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PART I

IMMUNOLOGY





1
The Immune System




LEARNING OBJECTIVES


[image: image] Define and describe the components of the immune system


[image: image] Discriminate between innate and acquired immunity





THE IMMUNE SYSTEM


The immune system is designed to recognize and respond to non-self antigen in a coordinated manner. Additionally, it recognizes and eliminates cells that are diseased, damaged, distressed, or dying.


The immune system is divided into 2 complementary arms: the innate and the adaptive immune systems.


Innate Immunity


Innate immunity provides the body’s first line of defense against infectious agents. It involves several defensive barriers:




	Anatomic and physical (skin, mucous membranes and normal flora)


	Physiologic (temperature, pH, anti-microbials and cytokines)


	Complement


	Cellular: phagocytes and granulocytes


	Inflammation





Innate immune defenses have the following characteristics in common:




	Are present intrinsically with or without previous stimulation


	Have limited specificity for shared microbe and cellular structures (pathogen-associated molecular patterns [PAMPs] and damage-associated molecular patterns [DAMPs])


	Have limited diversity as reflected by a limited number of pattern recognition receptors


	Are not enhanced in activity upon subsequent exposure—no memory






Adaptive Immunity


The components of the adaptive immune response are B and T lymphocytes and their effector cells.


Adaptive immune defenses have the following characteristics in common:




	Each B and T lymphocyte is specific for a particular antigen


	As a population, lymphocytes have extensive diversity


	Are enhanced with each repeat exposure­—immunologic memory



	Are capable of distinguishing self from non-self



	Are self-limiting






The features of adaptive immunity are designed to give the individual the best possible defense against disease.




	
Specificity is required, along with immunologic memory, to protect against persistent or recurrent challenge.


	
Diversity is required to protect against the maximum number of potential pathogens.


	
Specialization of effector function is necessary so that the most effective defense can be mounted against diverse challenges.


	The ability to distinguish between self (host cells) and non-self (pathogens) is vital in inhibiting an autoimmune response.


	
Self-limitation allows the system to return to a basal resting state after a challenge to conserve energy and resources and to avoid uncontrolled cell proliferation resulting in leukemia or lymphoma.





Table I-1-1. Innate versus Adaptive Immunity








	Characteristics

	Innate

	Adaptive










	Specificity

	For pathogen-associated molecular patterns (PAMPs)

	For specific antigens of microbial and nonmicrobial agents






	Diversity

	Limited

	High






	Memory

	No

	Yes






	Self-reactivity

	No

	No






	Components

	

	






	Anatomic and physiologic barriers

	Skin, mucosa, normal flora, temperature, pH, antimicrobials, and cytokines

	Lymph nodes, spleen, mucosal-associated lymphoid tissues






	Blood proteins

	Complement

	Antibodies






	Cells

	Phagocytes, granulocytes and natural killer (NK) cells

	B lymphocytes and T lymphocytes









Function


The innate and adaptive arms of the immune response work in collaboration to stop an infection. Once a pathogen has broken through the anatomic and physiologic barriers, the innate immune response is immediately activated, oftentimes able to contain and eliminate the infection.


When the innate immune response is unable to control the replication of a pathogen, the adaptive immune response is engaged and activated by the innate immune response in an antigen-specific manner. Typically, it takes 1–2 weeks after the primary infection for the adaptive immune response to begin clearance of the infection through the action of effector cells and antibodies.


Once an infection has been cleared, both the innate and adaptive immune responses cease. Antibodies and residual effector cells continue to provide protective immunity, while memory cells provide long-term immunologic protection from subsequent infection.




[image: Bell shaped graph, on the x-axis, the duration of infection, which has an entry of mechanism starting point and Pathogen cleared as the end point. The Y axis has the antigen’s Threshold level to activate adaptive immunity. On the top of the graph we observed a progression in the level of the microorganism which coincides with the shape of the graph: #1, Innate immune response, starting point of curve; #2, Induction of adaptive response, ascension and peak of the curve; #3, adaptive immune response, peak of the curve and descent, #4, Immunological memory, after the pathogen has cleared.]

Figure I-1-1. Timeline of the Immune Response to an Acute Infection





The innate and adaptive immune responses do not act independently of one another; rather, they work by a positive feedback mechanism.




	Phagocytic cells recognize pathogens by binding PAMPs through various pattern-recognition receptors leading to phagocytosis.


	Phagocytic cells process and present antigen to facilitate stimulation of specific T lymphocytes with subsequent release of cytokines that trigger initiation of specific immune responses.


	T lymphocytes produce cytokines that enhance microbicidal activities of phagocytes.


	Cytokines released by phagocytes and T lymphocytes will drive differentiation of B lymphocytes into plasma cells and isotype switching.


	Antibodies will aid in the destruction of pathogen through opsonization, complement activation and antibody-dependent cellular cytotoxicity.







[image: Flow chart with three levels (rows), Anatomic and Physiologic barriers, Innate Immune response, and adaptive Immune response. There are two main columns, that allow the interaction between the levels mentioned before: On the left in a descending order, Phagocytes and granulocytes release, down arrow, cytokines, down arrow, Lymphocytes, down arrow, release Cytokines, from these last two elements, an arrow points up to the phagocytes and granulocytes and points to the right towards the B-Lymphocytes, which in an ascending order, arrow points to antibodies, arrow points to phagocytes and and compliment and an arrow points to the left to these latter ones. ]

Figure I-1-2. Interaction between Innate and Adaptive Immune Responses







Recall Question


Which of the following is most likely to cause a faster and stronger immunologic response against the same infectious agent after re-exposure?




	Innate immunity, as adaptive immunity takes 1–2 weeks


	Natural killer cells


	Innate immunity because macrophages recognize PAMPs and DAMPs


	Adaptive immunity and immunological memory


	Complement activation





Answer: D












2
Ontogeny of the Immune Cells




LEARNING OBJECTIVES


[image: image] Explain information related to origin and function of cells of the immune system


[image: image] Explain information related to antigen recognition molecules of lymphocytes


[image: image] Answer questions about the generation of receptor diversity





ORIGIN


Hematopoiesis involves the production, development, differentiation, and maturation of the blood cells (erythrocytes, megakaryocytes and leukocytes) from multipotent stem cells. The site of hematopoiesis changes during development.


During embryogenesis and early fetal development, the yolk sac is the site of hematopoiesis. Once organogenesis begins, hematopoiesis shifts to the liver and spleen, and finally, to the bone marrow where it will remain throughout adulthood.




[image: Graph showing development of the yolk sac, then the liver, then the spleen, and then the bone marrow over the course of 9 months before birth]

Figure I-2-1. Sites of Hematopoiesis





These multipotent stem cells found in the bone marrow have the ability to undergo asymmetric division. One of the 2 daughter cells will serve to renew the population of stem cells (self-renewal), while the other can give rise to either a common lymphoid progenitor cell or a common myeloid progenitor cell (potency). The multipotent stem cells will differentiate into the various lymphoid and myeloid cells in response to various cytokines and growth factors.




	The common lymphoid progenitor cell gives rise to B lymphocytes, T lymphocytes and natural killer (NK) cells.


	The common myeloid progenitor cell gives rise to erythrocytes, megakaryocytes/thrombocytes, mast cells, eosinophils, basophils, neutrophils, monocytes/macrophages and dendritic cells.





FUNCTION


The white blood cells of both the myeloid and lymphoid stem cells have specialized functions in the body once their differentiation in the bone marrow is complete. Cells of the myeloid lineage, except erythrocytes and megakaryocytes, perform non-specific, stereotypic responses and are members of the innate branch of the immune response. B lymphocytes and T lymphocytes of the lymphoid lineage perform focused, antigen-specific roles in immunity. Natural killer cells are also from the lymphoid lineage but participate in innate immunity.


Although B lymphocytes and T lymphocytes in the bloodstream are almost morphologically indistinguishable at the light microscopic level, they represent 2 interdependent cell lineages.




	
B lymphocytes remain within the bone marrow to complete their development.


	
T lymphocytes leave the bone marrow and undergo development within the thymus.






Both B and T lymphocytes have surface membrane receptors designed to bind to specific antigens; the generation of these receptors will be discussed in chapter 4.




	The natural killer (NK) cell (the third type of lymphocyte) is a large granular lymphocyte that recognizes tumor and virally infected cells through non-specific binding.







[image: From the multipotent stem cell we have the following lineages, when IL-7 is released, it activates the Lymphoid stem cell which provides: NK cells, the T progenitors, on top of the image, which develop into a Thymocyte in the thymus, then produces a Helper and a cytotoxic T-Lymphocyte. Next row is the B progenitor which produces the B-lymphocyte which becomes a plasma cell. When GM-CSF, and IL-3 is produced, at the bottom of the image, activates the Myeloid stem cell, it produces the following cellular products: First row, Granulocytes, produce, the dendritic cell, Neutrophils, monocyte that then converts to a macrophage; Second row, Eosinophil progenitor makes Eosinophil via IL-5; Third row, Basophil progenitor, makes basophil and mast cell; Fourth row, Megakaryocyte makes platelets vial IL-11; Fifth row, Erythroid progenitor makes Erythrocytes.]

