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During his 1996 reelection campaign, Bill Clinton's slogan of “Building a Bridge to
the 21st Century” was lampooned widely and became hackneyed.  The need for more
and better communication links among medical subspecialties, however, is undeniable
as we enter the era of molecular medicine.  Prior to the acquired immunodeficiency
syndrome (AIDS) epidemic, professional communication between oncologists and
infectious disease specialists was limited almost exclusively to consultations for neu-
tropenic fever during cancer chemotherapy.  AIDS patients required the broader exper-
tise of oncologists, dermatologists, pathologists, pulmonologists, and infectious disease
physicians, with the latter becoming primary caregivers during the decade between the
discovery of human immunodeficiency virus (HIV) in 1984 and the development of
combination antiviral chemotherapy in the 1990s.  The spectacular efficacy of highly
active antiretroviral therapy (HAART) against HIV and AIDS is a model likely to be
repeated, as drugs are discovered not so much by their efficacy against an overt dis-
ease, but rather by their design to block specific molecules in critical pathways under-
lying the disease. Infectious Causes of Cancer: Targets for Intervention reviews
neoplasms in which certain viruses, bacteria, and parasites play critical roles, anticipat-
ing that they will be likely targets for drugs or vaccines.

Cancers are the most thoroughly studied of a growing list of chronic diseases previ-
ously thought to be noninfectious.  As such, they provide lessons that are likely to
apply more broadly.

Lesson one is that the infection must be persistent or chronically active to play a role in a
complex disease such as cancer.  Putative “hit-and-run” mechanisms are likely an artifact
of insensitive methods for detecting the infection.  A corollary is that many infectious
agents, such as Epstein–Barr virus (EBV), human papillomaviruses (HPVs), and
Helicobacter pylori (H. pylori), much like neoplastic cells, have evolved ways to evade
immune recognition.  For some infections, the activity of the infection and the risk of the
cancer is markedly increased by acquired or, rarely, congenital immune deficiency.

Lesson two is that the relationship between infection and cancer, like that between any single
host gene and cancer, is never a simple cause-and-effect.  Through interactions with the
human host, most of the implicated infections are cofactors that indirectly increase the
probability of critical genetic mutations.  Age at infection and host immunogenetics often
have a major influence on susceptibility to EBV-related Burkitt’s lymphoma and nasopha-
ryngeal carcinoma and to H. pylori-related gastric cancer (Chapters 5, 6, and 21, respec-
tively).  Because the odds of the critical genetic mutations are low, the corollary of this
lesson is that most infected people do not develop cancer.

Lesson three is that the infection may not be necessary for the cancer phenotype.  As classical
examples, Burkitt’s lymphoma and hepatocellular carcinoma do occur without EBV
infection and hepatitis B or C virus (HBV, HCV) infections, respectively.  This implies
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that pathways that affect the occurrence of genetic mutations and the resulting cancer
are accessible by noninfectious mechanisms.  These include spontaneous c-myc/immuno-
globulin gene rearrangement of a pre-Burkitt's B lymphocyte; alcoholic hepatitis, cirrho-
sis, and precancerous clonal regeneration of the liver; and others.  The exceptions are
noteworthy, since squamous cell carcinoma of the cervix probably does not occur without
a “high-risk” HPV infection, nor Kaposi’s sarcoma without human herpesvirus type 8
(HHV-8) infection.

Lesson four is that a substantial part of the disease process and of the tumor tissue itself
results from responses such as inflammation, lymphedema, sclerosis, and neovascularization
that are ancillary to the cancer cell.  Hodgkin's disease (Chapter 7) is a prototype, in which
the cancerous, EBV-infected Reed–Sternberg cells are few and far between.

Lesson five is that cancer often can be prevented by preventing the infection or the immune
deficiency that allows it to persist or reactivate.  Likewise, remissions of the cancer often
can be induced by successful early treatment of the infection or the underlying immune
deficiency.

Lesson six is that “cancer” or “malignancy” can be difficult to define.  Two examples result-
ing from uncontrolled EBV infection, fulminant X-linked lymphoproliferative disease and
post-transplant lymphoproliferative disease, present and often must be treated as highly
aggressive non-Hodgkin’s lymphomas, irrespective of oligo-, poly-, or monoclonality.  As
nicely reviewed in Chapter 1, difficulties with basic definitions such as “cancer,” “infec-
tion,” “dissemination,” and “spread” are not new to infectious disease oncology.  The
practicing physician already is familiar with “remission” and “cure,” which are so difficult
to define as to depend more upon consensus than certainty.

Infectious Causes of Cancer: Targets for Intervention is intended to serve as an
introduction to infectious disease oncology for practitioners.  It has only five overview
chapters on the major human carcinogenic infections (herpesviruses, retroviruses,
papillomaviruses, hepatitis viruses, and H. pylori).  Most of the other chapters focus
on specific neoplasms, often adding perspectives to the six aforementioned lessons.
Each of the chapters—including the overviews, the specific neoplasms, and those that
are more oriented to research frontiers—reviews the history and current status of its
topic and provides a vision of the future in terms of prevention and treatment of the
disease, the underlying infection, or both.  The goal is to bridge the disciplines and not
to present detailed recapitulations of virology, bacteriology, parasitology, and oncol-
ogy, all of which are available elsewhere.

Mechanisms of Neoplasia: Targets of Opportunity

Oncogenic infections increase the risk of cancer through expression of their genes in
the infected cells.  Occasionally, these gene products have paracrine effects, leading to
neoplasia in neighboring cells.  More typically, it is the infected cells that become
neoplastic.  These viral, bacterial, and parasitic genes and their products are obvious
candidates for pharmacologic interruption or immunologic mimicry, promising
approaches for drugs or possibly vaccines.

Herpesviruses, especially EBV and, since its discovery in 1994, human herpesvirus
8 (HHV-8, also known as Kaposi's sarcoma-associated herpesvirus), are the most
extensively studied and best characterized infections that cause cancer in humans
(Chapters 2–10).  They are relatively large DNA viruses with an approximately 140,000
basepair genome that codes for more than 80 genes, including those for building daugh-
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ter virions during the “lytic” portion of their life cycle, as well as regulatory genes that
enable the infection to persist in “latency” for prolonged periods.  Several of the regu-
latory genes have human homologs that apparently were pirated by the virus during
mammalian evolution and that probably contribute to its evolutionary survival and to
human disease.  As a rule, the DNA of EBV and HHV-8 does not integrate into the
human genome.  Rather, during “latency” the extrachromosomal (“episomal”) herpes
DNA is copied during mitosis, yielding progeny cells that are likewise latently infected
with episomal herpes DNA.  Uncontrolled proliferation of these latently infected prog-
eny cells characterizes EBV- and HHV-8-associated neoplasms.  Proliferation of both
the EBV-associated lymphoproliferative diseases and of HHV-8-associated Kaposi’s
sarcoma seems to be highly sensitive to the severity of the cell-mediated immune defi-
ciency that occurs with AIDS, with pharmacologic suppression of allograft rejection,
and with the congenital X-linked lymphoproliferative disease originally described by
Purtilo (1) (see also, Chapter 3).  In other neoplasms, such as endemic (African)
Burkitt’s lymphoma and nasopharyngeal carcinoma, EBV is able to evade immune
recognition by masking or downregulating critical antigens.

Retroviruses and their lentivirus cousins are RNA viruses with a pathognomonic
enzyme, reverse transcriptase, that enables them to make a DNA “provirus” copy of
their genome and to integrate it permanently into the genome of the infected host cell.
Rare cases of Non-Hodgkin’s lymphoma (NHL) among persons with AIDS appear to
result from activation of a protooncogene owing to upstream integration of HIV in
macrophages (Chapter 13).  However, the overwhelming way that HIV causes cancer
is by destroying cellular immunity, thus dysregulating HHV-8 and leading to Kaposi’s
sarcoma (Chapter 10), dysregulating EBV, leading to some AIDS NHLs (Chapter 8),
and perhaps other indirect and paracrine effects of dysregulated cytokines and growth
factors.  The effects of HIV on cellular immunity are not a major focus of this book.  It
should be noted, however, that there is clear, if incomplete, recovery of cellular immu-
nity and reduction in risk of some cancers that occurs with interruption of the replica-
tion of HIV through drugs that interfere with reverse transcriptase and especially those
specifically designed to interfere with the viral protease enzyme (2).  The prototype
human retrovirus, human T-lymphotropic virus type I (HTLV-I), causes transforma-
tion of T lymphocytes and highly aggressive adult T-cell leukemia/lymphoma (ATL)
through poorly characterized mechanisms that probably include transactivation of cel-
lular genes controlling growth by HTLV-I’s tat gene and possibly alteration of cellular
immunity (Chapters 11 and 12). Anti-HIV drugs have little or no activity against
HTLV-I, illustrating the specificity of each virus's reverse transcriptase and protease.

HPVs encompass more than 100 genotypes of small, related DNA viruses that have
a strong tropism for epithelial cells.  The major oncogenic agents for humans are HPV-
16, HPV-18, and several others that are sexually transmitted and cause cancer of the
cervix, penis, and anus (Chapters 14 and 15).  HPV-16 and -18 appear to transform
infected cells when their episomal circular genome is broken open and integrated into
the host genome, allowing marked upregulation and expression of their E6 and E7
proteins.  Unlike the E6 and E7 proteins of nononcogenic HPVs (such as type 1, which
causes common warts), those of HPV-16 and -18 have strong affinity for the p53 and
Rb pathways, respectively.  Interference with both the p53 and the Rb pathways allows
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unregulated cell cycling and failure to undergo apoptosis (normal cellular senescence),
increasing the likelihood of additional mutations.  A possible role for HPVs in other
squamous cell carcinomas, such as those of the skin and oropharynx, is uncertain, al-
though the mechanisms appear to be the same (Chapter 16).  HPV-16 virus-like par-
ticle and E6 recombinant protein vaccines are currently in clinical trials in hopes of
reducing the major HPV diseases, cervical and anal cancers.

The two oncogenic hepatitis viruses, HBV and HCV, are phylogenetically unrelated
but do share the ability to establish chronic active infection, inflammation (hepatitis),
cell death, scarring (cirrhosis), and clonal, nodular regeneration of the liver (Chapters
17 and 18).  Because this sequence appears to underlie virtually all cases of hepatocel-
lular carcinoma, there should be several opportunities for intervention.  Unfortunately,
the mechanisms for this sequence of events are largely unknown.  HBV, however, has
been well studied and has the advantage of two natural animal models, the woodchuck
and ground squirrel hepatitis viruses, both of which cause hepatocellular carcinoma in
their respective species.  HBV is a partially double-stranded DNA virus; it uses an
RNA intermediate and a reverse transcriptase for its replication; and it can integrate
into the host genome.  The integration appears to drive the liver tumor in the animal
models and may contribute directly to human hepatocellular carcinoma.  HCV, an RNA
virus that cannot integrate into the host genome, increases the risk of hepatocellular
carcinoma indirectly.  These primarily include the sequence of inflammation, cell death,
scarring, and nodular regeneration with increased chance of a proneoplastic genetic
mutation.  The cancer risk increases with all insults to the liver, including HBV, HCV,
alcoholism, and other hepatotoxins.  Aflatoxin B1, a fungal contaminant of peanuts
and other food staples in parts of Africa and China, is associated with a highly specific
mutation of the p53 cancer suppressor gene and greatly increases the risk of hepatocel-
lular carcinoma among people with chronic HBV infection.

A similar sequence of inflammation, scarring, and regeneration, probably contrib-
utes to the development of squamous cell bladder cancer.  This neoplasm, which is
unusual in industrialized societies, is closely tied to heavy, chronic bladder infestation
by Schistosoma haematobium, a helminthic parasite that infects some 200 million
people in endemic regions of Africa (Chapter 24).  The same may also be true for the
reported association of cholangiocarcinoma with chronic infection by the liver flukes,
Opisthorchis viverrini and Clonorchis sinensis, which are summarized in depth else-
where (3).  Risk of cancer with these chronic parasitic infections may be increased or
actually depend on vitamin deficiencies, polymorphisms in detoxification or activation
enzymes of the human host, superinfection by bacteria, or several of these.

Chronic bacterial infections (and perhaps also chronic helminth and fluke infec-
tions) generate reactive oxygen species that, like aflatoxin B1, can be genotoxic and
may contribute to the odds of mutation in a gene that increases neoplasia (4).  Such a
mechanism is postulated specifically for the clear associations between Salmonella
typhi and gallbladder cancer and between H. pylori and gastric cancer (Chapters 23 and
21, respectively).  It should be noted that these infections generate relatively little
inflammation and scarring and that, instead, they are associated with mucosal atrophy
and a high risk of adenocarcinomas rather than squamous cell carcinomas.  Identifica-
tion of the mechanisms for these associations may not be immediately important, since
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these bacteria can be eradicated by antibiotics and, for Salmonella typhi, by cholecys-
tectomy.  However, these mechanisms could have broader implications for understand-
ing and preventing or treating noninfectious adenocarcinomas.

Inability of the immune system to eradicate a chronic infection appears to underlie
the association between H. pylori and B-cell non-Hodgkin’s lymphoma of the mucosa-
associated lymphoid tissue (MALT) of the stomach (Chapter 22).  It seems that bacte-
rial antigens are passaged and presented by the M cells (specialized epithelial cells) of
the gut to Peyer’s patches where B lymphocytes are recruited, activated, and circulated
back to the mucosa where they are maintained by T-cell signaling.  Regression can
occur with either eradication of the H. pylori or with blockade of the T-cell signaling.
A similar continuous feedback-loop mechanism has been postulated for the association
of chronic HCV infection with type 2 mixed cryoglobulinemia and other B-cell disor-
ders that may include NHL (Chapter 19).

The Infectious Disease Universe

The polymerase chain reaction (PCR) revolution  led to a rapid discovery of novel
viruses, bacteria, and parasites and to a recognition of our ignorance of how these
organisms relate to human beings.  At least two recently discovered viruses, the DNA
transfusion-transmissible virus (TTV) and the RNA GB-virus C (also known as hepa-
titis G virus), establish chronic, active infections in peripheral blood lymphocytes, but
as yet have no known chronic disease (5,6). Perhaps they are symbionts and cause no
disease in humans.  The discoveries of HCV, HHV-8, Tropheryma whippelii (the
Whipple’s disease bacterium), and Bartonella henselae (the agent of cat scratch dis-
ease) parallel a growing body of literature supporting the association of chronic viral
or bacterial infections with atherosclerosis, Alzheimer’s disease, rheumatoid arthritis,
type 1 diabetes mellitus, and other nonmalignant chronic diseases.

On the frontiers of this universe are cancers of high incidence, viruses of high preva-
lence, and novel associations.  Investigators are searching for homologs of mouse mam-
mary tumor virus (MMTV) or interactions with endogenous retroviruses in human
breast cancer (Chapter 27).  One model posits that breast cancer is an MMTV zoonosis
acquired from domestic mice (7). Others are investigating simian virus 40 (SV40),
which causes mesothelioma, osteosarcoma, and brain tumors when injected into new-
born hamsters and which contaminated poliovirus vaccines administered to tens of
millions of people from the mid-1950s to the early 1960s (Chapter 26).  The human
polyomaviruses, BK virus and JC virus, are related to SV40 and cause cystitis and
progressive multifocal leukoencephalopathy, respectively, in immune-deficient patients.
Discoveries are certain to come from these frontiers.  As with explorations of the New
World, however, they may not bring back the anticipated gold of definitive disease
associations, but instead may provide fundamental insights to be exploited with
unforeseen technologies.

