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         HOW DO I KNOW IF I HAVE HPV?

      Sometimes HPV-infected cells manifest themselves as genital warts. But other times the infection has no visible symptoms and
         only a Pap smear can tell if you have precancerous disease of the cervix—or if you have cancer.

      ARE PAP SMEARS ACCURATE?

      Most of the time. This essential reference spells out the do’s and don’ts before your test, the new options that improve accuracy,
         and what the results of your Pap smear mean.
      

      HOW DANGEROUS IS CERVICAL CANCER?

      Before the invention of the Pap smear, it was the second leading cause of cancer death in women. Today, cervical cancer is
         almost completely preventable. That is why you need the facts about your risk level—and why you need regular Pap smears!
      

      HOW CAN I TELL IF A PARTNER HAS HPV?

      Some types of HPV can cause bumpy warts, but often penile HPV can only be found by a doctor—and symptom-free doesn’t mean
         infection-free! Find out how he can infect—or re-infect—you!
      

      WHAT YOUR DOCTOR MAY NOT TELL YOU ABOUT HPV AND ABNORMAL PAP SMEARS
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      Author’s Note: 
A Word on the Setup of this Book

      
         Over the years, my patients have repeatedly asked me, “What can I read?” and I’ve never had a good answer for them. There’s
         plenty of medical literature on human papillomavirus (HPV) and the diseases that it causes, but relatively little out there
         for the general public (although some public sources that offer information about HPV are excellent, such as the American
         Social Health Association). But I felt that the time was right for a book on this subject—one that could be read and understood
         by people without a medical background.
      

      Why now? Several reasons: HPV continues to spread, but people don’t talk about it like they talk about other infections. In
         addition, recent developments in our understanding of how HPV causes cervical and other genital cancers, as well as the availability
         of better therapy, constitute important public information. Most important, people continue to die of HPV-related cancers,
         when, theoretically, they’re all preventable!
      

      Some numbers: In the United States, the yearly incidence of cervical cancer is about eight to ten per one 
         hundred thousand women. That means that for every one hundred thousand women, eight to ten will develop cervical cancer every
         year. That probably doesn’t sound like a lot to you, especially when compared to more common cancers such as breast cancer
         and colon cancer. But this number translates into about fourteen thousand new cases each year, and four thousand to five thousand
         women die of this preventable disease in the United States every year. Many more women will develop abnormalities on their
         cervix that could lead to cancer if left undiagnosed and untreated.
      

      Pap smears are the first line of defense against cervical cancer. Another term commonly used for a Pap smear is cervical cytology. The word cytology means “study of cells,” and the test allows your health care team to examine the cells of the cervix for signs of cancer
         or precancer. In countries around the world where women have no routine Pap smear screening, cervical cancer ranks as one
         of the most common causes of death among young women, as common as or more common than Human Immunodeficiency Virus infection.
         Other cancers related to HPV kill people as well: vulvar, vaginal, penile, and anal cancer. HPV can even cause cancer of the
         mouth. Some of these cancers, such as anal cancer, increase every year in the general population and in special high-risk
         populations. (We’ll talk more about that later.) When was the last time you discussed anal cancer with your friends? Or your
         doctor?
      

      Another fact: Most men and women who are sexually active will acquire a genital HPV infection at some point in their lives.
         Approximately 5.5 million new cases of sexually transmitted HPV will occur every year in the United States. 
         In fact, most will acquire HPV infection after having had sex with their first few sexual partners! Another important fact:
         HPV is spread by skin-to-skin contact, and while condoms may reduce the transmission of HPV, they do not completely prevent it.
      

      I think it’s time that HPV came out of the closet. People need to talk about it like they do any other medical issue. Women
         need to understand how they can get HPV and how HPV can cause potentially fatal diseases. They need to learn how to protect
         themselves. They need to learn how to play a more active role in their gynecological health care, and they need to learn the
         right questions to ask their doctors. In the summer of 2000, I had the privilege of attending the International AIDS Conference
         in Durban, South Africa. The theme of that conference was “Break the Silence.” There was and is not enough discussion and
         education about HIV in South Africa and other countries, a silence that contributes to the spread of that virus. Sitting at
         this conference, I couldn’t help but be struck by the silence that also surrounds HPV.
      

      There are several reasons for this silence. Trying to get all the information from your doctor is sometimes difficult because
         nobody has enough time to really explain things properly. HPV is not a simple virus. And, in some cases, the doctors don’t
         have enough information themselves, even if they have enough time. What about talking about HPV with your friends or peers?
         I’ll bet it doesn’t happen much either. Let’s face it—anogenital warts, Pap smears, and cancer aren’t exactly cocktail-party
         talk!
      

      So this book is designed to fill these gaps and give you 
         the knowledge you’ll need to make intelligent choices. I envision three audiences for this book:
      

      One: women who have or have had an abnormal Pap smear and want to know its possible causes and ramifications.

      Two: women and men who have or have had genital warts.

      Three: women and men who are concerned about anogenital HPV infection and want to know more about it.

      For organizational purposes, I’m starting off with part 1, “What You Need to Know First,” which includes two crash courses.
         Chapter 1, “HPV 101,” is an introduction to everything you need to know about HPV, the virus: the pathology, epidemiology,
         physiology, and all the other “ologies” scientists throw around. Chapter 2, “Pap Smears 101,” is an explanation of how we
         interpret Pap smears and what they mean.
      

      Part 2, “Cervical HPV,” covers the oncogenic HPV types associated with cancer in the cervix as well as each different category
         of Pap smears, ranging from “unsatisfactory” to carcinoma. The word oncogenic means “causing cancer,” and this is a term that I’ll use often. This section of the book will include definitions, diagnostic
         procedures, and treatments for each condition.
      