Figure I-2-2. Ontogeny of Immune Cells





Table I-2-1. White Blood Cells








	Myeloid Cell

	Tissue Location

	Physical Description

	Function










	Neutrophil or polymorpho- nuclear (PMN) cell
[image: image]


	Most abundant circulating blood cell

	Granulocyte with a segmented, lobular nuclei (3–5 lobes) and small pink cytoplasmic granules

	Phagocytic activity aimed at killing extracellular pathogens






	Lymphoid Cell

	Tissue Location

	Physical Description

	Function






	Lymphocyte
[image: image]


	Bloodstream, secondary lymphoid tissues

	Large, dark-staining nucleus with a thin rim of cytoplasm

Surface markers:


B lymphocytes – CD19, 20, 21
T lymphocytes – CD3
Helper T cells – CD4
CTLs – CD8



	No function until activated in the secondary lymphoid tissues






	Plasma cell
[image: image]


	Bloodstream, secondary lymphoid tissue and bone marrow

	Small eccentric nucleus, intensely staining Golgi apparatus

	Terminally differentiated B lymphocyte that secretes antibodies






	Natural killer cell
[image: image]


	Bloodstream

	Lymphocyte with large cytoplasmic granules
Surface markers: CD16, 56

	Kills virally infected cells and tumor cells






	Myeloid Cell

	Tissue Location

	Physical Description

	Function






	Monocyte
[image: image]


	Circulating blood cell

	Agranulocyte with a bean or kidney-shaped nucleus

	Precursor of tissue macrophage






	Macrophage
[image: image]


	Reside in all tissues

	Agranulocyte with a ruffled cytoplasmic membrane and cytoplasmic vacuoles and vesicles

	



	Phagocyte


	Professional antigen presenting cell


	T-cell activator











	Dendritic cell
[image: image]


	Reside in epithelial and lymphoid tissue

	Agranulocyte with thin, stellate cytoplasmic projections

	



	Phagocyte


	Professional antigen presenting cell


	T-cell activator











	Eosinophil
[image: image]


	Circulating blood cell recruited into loose connective tissue of the respiratory and GI tracts

	Granulocyte with bilobed nucleus and large pink cytoplasmic granules

	



	Elimination of large extracellular parasites


	Type I hypersensitivity











	Mast cell
[image: image]


	Reside in most tissues adjacent to blood vessels

	Granulocyte with small nucleus and large blue cytoplasmic granule

	



	Elimination of large extracellular parasites


	Type I hypersensitivity











	Basophil
[image: image]


	Low frequency circulating blood cell

	Granulocyte with bilobed nucleus and large blue cytoplasmic granules

	



	Elimination of large extracellular parasites


	Type I hypersensitivity














Laboratory evaluation of patients commonly involves assessment of white blood cell morphology and relative counts by examination of a blood sample. Changes in the morphology and proportions of white blood cells indicate the presence of some pathologic state. A standard white blood cell differential includes neutrophils, band cells, lymphocytes (B lymphocytes, T lymphocytes, and NK cells), monocytes, eosinophils and basophils.


Table I-2-2. Leukocytes Evaluated in a WBC Differential








	Cell Type

	Adult Reference Range (%)










	Neutrophils (PMNs)

	50–70






	Band cells

	0–5






	Lymphocytes

	20–40






	Monocytes

	5–10






	Eosinophils

	0–5






	Basophils

	<1











Recall Question


Which cytokine differentiates the myeloid stem cell into a granulocyte that contains a bilobed nucleus and pink cytoplasmic granules?




	IL-11


	IL-5


	Thrombopoietin


	GM-CSF and IL-3


	IL-7





Answer: B












3
Lymphocyte Development and Selection




LEARNING OBJECTIVES


[image: image] Answer questions about selection of T and B lymphocytes


[image: image] Solve problems concerning innate immunity and components/barriers





ANTIGEN RECOGNITION MOLECULES OF LYMPHOCYTES


Each cell of the lymphoid lineage is clinically identified by the characteristic surface molecules that it possesses.




	The mature, naïve B lymphocyte, in its mature ready-to-respond form, expresses 2 isotypes of antibody or immunoglobulin called IgM and IgD within its surface membrane.


	The mature, naive T cell expresses a single genetically related molecule, called the T-cell receptor (TCR), on its surface.





Both of these types of antigen receptors are encoded within the immunoglobulin superfamily of genes, and are expressed in literally millions of variations in different lymphocytes as a result of complex and random rearrangements of the cells’ DNA.




[image: Two lymphocytes, on the left, Mature B-Lymphocyte, with IgM and IgD on its receptor surface, nucleus and nucleolus inside; on the right Mature T-Lymphocyte, with an MHC on their surface with their respective alpha and beta chain]

Figure I-3-1. Antigen Receptors of Mature Lymphocytes





The antigen receptor of the B lymphocyte, or membrane-bound immunoglobulin, is a 4-chain glycoprotein molecule that serves as the basic monomeric unit for each of the distinct antibody molecules destined to circulate freely in the serum. This monomer has 2 identical halves, each composed of a heavy chain and a light chain. A cytoplasmic tail on the carboxy-terminus of each heavy chain extends through the plasma membrane and anchors the molecule to the cell surface. The 2 halves are held together by disulfide bonds into a shape resembling a “Y.” Some flexibility of movement is permitted between the halves by disulfide bonds forming a hinge region.


On the N-terminal end of the molecule where the heavy and light chains lie side by side, an antigen binding site is formed whose 3-dimensional shape will accommodate the noncovalent binding of one, or a very small number, of related antigens. The unique structure of the antigen binding site is called the idiotype of the molecule. Although 2 classes (isotypes) of membrane immunoglobulin (IgM and IgD) are coexpressed on the surface of a mature, naïve B lymphocyte, only one idiotype or antigenic specificity is expressed per cell (although in multiple copies). Each individual is capable of producing hundreds of millions of unique idiotypes.




[image: Going from top to bottom we observe the antibody structure, it is shaped like the letter Y, on the distal portion of its arms we have the Antigen binding sites composed of Nitrogen and sulfuric bonds that determine the Idiotypes. At this portion we also have they heavy and light chains. The Isotype region continues down through the Y, In the middle of the is the hinge region, and at the bottom is the rest of the antibody composed of carbons connected to each other.]

Figure I-3-2. B-Lymphocyte Antigen Recognition Molecule (Membrane-Bound Immunoglobulin)





The antigen receptor of the T lymphocyte is composed of 2 glycoprotein chains, a beta and alpha chain that are similar in length. On the carboxy-terminus of the chains, a cytoplasmic tail extends through the membrane for anchorage. On the N-terminal end of the molecule, an antigen-binding site is formed between the 2 chains, whose 3-dimensional shape will accommodate the binding of a small antigenic peptide complexed to an MHC molecule presented on the surface of an antigen-presenting cell. This groove forms the idiotype of the TCR. There is no hinge region present in this molecule, and thus its conformation is quite rigid.


The membrane receptors of B lymphocytes are designed to bind unprocessed antigens of almost any chemical composition, i.e., polysaccharides, proteins, lipids, whereas the TCR is designed to bind only peptides complexed to MHC. Also, although the B-cell receptor is ultimately modified to be a circulating, secreted antibody, the TCR is always membrane-bound and never circulating.


In association with these unique antigen-recognition molecules on the surface of B and T cells, accessory molecules are intimately associated with the receptors that function in signal transduction. Thus, when a lymphocyte binds to an antigen complementary to its idiotype, a cascade of messages transferred through its signal transduction complex will culminate in intracytoplasmic phosphorylation events leading to activation of the cell.




	In the B cell, this signal transduction complex is composed of 2 invariant chains, Ig-alpha and Ig-beta, and a B-cell co-receptor consisting of CD19, CD21 and CD81.


	The B-cell co-receptor is implicated in the attachment of several infectious agents. CD21 is the receptor for EBV and CD81 is the receptor for hepatitis C and Plasmodium vivax.


	In the T cell, the signal transduction complex is a multichain structure called CD3.







[image: T On the left we observe the B-cell Signal Transduction complex, composed of Immunoglobulins and clusters of differentiation on the left and on the right of the of the main antibody. On the right we observe a T Cell Signal Transduction complex, having clusters of differentiation on the left and a major histocompatibility complex in the middle with an alpha and beta chain. ]

Figure I-3-3. Lymphocyte Signal Transduction





Table I-3-1. B- versus T-Lymphocyte Antigen Receptors








	Property

	B-Cell Antigen Receptor

	T-Cell Antigen Receptor










	Molecules/Lymphocyte

	100,000

	100,000






	Idiotypes/Lymphocyte

	1

	1






	Isotypes/Lymphocyte

	2 (IgM and IgD)

	1 (α/β)






	Is secretion possible?

	Yes

	No






	Number of combining sites/molecule

	2

	1






	Mobility

	Flexible (hinge region)

	Rigid






	Signal-transduction molecules

	Ig-α, Ig-β, CD19, CD21

	CD3









THE GENERATION OF RECEPTOR DIVERSITY


Because the body requires the ability to respond specifically to millions of potentially harmful agents it may encounter in a lifetime, a mechanism must exist to generate as many idiotypes of antigen receptors as necessary to meet this challenge. If each of these idiotypes was encoded separately in the germline DNA of lymphoid cells, it would require more DNA than is present in the entire cell. The generation of this necessary diversity is accomplished by a complex and unique set of rearrangements of DNA segments that takes place during the maturation of lymphoid cells.


It has been discovered that individuals inherit a large number of different segments of DNA which may be recombined and alternatively spliced to create unique amino acid sequences in the N-terminal ends (variable domains) of the chains that compose their antigen recognition sites. For example, to produce the heavy chain variable domains of their antigen receptor, B-lymphocyte progenitors select randomly and in the absence of stimulating antigen to recombine 3 gene segments designated variable (V), diversity (D), and joining (J) out of hundreds of germline-encoded possibilities to produce unique sequences of amino acids in the variable domains (VDJ recombination).






[image: Antibody structure in the shape of a Y, showing VDJ rearrangements that produce the diversity of heavy chain variable domains on the bottom distal third of its arms. ]




NOTE


VDJ rearrangements in DNA produce the diversity of heavy chain variable domains.




[image: Antibody structure in the shape of a Y showing its constant regions, which are found below the variable regions. ]




NOTE


mRNA molecules are created which join this variable domain sequence to μ or δ constant domains.





An analogous random selection is made during the formation of the beta-chain of the TCR.




[image: Biochemical process of gene processing within the nucleoplasm, on the top part we have the DNA Germline which consists of D and J genes which are rearranged for D and J; the next row is the immature B-Cell DNA that goes through V,D and J rearrangement and joining. Then through the process of transcription the immature B-Cell RNA is made, which then goes through Splicing of many other genes and V/D/J-C joining, becoming a mRNA, that is then released into the cytoplasm where it goes through translation in order to produce the final product, a specific IgM heavy chain composed of V/D/J/C.]

