefore frequently found, most notably to topical antibiotics, lanolin derivatives, emulsifiers, antiseptics (iodine), preservatives (parabens), balsam of Peru, fragrances, chemicals of plant origin, topical corticosteroids, and modern wound dressings. Patients with chronic venous insufficiency more often than not exhibit multiple contact allergies37,38.


• Irritant dermatitis due to wound secretions. Once venous ulcers are present, draining exudates macerate the surrounding skin and increase inflammation. They also favor colonization with resident and transient skin flora bacteria which play an additional proinflammatory role (“microbial eczema”).















Clinical Features


The first sign of chronic venous insufficiency is usually a cushion-like pitting edema of the medial aspects of the shin and calf around and proximal to the ankle, corresponding to the location of the major communicating veins. Edema is more pronounced in the evening and resolves overnight. Bouts of stasis purpura lead to spotty hemosiderin deposits. At this stage, stasis dermatitis is mild or absent; the skin may be dry and itchy. Later, the edema extends to the distal third of the calf and subfascial edema arises, often accompanied by inflammation which may mimic cellulitis (“pseudoerysipelas”; acute lipodermatosclerosis). Over a period of years, the skin, subcutaneous adipose tissue and deep fascia become progressively indurated and mutually adherent (chronic “lipodermatosclerosis”; see Ch. 100). A firm circular cuff is formed which appears to strangle the distal calf, creating an inverted wine bottle appearance. The skin may show intense hemosiderin pigmentation and atrophie blanche. In this setting, venous ulcers develop spontaneously or are triggered by scratching or other trauma. They arise most often in the supramalleolar region, but may later expand.


At the latest stage, stasis dermatitis appears when lipodermatosclerosis develops. Erythema and scaling are most pronounced around the inner malleoli, but may extend to involve the entire distal lower extremity. It is severely pruritic, as evidenced by multiple scratch marks, which lead to oozing and crusting. Episodes of vesiculation occur infrequently, always raising the suspicion of superimposed contact sensitization. Chronic lesions of stasis dermatitis invariably exhibit considerable lichenification. Once ulcers are formed, stasis dermatitis often becomes highly irritated, oozing and erosive.


Contact sensitization often leads to secondary dissemination. Patches of eczema arise in a strikingly symmetric distribution pattern, particularly on the anterior aspect of the contralateral leg, the anterior thighs and the extensor surface of the upper extremities (Fig. 13.5); lesions may generalize to involve the trunk and face.
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Fig. 13.5 Autosensitization dermatitis in a patient with venous ulceration.


Note the involvement of the extensor surfaces of the upper extremities in this patient with an allergic contact dermatitis to neomycin, as well as stasis dermatitis and venous ulceration.


Courtesy, Jean L Bolognia, MD.












Pathology


The histologic features of eczema, including stasis dermatitis, vary according to the stage of the lesion. In acute eczematous eruptions, intraepithelial edema predominates, with fluid accumulation as micro- or macrovesicles, accompanied by lymphocytes in a perivascular array in the superficial dermis and exocytosis of lymphocytes into the epidermis. In the subacute phase, spongiosis is still evident, but may be subtle; vesicle formation is absent. The epidermis thickens variably and parakeratosis may develop. Lymphocytes persist in the dermis and epidermis, but in fewer numbers.


In the chronic phase, thickening of the epidermis is more pronounced and it occurs in a regular, psoriasiform pattern or has a more irregular profile. Inflammation and spongiosis are mild to absent. Change in the granular layer is variable, from thickening, simulating lichen simplex chronicus, to thinning, when the pattern more closely approaches psoriasis; the latter changes are seen more often in nummular eczema (see below). Ascribing a specific cause of the dermatitis based upon this constellation of histologic findings is impossible, although individually necrotic keratinocytes suggest the diagnosis of an irritant dermatitis.


In stasis dermatitis, biopsy specimens display the histologic features just outlined, as well as signs of venous hypertension: dilated capillaries surrounded by cuffs of fibrin, hemosiderin deposits, and hyperplastic (and at times thrombotic) venules (Fig. 13.6). In later stages, there is fibrosis of the dermal connective tissue and sclerosis of the adipose tissue (see Ch. 100).





[image: image]

Fig. 13.6 Stasis dermatitis – histologic features.


Increased number of blood vessels in a slightly fibrotic papillary dermis. Note also extravasation of erythrocytes and a mild lymphocytic infiltrate.


Courtesy, Lorenzo Cerroni, MD.












Differential Diagnosis


Stasis dermatitis is a straightforward diagnosis if the cutaneous signs of venous hypertension are present. Difficulties may arise in differentiating the individual etiologic components, such as asteatotic eczema and irritant or allergic contact dermatitis. Patch testing is required to exclude the latter. Plaques of stasis dermatitis may be mistaken for nummular eczema, psoriasis or even mycosis fungoides.









Treatment


The major aim of therapy is the management of venous hypertension – a complex goal which is reviewed in Chapter 105. Basic measures include the regular use of adequate compression bandages or stockings to improve venous return, lifestyle changes, and exercise of the calf muscles. If indicated, surgical strategies are undertaken (see Ch. 155). However, these surgical approaches do not replace the need for ongoing compression therapy. Topical treatment is the same as for other types of eczemas: judicious use of topical corticosteroids and emollients. Whether correction of hyperhomocysteinemia will have any therapeutic impact remains to be determined.












Disseminated eczema (AUTOSENSITIZATION)








Synonyms


[image: image] Autosensitization dermatitis [image: image] Generalized eczema [image: image] Id reaction








Key features







[image: image] Secondary lesions of eczema distant from the primary site of exposure or involvement


[image: image] Symmetric distribution pattern


[image: image] Most often associated with allergic contact dermatitis and stasis dermatitis












Introduction


Dermatitis caused by exogenous agents initially arises at the site of contact. Not infrequently, additional patches of eczema develop at distant sites. This phenomenon, termed secondary dissemination, has puzzled dermatologists for decades. It is most often observed in allergic contact dermatitis, particularly if associated with stasis dermatitis (see Fig. 13.5), but may occur with uncomplicated stasis dermatitis, other forms of eczema, and, occasionally, severe tinea pedis.


Disseminated eczema appears later than the primary lesions by a few days to weeks, tends to follow a strikingly symmetric distribution pattern, and shows a predilection for analogous body sites (e.g. extensor aspects of the lower and upper extremities, palms and soles). It may even arise in the absence of and without a preceding “primary” eczema, e.g. in nummular dermatitis (see below). Disseminated eczema must be distinguished from atopic dermatitis, which a priori arises in a disseminated fashion.









History and Pathogenesis


The phenomenon of secondary dissemination of eczemas was first described by Whitfield39, but its pathogenesis is still not fully elucidated. The orderly and symmetric distribution pattern may reflect systemic (hematogenous) dissemination and argues against simple spread of contact irritants or allergens on the body surface. It is unclear, however, what exactly is disseminated via the bloodstream. It could be allergens; for example, the ingestion of allergens such as nickel has been shown to elicit disseminated eczema in sensitized individuals40,41.


Hematogenous dissemination of microbial products leading to a variety of (non-infectious) manifestations distant from the site of infection, such as “tuberculids” and “bacterids”, was an accepted pathogenic model in the first half of the twentieth century and was extrapolated to the phenomenon of disseminated eczema. Dyshidrotic eczema of the soles, for example, was interpreted as an “id” reaction associated with tinea pedis, and nummular eczema as an “id” reaction caused by “focal” infections of the tonsils. Because disseminated eczema could hardly be attributed to infections as a whole, attention shifted to an “autosensitization” to epidermal antigens mediated by cytotoxic autoantibodies. This hypothesis, however, was never verified.


Instead, it became clear both from animal experiments42 and from routine patch testing (“excited skin syndrome”, “angry back”)43,44 that inflammatory processes of the skin, both allergic and irritant or caused by infections, lower the irritancy threshold of distant skin and thus facilitate the development of an eczematous reaction. Obviously, circulating activated memory T cells may play an additional role in disseminated eczema associated with allergic contact dermatitis, including that seen with poison ivy dermatitis following a short, rapid taper of systemic corticosteroids. It remains to be determined which factors regulate the symmetric distribution of disseminated eczema.









Epidemiology


An estimated two-thirds or more of patients with contact dermatitis associated with stasis dermatitis develop episodes of disseminated eczema. The incidence is much lower in the other types of eczema or tinea pedis.









Clinical Features


Disseminated eczema in allergic contact dermatitis is characterized by moderately to poorly demarcated patches of eczema, most often on the extremities (Fig. 13.7A). Lesions are also found on the face, and less so on the trunk (Fig. 13.7B). The areas of involvement vary greatly in size and number and may consist of discrete papules which are often excoriated. Disseminated eczema in patients with seborrheic and asteatotic eczema differs slightly in predilection sites and morphology (see above).
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Fig. 13.7 Id reactions in children due to allergic contact dermatitis (ACD) to nickel.


A Multiple flat-topped papules, several of which have been excoriated, in addition to patches of eczema. B Square-shaped area of ACD due to nickel in a buckle with an id reaction. The latter consists of edematous crusted papules.


Courtesy, Julie V Schaffer, MD.












Pathology


In biopsy specimens of disseminated eczema, the histologic findings are those of an acute or subacute dermatitis (see previous section).









Differential Diagnosis


Conditions to be distinguished are those eczemas that can arise in a widespread or disseminated fashion: atopic dermatitis, airborne contact dermatitis, contact dermatitis caused by constituents of textiles, and photoallergic dermatitis. Other conditions to be considered are mycosis fungoides and Sézary syndrome.









Treatment


Topical corticosteroids and systemic antihistamines are the mainstay of therapy. Short courses of systemic corticosteroids may be required, but aggressive topical treatment of the inciting dermatosis is necessary to help prevent recurrences or a rebound flare.












Nummular dermatitis








Synonyms


[image: image] Nummular eczema [image: image] Discoid eczema [image: image] Microbial eczema








Key features







[image: image] Coin-shaped, disseminated, eczematous lesions


[image: image] Usually very pruritic


[image: image] Chronic course












Introduction


Nummular dermatitis is an uncommon disseminated eczema characterized by its coin-shaped lesions. Because such lesions can occur as a feature of atopic dermatitis, asteatotic eczema and stasis dermatitis, the position of nummular dermatitis as an independent clinical entity has been questioned.









Epidemiology


Nummular lesions of eczema are not uncommon. However, in the literature there are widely discrepant data on the prevalence of nummular dermatitis, ranging from 0.1% to 9.1%4. Some of this variability may reflect the degree to which a distinction is made between nummular dermatitis and coin-shaped lesions observed in patients with other forms of eczema. Men are affected slightly more often and at a later age than women (>50 vs <30 years, respectively).









Pathogenesis


The pathogenesis has not been fully elucidated (see above). The traditional view of nummular dermatitis being “microbial” in origin, i.e. either secondary to bacterial colonization or due indirectly to hematogenous dissemination of bacterial toxins, has not been corroborated. However, the search for “focal” infections is still part of the routine evaluation in some institutions. Nummular lesions of dermatitis are not infrequently associated with contact sensitization as well as with xerosis and venous hypertension. Nummular dermatitis of the dorsa of the hands may be a manifestation of chronic irritant or allergic dermatitis. Clinical and laboratory signs of atopy are absent in “true” nummular dermatitis.









Clinical Features


Nummular dermatitis is defined as an eruption of round (discoid) eczematous patches almost exclusively of the extremities (Fig. 13.8), often the lower legs in men and the forearms and dorsal aspects of the hands in women. The lesions are well demarcated and measure 1–3 cm, only occasionally being larger. They may be acutely inflamed with vesicles and weeping, but are more often lichenified and hyperkeratotic. Pruritus may be intense and excoriations are often prominent. Nummular dermatitis usually takes a very chronic course. A particularly therapy-resistant variety has been termed “oid-oid disease” (Sulzberger–Garbe syndrome)45.
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Fig. 13.8 Nummular dermatitis.


Coin-shaped lesions of acute and subacute dermatitis that are fairly well demarcated. There is often marked pruritus.


Courtesy, Kalman Watsky, MD.












Pathology


Histologically, the changes of subacute to chronic dermatitis are seen (see section “Stasis dermatitis”).









Differential Diagnosis


Nummular dermatitis must be distinguished from nummular lesions of atopic dermatitis and dissemination secondary to contact dermatitis or stasis dermatitis. Other conditions to be considered are psoriasis, Bowen’s disease, mycosis fungoides and tinea corporis.









Treatment


Options comprise medium- to high-potency topical corticosteroid ointments, topical tacrolimus or pimecrolimus, and emollients. Tar preparations have also been used successfully. However, a number of patients will require phototherapy to clear the lesions.












Pityriasis alba








Key features







[image: image] Minor feature of atopic dermatitis


[image: image] Ill-defined, hypopigmented patches, primarily on the face of children and adolescents


[image: image] More clinically evident in individuals with darkly pigmented skin


[image: image] Spontaneous remission








Pityriasis alba is a fairly common, low-grade, eczematous dermatosis characterized by ill-defined, patchy hypopigmentation (Fig. 13.9). It is regarded as a minor feature of atopic dermatitis (see Table 12.1). For details, see Chapter 12.
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Fig. 13.9 Pityriasis alba.


Hypopigmented macules and patches on the cheek of an African-American girl.


Courtesy, Anthony J Mancini, MD.












Infective dermatitis








Key features







[image: image] Rare dermatologic disorder of childhood and adolescence


[image: image] Association with human T-cell lymphotropic virus type I (HTLV-1)


[image: image] Eczema of the scalp, axillae and groin; watery discharge of the nose


[image: image] Prompt response to antibiotics












Introduction and Pathogenesis


Human T-cell lymphotropic virus type I (HTLV-1), also referred to as human T-cell leukemia virus type I and adult T-cell lymphoma virus type 1, was first detected in 198046, and it can infect T cells, B cells and monocytes. HTLV-1 is transmitted primarily via sexual intercourse, blood transfusions, needle sharing in intravenous drug users, and breastfeeding. It has been associated with adult T-cell leukemia/lymphoma (ATLL), tropical spastic paraparesis, and infective dermatitis. The activity of HTLV-1 in infected subjects appears to be low – more than 90% of carriers remain asymptomatic47 and the majority of disease symptoms (other than infective dermatitis) emerge during adulthood. HTLV-1 induces spontaneous T-cell proliferation independent of exogenous stimuli, followed by interleukin (IL)-2 receptor expression (CD25), increased IL-2 secretion, and induction of interferon-γ, IL-5 and IL-10. In symptomatic patients, levels of tumor necrosis factor-α and IL-6 are elevated48. Infected individuals are more susceptible to a variety of infections and parasitoses such as scabies and strongyloidiasis49.









Epidemiology


Major endemic areas of HTLV-1 infection include Africa, northeastern South America, the Caribbean basin, southern Japan, and Iran. Infective dermatitis was first described in 1966 by Sweet50, preceding the detection of HTLV-1 by almost 15 years. Walshe51, in 1967, was the first to suggest an underlying immune defect because relapses of the dermatitis frequently occurred, even after a prompt initial response to antibiotic treatment. The probability of developing infective dermatitis was estimated to be 2% amongst perinatally infected children52.









Clinical Features


Infective dermatitis presents as an exudative and crusty eczematous dermatosis, affecting primarily the scalp, axillae and groin, ears, paranasal skin, eyelid margins and/or neck47. A generalized fine papular rash is occasionally observed. Complications include parasitic infestations, corneal opacities, and progression to more severe HTLV-1-associated disorders (e.g. ATLL). Infective dermatitis rarely persists until adulthood. However, according to Bittencourt53, 44% of adult patients in Bahia with HTLV-1-associated ATLL had a history of infective dermatitis. Diagnosis is established by major and minor criteria (Table 13.1)


Table 13.1 Criteria for the diagnosis of infective dermatitis. To establish the diagnosis, four major criteria are required, with mandatory inclusion of human T-cell lymphotropic/leukemia virus type I (HTLV-1) seropositivity. For the first two major criteria, the involvement of at least two body regions is required.