      Part 3, “Anogenital Dysplasias in Areas Other Than the Cervix,” covers those other parts of the female anogenital region (the
         area that includes the anus and genitals) that can be affected by cancer-causing HPV types, such as the vulva, vagina, and
         anus.
      

      Part 4, “Benign HPV Infection,” covers the types of HPV that don’t cause cancer, but can cause genital warts 
         (cauliflowerlike lesions on the vulva, vagina, and anus) as well as a rare condition called recurrent respiratory papillomatosis.
      

      Part 5, “Anal and Penile HPV Infections in Men,” covers how both oncogenic and benign HPV types affect men, including penile
         and anal cancer and penile and anal warts.
      

      Part 6, “Taking Control,” offers some advice on how to live with HPV, how to talk to your sexual partners about HPV, and how
         to decrease the likelihood of further transmission.
      

      Part 7, “Hope for the Future,” includes some news about the development of new therapies for HPV infection and HPV-associated
         disease, including vaccinations against HPV.
      

      Although HPV is not an issue that affects only women, for the reader’s benefit early sections of this book are aimed primarily
         at women. As I said, several chapters offer advice on talking to your partner regarding oncogenic HPV and genital warts. In
         addition, chapters on penile and anal infection cover how some HPV types will affect a man’s health and life. Men can suffer
         the consequences of HPV infection of the penis and anus—everything from warts to invasive cancer. Like women, men may experience
         considerable anxiety about anogenital HPV infection, not only because of fears for their own health, but also fear of spreading
         the virus to their partners.
      

      Although most people think about HPV infection in the context of heterosexual relationships, and most of this book refers
         to women who have 
         sex with men and vice versa, HPV affects just about anyone who is sexually active. In this book I include information for
         women who have sex with women (WSW) and men who have sex with men (MSM). Like other researchers, I prefer to use these purely
         descriptive terms because some WSW and MSM do not consider themselves to be “lesbian,” “gay,” or “homosexual.”
      

      You’ll find two recurring themes throughout the book: One, the more you know, the more you’ll understand your body; and two,
         with medical vigilance, a healthy body, and a healthy attitude, HPV will rarely lead to serious illness.
      

      Finally, some of what you’ll read in this book represents work done by my own research group, but it’s a small fraction of
         the total. Most of the knowledge in this book is the product of many scientists and clinicians around the world who’ve dedicated
         their careers to the fight against HPV and anogenital cancer. While there are too many to mention individually, I gratefully
         acknowledge their contributions.
      

   
      
PART ONE
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      What You Need to Know First

   
      CHAPTER ONE

      HPV 101

      The Facts

      
         
         An estimated 75 percent of sexually active adults have or will have transmitted human papillomavirus (HPV) at some point in
         their lifetimes.
      

      Over 75 percent of women have never even heard of HPV. It’s important to understand that HPV should not be confused with HIV, which stands for “human immunodeficiency virus.” These two viruses are very different and affect women differently. That
         said, HPV and HIV can both infect women, and the interaction between these two viruses is discussed later in the book.
      

      If it were up to me, the moment a woman came in for an annual gynecologic exam, she’d be told about HPV: the risk factors,
         the frequency, the consequences. Knowledge is power, says “Schoolhouse Rock,” and I believe that 
         knowledge leads to wiser, more informed choices. That’s why I’m starting off this book with a crash course.
      

      Why should you care about HPV? Because HPV is the most common sexually transmitted virus. HPV can be frightening, since not
         only do most women acquire it at some point, but it contributes to the development of precancerous cervical disease (also
         known as cervical dysplasia, or cervical intraepithelial neoplasia) and cervical cancer. HPV, along with other factors, is the cause of dysplasia. But wait—there’s more! HPV is versatile
         and also causes warts!
      

      Your doctor may talk to you about Pap smears, warts, and dysplasia. So why don’t doctors tell their patients about HPV? Probably
         a bunch of reasons. Perhaps they’re embarrassed to talk about sexually transmitted diseases (STDs), like many people are from
         time to time. A few doctors don’t know much about HPV themselves. Maybe they don’t even know the risks involved with HPV. Others don’t bother saying anything about HPV because there’s no treatment for the virus itself,
         only treatment for the diseases the virus causes (such as warts, precancerous lesions of the cervix, and cervical cancer).
         They’re all reasons why you may have to bring up the subject with your doctor if he or she doesn’t. (You’ll notice that I use the word doctor in this book. However, a wide range of health professionals actually provide many of the services referred to in the book,
         including nurses, nurse practitioners, and physician’s assistants. So if one of these other health professionals is involved
         in your care, you can substitute them for doctor as appropriate.)
      

      From your perspective, discussing STDs could be difficult as well. Many health professionals have difficulty leaving 
         their own personal prejudices and judgments at the door, so you may feel as though Dr. Smith is condemning you when she says
         the risk of HPV increases with the number of sexual partners. Indeed, though she’s telling the truth—your sexual behavior
         does affect the chances of getting any STD—her tone may suggest condemnation, disappointment, arrogance, or condescension.
      

      The real issue, after all, is not your past behavior. You can’t change that and Dr. Smith can’t change that. What you can control is your health and practices in the present and future, and even there, I’ve heard horror stories from patients.
      

      “I had a friend with HPV, so when my doctor told me I had it, I knew how to handle it and what it meant,” said Karen, twenty-seven.
         “ Then he told me that everyone on the street probably had it, so I didn’t have to tell my partner!”
      

      Why would you tell your patient that her partner doesn’t need to know she has a sexually transmitted virus? Especially when
         he might have been the one who gave it to her?
      