James J. Goedert
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Glossary of Abbreviations

3-Hydroxyanthranilic acid (3-OHAA)

Amino acid (aa)
-Fetoprotein ( -FP or AFP)

AIDS Clinical Trials Group (ACTG)
Adult T-cell leukemia (ATL)
Antibody-dependent cellular cytotoxicity (ADCC)
Acute lymphoblastic leukemia (ALL)
Acquired Immunodeficiency Syndrome (AIDS)
Avian leukosis virus (ALV)
Anal squamous intraepithelial lesion (ASIL)

Baboon endogenous virus (BaEV)
N-Butyl-N-(4 hydroxybutyl) nitrosamine (BBN)
Basal cell carcinoma (BCC)
Basic fibroblast growth factor (bFGF)
Burkitt's lymphoma (BL)
Bovine leukemia virus (BLV)
BK virus (BKV)

Chemokine receptors (CCRs)
Cytotoxin-associated gene A (Cag)
Common B-cell acute lymphoblastic leukemia (cALL)
Computed axial tomography (CAT)
Covalently closed circular DNA (cccDNA)
Centrocyte-like cell (CCL)
Centers for Disease Control and Prevention (CDC)
Chronic lymphocytic leukemia (CLL)
Coding DNA (cDNA)
Colony forming units (cfu)
Cytomegalic inclusion disease (CID)
Cellular interference factor (CIF, including CIF-I and CIF-II)
Cervical intraepithelial neoplasia (CIN)
Carcinoma in situ (CIS)
Cell-mediated immunity (CMI)
Cytomegalovirus (CMV)
Central nervous system (CNS)
Complement C3d receptor (CD21)
Cyclooxygenase 2 (COX-2)
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Complete remission (CR)
Core viral genes (C)
Cottontail rabbit papillomavirus (CRPV)
Cyclin-dependent kinases (CDKs)
Cyclin-dependent kinase inhibitors (CKI)
Cyclosporin A (CsA)
Cervical squamous intraepithelial lesion (CSIL)
CXC chemokine receptors (CXCRs)
Cytotoxic T lymphocytes (CTLs)

Duck hepatitis B virus (DhBV)
Diffuse large B-cell lymphoma (DLBCL)
Drosophila melanogaster Tenascin gene (TNM)

Early viral genes (E)
Early antigen (EA)

    Early antigen-diffuse (EA-D)
Early antigen-restricted (EA-R)
Epstein–Barr nuclear antigen (EBNA, including EBNA1,2,3A,3B, and 3C)
Epstein–Barr encoded RNAs (EBERs)
Epstein–Barr virus receptor (CD21)
Epstein–Barr virus (EBV, including subtypes EBV1 and 2)
Epidermal growth factor receptor (EGFR)
Equine infectious anemia virus (EIAV)
Enzyme-linked immunosorbent assays (ELISAs)
Epidermodysplasia verruciformis (EV)
Etoposide (VP-16)

FLICE inhibitory protein (FLIP)
Fibrosing cholestatic hepatitis (FCH)
Fine needle aspiration (FNA)

Gastroesophageal junction (GE)
Gastric Helicobacter-like organisms (GHLO)
G-protein-coupled receptor (GPCR)
Geometric mean titer (GMT)
Granulocyte macrophage colony stimulating factor (GM-CSF)
Granulocyte colony stimulating factor (G-CSF)
Glycoprotein (gp)
Group antigen (gag)
Growth regulated oncogene alpha (Gro- )
General Register Office for Scotland (GROS)
Ground squirrel hepatitis virus (GSHV)
Glutathione-S-transferase-µ (GSTM1)

Highly active antiretroviral therapy (HAART)
HTLV-associated myelopathy/ Tropical spastic paraparesis (HAM/TSP)
Hematopoietic stem cell transplantation (HSCT)
Hepatitis A virus (HAV)
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Glossary of Abbreviations xvii

Hepatitis B core antigen (HBcAg)
Hepatitis B e antigen (HBeAg)
Hepatitis B surface antigen (HBsAg)
Hepatitis B virus (HBV)
Hepatitis C virus (HCV)
Hepatocellular carcinoma (HCC)
Helicobacter pylori (H. pylori)
Hodgkin's Disease (HD)
Hodgkin Reed–Sternberg Cell (H-RS)
Human endogenous retrovirus (HERV)
Human endogenous retrovirus type K (HERV-K)
Human foamy virus (HFV)
Hepatitis G virus (HGV, also known as GB virus-C)
Human herpesvirus 6 (HHV-6)
Human herpesvirus 7 (HHV-7)
Human herpesvirus 8 (HHV-8)
Human immunodeficiency virus (HIV)
Human immunodeficiency virus type 1 (HIV-1)
Human leukocyte antigen (HLA)
Human papillomavirus (HPV)
Human retrovirus 5 (HRV-5)
High-grade squamous intraepithelial lesion (HSIL)
Herpes simplex virus 1 (HSV-1)
Herpes simplex virus 2 (HSV-2)
Human T-cell lymphotropic virus type I (HTLV-I)
Human T-cell lymphotropic virus type II (HTLV-II)
Hypervariable region (HVR)
Herpesvirus saimiri (HVS)
Humorally mediated hypercalcemia of malignancy (HHM)

Immediate early (IE)
Interferon (IFN)
Immunoglobulin (Ig)
Immunocytoma/ lymphoplasmacytic lymphoma (Ic)
Interleukin 2 (IL-2)
Interleukin 6 (IL-6)
Infectious mononucleosis (IM)
Immunoglobulin heavy chain variable region genes (VH)
Inducible nitric oxide synthase (iNOS)
Interleukin (IL)
Inverse polymerase chain reaction (IPCR)
Interferon regulated factor (IRF)
Information and Statistics Division (ISD)
Intravenous drug use, intravenous drug user (IVDU)

JC virus (JCV)



Kaposi's sarcoma-associated herpesvirus (KSHV)

Late viral genes (L)
Leukocyte activated killer cells (LAK)
Latency associated transcript (LAT)
Live attenuated varicella vaccine (LAVV)
Lactate dehydrogenase (LDH)
Loop electrosurgical excision procedure (LEEP)
Latent membrane protein (LMP, including LMP1 and 2)
Leader protein (LP)
Lewis b histo-blood group antigen (Leb)
Lewis b-binding adhesin (BabA)
Lymphoepithelial lesion (LEL)
Leukocyte inhibitory factor (LIF)
Lymphocyte depleted Hodgkin's disease (LDHD)
Large loop excision of the T zone (LLETZ)
Lymphoctye predominant Hodgkin's disease (LPHD)
Lymphoma study group (LSG)
Low-grade squamous epithelial lesion (LSIL)
Long-terminal repeat (LTR)
Long unique coding region (LUR)

Macrophage colony stimulating factor (M-CSF)
Macrophage inhibitory proteins (MIPs)
Mycobacterium avium complex (MAC)
Multicenter AIDS Cohort Study (MACS)
Mucosa associated lymphoid tissue (MALT)
Mixed cryoglobulinemia (MC)
Multicentric Castleman's disease (MCD)
Mixed Cellularity Hodgkin's Disease (MCHD)
Monoclonal gammopathy of undetermined significance (MGUS)
Monotypic lymphoproliferative disorders of undetermined significance (MLDUS)
Multiple myeloma (MM)
Mouse mammary tumor virus (MMTV)
MMTV-like viruses (HML)
N-Methyl-N-nitro-N'-nitrosoguanidine (MNNG)
N-Nitrosomethylurea (MNU)
Multiple sclerosis (MS)
Men who have sex with men (MSM)
Murine leukemia virus (MuLV)

Non-A non-B hepatitis (NANBH)
Natural killer cells (NK)
National Cancer Institute (NCI)
Nuclear factor- B (NF- B)
Non-Hodgkin's Lymphoma (NHL)
Nonisotopic in situ hybridization (NISH)
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Nodular lymphocyte predominant Hodgkin's disesase (NLPHD)
N-Nitrosomethyl-dodecyclamine (NMDCA)
Non-melanoma skin cancer (NMSC)
N-Nitroso compounds (NNC)
Nasopharyngeal carcinoma (NPC)
Nonstructural viral genes (NS)
Nodular sclerosis Hodgkin's disease (NSHD)

Oral squamous cell carcinoma (OSCC)
Open reading frames (ORFs)

Polycyclic aromatic hydrocarbons (PAH)
Positron emission tomography (PET)
Pneumocystis carinii pneumonia (PCP)
Platelet derived growth factor (PDGF)
Primary effusion lymphoma (PEL)
Peripheral blood mononuclear cells (PMBC)
Polymerase chain reaction (PCR)
Porcine endogenous retrovirus (PERV)
Peripheral blood (PB)
Protein induced by vitamin K absence or antagonism (PIVKA-II, also known as

Des- -carboxy prothrombin)
Parathyroid hormone releasing protein (PTHrP)
Posttransplant lymphoproliferative disorder (PTLD)
Protein phosphatase 2A (PP2A)

Revised European-American-Lymphoma classification (REAL)
Rat embryo fibroblast (REF)
Rheumatoid factor (RF)
Restriction fragment length polymorphism (RFLP)
Representational difference analysis (RDA)
Radioimmunoassay (RIA)
Reactive nitrogen oxide species (RNOS)
Reactive oxygen species (ROS)
Retinblasoma gene (Rb) and protein (pRb)
Reed–Sternberg cell (RS)
Reverse transcriptase (RT)
Reverse transcriptase polymerase chain reaction (RT-PCR)

Salmonella typhi and paratyphi (S. typhi and S. paratyphi)
SLAM-associated protein (SAP)
Simian immunodeficiency virus (SIV)
Simian virus 40 (SV40)
Squamous cell carcinomas (SCCs)
Severe combined immune deficiency (SCID)
Surveillance, Epidemiology, and End Results (SEER)
Socioeconomic status (SES)
San Francisco General Hospital (SFGH)
Simian foamy virus (SFV)



Squamous intraepithelial lesion (SIL)
Signaling lymphocyte-activation molecule (SLAM)
SLAM-associated protein (SAP)
Spasmolytic polypeptide (SP)
Single-stranded conformational polymorphism (SSCP)
Single-stranded DNA (SSDNA)
Sexually transmitted disease (STD)
Simian T-lymphotrophic virus (STLV)
Surface glycoproteins (SU)

Tandem repeats of tandemly repeated sequences (TR)
Drosophila melanogaster Tenascin gene (TNM)
Transporter protein associated with antigen presentation (TAP)
Transitional cell carcinoma (TCC)
Transforming growth factor  (TGF- )
T helper cell type 1 (Th-1)
T helper cell type 2 (Th-2)
T-cell receptor (TCR)
Transmembrane glycoproteins (TM)
Tumor necrosis factor (TNF)
Tumor necrosis factor-  (TNF- )
Transforming growth factor-  (TGF- )
Tropical spastic paraparesis (also known as HTLV-associated myelopathy,

HAM/TSP)
Tumor necrosis factor receptor (TNFR)
TRAF adaptor protein (TRADD)
Tumor necrosis factor receptor-associated (TRAF)
Transfusion-transmitted virus (TTV)
Transformation zone (TZ)

Untranslated region (UTR)
Ultraviolet (UV)

Vacuolating cytotoxin (VacA)
Virus-associated hemophagocytic syndrome (VAHS)
Viral capsid antigen (VCA)
Vascular epithelial growth factor-A (VEGF-A)
Vascular epithelial growth factor receptor 3 (VEGFR-3)
Virus-like particle (VLP)
Varicella-zoster virus (VZV)

World Health Organization (WHO)
Woodchuck hepatitis virus (WHV)
Women's Interagency Health Study (WIHS)

X-linked lymphoproliferative disease (XLP)

Z EBV replication activator protein (ZEBRA)
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1
History of Infectious Disease Oncology, 

from Galen to Rous

John Graner

The possibility that cancer might spread via an infectious mechanism has been con-
sidered for centuries. As the concepts of infectious disease and tumor changed, so also
did the proposed relationships between the two. To understand the hypotheses raised
regarding the transmissibility of malignancy, an understanding of how authorities in
each era regarded the concepts of malignancy and infectious diseases is required. The
sections that follow have been subdivided accordingly.

We begin our historical review with the 18th century, as relatively little considera-
tion was given to the possibility of a link between infectious diseases and cancer prior
to that time. There are several reasons why this was the case. The most important is the
simple fact that, despite a few anecdotal remarks to the contrary (1), tumors were not
generally observed to spread from one person to another, nor did they demonstrate an
epidemic pattern of development within a community. In addition, before the 18th cen-
tury, the general concept of infection was only poorly understood. We refer the reader
interested in theories of tumor causation prior to the 18th century to the monographs by
Rather (2) and Wolff (3).

THE 18TH AND EARLY 19TH CENTURIES

Introduction

The second half of the 18th century was a period of great theoretical confusion in
medicine. For many, the ancient theories of disease causation had lost their traditional
authority, but no new and unified system of concepts arose to take their place. Not sur-
prisingly, the terminology of the period reflects this confusion. The old cancer term
“scirrhus” came to be used in a variety of different ways. Also, words such as “germ”
and “infection” possessed entirely different meanings than they do today. We therefore
begin this section with a brief review of the way in which these terms were used by
authors of the period. This is followed by subsections discussing period concepts of
cancer causation, and the nature and spread of infectious diseases. Finally, we discuss
early considerations of the possible infectious transmission of malignancies.
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NOTES ON TERMINOLOGY

“Scirrhus”

No other term was used so consistently by ancient authors in discussions of malig-
nancy as was “scirrhus” (also at times spelled “schirrus”). Depending on the era in
which the author was writing, this word was used variously either to denote a malig-
nancy, or a tumor that could potentially become so—what would now be termed a pre-
malignant lesion. Derived from the Latin scirros (taken, in turn, from the Greek
σκιρροζ, meaning a firm swelling), this word originally denoted the extreme hardness
of the lesion.

With rare exception, from the time of Galen until the end of the 18th century, the
scirrhus was looked upon as a premalignant entity, capable of transforming into a can-
cer only under certain poorly understood circumstances. Traditionally, the most impor-
tant predictive elements of malignant transformation were considered to be the
quantity and quality of black (melancholic) bile associated with the lesion (4).

By the 18th century, less credence was given to the tenets of traditional Galenic
humoralism, and the contributions of black bile to the transformational process were
often left unmentioned (although, as noted below, tacit references to the black humor
remained). Boerhaave, for example, considered the scirrhus capable of becoming a true
cancer under the following conditions:

If a Schirrus by long standing, increasing, and motion of the adjacent parts is thus moved,
that the neighbouring Vessels around its edges begin to inflame, it’s become malignant,
and from its likeness to a Crab, is now called a Cancer, or Carcinoma. (5)

Aitken, writing in 1782, echoes the opinion of Boerhaave. He likewise considers
“scirrhosity” a “predisposition to cancerous ulcer,” such changes occurring when the
lesion is “attacked by inflammation” (6).

Buchan, in his immensely popular textbook of domestic medicine, also agreed with
traditional doctrine insofar as he considers cancer an extreme case of scirrhus: “If the
tumour becomes large, unequal, of a livid blackish, or leaden colour, and is attended
with violent pain, it gets the name of an occult cancer” (7).

At the turn of the century, the term “scirrhus” gradually came to be used in another
sense, as representing not a precancerous lesion, but a true cancer. For example,
Thomas, writing in 1815, defined the scirrhus by its malignant nature, considering it
the “occult or primary stage” of a cancer (8). Similarly, Pearson, writing in 1793, used
the word to denote a hard malignant growth (9).

In contrast to most other authorities, however, Pearson did not consider “tumor,” or
swelling, to be a necessary component of the scirrhus, and so broadens the concept
considerably (10). Rather, to him, true scirrhus was defined primarily by its malignant
behavior and not its firmness, true cancers being “dangerous in their nature, (and) diffi-
cult in their cure” (11). Pearson also challenged the widely held notion that the
“induration and defective sensibility” of a lesion in and of itself could be taken as proof
that the lesion is cancerous (12). Nor did he believe that the firmness of a lesion neces-
sarily predicts its predisposition to malignant behavior.

By the second half of the 19th century, “scirrhus” had undergone yet another trans-
formation in meaning, now being used to define only one particular form of cancer,
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based upon its microscopic appearance. Another term also used for this form of tumor
was the “carcinomatous sarcoma” of Abernethy (13). The term again made reference to
the stony hard nature of the lesion (14).

Cancer “Germs” and Cancer “Infection”

Particularly confusing in the context of the present topic is the use of the word
“germ” by 19th century medical authors in their descriptions of tumor spread. While
we now understand the term to denote a disease-causing microorganism, it was then
used in its more original meaning, as that principle “from which something springs”
(15).