Figure I-3-4. Production of Heavy (B-Cell) or Beta (T-Cell) Chains of Lymphocyte Antigen Receptors





Next, the B-lymphocyte progenitor performs random rearrangements of 2 types of gene segments (V and J) to encode the variable domain amino acids of the light chain. An analogous random selection is made during the formation of the alpha-chain of the TCR. The enzymes responsible for these gene rearrangements are encoded by the genes RAG1 and RAG2. The RAG1 and RAG2 gene products are 2 proteins found within the recombinase, a protein complex that includes a repair mechanism as well as DNA-modifying enzymes.






[image: image]




NOTE


VJ rearrangements in DNA produce the diversity of light chain variable domains.




[image: image]




NOTE


K or λ constant domains are added to complete the light chain.







BRIDGE TO PATHOLOGY


Tdt is used as a marker for early stage T- and B-cell development in acute lymphoblastic leukemia.







[image: Biochemical process of gene processing within the nucleoplasm, on the top part we have the DNA Germline which consists of D and J genes which are rearranged for D and J; the next row is the immature B-Cell DNA that goes through V,D and J rearrangement and joining. Then through the process of transcription the immature B-Cell RNA is made, which then goes through Splicing of many other genes and V/J/C joining, becoming a mRNA, that is then released into the cytoplasm where it goes through translation in order to produce the final product, a specific kappa light chain composed of V/J/C.]

Figure I-3-5. Production of Light (B-Cell) or Alpha (T-Cell) Chain of a Lymphocyte Antigen Receptor





While heavy chain gene segments are undergoing recombination, the enzyme terminal deoxyribonucleotidyl transferase (Tdt) randomly inserts bases (without a template on the complementary strand) at the junctions of V, D, and J segments (N-nucleotide addition). The random addition of the nucleotide generates junctional diversity.


When the light chains are rearranged later, Tdt is not active, though it is active during the rearrangement of all gene segments in the formation of the TCR. This generates even more diversity than the random combination of V, D, and J segments alone.




[image: Going from top to bottom, we observe genes D, on the left, inside a square, and the same with gene J but on the right, in between we have two palindromes, one on top and the other on the bottom; the one on top has an arrow #1 with its head pointing towards this item, on its base it has Tdt adds N-nucleotides; Arrow #2 has its head pointing to the bottom palindrome and on its base, repair enzymes add complementary nucleotides. ]

Figure I-3-6. Function of Tdt





Needless to say, many of these gene segment rearrangements result in the production of truncated or nonfunctional proteins. When this occurs, the cell has a second chance to produce a functional strand by rearranging the gene segments of the homologous chromosome. If it fails to make a functional protein from rearrangement of segments on either chromosome, the cell is induced to undergo apoptosis or programmed cell death.


In this way, the cell has 2 chances to produce a functional heavy (or β) chain. A similar process occurs with the light (or α) chain. Once a functional product has been achieved by one of these rearrangements, the cell shuts off the rearrangement and expression of the other allele on the homologous chromosome—a process known as allelic exclusion. This process ensures that B and T lymphocytes synthesize only one specific antigen-receptor per cell.


Because any heavy (or β) chain can associate with any randomly generated light (or α) chain, one can multiply the number of different possible heavy chains by the number of different possible light chains to yield the total number of possible idiotypes that can be formed. This generates yet another level of diversity.


Table I-3-2. Mechanisms for Generating Receptor Diversity








	Mechanism

	Cell in Which It Is Expressed










	Existence in genome of multiple V, D, J segments

	B and T cells






	VDJ recombination

	B and T cells






	N-nucleotide addition

	B cells (only heavy chain)
T cells (all chains)






	Combinatorial association of heavy and light chains

	B and T cells






	Somatic hypermutation

	B cells only, after antigen stimulation (see Chapter 7)









Downstream on the germline DNA from the rearranged segments, are encoded the amino acid sequences of all the constant domains of the chain. These domains tend to be similar within the classes or isotypes of immunoglobulin or TCR chains and are thus called constant domains.




[image: Gene for the heavy chain going from 5 prime, containing the V-D-J genes and continues on with the mu, epsilon and gamma genes joined all together, ending with a 3 prime end. ]

Figure I-3-7. Immunoglobulin Heavy Chain DNA





The first set of constant domains for the heavy chain of immunoglobulin that is transcribed is that of IgM and next, IgD. These 2 sets of domains are alternatively spliced to the variable domain product at the RNA level. There are only 2 isotypes of light chain constant domains, named κ and λ, and one will be combined with the product of light chain variable domain rearrangement to produce the other half of the final molecule. Thus, the B lymphocyte produces IgM and IgD molecules with identical idiotypes and inserts these into the membrane for antigen recognition.


Table I-3-3. Clinical Outcomes of Failed Gene Rearrangement








	Clinical Syndrome

	Genetics

	Molecular Defect

	Symptoms










	Omenn syndrome

	Autosomal recessive

	Missense mutation in RAG genes
The RAG enzymes have only partial activity

	Lack of B cells (below limits of detection)
Marked decrease in predominantly Th2
Characterized by early onset, failure to thrive, red rash (generalized), diarrhea, and severe immune deficiency






	Severe combined immunodeficiency (SCID)

	Autosomal recessive

	Null mutations in RAG1 or RAG2 genes
No RAG enzyme activity

	Total lack of B and T cells
Total defects in humoral and cell-mediated immunity











Recall Question


Which of the following mechanisms is involved in generation of the receptor diversity in B and T cells?




	Rearrangement of V(D)J segments


	N-nucleotide addition at junctions of V, D, and J segments


	Combinatorial association of heavy and light chains


	A recombinase enzyme


	All mechanisms are involved





Answer: E





DEVELOPMENT OF B AND T LYMPHOCYTES


As lymphoid progenitors develop in the bone marrow, they make random rearrangements of their germline DNA to produce the unique idiotypes of antigen-recognition molecules that they will use throughout their lives. The bone marrow, therefore, is considered a primary lymphoid organ in humans because it supports and encourages these early developmental changes. B lymphocytes complete their entire formative period in the bone marrow and can be identified in their progress by the immunoglobulin chains they produce.




Recall Question


What is the cause of Omenn syndrome?




	Null mutations in RAG1 and RAG2 genes


	Missense mutation in Tdt enzyme


	Missense mutation in RAG genes


	Heterozygous deletion of 22q11


	Somatic hypermutation





Answer: C





B Lymphocyte Development and Selection


In essence, the rearrangement of the gene segments and the subsequent production of immunoglobulin chains drive B-cell development.


Because these gene segment rearrangements occur randomly and in the absence of stimulation with foreign antigen, it stands to reason that many of the idiotypes of receptors produced could have a binding attraction or affinity for normal body constituents. These cells, if allowed to develop further, could develop into self-reactive lymphocytes that could cause harm to the host. Therefore, one of the key roles of the bone marrow stroma and interdigitating cells is to remove such potentially harmful products. Cells whose idiotype has too great an affinity for normal cellular molecules are either deleted in the bone marrow (clonal deletion) or inactivated in the periphery (clonal anergy). Anergic B cells express high levels of IgD on their surface rendering them inactive. The elimination of self-reactive cells in the bone marrow is intended to minimize the number of self-reactive B-lymphocytes released to the periphery, only those cells that are selectively unresponsive (tolerant) to self-antigens are allowed to leave the bone marrow.




[image: Columns showing the Progression in the maturation of B-Cells, on top we have the description in words, then at the bottom we have the shape of of the B-Cell: Within the bone marrow, Lymphoid stem cells that become pro-B Cells, these then become Pre-B cells, at this level IgG heavy chain and light chain rearrangement takes place. These B-Cells then migrate to the periphery and become Mature B-Cells or plasma cells that secrete IgM or IGG. At the bottom of these column, we have four rows: rag expression goes from Pro-B cell to Immature B Cell; Tdt from Pro-B cell to Pre-B cell; MHC II, from Pro B-Cell to plasma and memory cells; CD19,20,21 and 40 goes from Pro-B Cell all the way to Plasma and Memory B Cell. ]

Figure I-3-8. B-Cell Differentiation





T Lymphocyte Development and Selection


Immature lymphocytes destined to the T-cell lineage leave the bone marrow and proceed to the thymus, the second primary lymphoid organ dedicated to the maturation of T cells. These pre-thymic cells are referred to as double negative T lymphocytes since they do not express CD4 or CD8 on their surface. The thymus is a bilobed structure located above the heart; it consists of an outer cortex packed with immature T cells and an inner medulla into which cells pass as they mature. Both the cortex and medulla are laced with a network of epithelial cells, dendritic cells, and macrophages, which interact physically with the developing thymocytes.




[image: Going through layers, starting at the top and then working through the bottom: Capsule; Cortex, dense with star shaped cortical epithelial cells as well as plenty of thymocytes; Medulla is pale and has star shaped dendritic cells. ]

Figure I-3-9. Structure of the Thymus





Within the cortex, the thymocytes will begin to rearrange the beta and alpha chains of the T-cell receptor (TCR) while coexpressing the CD3 complex as well as the CD4 and CD8 co-receptors; these thymocytes are collectively referred to as being double positive. As the developing thymocytes begin to express their TCRs, they are subjected to a rigorous 2-step selection process. Because the TCR is designed to bind antigenic peptides presented on the surface of antigen-presenting cells (APCs) in the body, a selection process is necessary to remove those cells that would bind to normal self-antigens and cause autoimmunity, as well as those that have no attraction whatsoever for the surfaces of APCs. This is accomplished by exposure of developing thymocytes to high levels of a unique group of membrane-bound molecules known as major histocompatibility complex (MHC) antigens.


The MHC is a collection of highly polymorphic genes on the short arm of chromosome 6 in humans. There are 2 major classes of cell-bound MHC gene products: I and II. Both class I and class II molecules are expressed at high density on the surface of cells of the thymic stroma. MHC gene products are also called human leukocyte antigens (HLA).