	CRITERIA FOR THE DIAGNOSIS OF INFECTIVE DERMATITIS






	Major






	



• Eczema of the scalp, axillae and groin, ears, paranasal skin, eyelid margins and/or neck


• Chronic watery nasal discharge and/or crusting of the anterior nares


• Chronic relapsing dermatitis which responds quickly to antibiotics but relapses promptly after withdrawal


• Onset during early childhood


• Seropositivity for HTLV-1












	Minor






	



• Positive cultures for Staphylococcus aureus and/or β-hemolytic streptococci from the skin or anterior nares


• Generalized fine papular rash


• Anemia, elevated erythrocyte sedimentation rate


• Hyperimmunoglobulinemia


• Elevated CD4+ and CD8+ T-cell counts; elevated CD4/CD8 ratio













Adapted from ref. 49.









Differential Diagnosis


The major entity in the differential diagnosis is atopic dermatitis. Apart from serologic evidence of HTLV-1 infection, lesions of infective dermatitis are more exuberant and obviously infected, but pruritus is less intense. Crusting of the nasal vestibule and blepharoconjunctivitis are more prominent than in atopic dermatitis. Other disorders to consider include seborrheic dermatitis and impetigo.









Treatment


Oral antibiotics result in improvement of the skin lesions but do not prevent relapses. Topical treatments include antibiotics (including intranasal), corticosteroids, and bleach baths.












Dyshidrotic eczema








Synonyms


[image: image] Pompholyx (larger bullae) [image: image] Acute and recurrent vesicular hand dermatitis








Key features







[image: image] Firm, pruritic vesicles of the palms, soles, and lateral and medial aspects of the fingers and toes


[image: image] Association with atopic dermatitis and contact dermatitis (allergic and irritant)


[image: image] No disturbance of sweat gland function












Introduction


Dyshidrotic eczema is a not-infrequent, chronic, relapsing palmoplantar eczematous dermatosis characterized by firm, pruritic vesicles and bullae. While the vesicles are due to spongiosis within the epidermis, their intact nature is explained by the thick tear-proof horny layer in these sites. Dyshidrotic eczema is not an independent disease entity because it is often a manifestation of other types of eczema, especially atopic dermatitis and irritant or allergic contact dermatitis.









Pathogenesis


Although the formation of vesicles is not linked to sweat gland dysfunction or trapping of sweat within the epidermis (as the term may suggest), hyperhidrosis can be an aggravating factor in some patients. Notably, treatment of hyperhidrosis with onabotulinumtoxinA may ameliorate dyshidrotic eczema54.


Dyshidrotic eczema is frequently an expression of atopic dermatitis, particularly as a late-stage manifestation. In these patients, its intensity is usually low to moderate with a protracted and relapsing course, and it is accompanied by only a few other signs of atopic dermatitis. Less often, dyshidrotic eczema is a manifestation of acute or subacute allergic contact dermatitis. Flares can also result from exposure to known irritants (see Ch. 15).


Occasionally, administration of IVIg is followed by acute episodes of dyshidrotic eczema. The role of ingestants, in particular nickel and cobalt, has been debated, but improvement with a low-nickel diet (in nickel-sensitive patients with a positive oral provocation test) has been observed. Lastly, flares can also follow periods of emotional stress as well as exposure to hot climates and (rarely) sunlight.









Clinical Features


Dyshidrotic eczema is characterized by symmetric, firm, deep-seated vesicles of the palms, the lateral and medial aspects of the fingers, and less often the soles and toes (Fig. 13.10A). The size of the vesicles may vary from pinhead-sized to several centimeters (“pompholyx”). When smaller lesions are clustered, they have been likened to tapioca pudding. While the markedly pruritic vesicles initially contain clear fluid, they have a tendency for purulent superinfection. It resolves via desquamation of characteristically thick scales.
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Fig. 13.10 Dyshidrotic eczema.


A Clinically, firm vesicles are seen along the side of the thumb and thenar eminence. Some of them are deep-seated. B Histopathologically, spongiosis within the epidermis is accompanied by macrovesicles; the thickened stratum corneum points to an acral location.


A, Courtesy, Louis A Fragola, Jr, MD; B, Courtesy, Lorenzo Cerroni, MD.





Dyshidrosis lamellosa sicca (also referred to as keratolysis exfoliativa) is a minimal variant which displays no blisters but only small annular collarettes of white scale.









Pathology


Histologically, a spongiotic dermatitis is seen with the formation of micro- and macrovesicles within the epidermis (Fig. 13.10B). There is no association with sweat glands.









Differential Diagnosis


Inflammatory tinea manuum and pedis, scabies and palmoplantar pustular psoriasis need to be considered as well as dyshidrosiform pemphigoid, dyshidrotic cutaneous T-cell lymphoma, erythema multiforme, fixed drug eruption, and, in children, infantile acropustulosis. Distinguishing between an id reaction involving the palms or soles and dyshidrotic eczema can sometimes be difficult and some clinicians view them as overlapping entities.









Treatment


Topical and systemic corticosteroids are the mainstay of treatment. Topical calcineurin inhibitors may be helpful. Bath PUVA has been shown to be more effective than oral PUVA or UVB55. An underlying allergic or irritant contact dermatitis needs to be considered and addressed.












Juvenile plantar dermatosis








Synonyms


[image: image] Atopic winter feet [image: image] Forefoot dermatitis [image: image] Dermatitis plantaris sicca [image: image] Moon-boot foot syndrome [image: image] Sweaty sock dermatitis








Key features







[image: image] Dry, scaly, glazed and fissured plantar surface of the forefoot


[image: image] Prepubertal children are affected


[image: image] Association with atopy and exogenous factors












Introduction


The feet are a fairly common site for various eczematous dermatoses (Table 13.2). Juvenile plantar dermatosis is a characteristic condition that occurs primarily (but not exclusively) in children with an atopic diathesis.


Table 13.2 Differential diagnosis of dermatitis of the foot.






	DIFFERENTIAL DIAGNOSIS OF DERMATITIS OF THE FOOT






	Allergic contact dermatitis (footwear dermatitis)






	



• Dermatitis of the dorsal aspects of the feet and toes (allergen contained in the “top” of the shoes)


• Dermatitis of the weightbearing areas of the soles (allergens contained in the sole of the shoes)



– Most common allergens: dichromate, rubber accelerators, colophony, dyes, formaldehyde resins; also consider topical antibiotics, e.g. bacitracin



– Association with atopy and hyperhidrosis



– Distinguish from sock and stocking dermatitis where lesions extend more proximally (popliteal area, thighs) – most common allergen is azo dyes












	Tylosis






	



• Mechanically induced hyperkeratosis, dryness and fissuring


• Predilection sites: heels and weightbearing areas of the soles


• In middle-aged to elderly individuals


• Associated with obesity and hyperhidrosis












	Acquired plantar keratoderma (keratoderma climactericum)






	



• Same as tylosis but more intense


• Typically occurs in women over the age of 45 years, but may also be seen in men


• Similar lesions may appear on palms












	Juvenile plantar dermatosis






	See section in this chapter






	Tinea pedis (athlete’s foot)






	



• Dermatophyte infections of the plantar skin are usually accompanied by involvement of the interdigital spaces as well as lateral aspects of the foot


• Often symmetric, accompanied by onychomycosis


• Lesions on the lateral and dorsal aspects of the feet have well-demarcated circinate borders


• Occasionally vesicular variant












	Psoriasis (see Ch. 8)






	



• Diffuse erythema and thick adherent scales, dryness and fissuring


• Psoriatic plaques found elsewhere on the body


• Nail involvement, e.g. pitting and oil-drop changes












	Dyshidrotic eczema






	See section in this chapter






	Recurrent focal palmar and plantar peeling






	



• Probably represents a mild form of dyshidrosis


• Dry, circinate thin scales of palms and soles


• Vesicles are absent












	Pustulosis of the palms and soles (see Ch. 8)






	



• A neutrophilic dermatosis, possibly related to pustular psoriasis


• Chronic course with crops of non-pruritic, short-lived, superficial pustules, particularly of the instep


• Yellow–brown macules admixed with pustules












	Sézary syndrome (see Ch. 120)






	



• Palms and soles are tender and exhibit scaling, which can be quite thick


• Associated with hypertrophic onychodystrophy and erythroderma












	Other






	



• Atopic dermatitis


• Irritant contact dermatitis (e.g. due to occlusive footwear)


• Pityriasis rubra pilaris


• Acrokeratosis paraneoplastica


• Keratoderma blennorrhagicum


• Inherited palmoplantar keratodermas (see Ch. 58)


• Palmoplantar keratoderma associated with hypothyroidism


• Crusted scabies




















History


Juvenile plantar dermatosis was first reported by Mackie and Husain56.









Epidemiology


Juvenile plantar dermatosis occurs in prepubertal children, from the age of 3 years and upwards (when shoes are worn for longer periods of time), and is only rarely seen in adults. There is seasonal variation (worsening during the winter) and boys are affected slightly more often than girls.









Pathogenesis


An atopic disposition is clearly a risk factor, but exogenous factors play an equally important role. Juvenile plantar dermatosis has been observed more often since impermeable materials such as plastic and rubber have been used for sports shoes, which youngsters often wear all day long. The humid environment leads to hydration of the horny layer, which is then much less resistant to wear and tear. It is rubbed off by friction, leading to a characteristic glazed and thinned appearance of the skin. As involved areas become xerotic, cracks are formed. The inherently dry skin of atopic individuals may be a predisposing factor. Adults have a much thicker horny layer of their plantar skin and are thus less at risk of developing the condition.









Clinical Features


The balls of the feet and the toe pads exhibit strikingly symmetrical changes: fairly well demarcated shiny, reddish, tender, dry lesions with some scaling (Fig. 13.11), and often with painful cracks and fissures. The dorsa of the feet, the interdigital spaces and the instep are typically spared. Similar lesions may be found on the hands.





[image: image]

Fig. 13.11 Juvenile plantar dermatosis in a child.


Erythema and scaling of the plantar surface of the great toes and fifth toes as well as the ball of the foot bilaterally. Note the glazed appearance of the skin of the left foot.


Courtesy, Kalman Watsky, MD.












Pathology


Histologically, the features of a chronic dermatitis are seen.









Differential Diagnosis


Juvenile plantar dermatosis needs to be distinguished from allergic contact dermatitis to chemicals contained in leather (e.g. chromates, dyes) or rubber. However, the latter is rare in children and, if present, often involves the dorsa of the feet as well. Tinea pedis is equally uncommon in children, and the interdigital spaces are usually predominantly affected. Patch testing and KOH preparations may help in establishing the diagnosis.









Treatment


Juvenile plantar dermatosis is a chronic but self-limiting condition. Patients should be advised to avoid wearing impermeable socks and shoes, and the application of emollients, keratolytics and/or paraffin-type ointments is beneficial. When shoes are removed, socks, if damp, should also be removed and replaced by dry socks.












Diaper dermatitis








Key features







[image: image] Frequently, an irritant dermatitis of the diaper area due to occlusion and prolonged exposure to urine and feces


[image: image] Secondary infection with Candida albicans often occurs


[image: image] May be associated with seborrheic dermatitis and psoriasis












Epidemiology


Diaper dermatitis develops in at least 50% of infants, and it is responsible for a considerable percentage of dermatologic consultations in infants and toddlers. Seborrheic dermatitis is a predisposing factor.









Pathogenesis


Diaper dermatitis is the cumulative result of several factors, in particular dampness and exposure to urine and feces. In the past, ammonia derived from the urea in urine was held as primarily responsible for diaper dermatitis. More recently, the blame has been placed on the (alkaline) pH of the urine and the role of fecal bacteria. Enzymes produced by fecal bacteria, as well as residual pancreatic proteases and lipase in the stool, act as irritants and these enzymes are also activated in the alkaline milieu57,58. In addition, ureases are produced by fecal bacteria, resulting in a further increase of the urinary pH. This explains why diaper dermatitis is more likely to appear in cow milk-fed than in breast-fed infants: cow milk formulas are colonized by a greater number of urease-producing bacteria59.


Prolonged use of diapers, dampness, and the factors detailed above lead to the breakdown of the horny layer barrier function. An alkaline pH also facilitates the development of secondary C. albicans infection.


As diaper dermatitis tends to be most prominent on the inner parts of the thighs, genitalia and buttocks, friction between the skin and the diaper material likely acts as a physical factor that leads to further irritation. In addition, chemical constituents of the diaper and/or topical preparations and baby wipes may lead to contact sensitization.









Clinical Features


Diaper dermatitis is strictly confined to the diaper area, presenting with mild to pronounced erythema, erosions and scaling. In the common form due to irritant contact dermatitis, genitocrural folds are typically spared. Depending on whether there is a secondary infection or an underlying dermatosis (e.g. seborrheic dermatitis, psoriasis), the clinical picture can vary (Fig. 13.12).





[image: image]

Fig. 13.12 Differential diagnosis of diaper dermatitis.


While the most common etiologies are irritant contact dermatitis, cutaneous candidiasis and seborrheic dermatitis, patients often have a combination with one disorder superimposed on another. Discrete papules or nodules are seen in scabies, granuloma gluteale infantum and perianal pseudoverrucous papules, whereas congenital syphilis often presents with erosions and even ulcerations. *Potential allergens include sorbitan sesquioleate (an emulsifier in diaper balms), fragrances, disperse dyes, rubber additives (e.g. mercaptobenzothiazole), and preservatives in baby wipes (e.g. iodopropynyl butylcarbamate).


Inserts, Courtesy, Robert Hartman MD; Julie V Schaffer, MD.












Differential Diagnosis


The differential diagnosis is outlined in Figure 13.12.









Treatment


In the acute phase, mild corticosteroid preparations are helpful. Topical imidazole creams are added for secondary infection with Candida spp. The major goal of long-term management is avoidance of the causative factors. Frequent changing of highly absorbent disposable diapers is associated with a lower incidence and severity of diaper dermatitis, and it leads to a more physiologic pH.60 Emollients containing white paraffin (Vaseline®) or soft zinc pastes provide both protective and soothing effects.














[image: image]

 Adult seborrheic dermatitis of the face and scalp. Note the diffuse scaling of the scalp in addition to erythema of the forehead.







[image: image]

[image: image]

 Asteatotic eczema (eczema craquelé). A The distal lower extremity has areas of dull erythema that contain a criss-cross pattern of superficial cracks and fissures said to resemble a dried river bed. B A close-up of the pattern. Asteatotic eczema (eczema craquelé).
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14 Allergic Contact Dermatitis
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Synonyms


[image: image] Contact dermatitis [image: image] Contact eczema








Key features







[image: image] Allergic contact dermatitis (ACD) is a pruritic, eczematous reaction


[image: image] Acute ACD and many cases of chronic ACD are well demarcated and localized to the site of contact with the allergen


[image: image] ACD can also have a diffuse, patchy distribution, depending on the allergen and/or the development of disseminated eczema (autosensitization dermatitis)


[image: image] The prototypic reactions are ACD due to poison ivy and nickel


[image: image] Patch testing remains the gold standard for accurate and consistent diagnosis












Introduction


Many adverse events can occur when the skin comes in contact with external agents. These reactions are varied, and include hyperpigmentation, hypopigmentation, acne, urticaria, phototoxic reactions and eczema. The eczema that is seen can be either allergic or irritant in nature. Irritant contact dermatitis (ICD) accounts for approximately 80% of all contact dermatitis (see Ch. 15) and allergic contact dermatitis (ACD) accounts for the remaining 20%1. ICD is the result of a local toxic effect when the skin comes in contact with irritant chemicals such as soaps, solvents, acids or alkalis. ACD is a delayed-type hypersensitivity reaction that is elicited when the skin comes in contact with a chemical to which an individual has previously been sensitized.


The cutaneous responses of ACD and ICD are dependent on the particular chemical, the duration and nature of the contact, and individual host susceptibility. The chemicals that cause contact dermatitis are found in jewelry, personal care products, plants, topical medications (prescription, over-the-counter or herbal) and home remedies, as well as chemicals the individual comes in contact with at work, during avocations or via contact with another individual (e.g. consort contact dermatitis). The type of cutaneous reaction discussed in this chapter is ACD.