Thus, when Wood, in his 1858 Practice of Medicine, referred to “the conveyance of
(cancer) germs” from one part of the body to another (16), he is not advocating a true
infectious etiology of cancer, as this would imply an infectious mode of spread to the
affected individual. Rather he is referring only to a vague sort of seminal property pos-
sessed by some entity associated with malignancy, perhaps, as proposed by Virchow,
the “liquid exuded in cancerous tissues,” allowing it to arise in areas of the body sepa-
rate from its primary location. He even used the term “infection” to describe this
spreading process within the body in a clearly analogous sense, thereby comparing it to
the process by which an infectious disease spreads within a community, or from person
to person.

Many other writers of the period referred to the “germs” of cancer in a similar man-
ner. For example, Joseph Bell, in a lecture given in 1857, after stating that “no object
similar to the cancer cell has been found in the minute organisms either of the animal
or vegetable worlds,” then went on to say that “cancer cells may be formed in the body,
from germs or corpuscles” (17). Again, he was here referring only to some sort of gen-
erative entity, the true nature of which remains unknown. Likewise, Campbell De Mor-
gan, discussing the unfortunate tendency of cancer to recur after operation, refers to the
“continued development of germs which were not included in the extirpation of the
tumour” (18), without thereby assigning any particular identity to those entities.

Even more confusing in the literature of the period is the occasional use of the word
“infection” in reference to the spread of cancer within the human body. Wood’s refer-
ence, cited earlier, is one example of such usage.

Thus, De Morgan discussed malignant growths that “infect neighbouring and distant
parts” without thereby considering cancer an infectious disease in the true sense (19).
Billroth used the term in a similar manner. As a matter of fact, for him, “malignant”
and “infectious” were synonymous terms (20).

Even Virchow, in his famous work on cellular pathology, mentioned the “infecting”
powers of malignancies in his discussion of metastatic spread (21). He also referred to
tumor juices as “contagious,” and draws an analogy between tumor spread and small-
pox (22). Again, he was not thereby referring to cancer spread from one individual to
another in a truly infectious manner, but rather to different organs within the same indi-
vidual.

Use of “infection” in this manner may have been confusing even to the author’s con-
temporary readers. After all, a medical dictionary of the period defines it as “a synonim
(sic) of contagion” (23), and by all accounts this is the way in which the term was gen-
erally used.
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Waldeyer probably recognized this confusion, and so made the distinction explicit in
1867, when he stated that only in the sense that the epithelial cancer cell is capable of
generating its own supporting stroma is the so-called “infectious theory” of cancer
valid (24). He also believed that although cancer cells resembled “entozoal germs” in
their ability to reproduce themselves, they were of human, rather than animicular, ori-
gin.

EARLY CONCEPTS OF CANCER CAUSATION

Because cancer was defined only by its clinical behavior, it was impossible for the
clinician of the period seeing a lesion for the first time to recognize it as malignant. He
could not even call a hard tumor a “scirrhus” if by that term he meant a definitely can-
cerous lesion. A suspicious growth could at best be considered only potentially malig-
nant until its subsequent behavior could be ascertained.

Some form of humoral disease theory remained in vogue from the time of Galen
until well into the 19th century. Since the 1500s, several powerful attacks on Galenist
doctrine had been made, most notably by Paracelsus, “the Luther of medicine” (25), in
the 16th century, and van Helmont in the 17th. In his 17th century work on fevers,
Willis also explicitly rejected traditional Galenistic theory when he states, “We do not
allow of the Opinion of the Ancients, That the Mass of Blood consists of the four
Humours, viz Blood, Flegm, Choler, and Melancholy” (26).

“Iatrochemistry,” a modified form of humoralism emphasizing hermetic chemical
concepts rather than the traditional Galenic humors, increased in popularity over the
course of the 17th century, so that by the century’s end traditional Galenism was con-
sidered antiquated by the more progressive physicians (27).

Nevertheless, popular theory of tumor causation throughout most of the 17th cen-
tury continued to embrace vital, humoral theory, in the form of the so-called “lym-
phatic humoralism” of Astruc and Peyrilhe (28). The lymphatic vessels had been
discovered in 1628, and scirrhus was now considered to be the product of an abnormal
accumulation of lymph, which could later degenerate into cancer (29).

Needless to say, the various humoral systems of disease failed to provide the physi-
cian the practical knowledge required to practice medicine effectively. In the words of
William Osler, “What disease really was, where it was, how it was caused, had not even
begun to be discussed intelligently” (30).

Practicing physicians were very aware of this shortcoming. In the 17th century,
Sydenham’s concentration on the clinical characteristics of disease (31), and in the
18th, Morgagni’s emphasis on anatomical pathology (32), represented attempts at
bringing medical theory closer to the bedside.

Unfortunately, however, these efforts had little immediate impact in the field of
tumor medicine. As a matter of fact, the clinical antecedents of malignancy were
understood little better in the first half of the 19th century than they had been in the
16th, as may be noted from a perusal of some representative writings of the period. For
example, Buchan, writing in 1816, provided the following list of the common
antecedents to tumor appearance:

This disease is often owing to suppressed evacuation; hence it proves so frequently fatal to
women of a gross habit … It may likewise be occasioned by excessive fear, grief, anger,
religious melancholy, or any of the depressing passions … It may also be occasioned by
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the long continued use of food that is too hard of digestion, of an acrid nature; by barren-
ness, celibacy, indolence, colds, blows, friction, pressure or the like … Sometimes the dis-
ease is owing to an hereditary disposition. (33)

Buchan’s list is very similar to that of Boerhaave’s, written a century earlier, ele-
ments of which could, in turn, be traced to classical sources:

The cause of a Cancer is … An alteration in the Circulation of Humors, from the Men-
strua, Hemorroids or any other Hemorragy being suppress’d; Barrenness, abstinence from
all Venereal Acts; the leaving off of Child-bearing from the Age of 45, to 50; An austere,
sharp or hot Diet; the several and even contrary Affections of the Mind, whether Melan-
choly or Anger, and the like; Any external irritation of the Schirrus by it’s Motion, Heat
and Acrimony; or Medicines which … will produce the same Effect, whether outwardly or
inwardly applied. (34)

The mention of “melancholy” by both Buchan and Boerhaave is rooted in the
Galenic concept of the melancholic (black) humors, an excess of which was thought to
be the ultimate cause of cancer (35). Such thinking had not progressed noticeably from
the attitude of the 16th century surgeon who considered malignancies to be caused by
the “humors Melancholicke which come from all the partes of the bodie” (36).

The most important clinical observation of the period was Pott’s recognition of the
increased incidence of scrotal cancer in chimney sweeps, which he reported in 1775
and again in 1778 (37). Thomas, writing in the early 19th century, included this obser-
vation in his section on the subject (38). Otherwise, however, he merely recited the var-
ious causes listed by earlier authors. If anything, mid-19th century textbook authors
had even less to say regarding the clinical antecedents of cancer than had their prede-
cessors. The old concepts were noted to be fallacious, but nothing new replaced them.

From a pathologist’s standpoint, knowledge of cancer likewise remained rudimen-
tary. During the first four decades of the 19th century, one had to rely upon the naked
eye, without the aid of significant magnification, to make tissue diagnoses. Little won-
der then that there remained great difficulty in diagnosing malignancy by appearance
alone. Authorities of the period tended to lump true cancers into the same category as
other “tumors,” including tubercle (at that time not considered to result from an infec-
tious disease), melanosis, and encephaloid (39).

With the work of Bichat, published in the first years of the 19th century (40), patholo-
gists began thinking more on the tissue level of disease. However, Bichat’s studies were
carried out without the aid of a microscope, and before the development of these instru-
ments in the 1820s and 1830s, no real advances in tumor histology could be made.

The real breakthrough in pathology came with recognition of the cell as the ultimate
structural component of the body. The first description of cancer cells, or “globular bod-
ies,” was made by Gluge in 1837 (41). Cell theory had actually begun with the botanists
in the first quarter of the 19th century (42). Schwann broadened this concept to include
animals in 1838. The same year, Müller recognized the true cellular nature of malignan-
cies (43). With the aid of microscopes of improved accuracy, the new cell theory gradu-
ally came to replace the time-honored belief, derived ultimately from the writings of
Aristotle, that the fiber constituted the ultimate structural component of life (44).

By the middle of the 19th century, through the pioneering work of Müller and oth-
ers, a primitive classification system based upon the microscopic appearance of tumor
tissue had been devised. Tumors were divided into three main groups: scirrhus, com-

History of Infectious Disease Oncology 7



posed predominantly of fibrous tissue, and therefore firm; colloid, made up of locula-
tions containing a gelatinous substance termed “blastema;” and cephaloma or
medullary, composed predominantly of recognizable cells (45,46). This last form of
malignancy, said to resemble brain tissue, was also at times called “encephaloid” (47),
a term probably first used by Bayle and Laennec (48).

One would think that once tumors were found to differ significantly in microscopic
appearance, their true diversity would also come to be recognized. Surprisingly, how-
ever, such was not the case. All malignancies were still considered variants of a single
disease, and different types of cancer, properly speaking, were not thought to exist.
Watson offers a defense for this position:

You may ask upon what principle structures so dissimilar in their physical appearance
have been assigned to the same genus? Why, for these reasons. They are all strictly
destructive or malignant forms of disease. Although in any shape they are of somewhat
rare occurrence, yet when they do occur, two, or all three of the species are often found to
coexist in different organs of the same individual … More than this: if a tumour consisting
of one species be amputated, and a fresh growth springs (as too often it does) from the
same spot, this secondary growth is frequently of another species … (T) he facts I have
just stated suggest the question, whether instead of being different species of the same
genus, they ought not rather to be regarded as mere varieties of the same species. (49)

EARLY CONCEPTS OF INFECTIOUS DISEASE: CONTAGION 
AND MIASMA

While concepts of tumor morphology had changed markedly by the middle of the
19th century, infectious disease theory had not. Such changes were not to occur until
several decades later. As a matter of fact, in the United States, owing to the conser-
vatism and scientific backwardness of the American medical profession, theories of
infectious disease remained more or less unchanged until the early 1880s (50).

Throughout the 18th and most of the 19th centuries, infectious diseases were consid-
ered to be of two major types, contagious and miasmal. The former, represented by
such diseases as smallpox, were observed to be transmitted from one individual to
another. The latter, the prime example of which was “intermittent fever,” were not
spread by contact, but rather were observed to affect numerous people in a community
in a short period of time (51). Such diseases were therefore thought to be transmitted
by a noxious “effluvia” exhaled by areas of rotting vegetation, such as marshes. The
term “malaria” came to be used synonymously for this marsh miasm (52).

Regarding this latter form of disease spread, Gregory, in a well-known textbook of
the period, stated, “It cannot be disputed that the miasmata of marshes are the most fre-
quent and important exciting causes of intermittent fever” (53). Similarly, Rush consid-
ered yellow fever to be “produced by the exhalations from the gutters, and the
stagnating ponds of water” (54).

Gallup, in his classic 1815 work on the epidemic diseases of Vermont, defined the
two types of diseases in the following manner. Contagion is illness “eliminated from
the diseased body in a subtle gas, or by contact, (producing) its likeness in a healthy
body,” while miasma “is the effect of animal and vegetable decomposition and corrup-
tion on the surface of the earth … eliminating therefrom in the form of a subtle gas or
effluvia” (55).
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Gallup’s description of contagion may have been influenced by the writings of
Cullen. Already in the 18th century, the latter had recognized the somewhat arbitrary
nature of the distinction between contagion and miasma, and argued that both types of
disease spread involved emanations into the atmosphere, one of human (contagion), the
other of nonhuman (miasmatal) origin (56). He went on to suggest the use of the terms
“human” and “marsh” effluvia rather than the general terms “contagion” and “miasma”
(57). Cullen’s suggestion was not generally accepted, however, and this modification,
considered somewhat trivial to modern readers, left the underlying traditional theory
intact.

Understandably, the decision as to whether a particular disease was miasmal or con-
tagious was sometimes not an easy one to make. Thus, in a footnote to the first page of
Armstrong’s 1829 work on typhus, his editor stated the following:

When Dr. Armstrong wrote this article he considered human contagion the primary source
of the disease. Since then, however, he has abandoned this opinion, and now believes that
marsh effluvium is the cause … Some very eminent physicians in this country … still
believe in the contagious nature of this disease. (58)

Factions were formed, and debate ensued, sometimes heated, as to the mode of
transmission of a particular disease. One example of such an exchange was the 1859
argument between contagionist and noncontagionist factions over the origin of yellow
fever (59).

Still other authors, such as Stokes (60), expressed the opinion that no theory could
satisfactorily explain all examples of infection. Despite the shortcomings of this
dichotomous distinction, no one offered a clear alternative until the advent of the
zymogen theory, to be discussed later.

CONSIDERATIONS REGARDING THE INFECTIOUS ETIOLOGY 
OF TUMORS

When one excludes those “pseudo-references” to cancer as an infectious disease that
are the result not of the author’s true conviction that cancer represents an infectious
process, but rather his analogous use of terms, it may be said with confidence that,
prior to the 18th century, very few believed in the infectious etiology of tumors.

Pearson, in his 1793 treatise on cancer, wished to consider all possible etiologies of
malignancy, including that of infection. He first investigated the human miasmal possi-
bility (analogous to Cullen’s “human effluvia”), by considering the possible “infectious
power of the vapour arising from a cancerous sore” (61). Stating that “some … have
asserted that the cancerous sore emits a morbiferous effluvium, which can produce the
same disease in a sound person,” he went on to note that these rare assertions “appear
to me very insufficient for the purpose of establishing so important a proposition.” He
concluded these considerations with the following practical observation:

Surgeons and their attendants, expose themselves almost every day to the noxious effects
of cancerous sores with perfect impunity; from whence it may be safely concluded, that
the danger of infection is so small, as not to form an object of serious attention. (61)

Pearson next explored the possibility that cancer may be a noneffluvial contagion by
assessing “the contagious quality of cancerous matter when applied in a fluid state to
an abraded surface.” Giving no consideration to a possible animal model of study, he
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admitted that experimentation would resolve this particular issue, but, “No man ever
had, nor ever will have the unwarrantable temerity, to attempt the solution of this
pathological doubt, by a method so repugnant to the laws of humanity” (62).

He went on to provide a short list of postulated cases of such transmittal, debunking
them all. He concluded this section with another practical statement: “Where the dis-
ease so frequently occurs, the defect of positive proof, affords a strong presumption
against the contagious quality of cancerous matter” (63).

As a matter of fact, the experiment that Pearson rejected as immoral was actually
conducted by Alibert. Thomas referred to its results as a demonstration of the noncon-
tagiousness of cancer:

Mons. Alibert inoculated himself and some of his pupils with cancerous matter, and
although in some instances inflammation of the part, and of the lymphatics proceeding
from it occurred, yet nothing like scirrhus, or cancer succeeded. (64)

Joseph Adams, writing in 1795, agreed with Pearson that cases in which fluid from a
cancer seems to act like a “morbid poison,” producing a similar ulcer in another person,
do not represent true examples of malignancy:

Two cases of this kind … were relieved, one by corrosive sublimate, the other without an
operation. It is unnecessary to add that neither could be a true carcinoma. One of them
being on the lip of a married lady, proved contagious and fatal to her husband. Here we
have an instance of a morbid poison originating from an incurable disease (rather than a
cancer), and relieved in the first instance by mercury. The husband was abroad, or might
probably have experienced the same relief… (65)

Wood, writing in 1858, also addressed the issue of the possible transmissibility of
cancer. He stated that “opinion has generally been opposed to this idea.” However, he
mentioned one experiment that lends support to it. Langenbeck injected cancerous mat-
ter into the veins of a dog, which when killed several weeks afterwards, demonstrated
cancerous growths in the lungs (66). He also mentioned two cases cited by Watson
(67), of women with cancer of the uterus whose husbands subsequently developed can-
cer of the penis.

Wood also addressed the possibility that cancer may be a very small “parasitic ani-
mal,” but continued:

Strongly in opposition to this notion is the well-established fact, that many of the lower
animals are liable to the same disease; whereas parasites are generally peculiar to the
species of animal in which they are found. (68)

This statement demonstrates well the limited role that living agents were generally
thought to play in human disease during this period. Pasteur was not to formulate his
germ theory of disease until well into the 1870s (69), but parasitic diseases had already
been identified. Wood expressed the opinion that because such diseases appeared to
infect only a particular species, while many species were found to harbor cancer
(which, as noted earlier, was usually still considered a single disease entity, despite its
several forms), malignant disease could not fit the parasitic model of causation.