      Your past choices, whether or not you regret them now, are unchangeable. If you didn’t know your partner had HPV—indeed, maybe
         he didn’t know—then that’s unfortunate… and also in the past. Now, you have the power to monitor your health, keep the HPV under
         control, make more educated choices about your sexual practices, and inform your partners so they can make more educated choices. With the knowledge in this book, you’re armed with information that can save your life and
         other people’s lives. You have the power. 
      

      
         Now that you know why I think you need to know this information, let’s get started.
      

      HPV: Bare-Bones Basics

      First and foremost, I want you to understand that HPV only infects the skin, and the term in medicalese for skin is epithelium. The skin, or epithelium, lines not only our whole body, but also inside some of our internal organs.
      

      
      HPV only infects the epithelium: the skin lining the outside and inside of some of your internal organs.
      

      

      Because of this particular trait, the only diseases caused by HPV are those of the skin. The skin is our coat of armor; it
         protects us from the environment and keeps us healthy. We have two kinds of skin: cutaneous and mucosal. 
      

      Cutaneous skin surfaces are what you usually think of as “skin”: the dry, occasionally hairy skin on your arms and legs. This
         kind of skin has a thick protective coating called keratin. 
      

      Mucosal skin surfaces, known as mucous membranes, are the wet ones: your mouth, vagina, and anus. These also contain keratin, but the protective coating is much thinner.
      

      More than one hundred types of HPV infect humans. Like the skin, they’re divided into two subgroups: those that infect cutaneous
         skin and those that infect mucosal skin. (HPVs are numbered 1, 2, 3, etc., much like hepatitis is lettered A, B, C, and so
         on.) Both types of HPV, cutaneous 
         and mucosal, are spread through surface contact: from skin to skin, or mucous membrane to mucous membrane, or skin to mucous
         membrane, or mucous membrane to skin…. Imagine the possibilities! But since HPVs infect only the skin, they do not cause disease in other organs like the blood, bones, liver, heart (unless the skin cells infected with HPV spread to those
         organs in a process called metastasis, which I’ll talk about later). Also, HPVs can’t be acquired through a blood transfusion.
      

      Cutaneous HPVs mostly cause warts on your skin—they’re infectious and tenacious. (By the way, you don’t get warts from toads! Lots of animals have their own papilloma viruses—rabbits, cows, dogs, to name a few. All papilloma
         viruses are extremely species specific and cannot be passed between species. So you can’t get them by touching animals.)
      

      HPV is particular in other ways. Not only does it only hang out in its own species (humans), but each of the more than one
         hundred HPV types has its own favorite hangout in the skin of the human body. Some HPV types prefer the cutaneous skin, and
         some prefer the mucosal skin. Some like the hands and feet, and some like the genital region. They rarely, if ever, cross
         over!
      

      The most common skin HPV types are HPV 1, 2, and 4, and these cause warts on the hands (palmar warts) and feet (plantar warts).
         Almost all of us have had warts on the hands or feet at some time. Fortunately, HPV 1, 2, and 4 don’t like to live in the
         skin of the genital tract, so these HPV types rarely—if ever—cause genital warts, precancerous genital lesions, or cancer.
         This means that you cannot get these lesions by touching the hands or feet of another person.
      

      On the other hand, a group of HPV types do prefer the cutaneous and mucosal skin of the genital region. These HPV types can cause warts, precancerous lesions, or cancer in your genital area. As I mentioned earlier, the HPV types that are associated
         with cancer are called oncogenic. They’re sometimes also called intermediate-risk or highrisk HPV types. The HPV types not associated with cancer—typically the ones that cause warts—are called nononcogenic, benign, or low-risk HPV types. The most common cancer-causing genital HPV types are HPV 16 and HPV 18, while the most common low-risk HPV types
         are HPV 6 and 11. While most of the thirty to forty known types of mucosal HPVs typically infect your genital tract, a few,
         such as HPV 13 and HPV 32, prefer the mucous membranes of the mouth.
      

      Here’s an important point about the skin-site preferences of the various HPV types. Since the genital HPV types live only
         in the genital skin, and since HPV is spread by skin-to-skin contact, then it seems as though most, if not all, genital HPV
         infection is sexually transmitted: It spreads by one person’s genitalia touching another person’s genitalia. Remember—the genital HPV types live
         only in the genital skin, and not in the other parts of your skin, such as your hands, face, and so on. So you can’t get a
         genital HPV infection by touching the hand or foot of someone with warts in those places. To acquire a genital HPV infection,
         there usually needs to be genital-to-genital skin contact. Having said that, there are some other methods of sexual transmission, and I’ll talk about them later.
      

      
         
            	
               Risk Category

            	HPV Type
            	Oncogenic Risk
            	Comments
         

         
            	Low
            	6, 11
            	Rarely found in cervical cancer
            	These types most commonly cause genital warts, covered in part 3 of this book.
         

         
            	Intermediate
            	33, 35, 39, 51, 52, 56, 58, 59, 68
            	Found in about 25% of cervical cancers
            	Although these types may be oncogenic, they’re rarer than the high-risk types.
         

         
            	High
            	16, 18, 31, 45
            	Found in about 75% of cervical cancers
            	Types 16 and 18 are the most common of the high-risk types.
         


      	
* Source: K V. Shah, “What Are Human Papillomaviruses?” (paper presented at the Eighteenth International Papillomavirus Conference
         and HPV Clinical Workshop jointly with the Twelfth Meeting of the Spanish Association of Cervical Pathology and Colposcopy,
         Barcelona, Spain, July 2000).
 