	
Class I MHC gene products: HLA-A, HLA-B, HLA-C


	
Class II MHC gene products: HLA-DM, HLA-DP, HLA-DQ, HLA-DR





Table I-3-4. Class I and II Gene Products








	Class I Gene Products

	Class II Gene Products










	HLA-A

	HLA-B

	HLA-C

	HLA-DM*

	HLA-DP

	HLA-DQ

	HLA-DR









*HLA-DM is not a cell surface molecule but functions as a molecular chaperone to promote proper peptide loading.


Class I molecules are expressed on all nucleated cells in the body, as well as platelets. They are expressed in codominant fashion, meaning that each cell expresses 2 A, 2 B, and 2 C products (one from each parent).




	The molecules (A, B, and C) consist of a heavy chain with 3 extracellular domains and an intracytoplasmic carboxy-terminus.


	A second light chain, β2-microglobulin, is not encoded within the MHC and functions in peptide-loading and transport of the class I antigen to the cell surface.


	A groove between the first 2 extracellular domains of the α chain is designed to accommodate small peptides to be presented to the TCR.







[image: Two MHC class I molecules, The one on the left has a better established architectural structure, with a clover leaf like shape composed of three alpha chains, one on top and two at the bottom, it extends from the outside and penetrates the cell membrane and its phospholipid bilayer towards the inside. It’s beta 2 Microglobulin lays below the clover shaped structure. On the Right we observe the same structures, but they are disperse more into its true molecular shape. ]

Figure I-3-10. Class I MHC Molecule (left) and X-Ray Crystallographic Image (right) of Class I MHC Peptide-Binding Groove





Class II MHC molecules are expressed (also codominantly) on the professional antigen-presenting cells of the body (primarily the macrophages, B lymphocytes, and dendritic cells).




	The molecules are 2 chain structures of similar length, called α and β, each possessing 2 extracellular domains and 1 intracytoplasmic domain.


	A groove that will accommodate peptides to be presented to the TCR is formed at the N-terminal end of both chains.







[image: Two MHC class II molecules, The one on the left has a better established architectural structure, with a clover leaf like shape composed of a peptide binding groove on top, and alpha and a beta chain on the right and left respectively, it extends from the outside and penetrates the cell membrane and its phospholipid bilayer towards the inside. On the Right we observe the same structures, but they are disperse more into its true molecular shape. ]

Figure I-3-11. Class II MHC Molecule (left), and X-ray Crystallographic Image (right) of Class II MHC Peptide-Binding Groove





Within the thymus, each of these MHC products, loaded with normal self-peptides, is presented to the developing double positive thymocytes.




	Those that have TCRs capable of binding with low affinity will receive a positive selection signal to divide and establish clones that will eventually mature in the medulla.


	Those that fail to recognize self-MHC at all will not be encouraged to mature (failure of positive selection).


	Those that bind too strongly to self MHC molecules and self-peptide will be induced to undergo apoptosis (negative selection) because these cells would have the potential to cause autoimmune disease.





Although double positive thymocytes co-express CD4 and CD8, the cells are directed to express only CD8 if their TCR binds class I molecules, and only CD4 if their TCR binds class II molecules. At this point in T-cell development, the thymocytes are referred to as being single positive.


This selection process is an extraordinarily rigorous one. A total of 95–99% of all T-cell precursors entering the thymus are destined to die there. Only those with TCRs appropriate to protect the host from foreign invaders will be permitted to exit to the periphery: CD4+ cells that recognize class II MHC are destined to become “helper” T cells (Th), and CD8+ cells that recognize class I MHC are destined to become cytotoxic T lymphocytes (CTLs).


While most self-reactive T cells will be deleted in the thymus, a small population of these T cells will instead differentiate into regulatory T cells (Tregs). Tregs inhibit self-reactive Th1 cells in the periphery.




	Identified by their constitutive expression of CD25 on the surface and by the expression of the transcription factor FoxP3


	Secrete IL-10 and TGF-β which inhibit inflammation


	Shown to be critical in the prevention of autoimmunity





Tregs will leave the thymus and serve in a peripheral tolerance.




[image: Cellular shape of a Treg cells, with a nucleus in the middle, and cytoplasm outside with a nuclear and cellular membrane. In the middle of the cell it is labeled, Treg (CD4+/CD25+) Fox P3.]

Figure I-3-12. Identification of Treg Cells







[image: Box with five columns Labeled, Markers, pre-thymic cortex, Thymic Medulla, Circulating T Cells. Each row has a bar that depending on the maturity level crosses some or all of these structures. TdT’s bar goes from pre-thymic to Thymic cortex; rag expression, thymic cortex only; CD2, CD3 and TCR from thymic cortex all the way through Circulating T cells; CD4+ and CD8+ have a common origin that begins at the thymic cortex, however they divide up at the level of the Thymic Medulla, the one on top is CD4+, the one at the bottom is CD8+.]

Figure I-3-13. Human T-Cell Differentiation







Recall Question


What is the function of MHC class II?




	Presenting intracellular peptides to Tregs


	Presenting extracellular peptides to CD8+ cells


	Presenting intracellular peptides to CD4+ cells


	Presenting intracellular peptides to CD8+ cells


	Presenting extracellular peptides to CD4+ cells





Answer: E












4
Periphery: Innate Immune Response




LEARNING OBJECTIVES


[image: image] Describe the structure and function of secondary lymphoid organs


[image: image] Describe the structure of lymph nodes


[image: image] Answer questions about chemokines and adhesion molecules





INNATE IMMUNITY


The innate immune system is an important part of any immune response. It is responsible for reacting quickly to invading microbes and for keeping the host alive while the adaptive immune system is developing a very specific response. The innate immune defenses are all present at birth; they have a very limited diversity for antigen, and they attack the microbes with the same basic vigor no matter how many times they have seen the same pathogen.


The innate immune system handles pathogens in 2 general ways:




[image: Flow chart, pathogens are handle in two ways, on the left, via inflammation, arrow pointing down towards elimination of microbes; on the right, Interferons, NK cells, arrow pointing down towards elimination of viruses.]

Figure I-4-1. Pathogen Clearance by the Innate Immune System





Microbes may gain access to the tissues if the physical barriers are breached. In the tissues, they come in contact with phagocytic cells such as neutrophils, macrophages and dendritic cells, which will produce chemical messengers called cytokines that can initiate an inflammatory response.


Many times the innate immune components are enough to eliminate the pathogen, but not always. The pathogens may gain access to the blood, in which the alternate pathway for complement activation may provide some additional help. But this is where the adaptive immune system may have to take over to resolve the infection and eliminate the pathogen.




[image: Flow chart, Portal of entry for microbes, arrow points down to Pathogens gain access to tissues, in between these two elements, there is a box that states physical barriers are breached. Then there are two paths it takes, an arrow points to the right towards a box that states: cellular attack via cells of innate immunity, dendritic, neutrophils and macrophages, which interact with acquired immunity via cytokines, inflammation. The other path of the flow is an arrow pointing towards the bottom to pathogens may gain access into the blood, in between these there is a box that states, tissues are breached; an arrow then points towards a box on the right that states, alternate complement activation.]

Figure I-4-2. Entry Sites for Pathogens





INNATE IMMUNE COMPONENTS/BARRIERS


There are several components to the innate immune response that are essential for this early defense against pathogens: anatomic (physical) barriers, physiologic barriers, innate cellular response, and inflammation.


Anatomic Barriers


The main portals of entry for most pathogens are the skin, the respiratory tract, and the GI tract. All of these surfaces are lined with epithelial cells that can produce a few antimicrobial products such as defensins and interferons. They may also contain a number of specialized intra-epithelial lymphocytes (IEL) called γδ T cells. These specialized T cells are considered part of innate immunity as they can only recognize shared microbial structures.




	The skin is a great physical barrier as most pathogens can’t invade intact skin. The pH of the skin is also slightly acidic and can retard the growth of pathogenic organisms.


	The respiratory tract is lined with cilia that physically attempt to remove microbes as they enter. Saliva and mucous are also difficult environments for microbes to live in, as there are many antimicrobial enzymes and chemicals within those entities.


	The GI tract is also a mucous membrane with similar properties to the respiratory tract; however, pathogens that enter here must first survive a trip through the stomach with a highly acidic pH that kills many microorganisms.





Physiologic Barriers


Physiologic barriers include the following components:




	
Temperature



	– Many microbial pathogens can’t survive much past human body temperature. When the inflammatory response is initiated in the local tissues, cytokines may act systemically to alter the temperature set point in the hypothalamus resulting in fever.








	
pH



	– The acidic pH of the stomach impedes the growth and transmission to the gut of many pathogens.


	– The skin is also acidic and retards the growth of many microorganisms.








	
Chemical



	– Lysozyme present in secretions such as tears, saliva, breast milk and mucous can break down the cell wall peptidoglycan of bacteria.


	– Defensins found within phagocytes can form pores in bacteria and fungi.








	
Interferons



	– IFN-α and IFN-β are anti-viral interferons. They have a direct anti-viral effect by transiently inhibiting nascent protein synthesis in cells.











Innate Cellular Response


Phagocytic cells (monocytes/macrophages, neutrophils and dendritic cells) are part of the first line of defense against invading pathogens. They recognize pathogens via shared molecules that are not expressed on host cells. They are responsible for controlling the infections and sometimes are even capable of eradicating them.


Receptors of the innate immune system are referred to as pattern recognition receptors (PRRs). PRRs recognize pathogen-associated molecular patterns (PAMPs), molecules that are shared by pathogens of the same type (bacterial LPS, n-formyl peptides etc.) or damage-associated molecular patterns (DAMPs) released from dying or damaged cells. These receptors are present intrinsically, encoded in the germline genes, and are not generated through somatic recombination as the lymphocyte receptors are generated.


The innate immune system can recognize <1,000 patterns on various pathogens, compared to the adaptive immune system (B and T cells) which can recognize over 1 billion specific sequences on pathogens.