ICD and ACD, especially the chronic forms, can take on similar clinical appearances. The classic picture of contact dermatitis is a well-demarcated erythematous vesicular and/or scaly patch or plaque with well-defined margins corresponding to the area of contact (Fig. 14.1A). The distribution can be linear, when an object such as a leaf or branch is rubbed against the skin (Fig. 14.1B), or localized to the site where there has been contact with the offending chemical or product, e.g. hand dermatitis caused by ACD to gloves or foot dermatitis due to ACD to shoes (Figs 14.2-14.4). Because ICD and ACD are not always discernible clinically, patch testing is required to help identify an allergen or exclude an allergy to a suspected allergen. Patch testing remains the gold standard for diagnosing ACD.





[image: image]
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Fig. 14.1 Allergic contact dermatitis (ACD).


A This erythematous plaque with vesiculation developed in a 14-month-old boy following the application of neomycin ointment. B Erythematous streaks with linear vesicles due to ACD to poison ivy.


A, Courtesy, Anthony J Mancini, MD; B, Courtesy, Joyce Rico, MD.
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Fig. 14.2 Chronic allergic contact dermatitis (ACD).


Chronic foot dermatitis due to ACD to rubber (mercaptobenzothiazole).


Courtesy, Louis A Fragola, Jr, MD.
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Fig. 14.3 Chronic allergic contact dermatitis leading to hand dermatitis.


This golfer wore one leather glove and had positive patch tests to potassium dichromate and a piece of his glove.


Courtesy, Kalman Watsky, MD.
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Fig. 14.4 Allergic contact dermatitis to shoes – acute versus chronic.


A Extremely pruritic erythematous papules and papulovesicles appeared within days of wearing new sneakers; note the distribution pattern. B Pebbled and lichenified plaques with both hypo- and hyperpigmentation. The patient had a positive patch test to potassium dichromate.


Courtesy, Louis A Fragola, Jr, MD.





Patients with the most common clinical presentations of ACD often do not seek medical attention. Those who have earring dermatitis or erythema and pruritus under a ring may simply diagnose themselves as having an allergy to jewelry. An individual who is gardening over the weekend may never present to a physician, because the “poison ivy rash” is so familiar. Nickel (worldwide) and poison ivy (US; see Ch. 17) are among the most common etiologies of ACD and are often not further investigated because the cause is obvious. However, the clinical picture and history are often not sufficiently specific to identify the causative allergen, and patch testing is then necessary. For example, the patient with chronic hand dermatitis or eyelid dermatitis who comes to the office for treatment is often unaware that a personal care product could be the cause of the problem. These are the patients who can be most helped by a thorough history and cutaneous examination, as well as the diagnostic procedure of patch testing.


ACD is an exciting field of interest within dermatology. It requires an understanding of the disease process, the ability to recognize the many ways in which ACD can present, a keen level of interest and an appropriate level of suspicion for the possibility of an allergen, as well as the ability to patch test, interpret, and educate patients on this disease process. Hopefully, this chapter will raise interest and awareness and help the reader come to a better understanding of these issues.









History of patch testing


Jadassohn has been credited with describing the technique of patch testing over 100 years ago. In 1931, Sulzberger and Wise2 formally brought the technique to the US and described its use as a diagnostic tool for identifying a causative allergen responsible for dermatitis. This technique has been further developed over the years on a worldwide basis, with standardized allergens, testing devices, and protocols.


Patch testing has remained the gold standard for diagnosing ACD. However, despite the value of this diagnostic tool, studies have shown that it is underutilized and not taught in many dermatology residency programs, including those in the US3.









Epidemiology


ACD can affect individuals in all walks of life. It can affect the old, the young, individuals of all races, and of both sexes. Differences between genders may be seen but are generally based upon exposure patterns, such as nickel allergy occurring more frequently in women, presumably because of their greater exposure to jewelry4. Of course, occupations and avocations play an important role in the epidemiology of ACD (see Ch. 16). Allergens, and therefore patch test results, also differ from region to region, e.g. preservatives used in personal care products can vary based on government legislation. While quaternium-15 is the most common cosmetic preservative in the US to cause ACD, some have argued that it is not even needed in the European Standard Series5 (see Table 14.3). In addition, even in a particular locale, some allergens can increase in clinical importance over time while others decrease due to usage patterns, and new allergens are continually being introduced.









Pathogenesis


ACD is a delayed-type hypersensitivity response. It is an allergen-specific reaction that requires prior sensitization of the individual to the chemical in question. The pathogenesis of ACD involves an initial sensitization phase when the patient first comes in contact with the chemical, which penetrates the skin and then elicits a cascade of events that results in sensitization (see Ch. 4 for details). The subsequent re-exposure of the skin leads to the presentation of the responsible allergen to an already primed T-cell milieu, causing the release of multiple cytokines and chemotactic factors and resulting in the clinical picture of eczema. Once sensitized, all that is needed to elicit a reaction is contact with a low concentration of the causative chemical.









Clinical features


In order to diagnose ACD and treat it adequately, the clinician needs to be familiar with its clinical presentations. The typical appearance is often a well-demarcated pruritic eczematous eruption, which may be acute (blistering, weeping and/or edema, e.g. Figs 14.1, 14.5 & 14.6) or chronic (lichenified or scaly plaques, e.g. Figs 14.3, 14.4B, 14.7 & 14.8). This reaction is typically localized to the area of skin that comes in contact with the allergen. However, the clinician must also be aware that patchy or diffuse distributions can also be seen, depending on the nature of the causative allergen (e.g. Fig. 14.9). For example, body washes or shampoos that get rinsed over the body may cause a more patchy or diffuse clinical dermatitis. Other less common presentations of allergic contact dermatitis are listed in Table 14.1.





[image: image]
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Fig. 14.5 Acute vesiculobullous allergic contact dermatitis (ACD).


A ACD to poison ivy; this distribution pattern is seen in patients who wear gloves. B ACD to compound benzoin tincture; note the geometric shape.


B, Courtesy, Louis A Fragola, Jr, MD.
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Fig. 14.6 Acute allergic contact dermatitis with a prominent component of edema.


A Periorbital edema, in addition to crusted and weeping plaques, due to poison ivy. B Obvious edema of the shaft of the penis plus subtle crusts of the glans due to application of tiger balm (contains extracts of several plants, including mint, clove, and Chinese cinnamon).


A, Courtesy, Jean L Bolognia, MD. B, Courtesy, Louis A Fragola, Jr, MD.
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Fig. 14.7 Allergic contact dermatitis due to aloe-containing cream.


The degree of involvement on the upper and lower lips is similar, as opposed to actinic cheilitis.
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Fig. 14.8 Chronic allergic contact dermatitis due to glutaraldehyde.


The patient was an optometrist.


Courtesy, Kalman Watsky, MD.
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Fig. 14.9 Allergic contact dermatitis due to cashew nut shell oil.


This represented an occupational exposure.




Table 14.1 Less common presentations of allergic contact dermatitis (ACD). Contact urticaria, both immunologic and non-immunologic, can also complicate the clinical picture.






	LESS COMMON PRESENTATIONS OF ALLERGIC CONTACT DERMATITIS






	Based primarily upon type of primary lesion

	Based primarily upon distribution and/or pathogenesis






	



• Pigmented (e.g. fragrances, bactericides; often facial)


• Lichenoid (e.g. color film developers)


• Erythema multiforme (e.g. tropical woods, poison ivy*)


• Purpuric (e.g. rubber diving suits)


• Granulomatous (e.g. zirconium)


• Pseudolymphomatous (e.g. Compositae)







	



• Photoinduced (photoallergic contact dermatitis; see Ch. 87)


• Airborne contact dermatitis


• Systemic contact dermatitis (see Table 14.12)


• Baboon syndrome – symmetric erythema of the gluteal and inguinal area in addition to other flexural sites†













* The lesions of erythema multiforme may favor sites previously unaffected by poison ivy.


† Overlap with systemic contact dermatitis and clinical overlap with symmetrical drug-related intertriginous and flexural exanthema (SDRIFE).









Pathology


Although the diagnosis of ACD is in large part a clinical one aided by the diagnostic procedure of patch testing, histology can sometimes be helpful. This is especially true when excluding other diagnoses, such as mycosis fungoides. The pathology of ACD is most helpful in acute lesions, as subacute or chronic lesions often produce confusing patterns that are not diagnostic. Histologically, ACD is the prototype of spongiotic dermatitis. In the acute stage, there is a variable degree of spongiosis, with a mixed dermal inflammatory infiltrate containing lymphocytes, histiocytes and a variable number of eosinophils. In moderate to severe reactions, marked spongiosis results in intraepidermal vesiculation. In subacute to chronic stages, epidermal hyperplasia, often psoriasiform, develops (Fig. 14.10).
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Fig. 14.10 Allergic contact dermatitis – histologic features.


A Acute ACD with marked spongiosis leading to intraepidermal vesiculation. There is a perivascular infiltrate of lymphocytes and eosinophils as well as exocytosis of these cells into the epidermis. B Chronic ACD with irregular psoriasiform epidermal hyperplasia and significantly less spongiosis. There is also a primarily perivascular infiltrate of lymphocytes admixed with eosinophils.


Courtesy, Lorenzo Cerroni, MD.





However, even when spongiotic dermatitis is present, clinicopathologic correlation is always required, as ACD is not the only cause of this reaction pattern. In addition, as with any dermatitis, the application of topical corticosteroids may alter the histologic findings. Occasionally, other histopathologic patterns are seen in ACD, as outlined in Table 14.1.









Differential diagnosis


The differential diagnosis of ACD includes many other forms of dermatitis, such as ICD, atopic dermatitis, stasis dermatitis and seborrheic dermatitis, as well as the erythematous form of rosacea. Hand and foot ACD also needs to be distinguished from psoriasis and tinea (see Table 13.1 & Fig. 15.6). In general, when evaluating regional dermatoses (e.g. eyelid, hand and foot), other disorders common to the area need to be considered as well as allergens specific to that area (Table 14.2). If there is widespread disease, either because of widespread contact with an allergen or autosensitization, additional causes of erythroderma (see Ch. 10), e.g. Sézary syndrome, enter the differential diagnosis.


Table 14.2 Eyelid dermatitis – differential diagnosis and most commonly associated allergens. ACD, allergic contact dermatitis.






	EYELID DERMATITIS – DIFFERENTIAL DIAGNOSIS AND MOST COMMONLY ASSOCIATED ALLERGENS






	Differential diagnosis

	Allergens most commonly associated with ACD of the eyelids*







	



• Atopic dermatitis


• Seborrheic dermatitis


• Rosacea (eyelid margin)


• Allergic contact dermatitis


• Irritant contact dermatitis


• Dermatomyositis







	



• Fragrances, including Myroxylon pereirae (balsam of Peru)


• Preservatives – quaternium-15, DMDM hydantoin, methylchloroisothiazolinone, methyldibromoglutaronitrile


• Topical antibiotics – neomycin (see Fig. 14.17)


• Metals – nickel, cobalt chloride, gold sodium thiosulfate


• Surfactants – cocamidopropyl betaine, amidoamine













* Adapted from North American Contact Dermatitis Group (2003–2004); Dermatitis 2007;18:78–81.


Deciphering and differentiating these diseases can sometimes be a challenge. Distribution and history can be helpful (see Figs 14.3-14.6), as can simple tests such as a KOH preparation. In addition, dermatoses are sometimes multifactorial, and ACD may be superimposed on atopic dermatitis or stasis dermatitis. However, in order to diagnose ACD, the clinician must first consider the possibility, then ask the right questions, and, finally, use the appropriate allergens to diagnose this condition. What follows will hopefully provide the clinician with an outline to the appropriate questions to ask and procedures to use when investigating ACD.






Patch Testing


Patch testing is a deceptively simple office procedure upon which the diagnosis of ACD often rests. Although the procedure is straightforward, deciding when and what to patch test requires training and experience. Unfortunately, patch testing is still underutilized. Past surveys have shown that only 50% of all residency programs in the US have a patch test center, and 27% of the responders did no patch testing at all3.


The TRUE Test®, which is approved by the US Food and Drug Administration (FDA), consists of panels with pre-impregnated allergens, allowing for increased ease of use and perhaps resulting in increased patch testing. However, it currently screens for only 28 allergens (there is one control, which accounts for the 29th spot), and, although this is helpful, extended testing beyond these allergens has been shown to be more beneficial6-8. For example, extended testing detected 37–76% more positive reactions, and 47% of the patients had positive reactions only to non-screening allergens6-8; these additional allergens come in multi-use syringes or tubes (Fig. 14.11). Of note, the manufacturers of TRUE Test® are continuing to work on expanding the number of allergens in their testing series in order to increase diagnostic sensitivity. If clinicians were to increase their use of patch testing and expand the number of allergens tested, they would hopefully enhance patient care through improved allergen identification and avoidance.
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Fig. 14.11 Allergens contained within syringes being placed by nurse into Finn chambers.




Prior to the application of the patch tests, the clinician should ask questions about exposures both at home and at work, and attempt to understand the mechanics of the work environment. The effect of vacations and time away from work or home should also be ascertained. In addition, all personal care products should be inventoried and hobbies explored. The information gained can help to direct allergen selection more appropriately.






Technique


Although the TRUE Test® has only 28 allergens (Table 14.3), referral centers with patch test clinics routinely patch test to an “expanded” series of 60+ allergens. Such panels include the North American Contact Dermatitis Group Screening Series and the European Standard Series, in addition to more specific allergen panels, e.g. the hairdressing tray, dental tray or florist tray, which contain allergens unique to a particular occupation. The companies from which these allergens and other supplies can be obtained are listed in the Appendix. Although these expanded series of allergens are not FDA-approved, they are often required to establish the precise etiology.


Table 14.3 Components of the North American Contact Dermatitis Group (NACDG) Screening Series, the European Standard (Baseline) Series, and the TRUE Test® Series. NACDG allergens represent those that are commercially available as the “North American Screening (Baseline) Series (50)”. PPD, paraphenylenediamine.






	COMPONENTS OF THE NORTH AMERICAN CONTACT DERMATITIS GROUP (NACDG) SCREENING SERIES, THE EUROPEAN STANDARD (BASELINE) SERIES, AND THE TRUE TEST® SERIES






	Series/Compound

	Concentration (in NACDG series* except where compound not part of NACDG series)






	NACDG, European Standard and TRUE Test®







	2-Mercaptobenzothiazole

	1% petrolatum






	Colophony

	20% petrolatum






	4-Phenylenediamine base

	1% petrolatum






	Neomycin sulfate

	20% petrolatum






	Thiuram mix

	1% petrolatum






	Formaldehyde

	1% aqueous






	Epoxy resin

	1% petrolatum






	Quaternium-15

	2% petrolatum






	4-tert-Butylphenol formaldehyde resin

	1% petrolatum






	Mercapto mix

	1% petrolatum






	Potassium dichromate

	0.25% petrolatum






	Balsam of Peru

	25% petrolatum






	Nickel sulfate hexahydrate

	2.5% petrolatum






	Methylchloroisothiazolinone/ methylisothiazolinone

	0.01% aqueous






	Paraben mix

	12% petrolatum






	Fragrance mix I

	8% petrolatum






	Cobalt chloride

	1% petrolatum






	Tixocortol-21-pivalate

	0.1% petrolatum






	Budesonide

	0.01% petrolatum






	NACDG and European Standard






	Benzocaine

	5% petrolatum






	N-Isopropyl-N-phenyl-4-phenylenediamine

	0.1% petrolatum






	Sesquiterpene lactone mix

	0.1% petrolatum






	Methyldibromoglutaronitrile

	0.5% petrolatum






	Fragrance mix II

	14% petrolatum






	NACDG and TRUE Test®







	Carba mix

	3% petrolatum






	Ethylenediamine dihydrochloride

	1% petrolatum






	Imidazolidinyl urea

	2% petrolatum






	Diazolidinyl urea

	1% petrolatum






	TRUE Test® and European Standard






	Wool alcohols

	30% petrolatum






	NACDG only






	Cinnamic aldehyde

	1% petrolatum






	Amerchol L 101

	50% petrolatum






	DMDM hydantoin

	1% petrolatum






	Bacitracin

	20% petrolatum






	Mixed dialkyl thioureas

	1% petrolatum






	Glutaraldehyde

	0.5% petrolatum






	2-Bromo-2-nitropropane-1,3-diol

	0.5% petrolatum






	Propylene glycol

	30% aqueous






	2-Hydroxy-4-methoxybenzophenone

	10% petrolatum






	4-Chloro-3,5-xylenol

	1% petrolatum






	Ethyleneurea/melamine-formaldehyde mix

	5% petrolatum






	Ethyl acrylate

	0.1% petrolatum






	Glyceryl monothioglycolate

	1% petrolatum






	Tosylamide/formaldehyde resin

	10% petrolatum






	Methyl methacrylate

	2% petrolatum






	Disperse 106/124 mix

	1.0% petrolatum






	Iodopropynyl butyl carbamate

	0.2% petrolatum






	Compositae mix II

	5% petrolatum






	Hydrocortisone-17-butyrate

	1% petrolatum






	Dimethylol dihydroxyethyleneurea

	4.5% aqueous






	Cocamidopropyl betaine

	1% aqueous






	Triamcinolone acetonide

	1% petrolatum






	European Standard only






	Clioquinol

	5% petrolatum






	Lyral® (fragrance)

	5% petrolatum






	Primin

	0.01% petrolatum






	TRUE Test® only






	Caine mix (benzocaine, tetracaine, dibucaine)

	0.63 mg/cm2 in polyvidone






	Black rubber mix (N-isopropyl-N′-phenyl PPD, N-cyclohexyl-N′-phenyl PPD, and N,N′-diphenyl PPD)

	0.075 mg/cm2 in polyvidone






	Thimerosal

	0.008 mg/cm2 in hydroxypropyl cellulose






	Quinoline mix

	0.19 mg/cm2 in polyvidone







* Concentrations in European Series can differ, e.g. higher for mercapto mix, nickel, paraben mix and lower for quaternium-15.