      

      Not all mucosal HPV types cause cancer, though. The chart above displays the cervical cancer risk of genital HPV types. Keep
         in mind, though, that “intermediate” risk doesn’t mean those types won’t cause cancer; it only means that they’re found in
         fewer cancers. If you have an intermediate type, your risk of developing cancer may be similar to high-risk types.
      

      Genital warts are caused by HPV types 6 and 11. These are the cauliflowerlike lesions, similar to other warts on your body, that can be
         found anywhere in the genital tract, including the anus, vulva, vagina, or penis. They’re also nononcogenic—they won’t cause
         cancer. But they’re a pain, to be sure! I’ll cover HPV 6 and 11 in great detail in part 4 of this book.
      

      High or intermediate risk, or oncogenic, types don’t always cause visible lesions, but they do cause cancer. Infact, 
         99 percent of all cervical cancers have been linked to oncogenic HPV types. 
      

      A Quick History

      Before George Papanicolaou invented the Pap smear in the 1940s, cervical cancer caused the deaths of more women, worldwide,
         than any other type of cancer. I’ve had patients whose grandmothers, great-aunts, probably even greatgrandmothers died of
         cervical cancer. Eva Perón, the famed Evita, wife of Juan Perón of Argentina, died of cervical cancer—and so did Juan Perón’s
         first wife, which might indicate that all three of them had HPV. It’s only been in the last fifteen years or so that we’ve
         made the connection between HPV and cervical cancer, and sexual transmission was not proven until 1954, a decade after the
         Pap smear was first instituted. Genital warts, caused by different types of HPV than those that cause cancer, were recognized
         in antiquity, all the way back to second-century Soranus’s chapter entitled “On Warty Excrescences of the Female Genitalia”
         (Campion 1996).
      

      I’d like to share a quote with you, one I really like. In his section from the series Treatise of Venereal Diseases in Nine
         Books from 1737, entitled “Of Porri, Verrucae and Condylomata of the Pudenda,” John Astruc wrote, “There remains a fourth
         species of venereal diseases to be added to those which we have already described, viz warty excresences of the genitals which
         succeed impure coition, but for the most part, follow other pocky disorders that have been ill managed. Sometimes they wither
         of themselves 
         and fall off, leaving a root behind them, from which they spring up afresh; sometimes they are permanent, but are flaccid,
         soft, and almost void of sense; sometimes hard, dry, rigid, horny, destitute of sense and perfectly callous; but sometimes
         they are painful, having an ichorous discharge from their heads, and seem to be of a cancerous nature.” This quotation, graphic though it may be, summarizes so much of what we know about warts and anogenital cancer:
         They’re sexually acquired (coition is an old term for sex), difficult to get rid of, and have a variety of appearances, and perhaps most important, warts are
         somehow related to cancer. Back in 1737, they didn’t know that the common link between warts and cancer was HPV. In fact,
         we didn’t know it until about fifteen years ago! Despite this new realization, it’s clear that HPV is not a new virus and
         that cancers and warts caused by HPV aren’t new diseases. They’ll likely continue to be around for a long, long time, unless
         we can eradicate HPV with a vaccine. (See part 7.)
      

      Virology and HPV 101

      As you know, HPV is a virus, and viruses are tiny, infectious parasites that thrive and reproduce within living cells. They
         need to live in human cells and cannot live outside human cells by themselves. Some scientists speculate that viruses are
         among the oldest “living” organisms, if one can call them that.
      

      Usually, a virus consists of a protein shell, or capsid, enclosing a nucleic acid, either deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). The capsid is the protective 
         coating of the virus. (A picture of HPV capsids as they appear under an electron microscope is shown in fig. 1.1.) The DNA
         of an organism, such as a human or a virus, is collectively called its genome. The DNA in the genome is organized into units known as genes. Collectively, the genes in our genome contain all the information we need to live and reproduce (after all, reproduction is one of nature’s primary
         goals).
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      Figure 1.1: Electron Micrograph of HPV Particles. This figure shows what the mature HPV particles actually look like in a cell as seen through a special instrument called
            an electron microscope. The viral particles are comprised of the L1 and L2 proteins, but mostly L1. (Reprinted by permission
            of Pearson Education, Inc., Upper Saddle River, NJ 07458.)

      HPVs are double-stranded DNA viruses, which means that they’re made up of two DNA strands (much like human 
         DNA). The DNA in each gene gives instructions to the cell on how to make proteins, which in turn are made of molecules called
         amino acids. Proteins are the workhorses of the cells: They do everything for the cell, from digesting its food to cleaning up its messes.
         Humans have hundreds of thousands of genes, and many of these were only recently identified when the DNA sequence of the
         entire human genome was determined in the Human Genome Project.
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      Figure 1.2: HPV Genome. This picture shows the organization of the HPV genome. The DNA of the virus lives in cells as a circle that divides when
            the cell divides. The virus genome contains the code for six early proteins, denoted with an “E” for “early.” These are called
            early because thay are among the first to be produced in a cell after infection. The E6 and E7 proteins are the HPV proteins
            most responsible for development of cancer. Proteins produced later in the life cycle of the virus are denoted with an “L”
            for “late.” The L1 and L2 proteins make up the HPV viral capsid, or protective coating, that surrounds the viral DNA in a
            mature, infectious viral particle. (Illustration by Ira C. Smith.)

      
         HPV has a genome, too, but it’s much smaller than the human genome. In fact, HPV 16 and 18 get away with having only eight
         genes, since they use human genes for much of their dirty work. (See fig. 1.2 for a diagram of the HPV genome.) Scientists
         have known the complete genome sequence of many different HPV types for about fifteen years, which has helped them to understand
         how HPV causes cancer, and allowed them to design new strategies to prevent and treat HPV infection in the future.
      