Inflammasome


The inflammasome is an important part of the innate immune system. It is expressed in myeloid cells as a signaling system for detection of pathogens and stressors. Activation of the inflammasome results in the production of IL-1β and IL-18, which are potent inflammatory cytokines.




[image: Two structures, on the top is a cell and on the bottom is a sun like pattern representing inflammation. Figure from the top, on the left-hand side we have a plasma membrane that has been breached by a pathogen, star like shape, arrow points towards the following shapes, NLRP3 (sensor), triangle; adaptor, rectangle; caspase-1, cylinder. Arrow points down to the junction of all these into an NLRP3 inflammasome, arrow points down to active caspase. On the right-hand side of the cell, there is an innate signals box (TLR) with an arrow that points towards the inside of the nucleus at the Pro-IL beta gene transcription, arrow points to misfolded Pro-IL-Beta. The two paths from the left and right then join together when the activated caspase, arrow points to, Pro-IL beta and form a properly folded IL-1beta, secreted towards the acute inflammation structure.]

Figure I-4-3. Inflammasome





Table I-4-1. Receptors of the Innate Immune System








	Receptor Type

	Location in Cell

	Receptor Name

	Pathogen Target

	Downstream Effects










	Toll-like receptors (TLR)

	Extracellular

	TLR-1, 2, 6

	Bacterial lipopeptides

	Activation of transcription factors (including NF-κB) which results in the transcription of cytokines, adhesion molecules, and enzymes that are antimicrobial






	TLR-2

	Bacterial peptidoglycan






	TLR-4

	Lipopolysaccharide (LPS)






	TLR-5

	Flagellin






	Intracellular (endosomal)

	TLR-3

	DS RNA






	TLR-7,8

	SS RNA






	TLR-9

	Unmethylated CpG oligonucleotides






	NOD-like receptors (NLR)

	Intracellular (cytosolic)

	NOD1, NOD2

	Components of bacterial PG

	Signals via NF-κB result in macrophage activation






	

	NLRP-3

	Microbial products and molecules from damaged or dying cells (ATP, uric acid crystals, reactive oxygen species)

	Inflammasome NLRP-3 (sensor) + adaptor protein links procaspase 1 and activates it to caspase 1; it is the caspase that cleaves the pro-IL-1β to generate IL-1β






	
RIG-like
receptors (RLR)


	Cytoplasmic

	RIG-1, MDA-5

	Viral RNA

	Interferon production











CLINICAL CORRELATE


Mutations in Innate Immune Receptors and Correlation with Disease








	Mutation

	Effect










	Mutation in signaling molecules affecting TLRs

	Recurrent, severe bacterial infections (pneumonia)






	Gain of function mutations in inflammasome

	Gout






	Atherosclerosis






	Type II diabetes






	NOD-2 mutations

	IBD






	IL-12 receptor deficiency

	Recurrent infections with intracellular bacteria (Mycobacterium)






	IFN-γ receptor deficiency












Table I-4-2. Myeloid Cells








	Myeloid Cell

	Tissue Location

	Identification

	Function










	
Monocyte
[image: image]


	Bloodstream, 0–900/μL

	Kidney bean-shaped nucleus, CD14 positive

	Phagocytic, differentiate into tissue macrophages






	
Macrophage
[image: image]


	Tissues

	Ruffled membrane, cytoplasm with vacuoles and vesicles, CD14 positive

	Phagocytosis, secretion of cytokines






	
Neutrophil
[image: image]


	Bloodstream, 1,800–7,800/μL

	Multilobed nucleus; small light pink to purple granules
CD14 positive

	Phagocytosis and activation of bactericidal mechanisms









Cells of Innate Immunity


Neutrophils




	Circulating phagocytes


	Short lived


	Rapid response, not prolonged defense





Monocytes/Macrophages




	Monocytes circulate in the blood, become macrophages in the tissues


	Provide a prolonged defense


	Produce cytokines that initiate and regulate inflammation


	Phagocytose pathogens


	Clear dead tissue and initiate tissue repair


	Macrophages will develop along one of 2 different pathways





Table I-4-3. Pathways for Macrophage Activation








	Classical M1

	Alternative M2










	Induced by innate immunity (TLRs, IFN-γ)

	Induced by IL-4, IL-13






	Phagocytosis, initiate inflammatory response

	Tissue repair and control of inflammation









Table I-4-4. Additional Myeloid Cells








	Myeloid Cell

	Tissue Location

	Identification

	Function










	
Dendritic Cells
[image: image]


	Epithelia, tissues

	Long cytoplasmic arms
CD14 positive

	Antigen capture, transport, and presentation, initiate inflammation






	
Mast Cells
[image: image]


	Tissues, mucosa, epithelia

	Small nucleus, cytoplasm packed with large blue granules

	Release of granules containing histamine, etc., during allergic responses






	
Natural Killer Lymphocyte
[image: image]


	Lymph nodes, spleen, mucosal-associated lymphoid tissues, bone marrow

	Lymphocytes with large cytoplasmic granules
CD16 + CD56 positive

	Kill tumor/virus cell targets or antibody-coated target cells, secretion of IFN-γ









Dendritic cells (DCs)




	Found in all tissues


	Antigen processing and presentation


	Two major functions: initiate inflammatory response and stimulate adaptive immune response





Mast cells




	Skin, mucosa


	Two pathways for activation: innate TLRs and antibody-dependent (IgE)





Natural killer (NK) cells




	Blood, periphery


	Direct lysis of cells, secretion of IFN-γ







[image: Flow going from left to right, Macrophages, DC’s, arrow points right to, IL-12, arrow points to, Activate NK cells, arrow points to IFN-gamma, from here a red arrow goes back to Macrophages, DC’s.]

Figure I-4-4. Collaboration of Macrophages and NK Cells







Recall Question


Bacterial lipopolysaccharides may induce inflammation by binding to which of the following?




	TLR-4


	TLR-1,2,6


	NLRP-3


	RIG-1 and MDA-5


	TLR-9





Answer: A





INFLAMMATORY RESPONSE


Complement


The complement system is a set of interacting proteins released into the blood after production in the liver. The components act together as zymogens, activating one another in cascade fashion after initiation from a variety of stimuli. Three pathways of activation occur in the body and culminate similarly in the production of important split products that mediate inflammation, enhance phagocytosis by opsonization, and cause lysis of particles by membrane pore formation.




[image: Three boxes, left has #1, Recruitment of Inflammatory cells and anaphylatoxins, proteins and their cylindrical shapes, C3a, C4a, C5a. Middle, #2, Opsonization of pathogens, C3b joins border of bacterial structure, clearance of immune complex, immunoglobulins and C3b join together. Right, #3, Killing of pathogens, C5b joins pores on the cellular membrane made up of transmembrane proteins 6,7,8 and 9. (Membrane attack, puts holes on a membrane). ]

Figure I-4-5. Three Functions of the Complement System





Two of the pathways are considered part of the innate immune system: the alternate pathway and the lectin-binding or mannose-binding pathway (MBP). The alternate pathway for complement activation is shown below; the MBP activates the classical complement pathway but without the use of antibody, and is therefore considered part of innate immunity. The MBP is activated when mannose-binding lectin binds to carbohydrates on the pathogen.


The alternative pathway of complement activation is probably the more primitive of the pathways because it is initiated by simple attraction of the early factors to the surfaces of microbes. Bacterial polysaccharides and the lipopolysaccharide of the cell envelope of gram-negative bacteria both serve as potent, initiating stimuli.




[image: Complement proteins on top and cell membrane of bacteria on the bottom. Going from left to right we see the progression of the complement proteins until they form the membrane attack complex (MAC). Spontaneous and microbial surfaces amplify the generation of C3b. This latter one joins with Factor B and D and create an amplification loop inside the membrane via C3 convertase making C3bB, this one then moves forward and is converted to C5b via C5 convertase which deposits C3b on the cell particle surface. then the C5a and C5b join together to make the Membrane attack complex (MAC)/ ]

Figure I-4-6. The Alternative Complement Pathway







Recall Question


Which of the following is true of the complement system?




	C3a, C4a, and C5a serve as anaphylatoxins


	C5a is a chemotactic factor


	C3b opsonizes bacteria and clears immune complexes


	C5b is part of MAC


	A, B, C, and D are correct





Answer: E





Acute Inflammatory Response


Antigens are normally introduced into the body across the mucosa or the epithelia. The acute inflammatory response is often the first response to this invasion and represents a response of the innate immune system to block the challenge.


The first step in the acute inflammatory response is activation of the vascular endothelium in the breached epithelial barrier. Cytokines and other inflammatory mediators released in the area as a result of tissue damage induce expression of selectin-type adhesion molecules on the endothelial cells. Neutrophils are the first cells to bind to the inflamed endothelium and extravasate into the tissues, peaking within 6 hours. Monocytes, macrophages, and even eosinophils may arrive 5–6 hours later in response to neutrophil-released mediators.


The extravasation of phagocytes into the area requires 4 sequential, overlapping steps:


Step 1: Rolling
Phagocytes attach loosely to the endothelium by low-affinity, selectin-carbohydrate interactions. E-selectin molecules on the endothelium bind to mucin-like adhesion molecules on the phagocyte membrane and bind the cell briefly, but the force of blood flow into the area causes the cell to detach and reattach repeatedly, rolling along the endothelial surface until stronger binding forces can be elicited.


Step 2: Activation by chemo-attractants
Chemokines released in the area during inflammation, such as interleukin 8 (IL-8), complement split product C5a, and N-formyl peptides produced by bacteria bind to receptors on the phagocyte surface and trigger a G-protein–mediated activating signal. This signal induces a conformational change in integrin molecules in the phagocyte membrane that increases their affinity for immunoglobulin-superfamily adhesion molecules on the endothelium.


Step 3: Arrest and adhesion
Interaction between integrins and Ig-superfamily cellular adhesion molecules (Ig-CAMs) mediates the tight binding of the phagocyte to the endothelial cell. These integrin-IgCAM interactions also mediate the tight binding of phagocytes and their movement through the extracellular matrix.