Chemicals brought by patients to the dermatologist should not be tested in a blinded fashion. The physician should be aware of the chemical ingredients of the product, or severe irritation such as a burn or ulceration could occur. Therefore, no unknown product or chemical should be applied as a patch test. Material safety data sheets (MSDS) can sometimes help in further evaluating the chemical. However, not all ingredients are listed on these forms: those chemicals that represent a small percentage and fall below a certain threshold do not need to be listed, even though they may be the causative allergens. Identification of the latter requires communication with the manufacturer, so that full disclosure of the chemical ingredients can be obtained.


When patients bring all their personal care products to the office for patch testing, special attention is required. The general rule regarding testing of these products is that products intended to be left on the skin (so-called “leave-on” products), such as moisturizers and make-up, may be tested “as is”. Products that are intended to be diluted by water or rinsed off (so-called “rinse-off” products), such as soaps and shampoos, need to be diluted prior to patch testing. There are helpful guides for determining appropriate patch test concentrations for numerous chemicals9. When these non-standard allergens are tested, controls (including vehicles) must be tested to evaluate for the possibility of ICD.


After allergen selection has been finalized, appropriate technique is necessary to ensure adequate testing. The most common site is the upper back. The patient should not have a sunburn in this area and should not have applied topical corticosteroids to the sites of patch testing for 1 week10,11. Systemic and longer-lasting injectable corticosteroids should also be avoided for at least 1–2 weeks12. (If necessary for disease control, the daily oral AM dose of corticosteroids should not exceed the equivalent of 20 mg of prednisone during testing.) Any one of these factors may decrease the individual’s ability to elicit a reaction when challenged by an allergen, resulting in a false-negative test10-12.


A nurse or technician in the office can be trained to apply the patches, and this leads to improved efficiency. Either the pre-packaged allergens are placed on the back, as in the case of the TRUE Test®, or the allergens are poured into Finn chambers (see Fig. 14.11) (Epitest Ltd, Tuusula, Finland; available in the US from Allerderm Laboratories, Inc.) that are adhered to Scanpor® tape (Norgeplaster, Vennesia, Norway; available in the US from Allerderm Laboratories, Inc.) or IQ Chambers™ (Chemotechnique® Diagnostics; distributed by Dormer Laboratories, Inc.) and then applied to the back (Fig. 14.12). These patches are then reinforced with more Scanpor® tape and the patient is sent home with instructions to keep the back dry and the patches secured until the second visit at 48 hours. Patients should also be told to avoid excessive sweating and to avoid heavy lifting, as the patches may come loose. Antihistamines can be prescribed, as they will not affect the outcome of the testing. A map of where the allergens were placed should be constructed for future reference.
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Fig. 14.12 Fixing allergens to patient’s back using Scanpor® tape.




When the patient returns at 48 hours, the patches need to be examined to ensure that the testing technique was adequate. Initial inspection can determine that the patches are still in place. Confirmation comes from observing whether the chambers have adhered adequately so as to leave an impression in the skin (see Fig. 14.14F). As the patches are removed, their sites of application should be marked in order to identify the location of the particular allergens (Fig. 14.13). Two types of marking pen are recommended for this procedure: either a permanent surgical marker or a fluorescent highlighter. Highlighters are less messy and do not rub off as easily as the permanent marker. Because of the latter property, permanent markers can soil clothing and make interpretations at the second reading more difficult. Any positive reactions are scored according to the International Grading System (Table 14.4; Fig. 14.14). The patient is again asked to keep the back dry until the second reading, which can be performed from 72 hours to 1 week after the initial application of patches.
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Fig. 14.13 Allergens being marked upon removal of Scanpor® tape.




Table 14.4 International Grading System for patch tests. See Figure 14.14.






	INTERNATIONAL GRADING SYSTEM FOR PATCH TESTS






	+/–

	Doubtful reaction, faint macular erythema






	+

	Weak, non-vesicular reaction with erythema, infiltration and papules






	++

	Strong, vesicular reaction with erythema, infiltration and papules






	+++

	Spreading bullous reaction






	–

	Negative reaction






	IR

	Irritant reaction
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Fig. 14.14 Patch test reactions.


A +/− to + reaction. B + reaction. C ++ reaction. D +++ reaction. E Erythematous papules at the edge of the Finn chamber application site (rim or edge effect). F Pustular irritant reaction at the site of the application of a metalworking fluid. The adjacent skin impression of a chamber reflects good adherence. G Three different patch test reactions: +/− to quaternium-15, + to formaldehyde, and ++ to nickel.


E, G, Courtesy, Kalman Watsky, MD.





When the patient returns for the second reading, the map is used to identify any positive reactions. If a fluorescent marker has been utilized, a Wood’s lamp may be needed to identify the markings. Positive reactions are again graded according to the standard system (see Table 14.4). A delayed reading is necessary as patch test responses to some allergens such as gold and disperse blue dyes may be delayed. The actual products the patient uses in his or her work and/or home environment are examined and the ingredients compared with the positive reactions. In so doing, products can be divided into groups: those that are free of the suspected allergen(s) and are safe to use, and those that contain these chemical(s) and should be avoided. There will usually be some products with no ingredients listed, and these will have to be further investigated by the patient or physician by contacting companies and inquiring about ingredients.









Interpreting the test


Through the process of reviewing exposures and products, the clinical relevance of positive test results can be determined. Allergens may have past relevance. For example, the patient who presents with a known allergy to nickel and reactions to costume jewelry is found on patch testing to have a positive reaction to nickel. The nickel may have past relevance to the patient’s problem with costume jewelry but no current relevance to the chronic hand dermatitis. Relevance may also be determined to be current. For example, a positive reaction to tuliposidase A (see Ch. 17) in a florist who has hand dermatitis and contact with Alstroemeria when arranging flowers would have present relevance. In some individuals, relevance may be unknown, as in a patient with an eyelid dermatitis and a positive reaction to thimerosal but no past history of an allergy to contact lens solutions and no identifiable contact with thimerosal.















Treatment and patient education


Once allergens are positively identified, the patient should be given written information on all of these chemicals. The information sheets should contain data regarding the name of the chemical, possible synonyms, typical uses for the chemical, how to avoid exposure, and, when appropriate, substitutions. The sheets can be individually composed or obtained from books and copied for patient use13 (Table 14.5). In addition, the American Contact Dermatitis Society website (www.contactderm.org) is an excellent resource for allergen and product information, including patient information sheets. The Contact Allergen Management Program (CAMP) is another feature of the website (available to members of the society): this allows the user to input the known allergens and the database assembles a list of products free of the allergens entered. With this CAMP-generated list, the patients can then purchase products that lack the ingredients to which they are allergic. In addition, this website contains a Contact Dermatitis Alternatives Database which assists both patients and physicians with regard to appropriate substitutions for known allergens.


Table 14.5 Exposure information sheet: Balsam of Peru (Myroxylon pereirae). With permission from Marks et al.13






	EXPOSURE INFORMATION SHEET: BALSAM OF PERU (MYROXYLON PEREIRAE)






	Synonyms and other names






	Balsamum peruvianim

	Indian balsam






	Black balsam

	Peruvian balsam






	China oil

	Surinam balsam






	Honduras balsam

	 






	Uses






	Balsam of Peru is a natural mixture of resins and essential oils. A positive patch test response is an indication of allergy to fragrances and flavors used in the cosmetic, pharmaceutical, tobacco, and food industries and may indicate sensitivity to the following products:






	



1 Fragrances in cosmetics and household products


2 Baby products (diaper powders and ointments)


3 Flavors (pastries, cakes, soft drinks, tea, wines, liqueurs, and tobacco)


4 Spices (cinnamon, cloves, vanilla, and curry)


5 Medicated creams, ointments, suppositories, cough syrups and lozenges, and traditional Chinese medicaments


6 Sensitivity (cross-reactions) may also occur to colophony, balsam of Tolu, wood tars, turpentine, propolis, storax, and benzoin












	Prevention






	A positive patch test response to balsam of Peru strongly suggests a fragrance allergy. Thus the patient needs to use fragrance-free cosmetics and household products and avoid fragranced medicines. Diaper rash, stasis dermatitis, and hemorrhoids must be treated with topical medications not containing fragrances or balsam of Peru.






	Generalized rash or hand dermatitis has uncommonly occurred after the ingestion of spices by patients who are allergic to balsam of Peru. The wholesale avoidance of this flavor additive or spices in foods such as peel of citrus fruit, chocolate, baked goods, ice cream, soft drinks, candy, chewing gum, tea, and aperitifs should be a last resort in patients with generalized or hand eczema.







The patient should also be instructed on how to read the labels of any new or old products not reviewed, in order to avoid future exposure. Each time the patient considers buying a product, he or she should utilize updated information sheets, because ingredients in a given product can change over time. In addition, ingredients in a particular product can change from location to location (e.g. between countries, or between the East and West Coast of the US) without a change in the packaging.


After identifying the substances to which the patient is allergic, the most important step a physician takes is to educate the patient regarding the names of the allergens and how to avoid them. This empowers the individual and allows the physician to transfer to the patient the responsibility for avoiding said chemicals. When trying to identify allergens in the patient’s environment, one must also consider allergens transferred from other sources – so-called consort dermatitis (e.g. from spouse to spouse, such as the cologne on the husband causing a reaction on the face of his wife).


Treatment of ACD primarily involves identification of the causative allergens. Once the allergens have been identified, the physician should try to clear the dermatitis with appropriate treatments, such as topical or, if necessary, systemic corticosteroids. The educated patient then needs to be diligent in avoiding the identified allergens. It may take 6 weeks or more to see complete and prolonged clearing, even when allergens are being avoided (Fig. 14.15). If the ACD is superimposed upon another dermatosis (e.g. stasis dermatitis, atopic dermatitis), then the latter will also need to be addressed and will hopefully prove easier to manage.
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Fig. 14.15 Allergic contact dermatitis to fragrance found in cologne.


A Patient at the time of diagnosis. B Patient after avoidance of fragrances and his cologne.




If a patient is unable to undergo patch testing for some reason, or confirmation of patch test results is desired, a repeat open application test may be performed. This open use test, sometimes referred to as the “poor man’s patch test”, can prove useful. In an open use test, the patient applies the product in question to the same predetermined location (where there is no dermatitis) twice daily for 1–2 weeks; a common site is the antecubital fossa or flexor forearm. If dermatitis develops, it can be concluded that the patient is reacting to that product. Unfortunately, this type of testing does not allow the identification of individual ingredients. Avoidance of the product in question may result in clearing of the dermatitis. However, many products in the same class use similar ingredients, and therefore the information may not be as useful as first anticipated, i.e. switching to another product may not result in continued clearance of the dermatitis.









Allergens


With an understanding of how to patch test, the next step is a review of some common allergens. The top 10 allergens, as identified by the North American Contact Dermatitis Group (NACDG) in 2006, are nickel sulfate, Myroxylon pereirae (balsam of Peru), fragrance mix I, quaternium-15, neomycin sulfate, bacitracin, formaldehyde, cobalt chloride, methyldibromoglutaronitrile, and p-phenylenediamine14 (Table 14.6). It should be noted that the list contains three preservatives, two metals, two topical antibiotics, two fragrance components and one dye. Table 14.7 provides a list of additional important allergens (and the frequently identified routes of exposure). Of note, ACD in children is becoming increasingly recognized, and the most common allergens, as identified by the NACDG, in this age group are outlined in Table 14.8. Lastly, the modern era has brought us new products (e.g. cellular phones), changes in manufacturing sites and a craving for “natural” products (Table 14.9).


Table 14.6 Top 10 allergens as identified by the North American Contact Dermatitis Group. The two new members are methyldibromoglutaronitrile/phenoxyethanol and p-phenylenediamine, which replaced thimerosal and sodium gold thiosulfate.






	TOP TEN ALLERGENS AS IDENTIFIED BY THE NORTH AMERICAN CONTACT DERMATITIS GROUP






	Test substance

	Allergic reactions (%)

	Relevant reactions (%) (definite, probable, possible [combined])






	Nickel sulfate

	19

	57






	
Myroxylon pereirae (balsam of Peru)

	12

	87






	Fragrance mix I

	11.5

	86






	Quaternium-15

	10

	89






	Neomycin sulfate

	10

	28






	Bacitracin

	9

	39






	Formaldehyde

	9

	91






	Cobalt chloride

	8.5

	48






	Methyldibromoglutaronitrile/phenoxyethanol

	6

	75






	p-Phenylenediamine

	5

	56







Adapted from Patch-test results of the North American Contact Dermatitis Group 2005–2006. Dermatitis. 2009;20:149–60.


Table 14.7 Additional important allergens. See Table 14.6 for ‘Top 10’ allergens identified by the North American Contact Dermatitis Group.






	ADDITIONAL IMPORTANT ALLERGENS






	Allergens

	Uses/found in






	Preservatives






	Methylchloroisothiazolinone/methylisothiazolinone (Kathon CG®)

	Preservative/cosmetics, personal care products






	Iodopropynyl butylcarbamate

	Preservative/cosmetics, personal care products






	Thimerosal

	Preservative/otic and ophthalmic drops (otherwise often lacks clinical relevance)






	Preservatives – formaldehyde releasers






	2-Bromo-2-nitropropane-1,3-diol (Bronopol®)

	Preservative/cosmetics, personal care products






	Diazolidinyl urea

	Preservative/same as above






	Imidazolidinyl urea

	Preservative/same as above






	DMDM hydantoin

	Preservative/same as above






	Components of rubber products






	Carba mix

	Rubber accelerator/rubber, latex products






	Mercaptobenzothiazole (MBT), mercapto mix

	Rubber accelerator/rubber, latex products






	Thiuram mix

	Rubber accelerator/rubber, latex products






	Mixed dialkyl thioureas

	Rubber accelerator/rubber, latex products, photocopying, photography






	Hair and nail allergens






	Glyceryl thioglycolate

	Alters disulfide bonds/permanent wave solutions (“acid”, “heat”); can persist for months






	Tosylamide formaldehyde resin

	Film former/nail polish






	Acrylates

	Artificial nails/nail glues






	Textile allergens






	Ethyleneurea/melamine formaldehyde resin

	Thermosetting resin/permanent press clothing






	Disperse blue 106 and 124

	Textile dyes/darkly colored > lightly colored clothing






	Adhesive allergens






	Colophony

	Resin/adhesives, cosmetics, topical medications






	Epoxy resin

	Resin/adhesives






	p-tert-Butylphenol formaldehyde resin

	Resin/adhesives






	Other






	Potassium dichromate

	Metals, leather, cement






	Sodium gold thiosulfate

	Metal/jewelry, dental implants (clinical relevance can be difficult to determine)






	Propylene glycol

	Emulsifier/cosmetics, topical medicaments






	Cinnamic aldehyde

	Fragrance/flavoring






	Budesonide

	Corticosteroid/topical creams, ointments






	Tixocortol-21-pivalate

	Corticosteroid/topical creams, ointments






	Ethylenediamine dihydrochloride

	Antihistamine/topical creams






	Lanolin (wool alcohol)

	Emollient/topical creams, lotions






	Benzocaine

	Anesthetic/topical preparations






	Cocamidopropyl betaine

	Surfactant/shampoos, cosmetics






	Amidoamine

	Contaminant of cocamidopropyl betaine







Table 14.8 Top 20 allergens in children and adolescents (<18 years of age) as identified by the North American Contact Dermatitis Group.