Although most prominent men in the field gave scant consideration to the possibility
that cancer may be due to some form of living organism, some notable exceptions to
this rule existed. William Gibson, professor of surgery at the University of Pennsylva-
nia, demonstrated a firm belief in the infectious (or, more correctly, “infestuous”)
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nature of cancer. In his 1845 Practice of Surgery, he postulated an “animalcular origin”
of cancer, “thus giving to cancer an independent vitality.” Apparently the parasite (he
suggested an insect or worm) was thought to lie dormant in the body, the exciting cause
for its activity being some form of trauma sufficient to bring about “such a condition of
the part … as to afford a nidus particularly suited to the lodgement and growth of inde-
pendent beings” (70).

Watson, writing in his Lectures on the Principles and Practice of Physic, the most
popular medical textbook of the period, also expressed the opinion that cancer may be
a contagious entity. He stopped one step short of calling it an infectious disease, how-
ever. He cited two cases that he himself had witnessed, also cited by Wood, of uterine
cancer in a wife and penile cancer in the husband. He also mentioned Langenbeck’s
experiment, likewise cited by Wood. Based on these observations, Watson stated that
“It seems … that the germs of the disease are capable of being transferred from one
human being to another; and even to an animal of a different species.”

He saw

plausible grounds for the hypothesis, that the seeds of cancer may be introduced, in some
way which eludes observation, from without; that cancerous growths are strictly parasitic,
and independent of the body, excepting so far as they derive their pabulum from its juices
… But whether this hypothesis be true, or whether the cancer cells and germs are merely
morbid elements of the native tissues of the body … remains yet to be determined. (71)

Two other lesser known authors of the period who considered cancer a parasitic dis-
ease were Carmichael in 1836 and Kuhn in 1861. The former used the term “animal
fungus” to describe this proposed entity (72). None of these early parasitic theories
gained wide acceptance, for the simple fact that the proposed parasites were never dis-
covered.

Although by the mid 1800s a contagious mode of tumor transmission had been
repeatedly considered, a miasmal mechanism had not. Perhaps the only well-known
author prior to the turn of the century to consider such a possibility was Theodor Bill-
roth. Writing in his mid-century classic General Surgical Pathology and Therapeutics,
he suggested that goiter (then considered a form of tumor) may be a “chronic endemic-
miasmatic” entity. He postulated that infection occurs through the blood, and that the
enlargement of the thyroid is “the local expression of a general infection” (73). Ironi-
cally, a true miasmal theory of cancer was not to arise until the turn of the century, as
noted in a subsequent section.

Despite the several suggestions to the contrary, the firm belief in the noninfectious
nature of cancer held sway until the very end of the 19th century, not only among most
authorities in the field, but also the rank and file of the profession, an independent
group who tended to base their opinions primarily on their own clinical experience.

MID- TO LATE 19TH CENTURY

Introduction

By the 1860s the microscope was in wide use. It had come to be recognized by many
as a valuable tool in the study of disease, and would ultimately serve to place the study
of tumors and infections on the same fundamental basis: the cell. In the field of tumor
pathology, we have already made note of the fact that with the advent of microscopic
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study, a new, albeit rudimentary, histological classification system of cancers was
already widely accepted by the 1850s.

The microscopic study of bacterial diseases began in earnest soon after this, but a
universally accepted theory of microbial disease, not to mention an understanding of
the contribution of microbes to the inflammatory process, were still several decades
away. Thus, in the same edition of his textbook in which Watson presents the new
microscopic tumor classification system, he continued to refer to the ancient Greek
concept of ϕλεγµονη and the Latin inflammatio when discussing the nature of inflam-
mation (74). It is amazing then, that by the turn of the century, thanks to the work of
Pasteur, Koch, and others, the germ theory of disease was to be considered dogma by
the majority of the scientific medical community.

Tumor Theory in the Mid- to Late 19th Century

Few advances in the knowledge of the clinical antecedents of cancer were made dur-
ing this period. The next major breakthroughs in this area were not to occur until after
the turn of the century.

In the realm of the laboratory, while Schwann and Müller had demonstrated micro-
scopically that tissues were in reality composed of aggregates of cells, they still
believed these cells to derive from an amorphous blood-derived cytoblastema, “a kind
of repeated spontaneous generation out of a primitive body fluid” (75). Virchow, a one
time student of Müller’s, also adhered to this concept throughout the 1840s (76). How-
ever, by 1854 he began to express some doubts. These misgivings were in part the
result of the work of William Addison, who throughout the latter half of the 1840s con-
tinued to reject the blastema theory, arguing that cell formation from such a substance
had never been convincingly demonstrated (77). In his lectures of 1858, Virchow made
the following statement:

According to Schwann, the intercellular substance was the cytoblastema, destined for
the development of new cells. This I do not consider to be correct, but, on the contrary, I
have … arrived at the conclusion that the intercellular substance is dependent … upon
the cells. (78)

As a matter of fact, Virchow had abandoned the blastema theory several years
before. Already in 1855 he had made the famous pronouncement, “Omnis cellula a
cellula,” that is, all cells arise from cells (79).

Virchow went on to substitute the connective tissue for the blastema as the source of
cell origin, at least in the case of malignancies. He came to believe that all cancers took
their origin from connective tissue elements, and even includes an illustration depicting
the development of cancer from connective tissue in his 1858 work (Fig. 1) (80). Par-
enthetically, in the 1850s tuberculosis was still not considered an infectious disease,
and although Virchow clearly recognized the difference between tubercles and other
tumors, he believed both types of lesions arose from connective tissue (81).

With powerful authorities such as Virchow to support it, the connective tissue theory
of cancer histogenesis was widely accepted from 1855 to 1865. It was finally disproved
by Thierch, who demonstrated that epithelial cancer derived from like normal tissue,
only later spreading to the connective tissue (82). This view was soon supported by
others, including Waldeyer, who in an 1867 article proposed that the only source of
epithelial cancer cells is the normal epithelium. He also asserted that metastasis
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resulted only from transport of tumor cells about the body. Tumor secretions or
“juices” by themselves were not capable of spreading the disease (83).

With Waldeyer, tumor theory reached a new level of maturity. His basic tenets, that
not only did cells derive only from other cells, but also that tumor cells derived from
normal cells of the same type; and that metastatic spread resulted from the spread and
multiplication of the primary tumor cells, remain legitimate today.

Infectious Disease Theory: The Bacterial Cause of Disease

To better explain the rise and ultimate triumph of bacterial theory, we must step
backward a bit, and return briefly to the early decades of the 19th century. We have said
that a controversy existed during this period regarding the contagious nature of specific
diseases. This controversy was to reach “epidemic” proportions.

None could deny that such as thing as contagion existed. After all, how else could
the transmission of smallpox and rabies by inoculation be explained? However,
although some used the term “contagious” to denote only those diseases transmittable
in this manner, others used it in its broader, less restricted sense to include all diseases
that could be spread from person to person (84).

Some anticontagionists used arguments expanding upon the “human miasm” theory
to explain the contagious appearance of epidemic diseases. Such arguments were use-
ful at times for social as well as scientific reasons, and played a part in changing offi-
cial policy on such things as quarantine and public hygiene (85).

Before 1860, most 19th century authorities had used chemical rather than microbio-
logical explanations for infectious diseases. In what could be considered the final form
of humoralism, chemists, most notably Liebig, had attempted to explain the infectious
diseases in terms of fermentation, thought to be a purely chemical process.

At the forefront of this approach to disease explanation was William Farr, who in the
1840s introduced the term “zymogic” to explain the chemical nature of disease causa-
tion (86). Under this theory, it was thought that infection was spread through chemical
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Fig. 1. Virchow’s depiction of development of carcinoma from connective tissue. (Reprinted
from ref. 21, with permission.)

Development of cancer from connective tissue in carcinoma of the breast.
a. Connective-tissue corpuscles, b, division of the nuclei, c, division of the cells, d,
accumulation of the cells in rows, e, enlargement of the young cells and formation of
the groups of cells1 (foci—Zellenheerde) which fill the alveoli of cancer, f, further
enlargement of the cells and the groups. g. The same developmental process seen in
transverse section. 300 diameters.



particles “thrown from the (diseased) person, or from substances proceeding from the
person, … borne by the air to other persons in full health” (87). One reason for the ulti-
mate acceptance of this theory was that it served to bridge the ever-widening gap
between contagionists and noncontagionists, as zymogens could be considered conta-
gions, while at the same time miasmata could be considered capable of creating
zymotic materials de novo (88).

However, as the century progressed, it became impossible to ignore the work of
microbiological researchers such as Pasteur and Koch. The former’s brilliant
research during the late 1850s had shown that fermentation, thought by Liebig to be a
purely chemical phenomenon, was actually vital, in that it required microorganisms
to occur (89).

By the next decade, Pasteur had shown that two diseases of silkworms were due to
bacterial infections. To his contemporaries, the most impressive aspect of his theory
was its practical value. Utilizing his bacteriological discoveries, he had actually for-
mulated a plan through which the silkworm disease was successfully eliminated (90).
When Pasteur came to devise his systematic germ theory in the 1870s, he was already
considered an expert in the field, and by this time his opinions carried considerable
weight.

Koch was second only to Pasteur in his ability to influence his contemporaries
toward a positive reception of the germ theory of disease. His work, especially with
tuberculosis, but also with anthrax, diphtheria, and cholera, helped establish these con-
ditions as specific infections. Also, Petri and other students in his laboratory made
important improvements in culture technique and other technical innovations. “Koch’s
postulates,” actually devised by his student Löffler, soon became the sine qua non for
establishing the infectious etiology of a specific disease (91).

Once more, the zymogen theory served to bridge the gap between the old and the
new. In light of the breakthroughs in the field of microbiology, the zymogen soon came
to be considered a biological, rather than a chemical particle, and eventually zymogens
were considered analogous to disease germs (92).

This was another instance in which advancements in technology proved of funda-
mental importance for the generation and acceptance of new theories. Once the
proper techniques for identification and culture of microorganisms were in place,
their recognition as etiologic factors in specific diseases proceeded rapidly, and by
the turn of the century, when one discussed infectious diseases, it was solely in terms
of bacterial theory.

Cancer and Infection

As stated in the previous section, the vast majority of late 19th century researchers
did not consider cancer to be an infectious disease. This having been said, it is also
true that with the triumph of the germ theory, a number of German and French
researchers did attempt to isolate a bacterium from cancer cells. This work is well
summarized by Wolff (93). False leads were generated for a time, but were never uni-
versally accepted.

Waldeyer was among the majority of researchers who did not believe in any such
theory. Writing after the turn of the century, he recognized two authors who considered
cancer to be caused by an infectious agent. The first was Rudolf Maier, who suggested
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that an infectious agent was necessary to transform normal cells into cancer cells.
Waldeyer considered this “a completely unsupported hypothesis.” The other author
cited by Waldeyer is Wilhelm Müller, who thought that epithelioma and carcinoma
were infectious diseases, each caused by a different infectious agent. Waldeyer did sup-
port not either claim (94).

Samuel Shattock was also interested in attempting “the growth of a specific micro-
phyte from carcinoma.” In the Morton Lecture on Cancer, delivered before the Royal
College of Surgeons of England in 1894, he reported preliminary observations of
“actively moving amoebae” in tissue cultures of cancer cells. He postulated that these
organisms could possibly be the transmitters of human malignancy (95).

Shattock was one of those who embraced a protozoal, rather than a bacterial, expla-
nation of cancer. Work was pursued in this field in several laboratories around the turn
of the century. A detailed discussion of this research is beyond the scope of this chap-
ter, but is also described in great detail in the monograph by Wolff (96). Suffice it to say
that, as was the case with bacteria, all attempts at finding a protozoal cause for cancer
were in vain.

At the same time that several laboratories were busily engaged in unfruitful attempts
at isolating the illusive cancer “bug,” a new population-based miasmal theory of cancer
was beginning to gain rather widespread acceptance, not only among members of the
medical profession, but the general public as well. This was the so-called “cancer
house” theory.

“Cancer Houses”

The “cancer house” theory postulated that certain districts, towns, and even single
dwellings possessed a factor subjecting their occupants to an increased risk of cancer.
Becoming popular in the last years of the 19th century, it remained so for the next sev-
eral decades.

In several respects this theory harkened back to those of a hundred years previ-
ously. In the first place, its proponents did not rely directly on the new and burgeon-
ing field of microbiology. Rather, they presented what might be considered a
modernized version of the old miasmal theory of disease transmission to explain their
findings. Second, similar to earlier writers, proponents of this theory considered can-
cer a unitary disease, with all tumors representing examples of the same underlying
disease process (97).

The principal British exponent of this theory was D’arcy Power, who, in an article
published in 1899, presented a detailed study of cancer incidence in a single English
district (98). In an earlier article he had dismissed the possibility that cancer repre-
sented a contagious disease (99), but a miasmal mechanism seemed much more
promising. He noted that “much of the country shows the ordinary characters of marsh
land,” and went on to say that “cancer is the prevailing disease.”

Without providing statistics to prove his contention (not to be expected at this early
date), Power found the manner in which the disease was distributed “remarkable,” noting
that it “seems to cling to certain spots and groups of buildings.” He found no relationship
to the water sources, but did believe that “an unduly large proportion of the cases of can-
cer occur near the streams which water the district” (100). He saw no evidence of a
hereditary influence. He did notice, however, that the inhabitants have “unstable tissues,
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for … insanity in its various forms is exceedingly rife, and … in many of the houses
where cancer has occurred there have been one or more cases of insanity.”

He also found the distribution of the cancers suggestive:

(O)f the 173 cases of cancer here recorded, 49 occurred in the alimentary canal, 10 in the
lip, and 22 in the liver; … it seems to point to some source of infection gaining access to
the body through the digestive system. Yet I do not think that water is the direct infecting
agent. There is far more likely to be some intermediate host about which we know nothing
at the present time.

In the final analysis he resorted to a miasmal theory to explain his findings:

It is impossible to resist the conclusion that the marshy ground from which the rivers in
this district rise, as well as their wooded banks, have some causal connection with the
numerous cases of cancer which have been observed. This part of the country must once
have been pre-eminently malarious, the inhabitants being constantly “below par.” But
improved drainage of the land, better sanitation, and a higher standard of living and per-
sonal comfort have led to a disappearance of the ague…”

Power suggested that another reason malaria may have disappeared from the area,
“if we may accept the most interesting inoculation experiments of Professor Bignami,”
was the elimination of “the particular species of diptera, or gnats, carrying the infective
protozoon.” He believed he recognized a relationship between malaria and malignancy,
in that they seem to “occur in inverse ratio to each other. Where malaria is common,
cancer is rare…”

Power’s postulated that cancer may be

caused by an organism allied to … the malarial parasite, but differing from it in the fact
that it had a much longer incubation period, that it attacked tissues in a more decadent con-
dition, that it no longer confined itself to the blood, but that it was capable of penetrating
into the tissues, thereby causing a rapid proliferation of the cells-both epithelial and con-
nective tissue.

He went on to cite several more series of “endemic cancer” taken from the recent lit-
erature. He ended his rather lengthy paper by stating:

I cannot help thinking that these cases raise a strong presumption in favour of cancer being
an infective disease, to which some are much more susceptible than others … I do not
think that the cause will be found in any given room or house or water supply, notwith-
standing the curious instances which have been cited in this paper … It will almost cer-
tainly prove that there is some intermediate host whose chance of detection will increase
or diminish with the care which is taken to examine the fauna and flora of the districts
where cancer is most prevalent.

I have quoted Power’s article at length, as he was perhaps the most influential writer
on the subject. Of course, what this and similar reports lacked were the statistical cal-
culations needed to support their assertions.

Power did not hazard a guess as to the nature of the miasmal organism, but Haviland
did. After reporting his own series of cancer houses, he suggested that “cancerous neo-
plasms might possibly belong to a group of maismatic diseases capable of being propa-
gated by spores formed outside the organism” (101).