      The HPV Life Cycle

      Infection with HPV occurs when HPV enters the anogenital skin, or epithelium. Understanding how the epithelium works is important
         to understanding what HPV does, so I’ll explain a bit about your “protective coating.” As we said earlier, the skin is your
         coat of armor. It actually consists of several layers of epithelial cells that sit on a structure called the basement membrane. Below the basement membrane is a mixture of compounds and cells collectively known as the stroma. (See fig. 1.3 for a diagram of the cervical epithelium.)
      

      The skin is a continuously renewing organ. Skin cells from the surface continually die and fall off (that’s what you wash
         off your face every day, and that’s what dandruff is). With surface cells dying and falling off all the time, how do you continue
         to have skin? It’s because you also have cells 
         at the bottom whose sole purpose is to keep making more surface cells. In medicalese, we say the epithelium is constantly
         “turning over.”
      

      Those cells at the bottom are long-living cells called basal cells. They sit directly on the basement membrane, and their function is to keep dividing. By continuing to divide, they constantly
         generate new skin. The basal cells live so long they’re almost immortal. As they divide, their daughter cells (if you’re a
         woman) or son cells (if you’re a man) get pushed up into the upper layers of the epithelium, and as they do, they mature.
         When they mature, they change shape and create some of the keratin that provides an extra-protective coating on the surface.
         Finally, after about thirty days, they reach the top of the epithelium and fall off like generations before.
      

      Then the whole cycle begins again. Basically, each basal cell divides and pushes its children, grandchildren, great-grandchildren,
         and so on, into the wide world of skin, where eventually they’ll end their short lives in about a month.
      

      Why am I telling you all this? To establish infection, HPV must first infect these immortal basal cells. This has important
         implications for the course of HPV infection, and for why HPV infection is so difficult to eradicate and treat.
      

      The first implication is that HPV must first run a gauntlet of several cell layers before it can reach the basal cells, its
         preferred target. Simple exposure of the surface of the skin to HPV particles or HPV DNA probably isn’t enough to lead to
         infection. However, minor trauma to the epithelium, as might occur during sex, is enough to allow viral particles to break
         through to the basal cell layer. But depending on Normalthe number of minor traumas during sex and how often your partner’s
         HPV comes in contact with your basal cells, infection can begin in many different basal cells. Remember, though, that trauma
         isn’t even absolutely necessary for HPV to get down to the basal layer.
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      Figure 1.3: Cervical Epithelium Ranging from Normal to Invasive Cancer. This figure shows what the normal epithelium looks like on the left. The terminology used to describe the abnormal areas,
            or “lesions,” is shown on the top of the diagram. Progressively more advanced changes in the epithelium due to HPV are shown
            as the diagram moves to the right. Epithelial cells sit on a structure called the basement membrane. The normal epithelium
            shows cells flattening out and losing their nucleus as they mature and move up to the top of the epithelium. These cells eventually
            die and fall off. Mild dysplasia is characterized by relatively minor changes in the cells and sometimes by the presence of
            koilocytes, which are cells with enlarged, irregular nuclei surrounded by a halo. Mild dysplasia does not directly progress
            to cancer. Moderate and severe dysplasia occur when an increasing proportion of the normal epithelium is replaced by small
            cells with large nuclei. The most advanced form of severe dysplasia is known as carcinoma in situ, in which the entire epithelium
            is replaced by these cells. Severe dysplasia can progress to cancer, which by definition occurs once the epithelial cells
            invade the basement membrane and the underlying tissues. (Illustration by Ira C. Smith.)

      
         The second implication is that since HPV infects longlived or immortal cells, HPV infection may also be long-lived. When the
         infected basal cells divide, so does the virus, and copies of the HPV genome go into each of the daughter or son cells. So,
         these basal cells may actually serve as a longlived reservoir of HPV infection. Most of the information we have suggests that
         tests to detect HPV infection become negative over time in most women. But it’s possible that we never truly rid ourselves
         of HPV. If so, HPV infection might be like herpes virus infection, which never goes away. This remains a controversial issue,
         but it’s important to understand that in the vast majority of women, even if HPV persists for life, this kind of dormant infection
         causes no problems whatsoever. The typical patient is the woman who may have had HPV fifteen years ago, was treated for dysplasia,
         and has never shown a sign of an abnormal Pap since. If we were to use a test to detect HPV DNA in her cervix, we wouldn’t
         find it. As figure 1.4 shows, most women over the age of thirty show neither HPV infection nor dysplasia—most of the HPV action
         is in the “underthirty” set. Often, though, when a woman over the age of thirty has an organ transplant, her doctor puts her
         on immunosuppressing drugs to prevent rejection of the new organ. Once her body’s immunity is compromised, she redevelops
         dysplasia and evidence of HPV infection. Another common example of this kind of thing is an HIV-positive woman who may not
         have had evidence of abnormal Pap smears for much of her sexually active life, but once HIV starts to mess up her immune system,
         she develops dysplasia.
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      Figure 1.4: Age-Related Prevalence of HPV Infection, Dysplasia, and Invasive Cervical Cancer. This figure shows the prevalence of cervical HPV infection, mild dysplasia, moderate to severe dysplasia, and invasive cervical
            cancer in five-year age groups. The scale on the left is a log scale showing the rates per 100,000 women. The line showing
            the prevalence of HPV infection (black squares) indicates that the highest prevalence of HPV infection is seen in young women
            under the age of twenty-four years and that a high proportion of women in this group have HPV. The prevalence declines thereafter,
            and most women over the age of thirty do not have detectable HPV infection. The line showing mild dysplasia (black diamonds)
            shows that a smaller proportion of women have mild dysplasia than have HPV infection, and that the peak prevalence is also
            less than twenty-four years. The line showing moderate to severe dysplasia (white triangles) indicates that an even smaller
            proportion of women have this more advanced form of dysplasia, and that the prevalence of moderate to severe dysplasia peaks
            in the twenty-five-to-twenty-nine-year-old age group. The line showing invasive cervical cancer (black circles) shows that
            only a very small proportion of women will develop cervical cancer and that the peak age prevalence is after the age of thirty-five
            years. (Illustration reprinted from Schiffman, M. H. “Recent Progress in Defining the Epidemiology of Human Papillomavirus
            Infection and Cervical Neoplasia.” Journal of the National Cancer Institute 84 (1992) (6): 394–398 by permission of the Oxford University Press.)