	TOP 20 ALLERGENS IN CHILDREN AND ADOLESCENTS (<18 YEARS OF AGE) AS IDENTIFIED BY THE NORTH AMERICAN CONTACT DERMATITIS GROUP






	



Metals – nickel sulfate, cobalt chloride*, gold sodium thiosulfate, potassium dichromate†


Preservatives – thimerosal, quaternium-15, formaldehyde, diazolidinyl urea


Topical antibiotics – neomycin sulfate, bacitracin


Fragrances, including Myroxylon pereirae (balsam of Peru)


Components of rubber products – mercaptobenzothiazole, carba mix


Other – lanolin alcohol, colophony, propylene glycol, benzalkonium chloride, p-phenylenediamine, disperse blue dye













* Also contained in ceramics (see text).


† Also contained in leather.


Adapted from Contact allergy in children referred for patch testing, North American Contact Dermatitis Group Data, 2001–2004. Arch Dermatol. 2008;144:1329–36.


Table 14.9 Allergic contact dermatitis in the modern era.






	ALLERGIC CONTACT DERMATITIS IN THE MODERN ERA






	Product

	Allergen

	Clinical presentation






	Mobile (cellular) phones

	Nickel

	Facial dermatitis (see Fig. 14.16B)






	Sanitary (baby or wet) wipes

	Methylchloroisothiazolinone*


	Direct contact – anogenital dermatitis (all ages)
Indirect contact – posterior thighs (commode seat)






	Anti-mold sachets inside leather products to prevent mold formation during shipping (e.g. couches, chairs, shoes)

	Dimethylfumarate

	When heated, fumes are created which penetrate through leather and clothing, leading to dermatitis of the back, buttocks and posterolateral thighs if in furniture






	“Natural” botanical products resurgence plus grooming practices, e.g. beeswax-containing lip balm

	Propolis

	Cheilitis of both the upper and lower lip






	Increase in temporary tattoos

	Paraphenylenediamine

	Allergic reaction at site of temporary tattoo







* Also cause of allergic contact dermatitis to moistened toilet paper.


The following section will briefly discuss pertinent information regarding several key allergens.






Nickel


Nickel ranks as the most common allergen tested by the NACDG, with 19% of patch test clinic patients reacting to it. In patch test clinics worldwide, nickel is the most common allergen. The relevance of these reactions has been estimated to be 50%, suggesting that although this is a common allergen it is not always relevant to the dermatitis in question15. However, upon questioning, past relevance may be discovered (e.g. previous mid-abdomen dermatitis). Nickel is a strong silver-colored metal that is commonly used in jewelry, buckles and snaps, as well as other metal-containing objects.


It has been proposed that the high rate of nickel sensitivity, which in some patch test clinics approaches 30–40%, can be attributed in large part to ear piercing. Studies have shown that the metal posts used in ear piercing release varying amounts of nickel, allowing for direct exposure to an injured cutaneous surface16. Traditionally, the prevalence of nickel sensitivity has been higher in women; however, with newer trends toward piercing multiple body sites by both men and women, a gender difference may become less apparent4.


Clinically, nickel dermatitis can have many presentations. One of the most common is an earring dermatitis, or dermatitis under a necklace or a watch back that consists of a nickel-containing metal. Dermatitis of the mid-abdomen caused by a belt buckle or snap is common (Fig. 14.16A), and eyelid dermatitis from metal eyelash curlers can also be seen. In children, the former can be accompanied by a widespread lichenoid papular eruption (see Ch. 13). More recently, facial dermatitis due to ACD to nickel within cellular phones has been described (Fig. 14.16B).
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Fig. 14.16 Allergic contact dermatitis to nickel.


A Excoriated pink plaques due to nickel within the belt buckle. B Facial dermatitis due nickel within a cellular phone. The latter is demonstrated by a positive dimethylglyoxime test (pink indicator).


A, Courtesy, Julie V Schaffer, MD.





Concomitant reactions to nickel and cobalt have been reported and may be due to the frequency with which the two metals are used in combination17. Sweating can increase the amount of metal leached from a product. A useful test to determine whether a particular item contains nickel is the dimethylglyoxime test (see Appendix), which identifies objects that release nickel using a pink color indicator (see Fig. 14.16B). A color indicator test to detect the presence of cobalt is now available based on disodium-1-nitroso-2-naphthol-3, 6-disulfonate.


Individuals with nickel allergy should avoid costume jewelry. They can usually wear jewelry made of stainless steel, platinum or gold, but not white gold. Some clinicians advocate coating nickel-containing surfaces such as snaps on jeans with clear nail polish to prevent leaching by sweat onto the skin. However, the nail polish can rub off and should be reapplied if it is effective. A new cream containing calcium carbonate nanoparticles has been shown in animals to protect against nickel-induced reactions in the setting of nickel allergy17a.









Myroxylon Pereirae


Myroxylon pereirae (balsam of Peru) is a naturally occurring fragrance material that is the second most common allergen identified by the NACDG. The International Fragrance Association has recommended that balsam of Peru not be used as a fragrance ingredient13,18. Allergy to balsam of Peru is most commonly found in those with fragrance allergy (see below), but it is also seen in those with allergies to spices, particularly cloves, Jamaican pepper and cinnamon18.


A positive reaction to balsam of Peru requires counseling of the patient to avoid fragrances. Occasionally, spices and other sources such as colas, tobacco, wines and vermouth can also be the cause of allergy to balsam of Peru13,18.









Fragrance Mix


Fragrances are ubiquitous in our environment. They are used to provide a pleasant odor and have been used extensively for centuries. Fragrances were identified as the third most common allergen according to the NACDG, with a rate of 11.5%, and the most common cosmetic allergen to cause ACD19.


The detection of a fragrance allergy was made easier with the introduction of a fragrance mix in the 1970s. Prior to that, fragrance allergy was identified primarily through testing with balsam of Peru, which detected only about 50% of those affected20. The current fragrance mix I contains eight different fragrance components (at 1% each; Table 14.10).


Table 14.10 Components in fragrance mix I and fragrance mix II.






	COMPONENTS IN FRAGRANCE MIX I AND FRAGRANCE MIX II






	FRAGRANCE MIX I

	FRAGRANCE MIX II






	



• Cinnamic aldehyde


• Cinnamyl alcohol


• Hydroxycitronellal


• Isoeugenol


• Eugenol


• Oak moss absolute


• α-Amyl cinnamic aldehyde


• Geraniol







	



• Lyral®


• Citral


• Farnesol


• Citronellol


• Hexyl cinnamic aldehyde


• Coumarin













Of note, the first fragrance mix I had each of the components in Table 14.10 at a 2% concentration, but this was changed to try to reduce the number of false-positive reactions21,22. Fragrance mix I is the most useful tool for detecting fragrance allergy20,23. However, the composition of fragrance-containing products continually changes. Therefore, by including additional allergens such as those in fragrance mix II (see Table 14.10), the detection rate of fragrance allergy can be increased. It is estimated that 26% of patients allergic to fragrance would be missed if fragrance mix II were not used23a.


In product formulations, fragrances can be used to provide a pleasant odor. However, they can also be used to mask an unpleasant odor – a so-called masking fragrance. This often occurs in products labeled “unscented”. Patients who are identified as being allergic to fragrance must be instructed to read all labels and to avoid any product that lists a fragrance, is labeled “unscented”, or has an obvious scent (see Fig. 14.15). They should be instructed to look instead for “fragrance-free” products. Unfortunately, there are several fragrance ingredients that have other purposes, i.e. they act as a preservative or emollient. These covert fragrances, e.g. balsam of Peru, benzylaldehyde, benzyl alcohol, bisbalol and others24, can be used in a product and the product may still be labeled fragrance-free as long as the potentially allergenic ingredient has been identified as being used for a purpose other than fragrance. Obviously, this causes significant problems for the individual with fragrance allergy who is trying to avoid fragrances. Label reading may not always be enough unless the patient is educated about some of these practices. Complete disclosure on labels of all ingredients regardless of intended function would be helpful, but this is not yet part of industry practice. For the individual allergic to fragrances, repeat open application testing is very helpful in screening for an allergy to new or old products.









Formaldehyde


Formaldehyde is ubiquitous. It is a colorless gas that can be found in the workplace as well as in cosmetics, medications, textiles, paints, cigarette smoke, paper and formaldehyde resins (e.g. plastic bottles)25. Formaldehyde can cause several different forms of reactions, ICD being the most common26. ACD, contact urticaria and mucous membrane irritation, especially of the conjunctiva and respiratory tract, can also be seen. Formaldehyde is in the air, as it is released in cigarette smoke and automobile exhaust.


Today, formaldehyde is rarely used in personal care products or cosmetics. However, allergy to formaldehyde is commonly seen in association with other formaldehyde-releasing preservatives, such as quaternium-15, imidazolidinyl urea, diazolidinyl urea, DMDM hydantoin, 2-bromo-2-nitropropane-1,3-diol and tris(hydroxymethyl)nitromethane, and therefore formaldehyde-sensitive individuals should generally avoid these substances25.


Textile dermatitis can be caused by formaldehyde resins, because the latter are used as a finish on “wash-and-wear” or wrinkle-resistant clothes. Of the various textiles, 100% polyester is believed to have the least amount of formaldehyde13,26. A study of many fabrics showed that some free formaldehyde was present in all of those tested13. Washing clothes, especially those that are “permanent press” or “drip dry”, several times prior to wearing will decrease the amount of formaldehyde present but will not eliminate it.


Another occult source of formaldehyde is “formaldehyde-free” products that are packaged in containers coated with a formaldehyde outer resin. Studies have demonstrated that formaldehyde can be released from these containers into the product27.


As formaldehyde is so widespread, avoidance is often difficult. As a result, the positive patch test can be difficult to manage and clinical relevance should be determined.









Quaternium-15


Quaternium-15 is a quaternium compound that is used as a preservative. It is an effective biocide against Pseudomonas aeruginosa and P. cepacia, as well as other bacteria and fungi. Although quaternium-15 is used in several industries, the incidence of associated occupational contact dermatitis is very low25,28. Quaternium-15 more typically plays a role as an allergen in personal care products such as shampoos, moisturizers, conditioners and soaps. Quaternium-15 is the most common cosmetic preservative to cause ACD13. Its allergenicity could be due to its release of formaldehyde28,29. Studies have shown that up to 80% of those reacting to quaternium-15 are also formaldehyde-sensitive30-32. Allergy to quaternium-15 is often relevant to the patient’s dermatitis30,31.


In addition to coexisting with formaldehyde sensitivity, allergy to quaternium-15 can be seen in association with other formaldehyde-releasing preservatives, such as imidazolidinyl urea, diazolidinyl urea, 2-bromo-2-nitropropane-1,3-diol, DMDM hydantoin and tris(hydroxymethyl)nitromethane13,25,28. Avoidance of quaternium-15 is possible through careful label reading. If the individual allergic to quaternium-15 is not allergic to the other formaldehyde-releasing preservatives mentioned above, they need only avoid quaternium-15. Obviously, avoidance of the other formaldehyde-releasing preservatives may be necessary depending on the patch test results. Quaternium-15, formaldehyde, diazolidinyl urea and imidazolidinyl urea are in the TRUE Test® series. However, other formaldehyde-releasing preservatives may be missed if expanded patch testing beyond the TRUE Test® is not performed (see Table 14.3). As a group, the quaternium amino compounds are infrequent sensitizers and the other quaternium compounds can be safely used in those allergic to quaternium-1525.









Neomycin Sulfate


Neomycin is an antibiotic that is used topically rather than orally because it has poor gastrointestinal absorption. It is the most commonly used topical antibiotic and is the most common sensitizer among the topical antibiotics13.


Neomycin is found in many over-the-counter preparations, including antibacterial ointments, hemorrhoid creams, and otic and ophthalmic preparations (Fig. 14.17). It is frequently used in conjunction with other antibacterial agents, such as bacitracin and polymyxin, as well as with topical corticosteroids. Co-reactivity is commonly seen with neomycin and bacitracin. These antibiotics are not chemically related and therefore this reaction is believed to be co-sensitization, as the chemicals are so frequently used together (e.g. Neosporin®)13.





[image: image]

Fig. 14.17 Allergic contact dermatitis to neomycin.


Note the erythema and edema of the upper eyelids.











Bacitracin


Bacitracin is a topical antibiotic with activity against Gram-positive bacteria and spirochetes. It is used in topical antibacterial creams as well as in otic and ophthalmic preparations. Bacitracin is commonly used in combination with other topical antibiotics and corticosteroids. It is frequently used in combination with neomycin, and although the two antibacterial agents are chemically unrelated, they often show co-reactivity. This is believed to be due to sensitization to both, as they are so frequently used in combination33,34. In addition to ACD, bacitracin rarely causes anaphylaxis and/or contact urticaria35,36.









Cobalt


Cobalt is a metal that is often used in association with other metals to add hardness and strength. It is frequently combined with nickel, chromium, molybdenum and tungsten. This may be the cause of the frequent finding of sensitization to cobalt in combination with sensitization to either nickel or chromium. Approximately 80% of individuals with a cobalt sensitivity have a co-sensitivity to chromate (more common in men) or nickel (more common in women)13.


Exposure to cobalt is typically through a metal, e.g. in jewelry, snaps, buttons and tools. However, it is also found in cosmetics, hair dyes, joint replacements, ceramics and enamel, as well as in cement, paints and resins13. Exposure can come from hobbies such as pottery making and occupations such as bricklaying.


When patch testing to cobalt, one may see a particular reaction, described as “poral”, that appears as erythematous to violaceous dots. This is not an allergic reaction but is believed to result from the allergen residing in the acrosyringia37.









Methyldibromoglutaronitrile/Phenoxyethanol


Methyldibromoglutaronitrile is a preservative that can be found alone or in combination with phenoxyethanol. It is used in both leave-on and rinse-off products. In Europe, this chemical has been banned due to reports of a significant risk of ACD. As the same level of allergic reactions has not been identified in the US and the number of positive reactions has remained relatively stable over the past several years, it is still present in personal care products in the US.









p-Phenylenediamine


Paraphenylenediamine (PPD) is the most commonly used permanent hair colorant and it is recognized as a common cause of ACD. Once fully oxidized, the disperse dye is no longer allergenic, but in reality the chemical is not always fully oxidized. More recently, PPD has been found in temporary tattoos in concentrations higher than those present in hair color products. As a result, PPD has resurfaced as an allergen in a new population.









Thimerosal


Thiosalicylic acid and ethylmercuric chloride are the two components that are combined to form thimerosal – sodium ethylmercurithiosalicylate – a preservative that is used in a few products. It is believed that the most likely cause of sensitization to thimerosal comes from its use as a preservative in vaccines38,39. Reports of sensitivity to ethylmercuric chloride and thiosalicylic acid have been published and both compounds have been found to be capable of inducing a delayed hypersensitivity reaction38,40,41.


Many positive reactions to thimerosal are found on patch testing. Clinical relevance may be found in patients who use otic or ophthalmic drops. However, positive reactions often lack identifiable clinical relevance, and some argue that although positive reactions are common, clinical relevance is low and therefore routine testing to this allergen should be reconsidered42. Currently, thimerosal is in neither the NACDG Screening Series nor the European Standard Series (see Table 14.3), but is still an allergen in the TRUE Test®.









Gold


Worldwide rates of positive gold reactions vary, and with routine testing they range from 0.78% to 10%43-45. In one NACDG series, 90% of gold-allergic patients were women, and there appeared to be a higher rate of nickel (33.5%) and cobalt allergies (18%) in patients with gold allergy than in the general population (14% and 9%, respectively)15. Similar findings have been reported in other studies45.