The subject of cancer houses was still actively discussed in 1914. In an entry in the
Lancet entitled “Cancer Houses,” Gifford Nash reported 10 instances of what he
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termed “dual cancer,” which was malignancy occurring in husband and wife pairs
within a relatively short period of time (102). Nash concluded his submission with the
statement that in his experience “dual cases of cancer have been far more frequent than
dual cases of tuberculosis.”

The laboratory equivalent of the cancer house theory was the so-called “cancer
cage” theory. This theory, originally propounded by the influential French researcher
Amédée Borrel, postulated that tumors in mice and rats were more common to develop
in animals housed in certain cages (103).

Borrel derived his theory directly from the cancer house theory. In his words, “There
are cancer-ridden cages just as there are homes, streets and countries ridden with can-
cer.” Based on this observation, he also expressed the opinion that cancer is a “mias-
matic disease, such as coccidioses or malaria” (104).

The cancer house and cancer cage theories may have been the first and last to invoke
a miasmal mechanism of cancer spread. Interest in them appears to have dissipated by
the 1920s, and by the 1930s they, along with germ theories of cancer in general, had
become objects of derision (105).

EARLY 20TH CENTURY

Concepts of Tumor Etiology

In the early years of the 20th century, the concept of irritation continued to play an
important role in the etiologic theories of cancer. The development of cancers at the site
of scars had been a long recognized phenomenon. Physical irritation, whether from caus-
tic burns, trauma, or ulcers was also considered a risk factor for acquiring gastric cancer
(106). Irritation was likewise thought to be the cause of the malignancies sometimes seen
in association with various parasitic infections, such as the hepatic malignancies associ-
ated with liver-fluke disease (107), and the bladder cancer associated with schistosomal
infection. An interesting sidelight on the latter observation was the awarding of the
Nobel Prize in 1926 to Fibiger for his demonstration of the carcinogenic influence of
nematodes in rats, a finding that was later disproved (108).

In the realm of chemical carcinogenesis, at the turn of the century little more was
known other than Pott’s “remarkably prescient” recognition of an increased incidence
of scrotal cancer in chimney sweeps (109). However, the years 1900–1915 saw the first
evidence of the carcinogenicity of tobacco smoking, betel nut chewing, and biliary cal-
culus (110). Also, by 1920 it had been shown in the animal model that repeated appli-
cation of tar to the ears of rabbits resulted in skin neoplasms. In 1930,
1,2,5,6-dibenzanthracene was isolated from tar and found to cause cutaneous tumors.
These studies led to the recognition, later in the century, of the carcinogenic properties
of the polyaromatic hydrocarbons (111).

The carcinogenic property of ultraviolet light was demonstrated in experimental ani-
mals in 1928. Soon after X-rays were discovered by Röentgen in 1895 (112), they were
also shown to be carcinogenic. Apparently Frieben, in 1902, was the first to report the
carcinogenic effect of X-rays in humans (113).

As far as the possible infectivity of tumors is concerned, the following statement by
Andrewes, made in 1934, expresses well the opinion that prevailed at the turn of the
century:
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(T) umours are not infectious. There is no evidence of any value that a tumour either of
man or animal is acquired as a result of contact between one individual and another. I say
this notwithstanding the vast literature which has accumulated on the subject of so-called
cancer houses and, as regards mice, of cancer cages. (114)

At the cellular level, it was still not clear in the early decades of the 20th century that
chromosomal aberrations were the cause of malignant cellular behavior. Already in
1858 Virchow was describing the division of the nucleoli and nuclei prior to whole cell
division (115). By the turn of the century the presence and division of the chromo-
somes were also established facts, but their function remained unknown (116). And by
the mid-1930s, although it was known that “a mutation … depends on some alteration
in the genes or chromosomal complex,” there was still “no proof that chromosomal or
gene alterations are responsible for the various malignant cells” (117).

New Concepts in Microbiology: The virus

By the turn of the century the knowledge among physicians that bacteria were the
cause of numerous infectious diseases was commonplace, the propagation of patho-
genic bacteria in the laboratory routine, and manuals of bacteriology ubiquitous. The
most important new discovery made during this period was that of the “filterable
viruses.” Although they could not be seen directly (this would not be accomplished
until the advent of the electron microscope many years later) the presence of submicro-
scopic transmitters of disease was inferred from the fact that certain illnesses could be
transmitted via cell-free filtrates.

It had been known for many years that several of the contagious diseases were prob-
ably not caused by bacteria, although transmittable by inoculation. Examples included
smallpox, hydrophobia, and foot-and-mouth disease of cattle. As a matter of fact,
already in 1884 Pasteur had expressed his belief that the cause of hydrophobia was “a
microorganism infinitesimally small.” (118).

The first disease to be shown to be caused by a cell-free filtrate was tobacco mosaic
disease in 1892. Iwanowski used porcelain filters to block the passage of any micro-
scopically visible microbes and demonstrated that the filtrates were nonetheless fully
capable of causing the leaf changes associated with the disease.

Recognition of other such diseases soon followed. Foot-and-mouth disease was
shown to be transmittable by filtrate in 1898. The same year Iwanowski’s findings
regarding tobacco mosiac virus were confirmed by Beijerinck. Smallpox, hydrophobia,
infantile paralysis, herpes encephalitis, and many others soon followed (119). The term
“virus,” which had traditionally been used in the general sense of “active or contagious
matter” or “poison” (120), now came to denote these postulated submicroscopic entities.

VIRUSES AND MALIGNANCY

Early Research

Perhaps the first researcher to postulate a viral etiology for cancer was Amédée Bor-
rel. He used the term “epitheliosis” for the cellular reaction to the invisible viruses
responsible for such diseases as smallpox, cowpox, and sheep-pox, as early as 1903
(121). The term is based on the fact that these entities localize and proliferate in epithe-
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lial tissue (122). Considering the viral inclusions to be parasites, he found them analo-
gous to those found in some malignancies, such as the contagious epithelioma of birds
(123). He postulated that the viruses causing the tumors were carried to the tissues by
nematodes, mites, or other living agents (124). Interestingly, Borrel used the example of
cancer cages to support the concept of the viral transmission of cancer (125).

Although the transplantation of a malignant tumor from one animal to another was
first carried out successfully in 1876, and several other such studies were reported
throughout the remaining decades of the 19th century, no undue attention was given
to them (126). The first cell-free transmission of what only in retrospect was recog-
nized to be a malignancy was that of fowl leukemia by Ellermann and Bang in 1908
(127).

Rous and Fowl Sarcoma

After reporting the transmission of fowl sarcoma via tissue in 1910 (128), Peyton
Rous went on to report its transmissibility via cell-free filtrate in 1911 (129). In so
doing he became the first to describe the cell-free transmission of a solid tumor, and
thus the first researcher to provide evidence of a possible viral origin of cancer.

Rous knew of no instance of spontaneous transmission of the tumor in nature (130).
He was also careful to report the absence of bacteria or any other “parasitic organism”
in filtrate or fresh smears of the tumor surface, and was the first to admit that his find-
ings were “unusual.” He concluded his classic report with a word of caution:

The first tendency will be to regard the self-perpetuating agent active in this sarcoma of
the fowl as a minute parasitic organism. Analogy with several infectious diseases of man
and the lower animals, caused by ultramicroscopic organisms, gives support to this view
of the findings … But an agency of another sort is not out of the question. It is conceivable
that a chemical stimulant … might cause the tumor. (131)

By 1913 Rous’ group had reported two other filterable chicken tumors, a chon-
drosarcoma (132) and a sarcoma with an intracanalicular pattern (133). This third
malignancy tended to metastasize to skeletal muscle (134).

Rous also went on, in 1913, to report further work with his first filtrate. He provided
evidence that from the tumor, “there can be separated by drying, or filtration, or glyc-
erinization, an agent, presumably living, which, under special conditions, will cause a
sarcomatous change in the tissue of a previously normal fowl” (135).

In a 1914 article, Rous and Murphy reported several observations regarding filter-
able agents. They noted that “association of a foreign body with the filtrate” makes it
more likely that tumors will be produced. Diatomaceous earth “elicits … an intense
reactive connective tissue proliferation with the formation of giant cells.” They noted
that secondary growths have themselves yielded a filterable agent that in turn caused
tumors. Finally, they reported that the filterable agent not only resists drying, but also
gylcerination, freezing, and thawing (136).

Other important articles published by Rous and his group prior to 1932 include a
report on the production of antisera to a filterable agent in geese (137), and the report
that two types of chicken tumors upon transplantation may give rise to neoplasms of
identical character. The postulate is made that tumors of various character may be
caused by the same agent (138).
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C. H. Andrewes

Another important early researcher in the field of filterable tumor agents was C. H.
Andrewes. In 1926 he and Gye reported on the filterability of the Rous fowl sarcoma I
virus. They concluded that the virus is indeed filterable, but variably so (139).

Andrewes’ next article was a much more important one, in which he reported that
six fowls bearing a slowly growing fibrosarcoma, termed “MH1,” had been found to
possess neutralizing properties in their serum against filtrates of the Rous sarcoma 1
virus. These sera also neutralized filtrates of fowl endothelioma MH2. Andrewes con-
cluded with the following statement:

There thus appears to be a close immunological relationship between three histologi-
cally distinct filterable fowl tumors; presumably they have some antigen in common.
Moreover interaction between an antibody and this antigen renders the virus unable to
attack the cells and thus give rise to a tumour. One may therefore assume either that the
antigen is the virus itself or a part of it or else is an indispensable weapon in its arma-
mentarium. (140)

He noted in a follow-up article that “potent antisera were not found in fowls which
had borne tumours for less than five months” (141).

In 1932 Andrewes also reported the successful transmission to pheasants of three
fowl sarcomata, including the Rous chicken tumor 1, thus demonstrating that the virus
could transmit disease from one avian species to another (142). As a matter of fact, the
species barrier in tumor virus studies had already been broken by Fujinami and Suzue
in 1928, who succeeded in growing a highly malignant strain of chicken myxoma in
ducklings, and after 40 generations in ducklings, returning the tumor to chickens (143).
Andrewes used this virulent filtrate as one of the three that he subsequently transferred
to pheasants.

Richard Shope and Filtrate-Induced Mammalian Tumors

Richard Shope was the first, in 1932, to report a filtrate-induced mammalian tumor
(144,145). He concluded the second in a pair of articles on the subject with the follow-
ing statement:

The properties of the tumor-producing agent described in this and the preceding paper are
all of the group generally considered characteristic of a filtrable virus. The failure to culti-
vate any organisms from the tumors or to see them in stained sections, together with the
tumor-producing agent’s resistance to glycerol, its ready filtrability, the type of immunity
it induces, its relative host specificity, its production of cytoplasmic inclusions in the
epithelial cells of one of its susceptible hosts, and its apparent tropism for one type of tis-
sue, considered collectively, suffice to place it in the general group of filtrable viruses.
(146)

This discovery was of seminal importance in engendering interest in the field among
researchers in the medical profession, most of whom had previously considered the
avian tumor inducers of Rous et al. merely interesting curiosities. For those studying
mammalian tumors who did not wish to address the issue of an infectious etiology of
cancer (still a less than credible topic for many) it must have been reassuring to know
that such things as filterable oncogenic agents had been reported only in the field of
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avian research. Indeed, one commentator on the subject must not have been aware of
Shope’s work of a year before when he stated, in 1933,

“(T)ransmission of tumours by cell-free extracts … has been observed only in birds
and especially in fowls … In discussing the mammalian tumours we have come to the
conclusion that (the change in the cell which constitutes malignancy) must be a purely
cellular one, not due to an extraneous agent… (147)

In 1933 Shope reported a rabbit papilloma that was also transferable via a cell-free
mechanism (148). This tumor was to become the subject of intense study in the years
to follow. The agent responsible was eventually found to be a DNA virus, subsequently
labeled “papillomavirus” (149).

The year 1933 was notable also for a report by Furth presenting evidence that the
same filterable agent could at different times cause chicken lymphomatosis, myelocy-
tomatosis, or endothelioma (150). Subsequently, other investigators reported similar
findings. The underlying reasons for these variations were not to be unraveled until the
1960s, with Rubin’s discovery of resistance-inducing factor and Rous-associated virus,
and their role as “helpers” of the Rous sarcoma virus (151).

Controversy Surrounding the Nature of the Tumor Agent

Researchers studying filterable tumor transmission used the term “virus” to define
what their filtrates did not contain: it was not a tumor cell, and it was not a bacteria.
What was contained in the filtrate, no one knew. In an important review article on the
subject of transmissible fowl tumors, Claude and Murphy discussed the controversy
surrounding the nature of the transmissible entity. They started their discussion with
the statement:

(T) he nature of the transmitting agent or agents remains as yet unsettled. The general ten-
dency has been to class them among the filterable viruses. Unfortunately the so-called fil-
terable virus group has been used to a considerable extent for the indiscriminate
segregation of disease-producing agents of unknown nature, having in common princi-
pally their sub-microscopic size and the fact that they appear to be obligatory parasites of
living cells.

…But it is not easy to expand the theory to explain the variety of types of chicken
tumors, each with an agent, not only limited in its action to a definite cell type but
after forming its contact with the cell, causing it to grow and differentiate into a special-
ized type … This has been the principal argument against the virus theory for tumors.
(152)

The authors further stated that they believe tumor agents to be some sort of “simple
substances which belong to the field of biochemistry rather than to that of bacteriol-
ogy” (153). Until the agents could be further studied biochemically and visualized with
the electron microscope, the questions and controversy regarding their ultimate struc-
ture and nature would continue.

Notable Viral Research, 1934–1936

Rous’ first report of his work with the Shope papilloma was published in 1934. He
had given up work on fowl viruses several years before, probably because of the slow
acceptance of his research by those who were sure that cancer could not be caused by
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an infectious agent. Also, he had worked with a “very unfashionable laboratory ani-
mal—the chicken” (154). Rous recognized that Shope’s discovery not only lended sup-
port to his own earlier work, but also provided an animal model much closer
phylogenetically to the human species.

In the first of their two initial articles on the Shope virus, Beard and Rous confirmed
the malignant potential of the tumor, and noted that the virus is recoverable from the
tissue. They also noted that papillomas of the skin are transmittable through virus inoc-
ulation, and that these growths “proliferate actively as a rule and frequently cause
death” (155).

In their second article on the subject, Beard and Rous reported that injection of a
chemical solution of Scharlach R into the skin about a papilloma results in malignant
invasion of underlying tissues (156). In a pair of articles the following year, they also
reported that the skin papillomas may develop into carcinomas spontaneously
(157,158). Shope contributed his own article on the subject the same year, reporting the
successful transmission of the virus serially in domestic rabbits (159).

The year 1935 was noteworthy for reports of concentration of avian tumor virus,
both the Rous tumor 1 and the Fujinami myxosarcoma, through the use of high-speed
centrifuges (160,161). Isolation was confirmed by the disappearance of infectivity of
the supernatant and increased infectivity of the centrifuged fraction.

Also in 1935, Rous, McMaster, and Hudack carried out a series of experiments on
the interactions between viruses and cells, using vaccinia and the Shope fibroma virus.
They used the infectious potential of cell suspensions exposed to virus to determine
whether or not the viruses were still present therein. Their conclusion was that “the
viruses became fixed on both living and dead cells, and were carried through the wash-
ings with them. When now the living cells were exposed to immune serum such virus
as they carried was not in the least affected, whereas that associated with killed cells
underwent neutralization,” Based on these conclusions, the further supposition was
made that viruses exposed to living cells “owe their persistence … to an intracellular
situation” (162).

In 1936 Rous and colleagues authored a pair of articles on the nature of induced
immunity to the papilloma agent. In the first of these articles they reported that whereas
the serum of normal domestic rabbits is devoid of viral neutralizing influence, that of
animals carrying the papilloma usually exhibits neutralizing power soon after the
lesions appear. Although having no influence on established lesions, successful reinoc-
ulation is prevented (163).

In the second article Kidd, Beard, and Rous reported that the serum of a rabbit with
large lesions resulting from the transplantation of a squamous cell carcinoma that had
arisen from a virus-induced papilloma possessed the power to neutralize the virus,
whereas the sera of rabbits carrying tar papillomas or the Brown-Pearce carcinoma did
not (164). This implied that previous exposure to the tumor virus was necessary to pro-
duce neutralizing material in the serum of the tumor host.