      
         Was either of these women “reinfected?” Probably not. The recurrence of dysplasia, to me, indicates that HPV was dormant in
         her body during those years. Her healthy immune system kept it at bay. It’s kind of like arthritis pain—many people experience
         it only when it’s damp outside. Immunity suppressants, HIV infection, pregnancy—all of these factors can lead to dysplasia
         long after the fact, which suggests that HPV lives on in your system in small, dormant numbers.
      

      I do want to stress, though, that this idea is hotly debated in the field—some researchers do believe that HPV can be definitively
         eradicated. Regardless, as I said before, even if small pockets of HPV do remain for life, in the vast majority of women it
         won’t cause problems as they get older. I’ll be covering the HIV question in detail in part 5, so for organizational purposes,
         we’ll stick to HPV right now.
      

      While HPV likes the basal cell layers of the epithelium, it’s actually a bit pickier than that. It has a favorite kind of
         basal cell, located in a special area of the cervix known as the transformation zone. (This is shown in fig. 1.5.) The transformation zone, also known as the transition zone or TZ, is where the endocervical columnar epithelium meets the exocervical squamous epithelium. Got that? Basically, the top layer of the cervix—the epithelium—is further divided into two areas. The endocervical part
         lines the canal leading up to the uterus and produces your cervical mucus. 
         The exocervical part lines the outer part of the cervix. The area between them is called the transition, or transformation,
         zone. Since the TZ is the best place for HPV to infect the cervix, this is also where most of the HPVassociated cervical diseases
         arise, including cervical cancer.
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      Figure 1.5: Cervix Showing the Transformation Zone. This diagram shows the cervix as it might be seen looking through a vaginal speculum. The transformation zone, within the
            dotted line, is where the columnar cells of the endocervix meet the squamous cells of the endocervix. Most HPV infections,
            dysplasias, and cancers arise in this region of the cervix. (Illustration by Ira C. Smith.)

      After exposure to the basal cells and infection, the HPV life cycle begins. What happens at this point varies from person
         to person. Once the basal layer is penetrated, HPV loses its protein capsid. It crosses into the cell nucleus, where it can
         direct the cell to create some of its own proteins, and where the viral genome can reproduce itself. In some women, the virus
         just hangs out and doesn’t do anything. It doesn’t make any viral proteins and doesn’t cause 
         any obvious problems. In medicalese, the virus is dormant or latent. 
      

      On the other hand, in some women the virus becomes active immediately. In this situation, the virus not only makes a lot of
         proteins that cause changes in the epithelial cells, but they also make more HPV particles. Although the virus must first
         establish itself in the basal cell layer, most of the action is in the layers of more mature cells closer to the top, where
         the viral particles are actually produced. When the cells die and fall off the top layers, they probably release infectious
         HPV particles with them. Think of the basal cells as the “queen bee,” while the daughter cells are “worker bees.” The queen
         bee is almost immortal, but she stays in the hive all day, producing more little bees. It’s the worker bees who go out and
         pollinate.
      

      Why is the virus dormant in some women and active in others? That’s an important question, and we don’t have a complete answer
         for it. Several factors are probably involved. Some relate to the particular HPV type. Others relate to you as the host or
         hostess of the virus. As we’ve already learned, HPVs aren’t all alike, and some are more aggressive than others. Scientists
         have also learned recently that even among a given HPV type such as the oncogenic, or cancer-causing HPV 16, some variants
         of it are worse than others. So here we have a luck of the draw—if you’re exposed to HPV, you hope that it’ll be a nononcogenic,
         or low-risk, HPV type. If you do get a cancer-causing type, you hope to be infected with one of the less aggressive kinds
         of that HPV type.
      

      What about factors related to you? One of the most important is your genetic background, which determines how 
         strong your immune response is to the virus. This may explain why some people are at a higher risk of developing cervical
         cancer even when they’ve been exposed to the same HPV type and variant. Smoking is a risk factor, and another important factor
         is your stress level: Higher stress levels weaken the immune system. Diet may also be important, since women with diets high
         in vegetables, fruit, carotenoids, and vitamins C and E may be at lower risk of developing cervical cancer. Some of these
         factors are in your control and some aren’t. Although it’s clearly important to have a good diet and be in overall good health,
         dysplasia or cancer can develop even in the healthiest of women. The bottom line? In most women, we don’t know why HPV acts
         more aggressively than in others.
      

      In summary, it may not be completely possible to influence the course of HPV infection, but some factors are within your control, relatively speaking. My prescription? Lower your stress levels, eat well, and stop smoking. Easy, right?
         Following this prescription will improve your overall health and may improve your chances against the virus. On the other
         hand, the virus may remain active even if you do everything you possibly can, and in this case, your best bet is to continue doing everything you can to remain healthy, and return for all of your followup visits with your doctor.
      