Step 4: Transendothelial migration
The phagocyte extends pseudopodia through the vessel wall and extravasates into the tissues.




CAM: cellular adhesion molecule







[image: We observe Four main structures, going from top to bottom, on top is a sequence of events of a neutrophil moving through endothelial cells, in the middle is the enhanced neutrophil with an endothelial cell, at the bottom is each step number that coincides with the progression on top of the phagocyte. Starting at the bottom of the image, Step 1, E-selectin protein attaches to mucin-like CAM on the neutrophil, step called rolling (top). Step 2, Chemokine IL-8 activates the chemoattractant receptor on the neutrophil, step called, activation (top). Step 3, Ig-G-superfamily from the endothelium binds to the integrin on the neutrophil, step called, arrest/adhesion (top). Step 4, Neutrophil crosses endothelial layer, step called, Transendothelial migration (top).]

Figure I-4-7. Steps of Phagocyte Extravasation







CLINICAL CORRELATE


Leukocyte adhesion deficiency (LAD) is a rare autosomal recessive disease in which there is an absence of CD18 (the common β2 chain of a number of integrin molecules). A key element in the migration of leukocytes is integrin-mediated cell adhesion; patients suffer from an inability of their leukocytes to undergo adhesion-dependent migration into sites of inflammation. The first indication of this defect is often omphalitis, a swelling and reddening around the stalk of the umbilical cord.




	Patients are no more susceptible to viral infection than are normal controls, but they suffer recurrent, chronic bacterial infections.


	Patients frequently have abnormally high numbers of granulocytes in their circulation, but migration into sites of infection is not possible, so abscess and pus formation do not occur.


	One method for diagnosing LAD involves evaluating expression (or lack) of the β chain (CD18) of the integrin by flow cytometry.


	Bacterial infections in LAD patients can be treated with antibiotics but they recur. If a suitable bone marrow donor can be found, the hematopoietic system of the patient is destroyed with cytotoxic chemicals and a bone marrow transplant is performed.








Once in the tissues, neutrophils express increased levels of receptors for chemoattractants and exhibit chemotaxis migrating up a concentration gradient toward the attractant. Neutrophils release chemoattractive factors that call in other phagocytes.


Table I-4-5. Chemoattractive Molecules








	Chemoattractive Molecule

	Origin










	Chemokines (IL-8)

	Tissue mast cells, platelets, neutrophils, monocytes, macrophages, eosinophils, basophils, lymphocytes






	Complement split product C5a

	Classical or alternative pathways






	Leukotriene B4


	Membrane phospholipids of macrophages, monocytes, neutrophils, mast cells → arachidonic acid cascade → lipoxygenase pathway






	Formyl methionyl peptides

	Released from microorganisms











[image: Starting from the right and moving towards the left, where there is a cylindrical structure, blood vessel, with monocyte, neutrophils and Lymphocytes inside. We see Tissue damage, with arrows pointing up and to the right, complement activation and bacteria respectively. The complement leads to C5a activation, via arrow that points to mast cell, which then releases, histamine, prostaglandin and leukotrienes which act on the endothelial cells, allowing for monocytes to exit. The bacteria, arrow pointing towards a macrophage, arrows show release cytokine IL-1, IL-6, TNF-alpha, prostaglandins and Leukotrienes on the endothelium as well as on the neutrophils, which also release C5a and chemokines, and lymphocytes inside the blood vessel, to go through chemotaxis and migrate through the endothelium via LFA-1 and ICAM-1 towards the extracellular matrix]

Figure I-4-8. Acute Inflammatory Response





Phagocytosis


Once chemotaxis of phagocytic cells into the area of antigen entry is accomplished, these cells ingest and digest particulate debris, such as microorganisms, host cellular debris, and activated clotting factors. This process, called phagocytosis, involves the following:




	Extension of pseudopodia to engulf attached material


	Fusion of the pseudopodia to trap the material in a phagosome


	Fusion of the phagosome with a lysosome to create a phagolysosome


	Digestion


	Exocytosis of digested contents





Neutrophils release granule contents into extracellular milieu during phagocytosis and inflammation in which the neutrophils die, forming what is known as pus. They extrude nuclear contents, histones, neutrophil extracellular traps (NETs) which function to:




	Trap and kill pathogens


	May damage tissues when enzymes, ROS get released into tissues







[image: Phagocyte showing the progression in the step it takes to degrade bacteria. Going from top to bottom, bacteria is engulfed via a projection from the phagocyte, pseudopodia, it then goes down and converts into a circular phagosome; Lysosomes are then released from the golgi and forms a phagolysosome, which then releases its degraded content. ]

Figure I-4-9. Phagocytosis





Opsonization


Both macrophages and neutrophils have membrane receptors for certain types of antibody (IgG) and certain complement components (C3b). If an antigen is coated with either of these materials, adherence and phagocytosis may be enhanced by up to 4,000-fold. Thus, antibody and complement are called opsonins, and the means by which they enhance phagocytosis is called opsonization.




[image: Macrophage on the left, has Fc and C3b receptors in the middle bound to C3b and IgG immunoglobulin all tied on the right to a Bacterial microorganism.]

Figure I-4-10. Opsonization of Bacteria with Antibody and Complement C3b





Intracellular Killing


During phagocytosis, a metabolic process known as the respiratory burst activates a membrane-bound oxidase that generates oxygen metabolites, which are toxic to ingested microorganisms. Two oxygen-dependent mechanisms of intracellular digestion are activated as a result of this process.




	NADPH oxidase reduces oxygen to superoxide anion, which generates hydroxyl radicals and hydrogen peroxide, which are microbicidal.


	Myeloperoxidase in the lysosomes acts on hydrogen peroxide and chloride ions to produce hypochlorite (the active ingredient in household bleach), which is microbicidal.





Additionally, reactive nitrogen intermediates play an important role. Inducible nitric oxide synthase converts arginine to nitric oxide, which has potent antimicrobial properties.


The lysosomal contents of phagocytes contain oxygen-independent degradative materials:




	Lysozyme digests bacterial cell walls by cleaving peptidoglycan


	Defensins form channels in bacterial cell membranes


	Lactoferrin chelates iron


	Hydrolytic enzymes







[image: Phagocyte, cellular membrane on the outside, there is a dotted line that divides the phagocyte into left, where the Lysozyme is located and right where the phagosome is. On the left, we see a vacuole composed of lysozyme and hydrolytic enzymes, these have an arrow pointing towards the top, that contains myeloperoxidase, arrow points down, to peroxide, arrow points down towards toxic oxidants, arrow points to the bacteria. The lysozymes mentioned before also have an arrow that goes towards the bottom towards the NADPH oxidase which converts Oxygen to reduced oxygen, arrow then points to peroxide, from here arrow points to the bacteria. Outside the phagosome membrane are reactive oxygen species and arginine, converted to Nitric oxide (NO), yielding Citrulline, this NO, acts on the bacteria.]

Figure I-4-11. Metabolic Stimulation and Killing Within the Phagocyte







Recall Question


Granulocytes and macrophages kill phagocytosed bacteria by which of the following?




	Production of cytokines


	Respiratory burst and lysosomal contents


	Opsonization and complement activation


	Affinity maturation


	Citrulline





Answer: B





Systemic Inflammation


During the acute inflammatory response, pro-inflammatory cytokines such as IL-1, IL-6 and TNF-α are produced. These cytokines have systemic effects on the tissues, including fever, production of acute phase proteins, and leukocytosis.




[image: Flow chart, starting on the top with Local Acute Inflammatory response, goes to the left and drops down to, IL-6, TNF-alpha, IL-6, arrow points down to hypothalamus, arrow points down to prostaglandins, arrow points down to Fever. Middle, same chemokines mentioned, arrow points down to MRI of liver, arrow points down to, acute phase reactants, citrulline related peptide, mannose binding proteins and complement. Right, same interleukins mentioned before, point to bone marrow, drawing of bone, arrow points down to Leukocytosis. ]

Figure I-4-12. Systemic Inflammatory Response







CLINICAL CORRELATE


When defects prevent phagocytes from performing their critical functions as first responders and intracellular destroyers of invading antigens, clinically important pathologic processes ensue. Such defects tend to make the patient susceptible to severe infections with extracellular bacteria and fungi.


Chronic granulomatous disease (CGD) is an inherited deficiency in the production of one of several subunits of NADPH oxidase. This defect eliminates the phagocyte’s ability to produce many critical oxygen-dependent intracellular metabolites (·O2–, ·OH, 1O2, and H2O2). The 2 other intracellular killing mechanisms remain intact (myeloperoxidase + H2O2 → HOCl and lysosomal contents).




	If the patient is infected with a catalase-negative organism, the H2O2 waste product produced by the bacterium can be used as a substrate for myeloperoxidase, and the bacterium is killed.


	If the patient is infected with a catalase-positive organism (e.g., Staphylococcus, Klebsiella, Serratia, Aspergillus), the myeloperoxidase system lacks its substrate (because these organisms destroy H2O2), and the patient is left with the oxygen-independent lysosomal mechanisms that prove inadequate to control rampant infections. Thus, CGD patients suffer from chronic, recurrent infections with catalase-positive organisms.







Intracellular Killing in CGD







[image: Phagocyte, cellular membrane on the outside, there is a dotted line that divides the phagocyte into left, where the Lysozyme is located and right where the phagosome is. On the left, we see a vacuole composed of lysozyme and hydrolytic enzymes, these have an arrow pointing towards the top right, that contains myeloperoxidase, arrow points down, to peroxide, arrow points down towards the cat(-), also produces peroxide, arrow points down to killed. The enzymes mentioned before also have an arrow that goes towards the bottom right, the NADPH oxidase, this reaction normally makes peroxide, arrow points to destroying Catalase (+). If the NADPH cytoplasmic oxidase is missing (X), peroxide is not made (X), Catalase (+) microorganism, arrow pointing down, is not killed.]