In retrospect, one of the most important publications to appear in 1936 was a short
one-page article by John Bittner of the Jackson Memorial Laboratory, in which he
reports that the incidence of mammary gland tumors in mice is influenced by nursing
(165). For the next 20 yr, in a series of more than 40 articles, Bittner and colleagues

22 Graner



were to report this phenomenon in great detail, demonstrating the carcinogenic virus of
mouse milk (166).

The next milestone in the history of tumor virology came in 1938 with Balduin
Lucké’s report of the viral etiology of the frog renal adenocarcinoma (167). Lucké had
actually begun work on this malignancy in 1934 (168), but only reported its viral etiol-
ogy 4 yr later. He found that desiccated and glycerinated tumor tissue injected into the
abdomen gave rise to the tumor in a manner similar to inoculation with living tumor.
Lucké had initially suspected a viral etiology for this tumor when he discovered that
inclusion bodies were present within the tumor cells. His studies on the frog tumor
model were to continue well into the 1950s (169).

Poor Reception of Early Efforts in Tumor Virology

A tremendous bias existed at the turn of the century against any notion of an infec-
tious process as a possible cause for cancer. In the words of Gross:

(I) t is very difficult to suspect the infectious origin of an obscure disease if the contagious
nature of the disease is not apparent, if an infectious agent cannot be detected by micro-
scopic … examination of the diseased tissue, and if the disease cannot be transmitted
experimentally by inoculation. (170)

After the many decades of fruitless efforts to demonstrate an infectious etiology of
cancer, researchers were understandably wary, and when positive data finally did sur-
face, in the form of the viral studies outlined previously, it was almost universally
ignored. Thus, one textbook author of the period refers to the “wide-spread delusion
that contagion is a possible factor in the development of cancer” (171). Another,
writing in 1935, seemed blissfully unaware of the work on tumor viruses that had
been going on for over 20 yr: “Up to the present time, … no specific microorganis-
mal agent has been discovered (as a cause for cancer), and the greater number of
investigators have come to the conclusion that carcinoma is not an infectious dis-
ease” (172).

Of course, the investigators themselves acknowledged the fact that cancer was not
observed to be an infectious disease. Both Rous and Andrewes mentioned the cancer
house concept of the turn of the century, which by now engendered only scorn, as an
example of a false lead in this direction (173,174).

Also, the nature of the investigations themselves led to skepticism. During these
early years, in the words of a later investigator in the field, “virologists were considered
the pariahs of oncological research” (175).

It took many years to prove to the satisfaction of the academic community that fil-
trate-induced tumors did indeed represent true malignancies. What is more, viruses
could not be seen, and remained essentially unidentified. Until they could be better typ-
ified there would be disbelief, and such typification was not to occur until later in the
century, with improvement of tissue culture techniques and a sufficient maturation of
the fields of immunology and molecular biology.

As late as 1950, a large number of pathologists and virologists refused to believe
that viruses could cause malignancy (176). Peyton Rous was not awarded the Nobel
Prize for his tumor virus research until 1966 (Fig. 2), a full 55 yr after the publication
of his most important article on the subject (177)!
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Overview of Herpesviruses

Frank J. Jenkins and Linda J. Hoffman

INTRODUCTION TO HERPESVIRUSES

What is a Herpesvirus?

Identification of a virus in the family Herpesviridae is based on the morphology of
the virus particle. Viewed through an electron microscope, the virions of different
members of the Herpesviridae family are indistinguishable and consist of four distinct
components: the core, capsid, tegument, and envelope (Fig. 1) (1). The core contains a
double-stranded DNA genome arranged in an unusual torus shape that is located inside
an icosadeltahedral capsid that is approx 100 nm in size and contains 162 capsomeres
(2). Located between the capsid and the viral envelope is an amorphous structure
termed the tegument that contains numerous proteins. The tegument structure is gener-
ally asymmetrical, although some virus members (such as human herpesvirus 6 [HHV-
6] and human herpesvirus 7 [HHV-7]) have been shown to have well-defined tegument
structures (3,4). Presumably, the tegument is responsible for connecting the capsid to
the envelope and acting as a reservoir for viral proteins that are required during the ini-
tial stages of viral infection (5,6). The outermost structure of the herpes virion is the
envelope, which is derived from cell nuclear membranes and contains several viral gly-
coproteins. The size of mature herpesviruses ranges from 120 to 300 nm owing to dif-
ferences in the size of the individual viral teguments (1).

The life cycle of all herpesviruses in their natural host can be divided into lytic
(resulting in the production of infectious progeny) and latent (dormant) infections.
During a lytic infection the virus is replicated and newly synthesized particles are
released into the surrounding medium. During a latent infection viral replication is
suppressed, resulting in the formation of a quiescent state. The establishment of viral
latency is a hallmark of all known herpesviruses. As described below, the sites of lytic
and latent infections differ among the various members of the human herpesvirus
family.

Herpesvirus Subfamilies

The Herpesvirus Study Group of the International Committee on the Taxonomy of
Viruses (7) has divided the herpesviruses into three subfamilies, termed alphaher-
pesvirinae, betaherpesvirinae, and gammaherpesvirinae (Table 1). Membership into a
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particular subfamily is based on biologic and genetic properties (demonstrated in Fig.
2) and has been useful in predicting the properties of newly discovered isolates (such
as HHV-6, HHV-7, and human herpesvirus 8 [HHV-8]). The alphaherpesvirinae are
characterized by a variable host range, a short replicative cycle in the host, rapid
growth and spread in cell culture, and the establishment of latent infections in sensory
ganglia (7). Members of this subfamily are often referred to as neurotropic her-
pesviruses. Among the human herpesviruses, herpes simplex virus 1 (HSV-1), herpes
simplex virus 2 (HSV-2), and varicella-zoster virus (VZV) belong to the alphaher-
pesvirinae. The betaherpesvirinae are characterized by a fairly restricted host range
with a long reproductive cycle in cell culture and in the infected host, which often
results in the development of a carrier state. Latency is established in lymphocytes,
secretory glands, and cells of the kidney as well as other cell types (8). The human her-
pesviruses cytomegalovirus (CMV), HHV-6, and HHV-7 are members of this subfam-
ily. The gammaherpesvirinae are characterized by a restricted host range with
replication and latency occurring in lymphoid tissues, although some members have
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Fig. 1. Schematic drawing of a typical herpesvirus particle.

Table 1
Subfamily Membership of the Human Herpesviruses

Alphaherpesvirinae Betaherpesvirinae Gammaherpesvirinae

HSV-1 CMV EBV
HSV-2 HHV-6 HHV-8
VZV HHV-7



demonstrated lytic growth in epithelial, endothelial and fibroblastic cells (7,9). Among
the lymphoblastic cells, viral replication is generally restricted to either T or B cells.
The gammaherpesvirinae subfamily is further divided into two genera, Lymphocryp-
tovirus and Rhadinovirus. Among the human herpesviruses, Epstein–Barr virus (EBV)
is a member of the Lymphocryptovirus genus while the newly discovered HHV-8 is a
member of the Rhadinovirus genus (10,11).

Animal Herpesviruses

Herpesviruses have been found in almost all animal species. Besides the human her-
pesviruses mentioned previously, herpesviruses have also been identified in nonhuman
primates, cattle, horses, pigs, sheep, goats, wildebeests, deer, reindeer, dogs, guinea pigs,
hamsters, elephants, cats, mice, harbor seals, shrews, birds, amphibians, reptiles and fish.
There are well over 100 different herpesviruses identified to date (reviewed by Roizman
and Sears [1]). These herpesviruses cause a variety of diseases ranging from inapparent
infections to death. In addition, a number of them such as pseudorabies virus in pigs and
Marek’s disease virus in chickens represent serious threats to agriculture.

Most of the nonhuman herpesviruses can be classified into one of the three subfamilies
described earlier. A notable exception is a recently described herpesvirus of elephants
(12). Richman and co-workers (12) recently described the detection of a novel her-
pesvirus of elephants that appears to be responsible for a highly fatal disease among peri-
natal Asian and African elephants. Separate but highly related strains were isolated from
African and Asian elephants that had died from this disease, which was characterized by a
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Fig. 2. Genetic relatedness of different herpesviruses. The genetic relationship between dif-
ferent herpesviruses was determined by analysis of the predicted amino acid sequence of the
glycoprotein B homolog from each virus. Analysis was performed using the program Pileup
from the GCG Sequence Analysis Program.



sudden onset, edema in the skin of the head and proboscis, cyanosis of the tongue,
decreased levels of white blood cells and platelets, and internal hemorrhages. Histologi-
cally, basophilic intranuclear inclusion bodies were detected in vascular cells of the heart,
liver, and tongue. Death was found to be due to myocardial failure from capillary injury
and leakage. Identification of the causative agent as a herpesvirus was based on electron
micrographs of viral capsids from infected organs. Sequence analysis of two viral genes
and comparison of the DNA sequences of these genes with those of known herpesviruses
(representing the three herpesvirus subfamilies), revealed that the two elephant-derived
strains may represent a new subfamily. Interestingly, the strain isolated from Asian ele-
phants was present in benign papilloma lesions of African elephants. The authors have
suggested that the two strains have crossed species (from African to Asian and from Asian
to African elephants). As a result, in their natural host, the viruses cause a benign infec-
tion, while in the other elephant species, viral infection results in a fatal disease.

ALPHAHERPESVIRUSES

Human Alphaherpesvirus Members and Associated Diseases

Three human herpesviruses belong to the alphaherpesvirus subfamily: HSV-1, HSV-
2, and VZV. HSV-1 and HSV-2 belong to the genus simplexvirus, are very closely
related at genetic and nucleic acid levels, and produce similar diseases (reviewed by
Whitley and Gnann (13)). Clinically, both HSV-1 and HSV-2 cause a variety of syn-
dromes ranging from inapparent infections and self-limiting cutaneous lesions to fatal
encephalitis. In addition, both viruses establish and maintain a latent state in nerve cells
from which recurrent HSV infections arise.

In a primary infection, HSV enters the body through a mucosal membrane or
abraded skin and establishes infection locally in epithelial cells. Viral replication in the
epithelial cells results in the amplification of virus, the formation of a virus-filled blis-
ter, and the elicitation of both cellular and humoral immune responses. The virus then
spreads from the site of primary infection by retrograde transport to the nuclei of sen-
sory neurons that innervate the site of the local infection (14). Studies using animal
models have indicated that a limited viral replication occurs within these neurons fol-
lowed by the establishment of latency. A latent HSV infection is characterized by the
presence of viral genomes in the nuclei of sensory ganglia neurons and the absence of
viral replication or protein production (reviewed by Hill [15]).

A latent HSV infection is maintained for the life of the host, but the virus (in some
individuals) can be reactivated periodically to produce infectious virus resulting in
asymptomatic shedding or recurrent disease. During reactivation, viral replication
occurs within the reactivated neuron, and the virus is transported back down the axon,
where it can establish an infection in the epithelia of the skin. Studies using both ani-
mal models and human subjects have shown that viral reactivation can be triggered by
a variety of stressful or stress-related stimuli including heat, ultraviolet light, fever,
hormonal changes, menses and surgical trauma to the neuron (16–19). Although the
virus appears to be latent most of the time, HSV infection probably is best character-
ized as reoccurring reactivations divided by periods of latency.

VZV belongs to the genus varicellavirus and is related genetically at the amino acid
sequence level to both HSV-1 and HSV-2 (20). VZV gets its name from the two dis-
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eases it causes: the childhood disease varicella (more commonly known as chickenpox)
and the adult disease herpes zoster (commonly known as shingles). Varicella is the
clinical outcome of a primary VZV infection, while herpes zoster is the result of the
reactivation of latent VZV. Although HSV can reactivate frequently, VZV generally
reactivates only once during the host’s lifetime (21).

VZV is considered to be endemic among most populations (22). The majority of
varicella cases occur in children younger than 10 of age and can be epidemic among
cloistered children, such as schools, nurseries, etc. A VZV infection begins as a result
of direct contact with viral lesions or inhalation of airborne droplets. A primary viremia
develops that results in the spread of virus to multiple organs, including the spleen and
liver (23). A secondary viremia, mediated by lymphocytes, results in the spread of
virus to cutaneous epithelial cells and the development of characteristic “chicken pox”
lesions. VZV is communicable at least 1–2 d prior to the onset of a rash and during the
presence of the virus-infected lesions.

Epidemiology of Alphaherpesvirus Infections

Epidemiologic studies of HSV-1 and HSV-2 based on clinical symptoms alone are
inadequate due to the fact that many primary infections are asymptomatic (13). Pri-
mary HSV-1 infections occur most often in young children and present clinically as
gingivostomatitis. Primary infection is associated with socioeconomic factors such
that individuals in lower socioeconomic classes seroconvert at an earlier age when
compared to members of higher socioeconimic classes (reviewed by Whitley and
Gnann [13]). In the United States, the seroprevalence for HSV-1 increases from 20%
to 40% in children under the age of 4 to approx 80% among individuals over the age
of 60 (24).

The seroprevalence of HSV-2 is lower than that of HSV-1 primarily because its
mode of transmission is most often through sexual encounters. Fleming and colleagues
(25) recently reported that the age-adjusted seroprevalence of HSV-2 in the United
States has risen 30% during the last 13 yr to 20.8% or one in five individuals. These
rather disturbing results indicate that sexual transmission of HSV-2 has not abated, but
has continued to increase to alarming levels.

Varicella zoster virus is fairly ubiquitous in the general population with the majority
of individuals seroconverting during childhood (26). With the advent and use of the live
attenuated varicella vaccine (LAVV), which is recommended to be given to pre-school-
age children, the incidence of VZV infections should diminish. The LAVV vaccine has
been shown to be quite effective (85–95%) in preventing development of chickenpox
(27,28).

Overview of Replication

Our current understanding of the replication cycle of herpesviruses is due to the
extensive amount of research performed on HSV-1 replication. For the purposes of this
chapter, we use the replication cycle of HSV-1 as our model for herpesvirus replica-
tion. HSV replication begins with the enveloped virus particle binding to the outside of
a susceptible cell resulting in a fusion between the viral envelope and cellular mem-
brane (Fig. 3). As a result of membrane fusion, the nucleocapsid enters the cell cyto-
plasm and migrates to the nuclear membrane. The viral genome is released from the
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capsid structure and enters the nucleus through nuclear pores. Once inside the nucleus,
viral-specific transcription and translation, and replication of the DNA genome occur.

HSV genes are divided into three major temporal classes (α, β, and γ) that are regu-
lated in a coordinated, cascade fashion (for review see Roizman and Sears [1]). The α
or immediate-early (IE) genes contain the major transcriptional regulatory proteins,
and their production is required for the transcription of the β and γ gene classes. β pro-
teins are not produced in the absence of α proteins, and their synthesis is required for
viral DNA replication. The β proteins consist primarily of proteins involved in viral
nucleic acid metabolism. The γ proteins reach peak rates of synthesis after the onset of
DNA replication and consist primarily of viral structural proteins.
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Fig. 3. Schematic of herpes simplex virus replication cycle. 1. Virus particles bind to spe-
cific receptors on cell surface. Fusion occurs between the viral envelope and cell membrane,
resulting in the release of the nucleocapsid into the cytoplasm. 2. Viral nucleocapsid migrates to
the nuclear membrane. 3. Viral DNA is released from the nucleocapsid and enters the nucleus
through a nuclear pore. 4. HSV transcription is initiated in a coordinated, cascade fashion pro-
ducing the three classes of mRNA, α, β, and γ. Viral mRNA is transported to the cytoplasm
where translation occurs. 5. The different viral proteins are produced and transported to their
appropriate cellular location. Alpha (α) proteins are involved in regulation of viral transcription;
β proteins are involved primarily in DNA synthesis; γ proteins represent primarily structural
proteins. 6. Synthesis of viral DNA occurs through a rolling circle mechanism in the nucleus
producing DNA concatamers. 7. Empty capsid structures are assembled in the nucleus and unit
length viral DNA is packaged into the capsid producing a nucleocapsid. 8. The nucleocapsid
buds through the nuclear membrane and is released from the cell (9).