When relevant, the most common clinical presentation is that of a hand, facial or eyelid dermatitis15,43. One of the difficulties with gold patch testing is that the relevance of positive reactions is usually difficult to determine15,43-45. Gold sodium thiosulfate is not included in the NACDG Screening Series, the European Standard Series or the TRUE Test®, with patch testing to gold done only in selected situations14.









Corticosteroids


Corticosteroids are administered in many different forms: topical, oral, intravenous, intralesional, inhalational and intra-articular. They are anti-inflammatory agents and have been shown to cause ACD in 0.2–6% of patients46,47. Four classes of corticosteroids have been identified based primarily on chemical structure (Table 14.11). It is suspected that ACD to these agents may be underdiagnosed, either because of insufficient testing to the allergens or perhaps owing to incomplete testing, as a second reading is necessary given the anti-inflammatory nature of these compounds46,48,49. Clinical scenarios that should raise the question of a possible allergy to topical corticosteroids include chronic dermatitis, failure to clear with topical corticosteroids, and exacerbation of dermatitis after use of topical corticosteroids. This should lead to a consideration of patch testing.


Table 14.11 Corticosteroid classes and patch test concentrations.






	CORTICOSTEROID CLASSES AND PATCH TEST CONCENTRATIONS






	Drug

	Concentration (%)**







	Class A: Hydrocortisone and tixocortol type






	Cortisone

	 






	Cortisone acetate

	25






	
Hydrocortisone*†


	2.5 ethanol (1, 2, 5, 10, 25, ethanol or petrolatum)






	Hydrocortisone acetate*


	25






	Methylprednisolone

	 






	Methylprednisolone acetate

	10






	Prednisolone

	5 (10)






	Prednisolone acetate

	5






	
Tixocortol pivalate†


	0.1






	Class B: Triamcinolone acetonide type






	
Triamcinolone acetonide†


	1






	Triamcinolone alcohol

	 






	Halcinonide

	1






	Flucinonide

	1






	
Flucinolone acetonide†


	0.5 (0.05, 1, 5, 10)






	Desonide

	0.05






	
Budesonide†


	0.01






	Amcinonide

	0.5






	Class C: Betamethasone type






	Betamethasone

	 






	Betamethasone–disodium phosphate

	1






	Desoximetasone

	1






	Dexamethasone

	 






	Dexamethasone–disodium phosphate

	1






	Fluocortolone

	 






	Class D: Hydrocortisone-17-butyrate and clobetasone-17-butyrate type






	D1

	 






	Alclometasone dipropionate

	1






	Betamethasone dipropionate

	5






	Betamethasone-17-valerate

	1






	Clobetasone butyrate

	0.5






	Clobetasol propionate

	1






	Fluocortolone hexanoate

	1






	Fluocortolone pivalate

	1






	Mometasone furoate

	1 alcohol






	D2

	 






	
Hydrocortisone butyrate†


	1 alcohol






	Hydrocortisone valerate

	1






	Prednicarbate

	 







* Available without prescription in the US.


† Suggested screening agents (in italics); all but hydrocortisone are in the NACDG screening series.


** In petrolatum unless stated otherwise. Parentheses contain additional suggested concentrations or vehicles.


Tixocortol-21-pivalate and budesonide are believed to be adequate screening agents for this problem (see Table 14.11), with 91.3% of corticosteroid allergic reactions detected with these allergens in one study47. Adding other corticosteroid allergens, such as hydrocortisone-17-butyrate, will increase the yield. It may be prudent to screen with tixocortol-21-pivalate and budesonide and then test to a broader corticosteroid tray if either of these two allergens is positive. Positive patch test reactions to corticosteroids are often unexpected results in routine testing, but are usually relevant. They are often seen with other positive reactions. Figure 14.18 may help direct the clinician in approaching the patient suspected of having an ACD to topical corticosteroids.





[image: image]

Fig. 14.18 Approach to the patient with suspected allergic contact dermatitis to a topical corticosteroid.




In addition to the anti-inflammatory nature of corticosteroids complicating patch test interpretation, an edge effect has also been observed. During the first reading, there may be erythema only at the rim of the test chamber, with a clear center that may later become involved. This is believed to be due to the anti-inflammatory effect of corticosteroids. In the center, the corticosteroid may be concentrated, inhibiting a reaction, but be less concentrated at the rim, where a reaction may occur more readily50.












Textile dermatitis


Textile dye dermatitis often goes undetected because of low suspicion and a lack of routine testing with screening allergens. The allergens most likely to cause textile dermatitis are not the synthetic or natural fibers from which the textiles are made, but rather the dyes used to color them and the resins (e.g. ethyleneurea/melamine formaldehyde resin, dimethylol dihydroxyethyleneurea) used to make clothes less likely to wrinkle or shrink51,52. Textile dermatitis typically occurs in areas where clothing fits more tightly, and it is more common in women51. Dyes, particularly disperse blue dyes 106 and 124, have been found to be a common cause of textile dermatitis and can be used as screening agents51. They frequently cross-react and positive patch test reactions can be delayed up to 7–10 days51. Although p-phenylenediamine is a disperse dye, it is not a good screening allergen for textile dye dermatitis51. Screening with an individual’s garment can also produce a relevant positive patch test reaction.









Systemic contact dermatitis


Systemic exposure to a chemical may result in a diffuse dermatitis. This reaction generally involves a chemical to which the patient has had a prior contact allergy; the patient is then exposed to the same chemical (or one that cross-reacts) via a systemic route, such as an injection or oral, intravenous or intranasal administration. This reaction is believed to be due to a delayed T-cell-mediated immune response. Historically, one of the most common examples of systemic contact dermatitis was the patient with a history of ACD to ethylenediamine who then developed a diffuse dermatitis secondary to intravenous aminophylline, which contains ethylenediamine (Fig. 14.19).





[image: image]

Fig. 14.19 Systemic contact dermatitis.


This patient, who was previously sensitized to ethylenediamine, received intravenous aminophylline.




Other causes of systemic contact dermatitis due to ingestion of allergens that have previously caused an ACD include antibiotics, plants/plant products, propylene glycol, sorbic acid and metals53-59. Marks et al.53 reported the ingestion of cashews tainted with oil from the cashew nut shell resulting in a systemic contact dermatitis in patients with a prior history of poison ivy dermatitis. In addition, ingestion of a pesto sauce made with cashew nuts resulted in systemic contact dermatitis in the form of the “baboon syndrome” (symmetric, sharply demarcated erythema of the gluteal or inguinal area plus other intertriginous or flexural sites)54. Ingestion of both cashews and mangoes has been shown to cause reactions in patients sensitive to poison ivy and poison oak, as they are all members of the Anacardiaceae family (see Ch. 17).


In the proper clinical setting, patch tests demonstrating a sensitivity to balsam of Peru or fragrance mixture can support the diagnosis of a systemic contact dermatitis due to balsam-related foods or spices. A diet avoiding such foods or spices may result in an improvement of the dermatitis60. The ingestion of metals can also cause systemic contact dermatitis, and nickel is the metal most commonly implicated61. However, the use of low-nickel diets to treat dermatitis in patients with positive patch tests to nickel is controversial. Of note, Fowler61 reported a patient with systemic contact dermatitis following ingestion of chromium picolinate, a nutritional supplement. Patch testing was positive to potassium dichromate, and upon discontinuation of the chromium picolinate, the dermatitis subsided.


Examples of other cutaneous allergens and their common sources of systemic exposure are listed in Table 14.12. An extensive chapter on this subject is in Fisher’s Contact Dermatitis textbook55 and the reader is referred there for additional information.


Table 14.12 Examples of topical allergens that may result in systemic contact dermatitis after systemic exposure.






	EXAMPLES OF TOPICAL ALLERGENS THAT MAY RESULT IN SYSTEMIC CONTACT DERMATITIS AFTER SYSTEMIC EXPOSURE






	Cutaneous allergen

	Systemic exposure






	Ethylenediamine hydrochloride

	Aminophylline, hydroxyzine/cetirizine






	Poison ivy

	Cashews, mangoes






	Fragrance (balsam of Peru)

	Foods (tomatoes, citrus), sodas, mouthwashes, spices






	Sorbic acid

	Preservative in food






	Nickel and other metal salts

	Nickel (and other metal salts) in food, nickel from catheter hub






	Quinolones

	Oral antibiotics






	Ampicillin

	Surgical solution






	Neomycin

	Streptomycin, kanamycin






	Thiuram

	Disulfiram (Antabuse®)














Airborne contact dermatitis


Allergens that are airborne can come in contact with the skin and result in several different reactions, including ACD and ICD. Photoallergic contact dermatitis, phototoxic contact dermatitis, and phototoxicity or photoallergy secondary to systemic medications are reactions that can clinically resemble airborne contact dermatitis (see Fig. 87.16). Ragweed dermatitis, a good example of an airborne contact dermatitis, is most noticeable on the face62. Prolonged and repetitive exposure to airborne allergens generally produces an ACD that is lichenified and dry and is predominantly located in the exposed portions of the skin: face, eyelids, V of the neck, arms and legs (Fig. 14.20)63. The most common causative agents are plants, especially Compositae allergen, natural resins, woods, plastics, rubbers, glues, metals, pharmaceutical chemicals, insecticides and pesticides64.





[image: image]

Fig. 14.20 Airborne contact dermatitis.


Note the significant involvement of the eyelids.


Courtesy, Joyce Rico, MD.





Airborne ACD has been associated with a wide range of allergens, from common allergens such as plants (see above) to more obscure causes such as essential oils volatilized during aromatherapy, preservatives in paints, and thyme dust in farmers, to name but a few64-67. Occupationally induced reactions appear to be the most common cause of airborne contact dermatitis. Dermatoses in exposed areas should raise the possibility of a possible airborne contact allergy, leading to a series of questions regarding possible exposure sources and to appropriate patch testing when indicated.









	APPENDIX






	Company

	Supplies






	Allerderm Laboratories
3400 E. McDowell Road
Phoenix, AZ 85008–7899, USA
Tel: 1–800–365–6868; 1–800–878–3837
Fax: 1–800–926–4568
Email: info@allerderm.com
Website: www.allerderm.com;


www.truetest.com


	T.R.U.E. Test®
Finn chambers
Scanpor® tape
Nickel spot test (dimethylglyoxime)
Cobalt spot test






	Chemotechnique Diagnostics
Modemgatan 9
S-235 39 Vellinge
Sweden
Tel: 46–40–46 60 77
Fax: 46–40–46 67 00
E-mail: info@chemotechnique.se
Website: www.chemotechnique.se


	NACDG Screening Series
(listed under National Series)
European Standard Series
Specific allergen panels, e.g.
hairdressing, bakery, dental, plant, shoe, cosmetic, corticosteroid, leg ulcer, photopatch series
IQ chambers






	Dormer Laboratories Inc.
91 Kelfield Street, Suite 5
Rexdale, Ontario M9W 5A3
Canada
Tel: 416–242–6167
Fax: 877–436–7637
E-mail: info@dormer.com
Website: www.dormer.com


	Chemotechnique® products






	Smart Practice Canada
2175 29th Street NE, Unit 90
Calgary, Alberta TIY 7H8
Canada
Tel: 866-903-2671
Fax: 866-903-2672
Email: info@allergeaze.com
Website: www.allergeaze.com


	AllergEAZE allergens and chambers
NACDG Screening Series
European Standard Series
Specific allergen panels






	Almirall Hermal GmbH
Scholtzstrasse 3
21465 Reinbek
Germany
Tel: 49-40-727-04-0
Fax: 49-40-722-92-96
E-mail: info@hermal.de
Website: www.almirall.de/al/en/


	European Standard Series
Other Trolab® allergen panels
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Usefulfor distinguishing leiomyomas from dermatafibromas
and neural tumors

Useful in evaluating the characteristics o dermal colagen,
. perforating disorders

Usually used for sialomucn (e0. adenocarcinoms, Pagets
disease) and the capsule of Cryptococcus neoformans

Leukemic infitraes
Elastc issue disorders (&9, PXE, anetoderma)

Amyloidoses

Used fo diagnosis offungal infectons; also to identify a
thickened epidermal basement membrane i lupus
erythematosus and the thickened vascular woll in porphyria
cutane tarda

Useful for identifying iron 2 the source of pigment

Xanthomatoses.
Storage diseases (e, Fabry disease]

Xanthomatozes.
Storage disesses
Amyloidoses
Myeobactersl infections

Mastocytosis

At
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Verhoef-Van Gieson or
Weigert

Von Kossa
Warthin-Starr (modified

Steiner)

Ziehi-Neeksen

Collagen
Elastic tisue
Musdle and nerves
Calcium sahts

Bactera

Acid-fast bacteria.

Pink to red

Yellow
Black

Black

Red

Elastic tissue disorders (e.g. PXE, anetoderma, mid-dermal
elastolyss)

Pieudoxanthoma elasticum (oxalate slts may notstain with
this method)

Granuloms inguinse.

Syphits (and other diseases caused by spirochetes)
Rhinosderoma

Bacillry angiomatoss

b el S Howts.
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Icpotriene/Calcip

Concentration 50mcalg
Formulations Ointment, cream,lotion, solution
Frequency. 8D
Maximum weekly amount* 100g
Chemical structure 2627-cyclo-vitamin D,

22,23 double bond

Transposition of the 25-0H to the 24 position
Inactivaing enzymes 22,23 reductase; 24-oxidorreductase

*To avoid hyperccemia
Maximum weekly amount or 8 weeks of vestment

2009

10.25-dihydroxy vitamin D (active natural
vitamin D;)

24hydrowylase.

Taaldtol
2 meg/g; 4 meg/g
Ointment, lotion

BID; dally

ng70g
1024-dihycraxy vitamin Dy

25-hydrowylase
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lipoproteins. lipoproteins  Flagelin

] e 06
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Endosome
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Gene/Locus
psoRsT

PsoRs2
w126
23R

ZNE313 (ANF114)
oLt
P22

iz
cytokine gene cluster

It
1238
ERaP1
™NEARS
™1
ARSI
NEKBIA

Chromosomal
location

[

7a
sq
»

20q
L
180

sq

1a
12
sq
6q
sq
6q
14q

Odds ratio
for psorlasis

64

14
20

125
126
13

127

131
168
127
128
172
136
119

Comments

Contains HLA-Cw6 (putative immune function;
major candidate gene) and CDSH

Putative role in immune synapse formation
Tcell differentiation
Tcalldifferentiation

Ublquitn pathway
Unknown
Tecellsignalling

Tcalldifferentiation

Epidermal differentiation
11237117 s
MHC class | antigen processing
NE-xB pathway.
NE-xB pathway.
NE-xB pathway/ IL23/Th17 axis
NF-xB pathway

Other disease associations.
None

None
Crohnis disease

rohns disease, ankylosing spondylis,
psoratic arthrts

None
Crohn's disease, type 2 diabetes melltus

Juvenile diopathic arthits, systemic lupus
erythematosus, theumatold arthits, type 1
diabetes mellitus, autoimmune thyrold disease

Crohns disease (ditinct variant)

Ankylosing spondylis
Rheumatold arthitis

Psoriatic athrits
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SEVERITY OF PSORIATIC LESIONS

10, none; 1, liht; 2, modarate; 3, severe; 4, vry severe]
Hoad Tk Upperlmbs Lower lmbs
Erythema. o4 owa 0w o4
Induration w4 0w owoa o4
owa 0w ows o4
1 Sumofthesbove  Sumofthesbove  Sumoftheabove  Sumof the above

AREA OF PSORIATIC INVOLVEMENT
10,mone; 1, <10%;2, 10to <30%;3,30 to <50%; 4, 50 o <70%;5, 70 o <90%;, 90-100%]

ot6 oto6 w6 0106
Mukiply 12 1x2 1x2 1x2 1x2
Cortectionfactor 010 030 020 040
forarea of

Involvement

1x2x3 A ] c )

A+ B+C+D= total PAS|
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Lichenoid dermatoses

Lichen planus.