Failures of phagocytic cells to generate oxygen radicals are easily detected by the nitroblue tetrazolium (NBT) reduction test or neutrophil oxidative index (NOI; a flow cytometric assay). The dihydrorhodamine test—a similar test using flow cytometry—may also be used.




Nitroblue Tetrazolium Reduction







[image: From top to bottom, we observe a Leucocyte being incubated in the presence of nitroblue tetrazolium (squares), this has two fates, one on the bottom left where its normal because Formazan was positive giving a purple blue color; on the bottom right we see an abnormal test where the formazan is negative giving a yellow color.]







Table I-4-6. Cytokines Involved in Innate Immunity*








	Cytokine(s)

	Cell Secreted by

	Target Cells/Tissues

	Activity










	Pro-inflammatory cytokines

	IL-1

	Macrophages

	Hypothalamus

	Fever






	Endothelial cells

	Increases expression of ICAMs






	Liver

	Stimulates production of acute phase proteins






	IL-6

	Macrophages

	Liver

	Synthesis of acute phase proteins






	TNF-α

	Macrophages

	Hypothalamus

	Fever






	Endothelial cells

	Increases expression of ICAMs






	Liver

	Stimulates production of acute phase proteins






	Neutrophils

	Activation






	Tumor cells

	Apoptosis






	Fat, muscle

	Cachexia






	Chemokine

	IL-8

	Macrophages

	Leukocytes

	Induces adherence to endothelium, chemotaxis, extravasation






	IL-12

	Macrophages, dendritic cells

	NK cells

	IFN-γ production






	IL-15

	Macrophages

	NK cells

	Proliferation






	IL-18

	Macrophages

	

	IFN-γ synthesis






	Regulatory

	IL-10

	Macrophages, dendritic cells

	Macrophages, dendritic cells

	Inhibition of IL-12 production, decreased expression of co-stimulatory molecules, decreased class II MHC expression






	Type I IFNs

	IFN-α

	Dendritic cells, macrophages

	All cells

	Transient inhibition of protein synthesis, increased class I MHC expression






	NK cells

	Activation






	IFN-β

	Fibroblasts

	All cells

	Transient inhibition of protein synthesis, increased class I MHC expression






	NK cells

	Activation






	TGF-β

	Macrophages, lymphocytes, etc.

	

	Anti-inflammatory









*Only the innate functions of these cytokines are described here. Many of these cytokines have important functions in the regulation of the adaptive immune response; those will be discussed in subsequent chapters.




Recall Question


The nitroblue tetrazolium (NBT) reduction test is negative in which of the following?




	Arginine deficiency


	Infection with catalase-negative organisms


	Chronic granulomatous disease


	Chronic obstructive pulmonary disease


	Chronic inflammation





Answer: C





Innate Response to Viruses


The innate response to viruses is unique in that it is geared toward eliminating these intracellular pathogens. The 2 major mechanisms for dealing with viral infections are IFN-α/β and NK cells.


Interferons


Interferons (IFNs) are a family of eukaryotic cell proteins classified according to the cell of origin. IFN-α and IFN-β are produced by a variety of virus-infected cells. They do the following:




	Act on target cells to inhibit viral replication, not the virus


	Are not virus-specific





Interferon inhibits viral protein synthesis:




	Activation of an RNA endonuclease, which digests viral RNA


	Phosphorylation of protein kinase, which inactivates eIF2, inhibiting viral protein synthesis







[image: Two cells, on the left is an infected one and on the right is an interferon treated cell. The cycle begins on the cell nucleus on the left, that has been infected by virus, from here it sends interferons produced and released, arrow points to the nucleus of the cell on the right which releases antiviral proteins that halts virus production. ]

Figure I-4-13. Interferon Production







CLINICAL CORRELATE


Therapeutic Use of Interferons


Since the first description of interferons (IFN) 50 years ago, many dramatic immunomodulatory roles have been discovered for this group of proteins. As a group, IFNs induce increases in the expression of class I and II MHC molecules and augment NK cell activity. They increase the efficiency of presentation of antigens to both cytotoxic and helper cell populations. Cloning of the genes that encode IFNs α, β, and γ has made it possible to produce sufficient amounts to make their use clinically practical.




	
Interferon-α has well-known antiviral activity and is used in the treatment of hepatitis B and C. Within cancer therapy, IFN-α has shown promise in treatment of hairy B-cell leukemia, chronic myelogenous leukemia, and Kaposi sarcoma.


	
Interferon-β was the first drug shown to have a positive effect on young adults with multiple sclerosis. Patients enjoy longer periods of remission and reduced severity of relapses.


	
Interferon-γ is used in the treatment of chronic granulomatous disease (CGD). This molecule is a potent inducer of macrophage activation and a promoter of inflammatory responses. Its application appears to significantly reverse the CGD patient’s inability to generate toxic oxygen metabolites inside phagocytic cells.





Fortunately, the side effects of IFN therapy are mild (headache, fever, fatigue) and diminish with continued treatment. Acetaminophen is helpful.





NK Cells


NK cells are members of the innate branch of the immune response. They exhibit the capacity to kill virally infected cells and tumor cells. They kill via the same mechanisms of inducing apoptosis observed with CTLs (granzymes, perforin). NK activity is increased in the presence of interferons (IFNs) α and β, and IL-12.


NK cells share a common early progenitor with T cells, but they do not develop in the thymus. They do not express antigen-specific receptors or CD3. The markers used clinically to enumerate NK cells include CD16 (FcRγ) and CD56 (CAM). Their recognition of targets is not MHC-restricted, and their activity does not generate immunologic memory.


NK cells employ 2 categories of receptors: killer activating receptor (KAR) and killer inhibitory receptor (KIR). If only KARs are engaged, the target cells will be killed. If both the KIRs and the KARs are ligated, the target cell lives. Therefore the inhibitory signals trump the activation signals.


NKG2D is the major KAR expressed by NK cells. There are many ligands for KARs; the MIC glycoproteins are one type. MIC proteins are stress proteins that are expressed only when cells are infected or undergoing transformation. Upon the binding of KAR to a MIC protein, NK cells become cytotoxic, resulting in death of the target cell.


The KIRs activate protein tyrosine phosphatases which inhibit intracellular signaling and activation by removing tyrosine residues from various signaling molecules. The KIRs on the NK cell bind to a specialized type of MHC class I antigens called HLA-E. HLA-E has a ubiquitous tissue distribution, as do the other class I HLA molecules. The HLA-E molecules bind to peptides derived from the leader sequence of HLA-A, -B and –C. HLA-E requires a bound peptide for proper expression within a cell. Therefore, the amount of HLA-E expression on a cell is indicative of the overall well-being of the cell. During viral infections or in transformed cells, the amount of class I HLA expression may be decreased, which would prevent the leader sequences from binding to HLA-E. This would decrease the expression of HLA-E, and make cells susceptible to NK mediated killing.


Interestingly, when NK cells are activated through the FcR (CD16), only one signal is required because the antibody signals that there is an active infection. This occurs through a mechanism called antibody-dependent cell-mediated cytotoxicity (ADCC) (see chapter 8).




[image: Two sets of cells, on top and bottom, on the left we see NK cell, in between KAR AND KIR, membrane receptor proteins, on the right is a normal cell as well as an infected one. The difference between the two sets is that the normal cell on top has an HLA-E molecule and a stress molecule, the virus infected one, only has the stress molecule. ]

Figure I-4-14. Activation of NK Cells







Recall Question


Which of the following is used in the treatment of chronic granulomatous disease?




	Sulfonamides


	Interferon-α


	Interferon-γ


	Quinolones


	Nitroblue tetrazolium





Answer: C
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Secondary Lymphoid Tissue: Innate Immune Response Meets Adaptive




LEARNING OBJECTIVES


[image: image] Demonstrate understanding of inflammatory response


[image: image] Solve problems concerning structure of and migration to secondary lymphoid tissue





MIGRATION TO THE SECONDARY LYMPHOID TISSUE


Within a few hours of the initiation of the acute inflammatory response, the professional APCs that have phagocytosed and processed the invading antigen begin to leave the area via lymphatic vessels. Dendritic cells are probably the most efficient of these cells and retract their membranous processes to round up and begin the journey to the closest lymph node (Figure I-5-1).


As discussed earlier, dendritic cells and other phagocytes such as macrophages bind to antigens via PRRs, with a limited diversity, such as the TLRs. The activation of the TLRs induces an acute inflammatory response in the tissue, leading to the production of pro-inflammatory cytokines. These cytokines cause a change in the phenotype of the phagocyte which eventually alters their migration pattern and enhances their function.


Activated dendritic cells will begin to express a chemokine receptor called CCR7. CCR7 is activated by chemokines that are produced by the endothelium.




	Chemokines bind to CCR7 on DCs, allowing them to exit the tissue.


	Upon activation, DCs switch focus from antigen-capture to antigen-presentation.


	Activated DCs concentrate in draining lymph nodes and become trapped in the paracortex.


	Naive T cells expressing CCR7 bind to chemokines on HEVs and migrate to the paracortex.





Considering the vast number of pathogens that enter the body, it would be a nearly impossible task for the lymphoid cells to travel to all body sites to protect the host. Thus, the antigens are taken to the secondary lymphoid tissues where the lymphocytes constantly recirculate in order to come into contact with their specific antigen.


If the initial tissue damage is sufficient, these cells can also be flushed into blood vessels, ultimately becoming trapped in the vascular sinusoids of the spleen. Regardless, the secondary lymphoid organs (lymph nodes and spleen) are the sites where naive, mature lymphocytes will first be exposed to their specific antigens.




[image: Three structures, in the middle is a tissue like composed of epithelium, with a microbe on top, the site of infection. On the left the structure continues through a blood vessel with an arrow pointing towards the spleen. On the right, is a dendritic cell-associated antigen that drains to a lymphatic vessel, with arrow pointing to an afferent lymphatic on a lymph node. In between the structures mentioned before is the following, Antigen transported via lymphatics into regional lymph node or via blood to spleen. ]

Figure I-5-1. Transportation of Antigen to the Secondary Lymphoid Organs





STRUCTURE OF THE SECONDARY LYMPHOID TISSUE


Lymph nodes are small nodular aggregates of secondary lymphoid tissue found along the lymphatic channels of the body. They are designed to initiate immune responses to tissue-borne antigens.