Once synthesized, the viral DNA is packaged into preformed capsid structures and
the resulting nucleocapsid buds through the nuclear membrane, obtaining its envelope.
The replication of HSV is fairly rapid, occurring within 15 h after infection, and it is
extremely lethal to the cell resulting in cell lysis and death.

Latency

A hallmark of all herpesviruses is the ability to establish and maintain a latent infec-
tion. Latency is defined as a state of infection in which the viral genome persists in the
infected cell in the absence of any viral replication, although depending on the specific
herpesvirus, there may be a limited amount of viral transcription. Latency results in the
long-term survival of the virus in its host and is why herpesvirus infections are
described as once infected, always infected. Indeed, herpesvirus infections are for life.

Latent herpesvirus infections can be reactivated resulting in the production of a lytic
cycle of replication and recrudescent disease. The frequency of reactivation and the
type of recrudescent disease varies among the different human herpesviruses.

Members of the alphaherpesvirinae subfamily establish latent infections in sensory
ganglia. Evidence from both human and animal models have demonstrated that the site
for HSV latency is the neuron (29–31). Identification of the site of VZV latency is less
clear with some laboratories advocating the neuron while others point to ganglionic
cells surrounding the neuron (32,33).

Neurons latently infected with HSV do not produce virus or detectable virus-spe-
cific proteins. While the absence of virus production suggests that viral gene transcrip-
tion is absent, a small subset of viral transcripts, termed the latency associated
transcripts (LATs), are transcribed during active and latent infections (34–38). The
function of the LAT transcripts is unclear. Viral deletion mutants indicate that the LATs
are not required to establish latent infection (39,40), although a decreased frequency of
reactivation in LAT mutants has been reported (41–44).

Reactivation of HSV begins within the latently infected neuron. Following reactiva-
tion, the virus is transported down the axon of the neuron and establishes a peripheral
infection in the skin. Recurrent HSV infections are generally less severe compared to pri-
mary infections both in terms of number of lesions formed and length of appearance (45).

In immunocompetent hosts, active herpes simplex virus infections rapidly stimulate
immune responses that function to restrict viral replication and the spread of virus. In
addition, the host’s immune response is most likely involved in the establishment of
latent infections. In fact, the establishment of latency could be viewed as a double-
edged sword. It provides the host with a mechanism to limit viral spread and cellular
damage while, at the same time, ensuring the persistence and survival of the virus. In
HSV-infected neonates and immunocompromised hosts, virus replicates to high titers,
often with wide dissemination and generally extensive viral pathology. While the
mechanisms involved in controlling HSV replication and establishment of latency are
not completely understood, it has become increasingly evident that they involve inter-
actions among nervous, immune and endocrine systems (reviewed in Turner and Jenk-
ins [46]).

VZV latency appears to be quite different from HSV. There are no LAT homologs in
VZV, and therefore there is no equivalent LAT gene expression during latency. Several
laboratories have reported, however, the detection of gene expression from several
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VZV genes in latently infected ganglia (47–49). Because these genes also are
expressed during a lytic replication, what role, if any, they play in VZV latency is
unclear (reviewed by Kinchington [50]). Reactivation of latent VZV causes the disease
herpes zoster, or shingles. This reactivated disease is quite different from recurrent
HSV lesions in that the resulting rash and blisters occur throughout an entire der-
matome (an area of the skin that is innervated by a single spinal nerve [21]). The
appearance of VZV vesicles in a dermatome is evidence that following viral reactiva-
tion, the infection spreads throughout the ganglia and is transported to the skin via the
numerous axons associated with that ganglia. Fortunately, zoster rarely occurs more
than once in a lifetime.

BETAHERPESVIRUSES

Human Betaherpesvirus Members and Associated Diseases

There are three human herpesviruses belonging to the subfamily betaherpesvirinae:
CMV, HHV-6, and HHV-7. CMV was originally given the name “salivary gland virus”
when it was cultivated in 1956 from several salivary gland tissues (51–53). The more
descriptive name of cytomegalovirus was given by Weller in 1960 (54). CMV infects
epithelial cells, polymorphonuclear leucocytes, and T cells in the infected host (55).

CMV is a frequent cause of asymptomatic infections in humans. As a result, clinical
CMV disease is fairly uncommon except among neonates and immunocompromised
individuals (56). Congenital CMV infection is estimated to occur among 1% of all new-
borns in the United States (57), making it the most common congenital infection. Among
the newborns infected with CMV, approx 10% will exhibit clinical symptoms. Congeni-
tal CMV infection results in cytomegalic inclusion disease (CID) which presents as a
widely disseminated infection with multiorgan involvement. CID is the leading cause of
mental retardation, deafness, and other neurologic deficits among neonates (56). In
immunocompromised individuals with a cell-mediated deficiency (such as bone marrow
and solid organ transplant patients and individuals with AIDS), primary or reactivated
CMV infections can result in several life-threatening diseases including interstitial pneu-
monia, gastroenteritis, hepatitis, and leukopenia (56). In addition, CMV infection can
result in graft versus host disease in bone marrow transplant patients and is the leading
cause of retinitis among AIDS patients. In apparently healthy adults, a primary CMV
infection can result in a heterophile-negative mononucleosis-like disease (56).

CMV is the prototype of the betaherpesvirinae, and until 1986 it was the sole human
member of this subfamily. In 1986, a novel virus was isolated from the lymphocytes of
individuals with lymphoproliferative disorders (58). This subsequently was found to be
a newly discovered herpesvirus and is now termed human herpesvirus 6 (HHV-6). Four
years later, in 1990, another novel herpesvirus was isolated from cultured lymphocytes
of a healthy adult (59). This virus was found to be highly related, yet distinct from
HHV-6 and was given the name human herpesvirus 7 (HHV-7). HHV-6 and HHV-7 are
closely related at the genetic level and share homology, to a lesser extent, with CMV.
HHV-6 has been shown to have two major variants (A and B) that can be distinguished
at the DNA level (60,61). Both HHV-6 and HHV-7 exhibit a T-cell tropism. In addition,
HHV-6 has been found to also infect epithelial cells, natural killer (NK) cells, and
monocytes (62).
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HHV-6 infection is most often asymptomatic, occurring in young children (8). It has
been definitively shown to be the causative agent of the childhood disease exanthem
subitum (also called roseola infantum), which is characterized by a high fever for 3–5 d
followed by a small red rash on the neck and trunk that lasts for 1–2 d (63). HHV-6
variant B is responsible for almost all cases of exanthem subitum, and in a recent study
was implicated as the primary cause of emergency room visits, febrile seizures, and
hospitalizations among children under the age of 3 yr (64). HHV-6 infections in young
children also have been associated with hepatitis, encephalitis, and seizures. Primary
infections in healthy adults are rare (due to the high seroprevalence rate among adults)
and are associated with heterophile-negative mononucleosis, hepatitis, and lym-
phadenopathy (8). Among adults, the greatest risk of HHV-6-associated disease is in
transplant patients. Solid-organ and bone marrow transplant recipients who reactivate
HHV-6 following transplant are at risk for several disorders including a fever and rash,
pneumonitis, hepatitis, and neurologic disorders (8). HHV-6 reactivation also has been
associated with graft rejection among some renal transplant patients (65). More
recently, HHV-6 has been linked to multiple sclerosis (MS) by the detection of viral
DNA in MS plaques (66) and more than 70% of MS patients have been shown to have
evidence of an active HHV-6 infection (67). Definitive proof for a causal role of HHV-
6 in MS, however, is still lacking. HHV-7 infection is not associated with any definitive
disease although there have been some reports of roseola infantum linked to HHV-7
infection (68–70).

Epidemiology of Betaherpesvirus Infections

Horizontal CMV transmission can occur (1) during birth by direct contact with
virus-containing cervical or vaginal secretions, (2) by ingestion of breast milk, (3) by
direct contact with saliva, (4) by contact with blood products or upon receiving trans-
planted tissues, and (5) by sexual transmission (56). Interestingly, the incidence of
CMV infections in the United States is not uniform over time, but instead shows peak
increases within distinct age groups (57). These increases are seen during the first few
months of life (from maternal secretions or breast milk), during the toddler years (from
saliva of family members and other children), during the teenage years (from intimate
kissing), and during young adulthood (from sexual transmission). Worldwide, CMV
infection and seroprevalence is associated with age, geographic location, and socioeco-
nomic status (SES) (57). In developed countries, 40–60% of adults in middle to upper
level SES are CMV seropositive compared to more than 80% among those in a lower
SES. In contrast, in developing countries more than 80% of all children have serocon-
verted by the age of 3.

HHV-6 and HHV-7 infections are highly ubiquitous. Seroconversion to HHV-6
occurs predominantly (> 90%) between 1 and 2 yr of age (71,72). HHV-7 infection
occurs slightly later, with more than 85% of children seroconverting by age 3 (73).

C. BETAHERPESVIRUS LATENCY

The targets for CMV latency in seropositive individuals are peripheral blood and
bone marrow derived monocytes (74). Latently infected cells have been shown to
express two classes of latency associated transcripts that map to the region of the CMV
genome that encodes for the major immediate-early protein. The sites for HHV-6
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latency have been reported to include monocytes, macrophages and the salivary glands
(33), while the sites for HHV-7 latency have not been clearly defined.

GAMMAHERPESVIRUSES

Human Gammaherpesvirus Members and Associated Diseases

There are currently two human herpesviruses belonging to the gammaherpesvirinae
subfamily: EBV and HHV-8. EBV is the prototype for the Lymphocryptovirus genus
while HHV-8 belongs to the genus Rhadinovirus. Members of both genera are charac-
terized by a tropism for lymphoid cells and the ability to induce cell proliferation in
vivo resulting in lymphoproliferative disorders.

EBV is well established in the majority of the world’s human population. Its preva-
lence rate stands at > 90%. The majority of primary EBV infections are believed to be
asymptomatic (75). While no disease or illness has been associated with a primary
EBV infection in healthy infants, in other individuals (particularly in adolescents and
young teens), primary EBV can result in infectious mononucleosis. An EBV infection
begins with the virus infecting the epithelial layer of the nasopharynx and spreading to
nearby B cells. As a result of viral replication, fever, pharyngitis, lymphadenopathy,
splenomegaly, hepatocellular dysfunction, and oftentimes skin rashes develop (76,77).

Normally, the immune response to EBV is aggressive, resulting in a rapid elimina-
tion of virus-infected cells. The immune response includes the activation of NK cells,
antibody-dependent cellular cytotoxicity (ADCC), and EBV-specific cytotoxic T cells
(CTL) (77). The immune response controls viral replication, marking the end of the
primary infection and forcing the virus into establishing latency in B cells (78).

In 1994, using representational difference analysis Chang and colleagues (79),
described the detection of DNA sequences in AIDS-associated Kaposi’s sarcoma (KS)
lesions belonging to a new human herpesvirus termed Kaposi’s sarcoma-associated
herpesvirus (KSHV) or HHV-8. The predicted amino acids encoded by these DNA
sequences were found to share homology to proteins encoded by herpesvirus saimiri
(HVS) and EBV.

HHV-8 DNA has been found in > 95% of all KS tissues (79–84), and in two unusual
types of lymphoma termed primary effusion lymphoma (PEL, previously called body-
cavity based lymphoma) and multicentric Castleman’s disease (MCD) (85–87). The
precise role of HHV-8 in the development of these cancers is not known, but is the
focus of intensive laboratory efforts (see Chapter 11). Currently, there has not been a
disease associated with a primary HHV-8 infection.

Epidemiology of Gammaherpesvirus Infections

EBV infection is ubiquitous throughout the world such that by the age of 30,
80–100% of all individuals have seroconverted (9). Seroprevalence among younger
individuals varies according to SES, similar to HSV-2 and CMV (88). In developing
countries, primary EBV infection occurs during the first few years of life, while in
developed countries it occurs more often during adolescence. The primary route of
EBV transmission is oral, although limited transmission following transplantation has
been reported (76). Approximately 50% of the primary infections occurring during
adolescence result in clinical infectious mononucleosis (88).
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Seroepidemiology studies of HHV-8, as well as the epidemiology of KS, have indi-
cated that transmission of HHV-8 appears to be primarily through sexual contact. For
example, HHV-8 seroprevalence among homosexual men has been significantly linked
to multiple sexual partners (89–91). While HHV-8 infection is increased among homo-
sexual men, it is not increased among intravenous drug users, indicating that transmis-
sion does not occur significantly through blood inoculation (92) (Bernstein, Jacobson,
and Jenkins, unpublished results). The seroprevalence of HHV-8 among individuals
above the age of 15 ranges from 0% to 20% depending on the serologic assay (93–96).
HHV-8 infection in children under the age of 15 is rare in the United States and the
United Kingdom (Jenkins, unpublished results) (97), but it does occur in KS-endemic
regions of Mediterranean and African countries. HHV-8 DNA was been found in
saliva, peripheral blood mononuclear cells (PBMCs), and semen of infected individu-
als (98–103), although not consistently. The exact nature of an HHV-8 infection includ-
ing location, spread into various tissues, timing of viral shedding, and location of
infectious virus remains undetermined at present. Further, the potential for viral trans-
mission by routes other than sexual contact must be investigated, given that there has
been some documentation of horizontal transmission from mother to child (97).

Latency

Epithelial cells and B cells are important targets in the life cycle of EBV. Differenti-
ating epithelial cells have been shown to be permissive for lytic replication while B
lymphocytes are the primary target for latency and represent a virus reservoir in
humans (77). The ability of EBV to establish latent infections in B cells is believed to
be directly responsible for the development of several different neoplasms, including
endemic Burkitt’s lymphoma, undifferentiated nasopharyngeal carcinoma, Hodgkin’s
disease, and polyclonal B-cell lymphocytosis (104,105). The association of EBV with
some of these neoplasms has demonstrated important geographic variations. Both
Hodgkin’s disease and sporadic Burkitt’s lymphoma from Latin America have higher
rates of EBV-association than cases from Western countries. Furthermore, the EBV-
association in all African Burkitt’s lymphoma is unique and exhibits distinctive clinical
and pathologic features. A recent investigation of primary intestinal lymphomas of
Mexican origin demonstrated the presence of EBV in all examined cases of T-cell non-
Hodgkin’s lymphomas, Burkitt’s lymphoma, and in a proportion of other B-cell non-
Hodgkin’s lymphomas (106).

In immunologically compromised individuals, EBV can cause a malignant B-lym-
phocyte proliferation directly linking it to lymphoproliferative disorders, as well as
virus-associated hemophagocytic syndrome, certain forms of T-cell lymphoma, and
some gastric carcinomas (107). Serologic studies have been largely used to correlate
virus presence to the pathogenesis of many these diseases.

Latency of the gammaherpesvirinae is quite unique distinct from that of the alpha-
herpesvirinae and betaherpesvirinae. EBV infection of B cells triggers the expression
of several latent-specific proteins whose functions (among others) are to maintain the
EBV genome as an episome in the latently infected B cell and to transform the B cell to
ensure long-term survival (reviewed by Kieff and Leibowitz [9].). To accomplish this,
EBV latency consists of a complex pattern of viral gene expression. Given that EBV
must establish and maintain a latent infection in a relatively short-lived B cell, while
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HSV and VZV latency occurs in differentiated and nondividing neuronal cells, perhaps
it is not surprising that the pattern of latent viral gene expression is quite different
between these virus subfamilies.

The cancers associated with HHV-8 (KS, PEL, MCD) appear to represent a predom-
inantly latent infection, as the majority of the cells express latent proteins and do not
produce significant amounts of virus (108,109). Several HHV-8 latent proteins have
been identified, but their function is not known. If similar to EBV, these proteins would
serve to establish and maintain viral latency. These answers will depend on the devel-
opment of HHV-8 mutants that can be studied in vitro or in suitable animal models.