Lichenoid drug eruption

Erythema dyschromicum perstans
Graft-versus-host disease (see Ch. 52)
Keratosis lichenoides chronica
Pityriasis lichenoides* (see Ch.9)
Lichen nitidus

Lichen striatus

Fixed drug eruption (see Ch. 21)
Erythema multiforme (see Ch. 20)
Lupus erythematosus (see Ch. 41)
Dermatomyosits (see Ch. 42)
Paraneoplastic pemphigus (see Ch. 29)
Mycosis fungoides (CTCL) (see Ch. 120)
Lichenoid pigmented purpura (see Ch. 22)
Secondary syphils (see Ch. 82)

*Acute and chronic.

Possible target antigens.
vD.CT

[

V.0
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Routine histology

b ——————0IF, B and various:
forms of pemphigus.

DIF, DH
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Receptor molecule  Expression’  Coreceptormolecule  Expression’

CD80 (B7-1) s 028,12 (CTLA4) T
CD86 (87-2) Apc 028, CDIS2(CTLA4) T

€D275 (ICOS-L, B7H2, APC 0278 (1c0S) T

87h, B7RP1)

€D274 (PDL1, B7H1)  APC 0279 (PD1) T8
0273 (PDL2,87DC)  APC 0279 (PD1) T8
D40 APCB D154 (CD40L) T

CD134 (0X40) 0 CD252 (OX40) AC,B
27 APC,T D70 (CD271) T8
COWI37(@-188) T8 4-18BL APC,B
CD265 (RANK) ApC CD254 (RANKL, TRANCE) ~ APC, T
030 T8 D153 (CD30L) T.B,APC
CDS8 (LFA3) A @2 T

“Only important costimulatory moecules and those with known ligands ae included.
Bxpression refers only toT cells (1), B clls (B) and antigen-presenting cell (APC)including

DCand1LC

Jorfmty [

TN receptor famly adhesion molecules
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 Enythrocyte sedimentation rate (ESR)

- Complete blood cell count (CBC) with differential and platelet count

- Blood urea nitrogen, creatinine

 Liver transaminases, alkaline phosphatase, biliubin

 Lactate dehydrogenase (LOH)

 Thyroid function tests(thyroid:stimulating hormone (TSH) and thyroxine
levels)

 Fasting glucose, hemoglobin Alc

+ Serum iron,feritin

- Stoolfor ova parasites and occult blood

 Parathyroid function (calcium, phosphate and parathyroid hormone levels)

- Chest Xray

- Skin biopsy for routine histology

ect immunofiuorescence studies of skin, anti-tissue transglutaminase

antibodies

- Viral hepatis sreen

- HIV testing

- Anti-mitochondrial and anti-smooth muscle antibodies

- Serum IgE level:allergen-specific g antibody tests

- Pick tests of major atopy allergens, elevant occupational alergens;
patch tests

- Serum typtase, histamine and/or chromogranin-A levels

 Urine for sediment; 24-hour urine collection for 5-hydroxyindoleacetic acid
(5-HIAA; a serotonin metabolite) and methylimidazoleacetic acid (MIAA:
a histamine metabolite)

- Additional radiographic and sonographic studies, . abdominal CT scan

« Serum protein electrophoresis, serum immunofixation electrophoresis
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PRIMARY DERMATOSES

Atopic dermatis - Crusted eczematous lesions on extensor  + See Table 10.1 - SeeTable 101
surfaces, face, scalp
- Spares diaper area
-« Pruritus
- Onset week 6-16

Sebortheic dermits - Greasy, scling plaques and satelle
papules on scalp and in skin fods

per area involvement

- Nor-pruritic

- Ealy onset (week 2-12)

Prorisss - Silvery white scaing and sharply « SeeTable 101 - Family histoy of poriass
demarcated plaques on face, elbows and
knees

- Disper area involvement
Nail pits
- Usully loter onset

DRUG REACTIONS (Table 10.1)
INFECTIONS
Staphylococcal sclded skin - Temperature insabiltylowrade fever  Blste roof consists of the comified + Postive culur for Staphylococcus
syndrome  imtabilty layer and ports ofthe ranlar layer  aureus (conjunctivae, nares, throst,
- Skinfold accentuaton - Subcomeslblsters containafew  rectum)
B e i e neutrophit and hymphocytes - Identifcation o exfolaive toxins (ET-A
- Superfcial bullaformation fllowed by &ET5) via slidelatex agglutination,
desquamation dvblsmmunodifuion,o A e
- Raditing peroral scale-rusts
e e i - ET-A produced by . cureus specificaly
o e deaves desmoglein1
Neonatal toxic shock ke - Generolized difuse maculr erythema or - Colonzation o umbilcal stump,
exanthematous diesse morbiliform eruption with confuence. nasopharymcorskin with TSST1-
- Minimal scaling producng MFSA
e - Thromboeytopenia
- Occurs during fst week of e
Congenital cutaneous candidiasis+ Matemal vaginal Candida nfecton with  + Yeastand pseudohyphae inthe - KOH examination fungal cuture
introuterine spread sratum comeum (PAS)
- Pustules, collrettes ofscle - Subcomeal and sponiform pustules
-~ Oral caviy spared within the epidemis
- May have paronychia and il dystrophy
oTHERS

« Pityiasisrubra pilrs (Ch.9)
- GVHD (.0 materal-fetal or transfusion-relted inthe seting of SCID) (Ch. 52!

 Diffuse cutaneous mastocytosis (Ch. 1)

- Rare ichthyoses - trichothiodystrophy, kerattisichthyosisdeaness (KID) syndrome,Sjdgren-Larsson syndrome, neutral lipid storage disease with ichthyosis (Ch. 57)
- Ankyloblepharon-ectodermal dysplasia-dlefting (AEC) syndrome (Ch.63)

« “Nutritional dermatitis”, including kwashiorkor (Ch. 51)
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Autoimmune biistering.
disorder

Alopeci

Infectious diseases

Ulcerative dermatoses

Pigmentary disorders.

Urtcaria

Disease.

Melanocytic neoplasms.

Keratinacytic neoplasms

Dermal neoplasms

Deep-dermal and/or
subcutaneous neoplasms

Lymphoma and leukemia
cutis

+ An edematous papule/placue or
an early vesice i preferred

« Ifonly lage bulloe are present,
biopsy the edge of the bulla
plus surounding inflamed skin

+ Active advancing edge
+ Areas of perifolicular
inflammation

- Prefer mature fesions
« Ifulerated, include
inflammatory border

Actve edge ofthe ulce or early
lesion i the spectrum ofesions
includes a pre-ulcerativestage
(e, pyoderma gangrenosum)
Include the edge ofthefesion 35
well a5 norma skin for
comparison

Include the edge ofthefesion 35
well a5 norma sk for
comparison

Preferred technique”

Excisional biopsy (prefeed when melanoms s reasonably suspected)

Punch biopsy (e0. 4 mm) or
saucerization of: edematous
pspuleplaue, entiresmall
vesile or edge offesh, intact
vesice/bula plus surounding
inflamed skin

+ 4-6 mm punch biopsy.
oriented paralle o the
direction of hair

- Include subcutanous fat

Punch biopsy or incisional
biopy (for decprsested
infections)

Punch orindsional biopsy

Punch biopsy,rarely incisional
biopsy

Punch biopsy.

NEOPLASTIC PROCESSES

Soucerizaion that includes the etir esion
When major differential diagnosis s macular seborheic keratosis vs
lentigo maligns, broad shave technique

Other techniques may be appropriste depending upon the circumstances

and the degree of suspicion

Punch, saucerzation, or excisional biopsies

Punch orexciional biopsy
Excisional biopsy

Punch orexciional biopsy

When major diffeential diagnosis s patch-stage mycoss fungoides vs

parapsoriass, broad saucerization may be performed

limiatons upon the disgnost resu.

« Biopsy of late-stage bullae:
undergoing re-epithelaization
may lead to erroneous diagnosis

 Lotestage, purulent, custed or
ulceraed lesions may be
non-diagnosic

Scamed areas show only end-stage
fbross

- Organisms may not be
appreciated in histologic
sections

 Fresh tissue culture and/or PCR
may be necessary

Avoid center of uker where.
nonspedfic changes o possible:
miskeading secondary changes
such 35 vascults

Subtle findings require
inicopathologic conelation

Small-diameter punch biopsies
maylead to fabe-positve resuits
as retraction of collagen bundles
may simulate intersttal edema

pitals

Direct immunofiuorescence of
periesonl skin (ig. 011)or
earby skin f dermatits
herpetformis)

Vertical and horizontal
sectioning of biopsy
Directimmunofluorescence

Fresh tssue culture and/or PCR

Fresh tssue culture and/or PCR
(ifinfectious etology.
suspected)

Special stains and/or
immunohistochemistry may be
necessary

Directimmunofiuorescence f
wticaial vasclts i suspectec)

tia (subtotal punch biopsy orsuperficial shave biopsy.

may not be representative o the entire process

1 (subtotal punch biopsy o superficial shave biopsy.

may not be representative of the entire process or allow
assessment for possible dermal invasion

I (subtotal) punch biopsy o superficia shave biopsy.

may not be representative o the enire process

Partal (sublota) punch biopsy or superficial shave biopsy
may not be representative of the entire process

Parta (subtota) punch biopsy or superficial shave biopsy

may not be representative o the enire process

Crush atifact s common when lymphocytic nfitrates are
sampled via  smll-diameter punch biopsy

#0n occasion, suralcincal/cosmesic constains may,nthe psentsbest nerest,requie consderation and performance o 3 altemative techniaue, o ven 3 subtotal biopsy, wih
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‘Biologic agent
Aefacapt®® Humn fusion
protein

Eanarcept TNFo! Human fusion
protein

Inflximab TNEat Chimeri antibody

Adalimumab TNFa! Human antibody

Ustekinumab pa0subunitof  Human antibody.
12723
*8y registaton authories for the reatment o psoiass.

**prosucton of efacept inthe US was discontinued i 2011
Salutle form.

“Solutle form and transmembrane TN receptor

FDA+EMA

FDA+EMA
(psoriatic
arthrts)

FDA+EMA
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Fiber Dismeter Myelination Conduction Responds to
velocity
Abea A loge  + >%mis  Lighttouch
Moving stimuli
Adela (R Small  + 2-30m/s  Pain (nociceptors)
Thermal
Mechanical
Chemical, including
pruritogens
@ Small - <2mis  Pain (nociceptors)
Itch®, histamine-sensitive”
Itch*, cowhage-sensitive*
Thermal"
Mechanical
5% oftotal C fbers transmit ch
*Separate C fibers carry both pruritogenic and thermal stimul, but not mechanical stimuii
*Transmit pruritus accompanied by a buming sensation; also sensitive to mechaical
simul
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 Related by size >

Nodule

Vesicle

Puswle

« Elevated, circumsaribed

 Larger volume than
popule,often>2 amin
dometer

 Involves the dermis and
may extend to the subeutis

 Greatest mass may be.
beneath the din surface.

- Hlevated, circumsaribed
<1 cm in dismeter

« Primaily filed with clear
fid

- May become pustuar,
umbilcated or n evosion

* Hlevated, circumsaribed
“>1 cmin dismeter
- Filled with dar fuid

- Hlevated, circumsaribed

 Usually <1 cm in diameter

« Filled primarily with
puruient flid

Epidermoid indusion cysts

Bullous ixed drug eruption

Steroid follculis

- Epidermoid inclusion cyst

 Lipoma

- Metastases

- Neurofibromas.

« Panniculis, .. enythema
nodosum

« Lymphoma cutis

« Herpes simplex.
Varicela or zoster

- Dermatits herpetiformis

- Dyshidrotic eczema.

- Friction bister
- Bullous pemphigoid

 Linear lgA bullous dermatosis
 Bulous fxed drug enuption

- Coma bullae

- Edema bulse

Folicuarly centered.
- Follcults
+ Ache vulgars

Non-folcularly centered

- Pustulr psoriasis

+ Acute generalized exanthematous
pustuosis

+ Subcomeal pustular dermatosis
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Related by size -

+ Elevated, circumscribed

- <1 am i diameter

- Elevation due to increased
thickness of the epidermis
and/or cel o deposits
within the derms

« May have secondary.
changes eg.saale, crust

+ Need to distinguish from.
vesice or pustule

* Blevated, crcumscribed

+>1 am i diometer

- Elevation due o increased
thickness of the epidermis
andlor cell o deposits

hin the dermis

« May have secondary.

changes (e.scal,crust

» Seborrheic keratosis

- Cherry hemangioma

- Compound or intradermal
melanocytc nevus

- Vernuca or molluscum
contagiosum

 Lichen nitidus

- Elevated component of vial
anthems

- Smallvessel vascultis

primrity epidemal
~ Peoriadis

 Lichen simplex chronicus
- Nummular dermatits

Demat

 Geanudoma aniare

S

* Hypetophic s, elod
Norphes

* lchen scerous

o
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'REVERSE TRANSCRIPTION PCR

(a) Reverse transcription

Gene-specific priming.
PCR

—oan - m——n A [ m——

RNA
Oligo d(T) priming

A
Ne Ne

Random hexamer priming

Quantitative real-time PCR

Amplification

]

AN
it
B
Cycle
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INDUCTION OF CONTACT HYPERSENSITIVITY

Cutancous
postcapilary
venule
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Anchistamines
(especially
donepin)

Nalawone,
naltrexone

Nalfurafine.
(TRk.820]"

Butorphanol

Mirtazapine

Parotine

 Doxepin s a rcyclic compound with potent
antihistamine effects (H, and Hy) and
anticholinergic popertes; it represents
fistgeneration (classic), sedating
antihstamine

* i-Opiod receptor antagonists*

+ x-Opioid receptor agonist*

 x-Opioid receptor ag
receptor antagonist®

and p-opioid

 Serotonin and norepinephine inverse agonist
that reduces centrl ich perception

* Selective serotonin reuptake nfibitor (SSR)

bt tch tsnsmision wihi the centrs nrvous syse

Curenty not commerdaly avalable inthe Us.
*An nranasal sprayscurently avalatle, and tansdermal formulaons e being develcped.

‘SYSTEMIC AGENTS.

- Decrease wheal formation s well a5
pruritus in patients with urticara

+ Contrlied trials show efficacy for
choletaticand renal pruritus" ™™

- May be of beneft or severe pruritus of
other etilogies™

+ Contrlled trials show efficacy fo renal
pruritus™

« Relieves pruitus asodated with morphine
(with epidural administration of both
agents)**

« May reduce severe pruritus associated with
systemic disease or inflammatory skin
‘conditions™

- May reduce nocturnal prurius atlow
doses, 9. 15 ma nighty)™

- A controlled study showed benefit for
pruritus related to systemic disease’™

- Sedation
- Anticholinergc effects

 Interacton with MAD infibitors

(for doxepin)

« Hepatotosicity

- Nauseahvomiting
 Insormnia

- Reversal of analgesia

- Nousealvomiting
- Dependence (rare)

- Sedation
« Weight gain

- Sexual dysfunction
« Sedation

- Insommnia

« Weight gain

Coaiiaaa
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‘Thalidomi

+ Blocks neuropathic afferent pattways.
(peripheraly and centrally)
- Inhibits N0 synthesis

Gabapentin, - Structural analogues of the neurotransmitter
pregabaiin GhBA

+ Thought to inhibit centrltch pathways
Aprepitant + Antagonist of the neurokinin-1 receptor

which i

ctvated by substance P

 May be helpful for prurigo nodularis,
actinic prurigo and prurtus of advanced
a0e

« Benefca fo newropathic ch (e
brachioradil pruritus), post-bum pruritus
and postherpetic neuralgia™*

- Primariy used as an antiemeticin
oncology patient, with anecdotal reports
of reduced prurtus e..in Sézary.
ok s e el el pat

« Teratogenicity.
- Periphersl newropathy.

- Peripheral edema
- Sedation

- Abdominal pain
 Ftigue

+ Hiccups
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DIFFERENTIAL DIAGNOSIS OF DAPER DERMATITIS
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Papulosquamous
and eczematous.
dermatosis

Uticaras and
erythemas

‘Autoimmune.
connective
tissue diseases.