	Each lymph node is surrounded by a fibrous capsule that is punctured by afferent lymphatics, which bring lymph into the subcapsular sinus.


	The fluid percolates through an outer cortex area that contains aggregates of cells called follicles.


	The lymph then passes into the inner medulla and the medullary sinus before leaving the node through the hilum in an efferent lymphatic vessel.


	Ultimately, lymph from throughout the body is collected into the thoracic duct, which empties into the vena cava and returns it to the blood.







[image: Sagittal section through a lymph node showing its different layers divided by dotted lines, going from outside to inside we have, the Cortex composed of primary B-cell rich follicles; the Paracortex is the region between the cortex and the medulla, medullary sinuses communicate between afferent and efferent lymphatic ducts, shown by the black arrows in its trajectory; Medulla, is the innermost layer and consists of medullary cords and sinuses that communicate with efferent lymphatics.]

Figure I-5-2. Compartmentalization of a Lymph Node







[image: On top left we observe a dendritic cell in the shape of star with viral antigens close to its vertices; top right is a lymph node showing the Cortex T cell area. Bottom left, Macrophage engulfing bacteria, bottom right lymph node.]

Figure I-5-3. Location of Macrophages and DCs in Secondary Lymphoid Tissue





The spleen is the secondary lymphoid organ that initiates immune responses to bloodborne antigens. A single splenic artery enters the capsule at the hilum and branches into arterioles, which become surrounded by cuffs of lymphocytes known as the periarteriolar lymphoid sheaths (PALS). Lymphoid follicles surrounded by a rim of lymphocytes and macrophages are attached nearby. This constitutes the white pulp. The arterioles ultimately end in vascular sinusoids, which make up the red pulp. From here, venules collect blood into the splenic vein, which empties into the portal circulation.




[image: Two boxes, left and right, showing transverse and longitudinal section of the white pulp respectively, in between are the structures that accompany them, going from top to bottom: Marginal zone on the periphery, B-Cell corona, inner layer, germinal center in the middle and laterally, PALS-mostly T cells at the bottom, central arteriole in the middle, marginal sinus peripherally and a red pulp at the bottom.]

Figure I-5-4. Structure of the Spleen





ANTIGEN PROCESSING AND PRESENTATION


Exogenous Pathway of MHC Loading


Although some small, easily digestible antigens are almost totally degraded and exocytosed by phagocytes, the critical first step in the elicitation of the adaptive immune response to a primary antigenic challenge is the processing of antigen for the presentation to naive T lymphocytes.


Professional antigen-presenting cells (APCs) include dendritic cells, macrophages, and B cells; their job is to load partially degraded peptides into the groove of the MHC class II molecules.


The APCs have slightly different functions to help elicit unique immune responses required to eliminate various types of pathogens.




	
Dendritic cells are the most prolific of the APCs, as they do not have to be activated in order to present antigen to T cells. They constitutively express the co-stimulatory molecules needed to activate the T cells.


	
Macrophages help activate the Th1 response by digesting microbes and presenting them to the T cells to elicit a cell-mediated immune response (see chapter 8).


	
B cells present specific protein antigens to T cells to help elicit a humoral immune response or a Th2 response (see chapter 7). B cells are unique, as they are the only APCs that specifically recognize antigen via the B cell receptors (of surface bound antibody).





Table I-5-1. APC Expression of Co-stimulatory Molecules, Class II MHC, and Function








	APC

	Expression of Co-stimulatory Molecules

	Expression of HLA Class II

	Major Function










	Dendritic cells

	Constitutive: B7 (B7.2)*, CD40
Inducible: IFN-γ, TLRs

	Constitutive but upregulated by IFN-γ

	Activation of naïve Th cells






	Macrophages

	Constitutive: B7 (B7.2), CD40
Inducible: IFN-γ, TLRs

	Negative or low level expression but induced by IFN-γ

	Initiation and effector phase of the Th1 response for cell mediated immunity






	B cells

	Constitutive: CD40
Inducible: T cells, B7

	Constitutive but upregulated by IL-4

	Initiation of the Th2 response for humoral immunity









*B7.2 is also called CD86.


When MHC class II molecules are produced in the endoplasmic reticulum of an APC, a protein called the invariant chain (Ii) is synthesized at the same time. The Ii has a class II invariant chain peptide (CLIP) that binds with high affinity to the peptide binding cleft of newly synthesized MHC class II molecule. The Ii with its associated CLIP blocks the peptide-binding groove so no normal cellular peptides can accidentally be attached. The CLIP + Ii is transported in a vesicle to the location of endocytic vesicles containing the ingested, internalized peptides.


A molecule called HLA-DM is found within the late endosome (lysosomal compartment). It is the job of HLA-DM to exchange the CLIP for a phagocytosed peptide that will bind to the MHC class II molecule with even higher affinity than the CLIP. Once exchanged for the CLIP, the peptide is loaded on the MHC class II molecule and the complex is transported to the cell surface, where it will be accessible for interaction with any T lymphocyte with a complementary TCR. If, however, the class II molecule does not find a peptide that it can bind with even higher affinity than the CLIP, the empty class II molecule is unstable and degraded, and will thus never make it to the cell surface.




[image: Going from left to right we see, circular protein antigen and phagolysosome that fuse together and goes to the endoplasmic reticulum, where Li binds with MHC II, and is then sent to the golgi apparatus, then it joins with phagolysosome, invariant chain disappears via HLA DM, replaced with exogenous protein. MHC II binds with antigen, and is transported to membrane with only two chains, biding with a CD4 T helper cell.]

Figure I-5-5. Exogenous Pathway of Antigen Presentation





Endogenous Pathway of MHC Loading


The endogenous pathway of antigen-processing handles threats to the host which are intracellular. These might include viruses, altered/mutated genes (from tumors), or even peptides from phagocytosed pathogens that may escape or be transported out of phagosomes into the host cell cytoplasm. Intracellular proteins are routinely targeted by ubiquitin and degraded in proteasomes.


The peptides from these proteins are transported through a peptide transporter known as the TAP complex (transporter of antigen processing), and into the endoplasmic reticulum, where they have the opportunity to bind to freshly synthesized MHC class I molecules.




	The TAP complex includes the TAP proteins that form the tunnel through which the proteins travel and a bridging protein called tapasin.


	Tapasin bridges the TAP transporter to the MHC class I molecule so that as these peptides enter the endoplasmic reticulum, they are easily bound by the newly synthesized and empty class I molecules.


	The peptide-MHC class I complexes are then transported to the cell membrane where they may be presented to CD8+ T lymphocytes (see chapter 8).





Just as with the MHC class II molecules, MHC class I is unstable without the addition of peptide and will not be expressed at the cell surface without the addition of peptide.




[image: Starting at the bottom left of the image and then moving up we see circular protein antigen and phagolysosome that fuse together, protein then becomes ubiquitinated; from the top left the virus in the cytoplasm synthesizes viral protein and ubiquitinates the same protein. A proteasome is then made consisting of an ubiquitinated protein, it then goes to the endoplasmic reticulum where the MHC class I is synthesized, it provides the beta-2 m and joins the peptides, TAP and Tapasin from the proteasome. This is then sent to the Golgi apparatus and then moves to the cell surface binding to a CD8 cytotoxic T lymphocyte.]

Figure I-5-6. Endogenous Pathway of Antigen Presentation







CLINICAL CORRELATE


Proteasome Inhibitors in the Treatment of Cancer


By their very nature, oncogenic cells are overly proliferative, requiring a higher rate of protein synthesis than their normal cell counterparts. A majority of cellular proteins are degraded via the ubiquitin proteasome pathway, including many proteins that play a role in maintaining cellular homeostasis. These include proteins that regulate the cell cycle, apoptosis, etc.




	Proteasome inhibitors induce apoptosis in tumor cells by interfering with the degradation of these regulatory proteins. For example, proteins that regulate the cell cycle such as p53 may be inactivated in transformed cells. This leads to a dysregulation of cell cycle control and a progression of the tumorigenesis.


	Proteasome inhibitors will produce an accumulation of p53 as well as other regulatory proteins, and therefore eventual cell death via apoptosis.








Table I-5-2. FDA-Approved Proteasome Inhibitors in Clinical Use








	Drug Name

	Use










	Bortezomib

	Currently approved to treat multiple myeloma and mantle cell lymphoma (clinical trials for leukemia)






	Carfilzomib

	Currently approved to treat multiple myeloma (clinical trials for leukemia and lymphomas)









Cross Presentation (Cross Priming)


In addition to presenting antigens on MHC class II molecules to CD4+ T cells, dendritic cells also have a role in presenting antigens to CD8+ T cells in a process called cross presentation. As professional phagocytes, dendritic cells are able to ingest a virally MHC class I infected cell in toto and present viral antigens within a molecule to CD8+ T cells. Therefore, DCs may activate or prime both CD4+ T cells and CD8+ T cells specific for the same pathogen. This activation may occur in close proximity, which is important for the activation of naïve CD8+ T cells into activated CTLs and memory cells. This occurs via the activation of CD4+ T cells and the production of cytokines such as IL-2 (see chapter 8).




[image: Going from left to right, we see a virally infected round cell, it is then ingested by host’s APC (arrow), this dendritic cell (DC) has an MHC I and MHC II on its surface, on its nucleus it contains the viral antigen. The stimulator on its surface, joins with an MHC I to a CD8+ T cell]

Figure I-5-7. Cross-Priming







Recall Question


Peptides from intracellular pathogens and altered proteins are transported to endoplasmic reticulum to be presented on which of the following molecules?




	MHC class II


	MHC class I


	TAP complex


	CD28


	CLIP





Answer: B
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