      I’ve Been Exposed to HPV What Happens Next?

      
         As I said earlier, in many women, nothing will happen, and they won’t even know they’ve been infected.
      

      Incubation periods can last from two weeks to eight months or more, with an average of three months. At this point, your immune
         system is working to keep the infection at bay, although factors like the ones I listed above—genetic predisposition, smoking,
         nutrition—will contribute to the effectiveness of your immune response.
      

      Incubation periods can also be indefinite; you could be exposed to HPV and not develop dysplasia for years, until your immunity
         is compromised in some way. In other women, HPV becomes active early on and results in a variety of epithelial changes. Most
         of these are not dangerous, but some could lead to cancer.
      

      How Does HPV Cause Cervical Disease?

      During active expression, the HPV-infected cells will begin to change. These cells will divide and multiply, creating more
         HPV-infected cells. These changes will either manifest as a clinically obvious disease such as warts or show as subclinical infection, which is as common or more common than clinical infection. Subclinical infections cannot be seen with the naked
         eye, but are only visible using special diagnostic procedures discussed later in this book.
      

      Actual warts in your cervix, called condyloma acuminata, fall in the “genital wart” category and are usually 
         caused by non-cancer-causing HPV types such as HPV 6 or 11. For organizational purposes, I’ll be covering warts and HPV types
         6 and 11 in part 4 of this book, but keep in mind that having types 6 or 11 doesn’t rule out the possibility of also having
         HPV 16 or 18, the most common oncogenic types. HPV 16 and 18, like the other cancer-causing HPV types, produce cervical cancer
         and subclinical disease in the form of dysplasia. I’m going to have a lot more to say about dysplasia throughout this book.
      

      In the basal cell layer, HPV generally doesn’t do much, other than concentrate on reproducing its own genome so that more
         copies are available when the cell divides. There’s relatively little or no activity in these cells, and few HPV proteins
         are being made, which may be how HPV persists in basal cells for long periods (maybe even for life). Most researchers believe
         that the body can clear HPV infection through development of an immune response to the virus. The immune system recognizes
         foreign protein, not the presence of the virus itself; if HPV doesn’t produce these proteins in the basal cells, then your
         immune system won’t detect anything unusual and will not respond.
      

      Once the basal cells divide and push their children up into the cold, hard world of the maturing epithelium, it’s a different
         story. All of the cells born of that basal cell form a kind of column, and if the basal cell was infected with HPV, all of
         its children will also be infected. However, once the cells begin to mature, the virus often activates. It produces the proteins
         necessary to make mature viral particles. So despite the fact that initial HPV infection occurs in the basal cell layer, most
         of the virus action occurs in the basal 
         cells’ children as they mature and move up through the epithelium.
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      Figure 1.6: Biopsy of Mild-Dysplasia–Producing HPV DNA. This figure shows a biopsy of mild dysplasia of the cervix, tested for the presence of HPV DNA, which is indicated by the
            presence of a dark stain in the nucleus of an infected cell (shown with the arrows). The figure shows that most of the virus
            DNA is present in the more mature cell layers. (Author’s photo.)

      The production of mature viral particles damages the cells, and one result of virus production is a change in the cells called
         koilocytosis, which occurs when koilocytes 
         accumulate. The word koilos means “halo” in Greek, and a koilocyte is an epithelial cell, usually found in the surface layers, which has an enlarged,
         irregular cell nucleus surrounded by a halo or clear space. When properly diagnosed, koilocytosis is synonymous with HPV infection
         and active viral reproduction. When the virus actively reproduces and generates koilocytes, other changes in the skin may
         occur as well. The epithelial cells pile up on each other, producing a growth that you know as a wart. On the outer genitalia,
         you can feel these with your finger, or you know you have them because they itch, burn, or bleed. You probably won’t even
         know that they’re there if they’re really high up in the genital tract, such as on the cervix. I’ll have a lot more information
         for you about warts later in this book, but at this point it’s worth knowing that warts are a major nuisance. However, they
         don’t usually lead to cancer and so they literally won’t kill you.
      

      HPV thrives in the more mature, differentiated cells. Once the initial infection works its way to the topmost superficial
         layer, the virus multiplies like crazy, producing more DNA, more cells, and forming more viral particles. (Fig. 1.6 shows
         HPV DNA in the more mature layers of the cervical epithelium.) The sheer amount of viral DNA production leads many doctors
         to believe that having a wart is the most contagious stage of HPV infection. The more HPV particles floating around, the more
         likely they are to latch on to a cell and infect it—whether it’s in the host’s body or in the host’s sexual partner.
      

      Terminology 101

      
         At this point, I need to introduce the many different terms that you’ll need to understand. Below is a basic chart of the
         four classification systems that have been used over the years. Before we get to it, though, I need to explain the difference
         between a Pap smear and a biopsy (tissue sample). A Pap smear consists of a random sampling of cells that are taken from the
         surface of your cervix and placed at random on a slide or in a jar of solution. It’s a sample of cells. If your doctor sees
         something wrong on the Pap smear, he or she can’t tell where the abnormal cells came from. So the next step in your evaluation
         is to examine the cervix for the source of those cells. To confirm the abnormality, your doctor will cut off a small piece
         of the suspicious area to examine under a microscope. The sample of tissue obtained by the doctor is known as a biopsy, and that’s what determines your treatment. To understand what the changes in the cervical tissue might look like, you can
         refer back to figure 1.3.
      