Autoimmune
bullous diseases.
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« Linear cleftin skin

- Often painful

« Resuts from marked drying, skin thickering, and
loss of elsticity

Hand dermatits
Erosion - Partil lss ofthe epidermis epithelium)

Pemphigus folaceus
Ulceration - Fullthicknesslossof the epithelium (epidermis)
« May havelossof the dermis or even subcutis
Pyodema gangrenosum
- Exogenousinjury to all or part ofthe epidermis
(epithelium)
Neurotic excoriations.
Atrophy - Epidermal atrophy ~ thining of the epidermis,

leading to wrinkling and a shiny appearance

- Dermal atrophy - os of dermal colagen and/or
elastin, leading toa depression (see Table 03)

Stiae secondry to
potent cortcosterolds.

Lichenification - Thickening (scanthosis) of the epidermis, and

accentustion of natura sin lines.

Lichen simplex chronicus

« Angular cheiltis
- Hond dermatits
- Sebopsoriasis intergluteal fold)
 Iitant cheil:

+ Impetigo.

- Friction

 Trauma

+ Pemphigus, vulgaris and folaceus

 Ecthyma gangrenosum
- Pyoderma gangrenosum
 Stasis ulcer

+ Ecthyma

+ Newopathic ulcer

A secondary feature of pruritc conditions,
including arthropod bites and atopic:
dermatis

« Neurotic excorisions.

« Acne excoriée

- Lichen scerosus
 Poikoderma.

- Anetoderma
 Focal dermal hyoplasia (Goltz syndrome)
- Stise

 Lichen simplex chronicus, solted or
superimposed on a pruritic condition, ..
atopic dermits






OEBPS/OEBPS/images/B9780723435716000014_f001-008-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000117_f011-009-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000130_f013-007b-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001688_uguide-002-9780723435716.jpg
Expert





OEBPS/OEBPS/images/B9780723435716000038_f003-014-9780723435716.jpg
'SKIN GENE THERAPY

Grafting genetically modified keratinocytes

Gene intoduction

4
GosooeHosceeoH| el

Keratinocyte culture






OEBPS/OEBPS/images/B9780723435716001639_f000-016b-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001639_f000-031d-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001639_f000-040d-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000087_f008-015-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001639_t0010.jpg
Clinical disorders
« Ephelid (feckle)

« Lentigo.
- diopathic guttate hypomelanosis

Macule  + Flat, circumseribed
- <1 cmin diameter

- Often hypo-or hyper-

e
pe=s e
e

i
i1
E
S
T e =
£ o e S
: + Often hypo- or hyper- {Mongolian spot)
: Gty ol S
= Also other colors (e.g. blue, + Nevus depigmentosus.
&5

- Solar purpura

Vitigo.
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D el wophic syome (B Notalga parestneica
I soctiondiatpunius [ Meraga parestrtica
M Cheiralgia paresthetica
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‘Approach to the patient with an acute fever and a rash*

g U i

Infectious Inflammatory Other
Bacteria Kawasakis, Drug reactions r
disease.

e orc shock Wotbilfor, serum
‘syndromes; SSSS; ‘sickness-like reaction, Neoplastic Inherited
‘scarlet fever; DRESS, AGEP, (e.g. lymphoma) (e.g. periodic
sepic embol enyhroderms fever syndromes)
(Meningococcus,
Ricetsa > aler
s ythema mulifome,
sypnls;dsseminaed SISTEN
enyhema migans

Primary cutaneous
Viruses disorders

e i ks (e:g. pustular psoriasis)
enterovinuses, HHV-6,

adenovirus Rheumatologic
(see Fig, 81.2), HIV; disorders
varicella, (e:, SLE, vasculis,
disseminated zoster**; Sil's isease)
Kaposi's vaicelform
Sy Graftversus host
disease
Fungi**
e.g disseminated

dimorphic infection

Protozoa**
e, Stongyloidiasis

* ot asingle site s in celuis, necrolizing fascits
** more kel in immunocompromised patent
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Medication Mechanismis)of action Uses and effcacy Majoradverse effcts
TOPICAL AGENTS

Copssicin(active » Activates and subsecuently desensiies - Used primeriyfo localized, chroric.  Trosient burning senation, which

componentin TRPV1, o vaniloid TRP receptor™ pruritc disorders, espedally those of usuallyresolvessher svers days

hotchil  Couses elease from C neurons and newropathic oigin™ of onsistent use; appliction of
pepper) (eventualy) depleted storesof neuropeptides + Controlled sudies support usefor: topicalldocaine or EMLA may be.

(e9. substance P, CGRP, somatostatin) ~Notalgia paresthetica (i

- Prolonged use eads o neuronal degeneration ~ Brachioradial pruritus

at sitesof applicaton, hich can et in e A o bk

reversble decress in eidermal nerve fber s (e

densiy’ potch FDA-approved forthis

Indcation)

Dosepin - Tricycic cormpound vith potent anthistamine - Shown to efeve pruitu n patients it  Drovsiness in 25% o ptients due
effects (B, and Hy) also anticholinergic. atopic dermitis " 0 percutancous absorpton
properties - Alergic contact dermatits

Menthol - Activates TRPMS and TRPAY, producing acool  « Inconsistent reults n controlled Sk iaton
sensation”™ s

- May be especially benefica for patients
whose ich i elieved by cold showers

Promosine - Anesthetic blocks transmission of nerve - Benefiilfo histamine-nduced tch and - Alergic contact dermatits
impulses wremic prurus in end:stoge enol (uncommon)

e

Tocrolims, - Cacineurin nhibitorsthatblock production of + Can decreas tch related to the  Tronsient burning sensation

pimecroimus multiple proinflammatory ytokings (see Ch. nflammation of atopic dermatis
128)

- May intally actvate and subsequently
desensitae TRVI™

Baier repair” - Diminih transepidermal wateross and ~ Decreas tch i patients withatopic None

creams,other decrease flux between a distended and dermatis

emalients and desiccated stae

humectants  Minimize microfsuresthat expose C nerve
bers
- Agents that ocidifythe stratum coreum may
educe tch, as akaline agents (.. br s00ps)
can activate proteases and ncrease ipid
sighdty.
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Feoture Descripton Disorders
Crust - D serum, blood orpus on the urface - Ecaemadermatits (ol types
 May include baceria(usualySephylococ  impetigo
 Uter phase of hrpessmple, voricls o
e
« Enthema muitiome
Secondorly nicted
Hand dermati:
sale - Hyperkeratosis P micaceous scl)
* Actumulation of srtum comeu dos to ~Tines ading scae)
ncresed prolferation s or deoyed  Eryhema snnular cenritium (rling scle)
eqvomtion ~ Actickeratoses oty scsle)
Py rosea (pepheral colete of s
and conel scle

o
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Duration of
expression

Efficent gene

Gene cargo
capacity
Aotigenicity

Retrovirus

Long term.
(integration)

Replicating cells
only

B9kb

-
(re-administration
possible)

Adenovirus

Transient (no
integration)

Adeno-
associated virus

Long term
possible (some
integration)
Replicating and
non-replicating
cells

Around 45 kb

+(not associated
with human
pathology)
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Atopic dermatis (Ch. 12)

Drug reactions (Ch. 21)

Idiopathic rythvoderma

Cutaneous T-cell ymphoma
(@120

Pityrasis rubra piaris (Ch. 9)

Clinical lues. Histologic clues.
comMmoN
« Pre-existng pioriaic plaques * Confluent parakeratosis

- Often spares theface.
- Noilchanges (il-drop,pis,onycholysis)
+ Subcoreal pustules

~ Inflammatory arthits

 Preexistng lesions (flexures)

+ Severe pruritus

- Lichenification, ncluding eyelids

+ Prurigo nodularis

+ receded by marbilliom o scastforn

- Facal edema

- In dependent areas, may become.
purpuric

- Eldrly men

- Chroni relapsing

- Severe pruritus

« Palmoplantar keratodesma

- Dermatopathic lymphadenopathy

- Bottlenediike ree ridges

 Tortuous vessels in papilry dermis

 Neutrophils wthin epidermis

- Often reduced granlar layer

- Mildto moderate acanthotis

* Variable spongiosis

 Dermal eosinophis

- Parakeratosis

- Perivascula nfitrate with eosinophils

 Lichenoid nftrate:

- Necrotc keratinocytes a all levels of
epidermis

* Vacuolar degeneration of basal ayer

- Nonspecic

LESS COMMON

+ Sézary syndrome more common than
erythrodermic mycoss fungoides

« Intense pruritus

- Deep purple-red hue

« Painful, fssured keratoderma.
Alopeda

Leonine focies

« Salmon-colored erythema
 Islands of sparng (nappes chires)
« Waxy keratoderma

- Perfollicular keratotic papues

« Nuclearatypia in lymphocytes

- Custering of atypicalcells within
epidermis

- Often ichenid infrate:

+ Psoriasform epidermal hyperplasia

+ Altemating parakeratosis and
orthokeratosi,both verticaly and
horizontally

* Follicular plugs with shoulder
pamberstosld

Additional hints

« Personal o familyhistory o psoriasis

+ Withdrawal of corticosteroids,
methatrexate or cyclosporine (also
efalizumab prio o ts removalfrom the
market)

- Blevated serum IgE, eosinophili

 Personal o family history of atopy (9.
asthma, allrgic rhinits)

+ Cataracts

« Nohistory of skin diseases

« Usually resoves within 2-6 weeks after
withdravel of responsible drug:
possble exception is DIHS/DRESS

- Considerless commonly associsted
drugs see Table 103)
+ Continue to re-evaluate for ctaneous

Tel lymphoma

- Blevated CD4:CD8" atio (blood), with
210:1 rato seen in Sézary syndrome.

- Detection of donal T-cell popultion in
skin(and blood)

- In Sézary syndrome: 21000 Sézary cells/
m';240% CD4*/CO7"; or 230% CO&"/
D26 (lood)

 Flare aftr sun exposure.

- Cephalocaudal progression

« Appearance oferythema gyratumike.
lesions a3 erythroderma improves
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Clinical clues.

Epidermolytcichthyosis (previously
referred t0 23 bullous congenital

ichthyosiform erythroderma)

Congenita chthyosform
erythroderma (previously referred to
5 non-bullous congental
ichthyosiform erythroderma)

Netherton syndrome

Convodi-Hinermann-Hopple
syndrome OCinked dominant
chondrodysplasia punctata)

Omenn syndrome.

Other forms of SCD',
‘agammaglobulinemia, complement
deficencies (e9.G3, C5)

Wiskott-Aldrich syndrome

$ABCAI2 and CYPAF22 encade ATPbinding casette (6C) sub-family A, member 12 and cytochrome PAS0, famiy 4 subfomiy F, polypepide 2, espectel

INHERITED ICHTHYOSES (CH. 57)'

 Formation of superficial bisters and
erosions during the irst days o ffe

- Later, comugated hyperkeratosis n
fexural oreas

* Collodion baby.

- Generalized scaling involing flexures

* Gicatrcial alopecia, naildystrophy
(subungua hyperkeratoss, idaing), apid
nail growth

 Ectiopion

- Atopiciike dermatits

- Food allrgies

- Immune deficency

 Erythroderma in neonates

- Erythroderma may perss o ichthyosis
inears circumfie develops.

- Examine eyebrows and eyelashes as well
as scalp hirsfo wichorthexi
(bamboo hair)

- Failure to thrive

- Linear and sirled patterm

* Skeletal(chondrodysplsia punctata) and
ocular anomalies (cataracts)

- Gassic epidermolytic hyperkeratosis

- Routine histology - non-diagnostic
+ LEKT! antibody

« Hyperkeratosi,reduced granular
layer, folculr phugoing

IMMUNODEFICIENCIES (CH. 60)

- Onsetin neonatal period

 Exfolative erythroderma with difise:
alopecia

+ Lymphadenopathy and
hepatosplenomegaly

- Recurrent nfections

- Diarthea

- “Leiner phenotype” of exfoliative
dermatis, chronic darthea and
recurtent infectons.

 Primarily affcts boys

* Petechine, ecchymoses

- Atopiciike dermatits

+ Recurent sinopulmonary infectons.

hioderna can 350 0ccur seconcsy 1 GYHD (ee ig. 10,10,

eresent fom bith orer fncy.

- Necross of keratinocytes

- Dense derma infirate.
(predominantly T cells]

« Acanthosis, parakeratosis

+ Nom-diagnostic:

- Nom-diagnostc.

- Mutation
encode keratins 1 and 10

+ Mutations in TGM! (encodes
transolutaminase 1), ALOXES
(ipoxygenase 3, ALOXI28 (120]
Tipoxygenase), NPALS ichthyin),
ABCA12",and CYPAF22*

- By electron microscopy: premature
secretion and sbormallamelar bodies
 Elevated serum gE levels

+ Mutations in SPINKS (encodes serne
peptidase nhibitor,Kazal type 5)

« Mutations in EBPat Xp1 1 (encodes
‘emopamil binding protein sterol
isomerase])

- Leukocytosis, eosinophili

« Hypogammaglobulinemia

- Elevated serum g€ levels

- Lymph nodes: disruption of germinal
centers and sbundant S100°
interdigitating eticulum cells:

- Mutations in RAG! and RAG2
(see Ch.60)

+SeeCh 60

- Micothrombocytopenia
+ Lymphopenia, cosinophiia
 Elevated serum € levels

- Mutations in WAS

Coniiiid
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Dermaits (non-atopic), including  « Pre-existing localized disease. - Variable spongiosis + Occupation and hobbies.
contact (Chs 14 &15) and sasis « Distrbution of ntal lesions - Patch testing
with autasensitzation (Ch. 13) - Review oral medication (sysemic
contact dermatits)
Parancoplastic erythroderma  + Fine scaling  Nonspecifc changes « Lymphoproiferatve disorders,
- Melanoerythroderma. including other types of T-cell
- Cachexia [
«In the case of solicorgan malignancies,
wsually ate stage
BULLOUS DERMATOSES (CHS 29 & 30)
Pemphigus folisceus  Preexistng lesions,often on upper trunk + Acantholyss, superfical epidermis I, interceluar
« Impetigo-ike erosions and vesicles - DF, intercelllarloG.
- Moist scale-crust; comfake scale
Bullous pemphigoid + Urticarial plaques - Subepiderml blster -1 BMZ
+ Temse bulla  Eosinophils
- Elderly patients - DEBMZC3 and oG
Paraneoplastc pemphigus  Mucosalerosions and hemorrhagic rusts Inteface dermatts with necrotic © I, interceluar and BMZ (+IF rat
« Erythema multiforme-ke lesons. Keratinocytes bladder)
+ Mucocutaneous lchencid esions - Focalacantholysis
- DF,interclllar and BMZ G
Congenitalchthyoses (Ch.57)  » Present from birthor ealyinfancy (e« See Table 102 « SeeTable 102
Table 102)
RARE
Papuloerythroderma of Ofji  + Widespread, pruriic,fat-topped + Dense perivasculr infitrate of  Muliple etiologies,induding atopy,
red-brown papules that can become Iymphocytes and eosinophis inthe  lymphomas(esp. CTCL), drugs (e. DD,
confluent upper to mid dermis. aspiin, infections (e0. HV, hepatits
« Sparing ofskin flds (deck-chair"sign) - May have peripheral cosinophila,
- Favors elderly men lymphopenia

G
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 ichen planus - Sarcoidosis
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~ Drug history.
- UVA, UVB and visible ight phatotesting
- Photopatch testing






OEBPS/OEBPS/images/B9780723435716000142_f014-016b-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001639_f000-031b-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000117_f011-011a-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000117_icon01-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000063_f006-007-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000038_f003-015-9780723435716.jpg
ramcatysyvesies | [ cremeaty | [ pemcan St g A e
s oty || ke | | o s
GSoD et ek DA ) i ey i






OEBPS/OEBPS/images/B9780723435716000087_f008-014-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000130_f013-001-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000014_f001-007-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001639_f000-012-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001639_if000-032-9780723435716.jpg





OEBPS/OEBPS/images/B978072343571600004X_f004-010-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000117_f011-011b-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716001639_f000-031a-9780723435716.jpg





OEBPS/OEBPS/images/B9780723435716000038_f003-001-9780723435716.jpg
Excised tissue

Fresh Frozen

Light Electron

microscopy | | microscopy

v

Laser capture
microdissection

2

Edraction

— o 3

DNA RNA

Protein