      Why am I telling you this? The important thing to remember is that the “class” system and “Bethesda” system on the left of
         the chart on the next page refer primarily to grading Pap smears. Methods of classifying Pap smears have gone through several
         shifts since the Pap smear’s invention. With new technologies, cytotechnologists and cytopathologists—the folks who examine
         and diagnose your Pap—can see more levels of change and can therefore assign more specific names to each level. That’s why
         the Bethesda system largely replaced the class system. On the other hand, the “dysplasia” system and “CIN” system refer primarily
         to 
         cervical tissues as seen in a biopsy. The fifth column indicates that category’s relationship to HPV. A “-” shows that it’s
         not directly linked to HPV; a “+” indicates that it is directly linked to HPV; and a “+/-” shows that it may or may not be
         linked to HPV infection.
      

      
         
            	Class System Rating (Pap Smears)
            	Bethesda System System (Pap Smears)
            	Dysplasia System Rating (Tissue Biopsies)
            	CIN (Cervical Intraepithelial Neoplasia) System Rating (Tissue Biopsies
            	relationship Rating
         

         
            	0
            	Unsatisfactory
            	Unsatisfactory
            	Unsatisfactory
            	Not enough evidence to say
         

         
            	1
            	Within normal limits
            	Negative
            	Negative
            	-
         

         
            	1
            	Benign cellular changes
            	Negative
            	Negative
            	-
         

         
            	2
            	ASC-US1 or AGUS2 favor reactive
            
            	No term
            	No term
            	+/-
         

         
            	2
            	ASC-H3 or AGUS favor neoplasia
            
            	No term
            	No term
            	+/-
         

         
            	3
            	LSIL4

            	Mild
            	CIN 1
            	+
         

         
            	3
            	HSIL5

            	Moderate
            	CIN 2
            	+
         

         
            	3
            	HSIL
            	Severe
            	CIN 3
            	+
         

         
            	4
            	HSIL
            	CIS(carcinoma in situ)
            	CIN 3
            	+
         

         
            	5
            	Carcinoma
            	Carcinoma
            	Carcinoma
            	+
         


      	
1ASC-US = atypical squamous cells of undetermined significance



      	
2AGUS = atypical glandular cells of undetermined significance



      	
3ASC-H = atypical squamous cells; cannot exclude HSIL



      	
4LSIL = low-grade squamous intraepithelial lesions



      	
5HSIL = high-grade squamous intraepithelial lesions




         As you’ve probably guessed, the terminology describing changes in the cervix can be confusing and seems to change on a regular
         basis. Biopsies span a range of changes, and they’re fai rly self-explanatory, once you know what the acronyms mean. The mildest
         end of the spectrum includes mild dysplasia, also known as CIN 1. In biopsies, more advanced disease is classified as moderate
         (CIN 2) or severe dysplasia (CIN 3).
      

      In Pap smears, different terminology is used, but there’s a relationship between the Pap smear terms and the biopsy terms.
         In classifying Pap smears the term squamous intraepithelial lesions (SIL) is used. Low-grade SIL, or LSIL for short, is the Pap smear equivalent of mild dysplasia or CIN 1. In Pap smears, high-grade
         SIL, or HSIL for short, is the equivalent of both moderate and severe dysplasia. Got all that? There are, of course, other subtle differences in how these mostly equivalent terms are used.
         I’ll explain these terms again later. But from now on, when I’m talking about tissues and biopsies, I’ll use dysplasia. When I’m talking about Pap smears, I’ll use SIL. 
      

      Here’s why distinguishing moderate and severe dysplasia from mild dysplasia is so important: Mild dysplasia isn’t considered
         to be precancerous and usually regresses by itself without treatment.
      

      On the other hand, moderate and severe dysplasia—especially severe—could progress to cancer and needs to be diagnosed and
         treated before this can occur. By definition, invasive cancer is diagnosed when the cells of the cervix invade the basement
         membrane and enter the tissues below (fig. 1.3). It’s also important to remember that some cases of mild dysplasia can progress
         to moderate or severe, 
         and mild dysplasia must be watched carefully to ensure that it does regress. If it doesn’t, then it usually needs treatment
         because it may progress to moderate or severe dysplasia.
      

      What Are Moderate and Severe Dysplasia, and How Does HPV Cause Them?

      Unlike mild dysplasia, which is the clinical manifestation of active HPV reproduction and mature virus particle formation,
         relatively few virus particles form in moderate and severe dysplasia. For this reason, you’re probably more infectious when
         you have mild dysplasia than when the dysplasia is moderate or severe. Instead, in moderate or severe dysplasia, two HPV proteins
         (known as E6 and E7) encourage the cells to continue dividing, causing changes that are different from those of mild dysplasia
         (see fig. 1.2 and 1.3). While mild dysplasia may show the presence of koilocytes, the cells are not mutating so much—very
         little abnormal cell division occurs.
      

      On the other hand, moderate and severe dysplasias are characterized by the replacement of more and more of the normal maturing
         epithelium with small, immature-looking cells. These cells look like the basal cells, but in moderate and severe dysplasia
         they’re also found in the higher cell layers and sometimes reach all the way to the top. In moderate dysplasia, about half
         of the normal top layer of the cervix is replaced by these abnormal cells, and in severe dysplasia, they replace most, if
         not all, of the normal top layer. In severe dysplasia, the cervical cells divide all the 
         way to the top layers, while in normal epithelium, cells divide only at the bottom.
      

      The change from mild dysplasia to moderate or severe is critical: While mild dysplasia is not dangerous, moderate and severe
         dysplasia (especially severe) are potentially precancerous, and detection and treatment of moderate and severe dysplasia can
         prevent cervical cancer. Because severe dysplasia shows more advanced changes than moderate, the risk of progressing to invasive
         cancer from severe dysplasia is probably higher than that of moderate.
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