SUMMARY

The human herpesviruses induce a variety of illnesses ranging from asymptomatic
to life-threatening infections and cancer. The majority of these viruses are acquired
during childhood and persist for life. The ability of the herpesviruses to establish and
maintain a latent infection adds an additional layer of complexity to the viruses’ life
cycle and complicates all attempts to eradicate the virus from infected individuals.
While much has been learned about the human herpesviruses over the last 30 yr, there
is still much more to be learned before they are no longer a serious health threat.
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X-Linked Lymphoproliferative Disease

Thomas A. Seemayer, Timothy G. Greiner, Thomas G. Gross,
Jack R. Davis, Arpad Lanyi, and Janos Sumegi

PROLOGUE

The disease discussed in this chapter was discovered 30 yr ago at the autopsy table
by a young and very inquisitive pathologist. Within the past year, the mutated gene
central to this condition has been cloned and studies are underway to elucidate its nor-
mal immunologic function. This review summarizes our present state of knowledge of
X-linked lymphoproliferative disease (XLP).

THE DISCOVERY OF XLP

In 1975, Purtilo described three brothers who died (1961, 1969, and 1973) of an
acute illness with features of infectious mononucleosis (IM), lymphoblastic leukemia,
and hepatic and marrow failure (1). Included in the report were descriptions of three
maternally related nephews who had developed agammaglobulinemia after IM, cere-
bral lymphoma after IM, and ileocecal lymphoma unrelated to IM. These boys, sharing
a common ancestor, surname Duncan, defined a new entity, Duncan’s disease or X-
linked lymphoproliferative disease (XLP), as it later came to be known. In this index
publication, he noted that several of the boys had IM during or preceding the terminal
event; from this observation, he suggested that the Epstein–Barr virus (EBV) or other
viruses were central to the pathogenesis of this condition.

EBV AND THE IMMUNE SYSTEM

EBV, a large (172,000 basepairs) herpesvirus, preferentially infects B lymphocytes
in humans and causes lifelong infection. In developing countries, well over 90% of
individuals are infected before the age of 2 yr (2,3). In industrialized countries, such as
the United States, only 25–40% of children have been infected by the age of 2, but
approx 75–90% of individuals will have acquired the infection by the age of 25 (4).
Primary infection by EBV results in two main responses, depending on the age of the
individual and the maturity of the immune system. If the primary infection occurs in
early childhood, the immune response and clinical symptoms are almost always clini-
cally silent, that is, quiescent seroconversion; in contrast, about two-thirds of infected
older children and adults will develop overt IM (2).
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Infection occurs following salivary exposure from an individual shedding virus. The
virus gains entry to cells through the complement C3d receptor (CD21) (5). Viral repli-
cation occurs in the oropharyngeal epithelial cells and released virions then infect B
cells in the lymphoid tissues of Waldeyer’s ring (6). Once infected by EBV, an individ-
ual maintains a lifelong relationship with the virus with about 1 in 10 million B cells in
the peripheral blood carrying latent virus (7). The intimate association of mucosal
epithelia with oropharyngeal submucosal lymphoid tissues results in the constant
release of circulating infected B cells. Viral replication and shedding into salivary
excretions are present in at least 15% of seropositive individuals at any given time (8).

The incubation period from infection to development of clinical symptoms of IM
generally is 4–6 wk. During this time, increased numbers of B cells are infected and
disseminate widely, to proliferate in the germinal centers of lymph nodes and spleen
and the sinusoidal and periportal areas of the liver (2,3). In response to this prolifera-
tion and dissemination of infected B cells, the immune system responds massively, yet
elegantly.

The predominate cellular respondents in IM are large, pleomorphic atypical lympho-
cytes or “Downey cells” which are CD8+ T lymphocytes, not the infected B cells (9).
These cells are highly activated, as evidenced by elevated serum levels of soluble inter-
leukin-2 (IL-2) receptors and soluble CD8, concentrations that correlate with the
absolute number of CD8+ cells (9,10). The initial humoral response is nonspecific,
resulting in hypergammaglobulinemia and associated autoantibodies production. The
latter is illustrated by the production of heterophile antibodies, nonspecific IgM antibod-
ies that agglutinate sheep and horse erythrocytes (11). This immune response is thought
to account for the diverse clinical findings that have been observed with primary EBV
infection, for example, meningoencephalitis, Guillain-Barré syndrome, Bell’s palsy,
cerebellar ataxia, oculoglandular syndrome, conjunctivitis, keratitis, uveitis, carditis,
arthritis, nephritis, pneumonitis, and hepatitis (12). The manner in which EBV triggers
such a response is not known, but the symptoms of IM are attributable to this immune
response and the concomitant massive release of inflammatory cytokines, rather than the
direct effect of proliferating EBV-infected B cells, as once believed.

In the majority of individuals, this intense nonspecific immune response is subdued
through a well-orchestrated immune response consisting of humoral elements, anti-
body-dependent cellular cytotoxicity, natural killer cell activity, cytokine production,
and T-cell immunity; of these, the latter appears to be the most critical (2,13–18). Once
the infection is controlled, a delicate balance between host and virus is maintained
throughout the lifetime of the infected individual. A fascinating and yet to be explained
phenomenon is that younger children usually do not experience the symptoms of IM
following primary EBV infection, suggesting that this massive immune response in IM
is age related.

If this initial immune response is not controlled, one outcome is fulminant IM,
which occurs in approx 1 in 3000 IM cases, about 40–50 cases annually in the United
States (2,3,18–20). The explosive lymphoproliferation that occurs in fulminant IM
mimics that seen in certain hematologic neoplasms, such as acute lymphoblastic
leukemia, and can obscure recognition of fulminant IM as a cause of death. The
median age at presentation is 13 yr, with a 1:1 male/female ratio (9). The majority are
sporadic and do not represent individuals with XLP.
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DIAGNOSIS OF EBV INFECTION

The detection of heterophile antibodies is the most widely utilized test to diagnose
IM. However, their presence is not specific for IM; moreover, in young children, espe-
cially < 10 yr of age, such antibodies may not be present following EBV infection (2).
In this and other settings, EBV serology is necessary to document EBV infection. The
first detectable EBV-specific antibody produced following EBV infection is IgM to
viral capsid antigen (VCA); this is present during acute IM and occasionally during
viral reactivation. Anti-VCA IgG is also detectable early in the course of IM and both
IgG and IgM antibodies to VCA may be present by the time an individual seeks med-
ical attention. Anti-VCA IgG titers usually peak 1–2 mo into the clinical illness and
gradually decline, yet persist for life. Anti-early-antigen (EA) responses generally
appear later than responses to VCA; rises in anti-EA titers are also seen with viral reac-
tivation. Anti-EBNA IgG titers rise slowly over 1–2 yr post-infection and persist for
life. The majority of normal individuals have detectable IgG antibodies to EBNA 6 mo
following EBV infection (2).

In immunocompromised patients, anti-VCA IgG titers can be greatly elevated,
increased EA titers may persist for a long time, yet anti-EBNA antibodies are low or
often absent. Caution should be taken when using this latter finding as a diagnostic cri-
terion for XLP, as anti-EBNA antibodies are produced slowly in the normal individual;
thus, although most will have anti-EBNA titers by 6 mo, a delay up to 3 yr has been
reported in normal children (21). The diagnosis of EBV-associated atypical lympho-
proliferations and of fulminant IM can be difficult because the usual EBV antibody
responses may be lacking or unusually high, and the clinical picture may resemble
acute leukemia, another malignancy, or overwhelming sepsis (22). An accurate diagno-
sis may require the immunostaining of lymphoid tissues for EBV latent membrane pro-
tein (LMP-1) or molecular analyses including in situ (EBV-encoded RNA [EBER])
hybridization, Southern blot hybridization, or polymerase chain reaction studies to
demonstrate the viral genome (22).

FEATURES OF XLP

In 1980, Purtilo established the XLP Registry to track the disease, orchestrate
research, and provide counseling to clinicians, pathologists, and patients (23).

Unlike some of the other entities in this monograft, XLP is not typified by a standard
clinical phenotype. Rather, study of 305 affected males from 88 kindreds in the XLP
Registry reveals at least five distinct clinical phenotypes: fulminant IM, generally with
virus-associated hemophagocytic syndrome (VAHS), dysgammaglobulinemia, malig-
nant lymphoma, aplastic anemia, and vasculitis. It is not uncommon (22%) that an XLP
boy develops several (two or three) different phenotypes over time, for example, fulmi-
nant IM years following dysgammaglobulinemia. In addition to boys with diverse phe-
notypic expressions of XLP, we have diagnosed nine asymptomatic boys (one with
chorionic villus sampling) to have inherited the mutated XLP gene based upon restric-
tion fragment length polymorphisms (RFLPs) (six cases) or genomic mutational analy-
sis (three cases) (Table 1).

As much of this chapter relates to fulminant IM with VAHS and malignant lym-
phoma, mention of other XLP phenotypes is in order. Dysgammaglobulinemia, the sec-
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ond most common expression of XLP, usually is reflected by reduced serum levels of
IgG. Lesser numbers of boys manifest increased levels of serum IgM and IgA. Several
died subsequently with fulminant IM. Aplastic anemia stems from marrow pancytope-
nia or pure red cell aplasia; the mechanism(s) responsible for this state is (are)
unknown. Similarly, several boys with aplastic anemia subsequently died from fulmi-
nant IM. Several boys have developed necrotizing vasculitis, a uniformly lethal condi-
tion in this setting.

Overall, 76% of the XLP boys have died, some 70% before 10 yr of age. The most
common and virulent form of XLP is fulminant IM with VAHS. Among 191 cases with
this phenotype, only 7% have survived (Table 1). Their mean age at onset is 5 yr and
the clinical course is explosive, most dying within 1 mo of onset of symptoms.
Although other phenotypes fare better, their survival rates also are dismal (Table 1).
The oldest survivor is 44 yr old.

Initially, it was believed that the diverse phenotypes of XLP followed exposure to
the ubiquitous herpesvirus, EBV. With time, however, we have witnessed boys (approx
10% of the cases) with an XLP phenotype devoid of serologic and/or molecular evi-
dence of EBV infection (24). This issue is discussed later in this chapter.

Prior to the cloning of the XLP gene (see below), XLP was diagnosed (with cer-
tainty) only when two or more maternally related males manifested an XLP phenotype
following EBV infection (25). Although many were thought likely to be “immunodefi-
cient” prior to EBV infection, no definitive laboratory test was available to confirm this
diagnosis (24). Many demonstrated a failure to produce IgG antibodies to Epstein–Barr
nuclear antigen (EBNA) following EBV infection; as well, some failed to switch Ig
isotype (IgM →IgG) after exposure to phage ∅X174. Yet, as these defects may be seen
in other genetically determined immunodeficiencies, they were not deemed specific for
XLP. Many families have been studied with RFLP analysis; in some individuals, a pre-
sumptive diagnosis was made, albeit with less than absolute certainty; in others, the
studies were uninformative.

The definitive treatment for all phenotypes of XLP is allogeneic hematopoietic stem
cell transplantation (HSCT) (26). Of the 13 boys thus treated, nine are alive and well;
all four who died were over 15 yr at age at time of transplantation. Clinically, fulminant
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Table 1
Cumulative Proportion and Survival of Phenotypes of 305 Patients with XLPa

Cumulative Mean age at 
Phenotype No. cases proportion onset/diagnosis Survival

Fulminant IM 191 63% 5 7%
Dysgammaglobulinemia 92 30% 9 51%
ML/LPD 87 28% 6 26%
AA 17 6% 8 18%
Vasculitis 3 1.0% 6.5 0%
Asymptomaticb 9 3.0% N/A 100%

a Data from the X-linked lymphoproliferative (XLP) disease registry.
b Positive only for genotype by RFLP or mutational analyses.



IM with VAHS is addressed urgently with intense chemotherapy: cyclosporin A to
downregulate T cells and etoposide (VP-16) to quell macrophage activation. The sur-
vivors should then undergo immune reconstitution with an allogenic HSCT. Hypogam-
maglobulinemia is treated with monthly IV-IG infusions. This treatment, however, has
proved to be less than fully effective as several boys have developed more serious phe-
notypes of XLP while under this putative “therapeutic umbrella.” Lymphoma patients
receive chemotherapy, appropriate for the type and stage of disease. Aplastic anemia
patients receive conventional treatment for marrow aplasia. The few boys affected with
vasculitis received treatment appropriate for vasculitis. Unfortunately, all XLP boys are
at subsequent risk for fulminant IM.

EBV INFECTION IN XLP

Unlike the well-orchestrated immune response in normal individuals leading to res-
olution of symptoms and lifetime control of latently infected B cells, XLP boys who
develop fulminant IM with VAHS generate a vigorous but dysregulated and uncon-
trolled immune response that results in pancytopenia and usually death. Initially, the
marrow shows extensive infiltration by lymphoid cells and erythrophagocytosis by his-
tiocytes; terminally, the marrow shows massive necrosis, cellular depletion, and
marked histiocytic hemophagocytosis. Similar tissue reactions occur in the liver,
spleen, thymus, and lymph nodes. The lymphocyte infiltration is represented by small
numbers of polyclonal populations of EBV (+) B cells admixed with large numbers of
activated T cells, both CD8+ and CD4+ (2,19,20,27). The T cells, activated by the
infected B cells, secrete cytokines that recruit and activate macrophages (10,20). Fol-
lowing infection by EBV, normal individuals develop a T helper cell (Th-1) cytokine
response, as witnessed by elevated serum levels of interferon-γ and IL-2. This response
is greatly heightened in XLP boys (10), when compared with normal individuals with
IM. Quite likely, this dysregulated Th-1 response is central to the chaos and devastation
of fulminant IM in XLP and provides the rationale for the employment of potent
immunosuppressive agents in such patients. The recent identification of the XLP gene
will hopefully provide clues to the immune system’s response to EBV in XLP, as well
as other viral infections.

Since the index description of XLP, many held to the notion that EBV infection was
the requisite trigger to unmask clinically the underlying gene defect (1,28). Until 1995,
we ascribed to this belief. While usually the case, this is not always true, as illustrated
by data from the Registry. Greater than 10% of boys with XLP manifest their immun-
odeficiency prior to exposure to EBV (24). Interestingly, when fulminant IM, which is
always associated with acute EBV infection, is excluded the percentage of boys mani-
festing the other major XLP phenotypes is similar, regardless of EBV status (Table 2).
This suggests that the immune system of these boys may be fundamentally abnormal,
independent of its response to EBV. Moreover, this suggests that EBV is of pathogenic
relevance in XLP largely because of its ability to catalyze immunologic chaos leading
to fulminant IM with VAHS.

Other factors that may contribute to the pathogenesis of XLP are not known. It is
reasonable to speculate that other infectious agents may be involved. There are scant
but hardly compelling anecdotal data suggesting that the odd XLP boy has an increased
complication rate to some viral infections or live virus vaccines. Yet, the vast majority
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received routine vaccines without complications, were infected with other viruses
without incident, and generated appropriate immune responses to all proteins. The
recent identification of the gene defect in XLP should shed much awaited light on the
molecular, genetic, biochemical, and immunologic factors central to this disease.
Indeed, it has already been shown that the XLP protein interacts with a molecule of T-
cell activation and may function normally in suppressing continued T-cell activation
and proliferation (see below).

XLP AND MALIGNANT LYMPHOMA

One of the three major phenotypes of XLP is malignant lymphoma, beginning with
several patients in the original Duncan pedigree who were so affected. In one, tumor
involved the ileum, colon, and pancreas; in a second, lymphoma involved the brain (1).
Since these initial cases, 28% of the patients in the Registry have developed malignant
lymphoma. The most common types of B-cell lymphoma that occur in XLP are small
noncleaved cell (Burkitt’s type) and diffuse large cell lymphomas (29–31). In 17 cases
reviewed at Nebraska, the tumor distribution has been reported as 45% small non-
cleaved, 19% large noncleaved, 17.5% large cell immunoblastic, 12.5% mixed cell
type, and 6% unclassified. The most common presenting site is the terminal ileum
which contains Peyer’s patches. Small noncleaved lymphomas are of germinal center
origin, a component of the Peyer’s lymphoid tissue.

Non-Hodgkin’s lymphoma (NHL) in XLP must be differentiated from fulminant
IM, as these patients can be misinterpreted as having NHL or acute leukemia. Indeed,
in the original description, one XLP boy with fulminant IM was incorrectly diagnosed
with acute lymphoblastic leukemia (1). Harrington et al. observed that half of the cases
referred to the XLP Registry as malignant lymphoma were fulminant IM on histologic
review (31). The histology in NHL is monomorphous with sheets of noncleaved cells
or large numerous blastic cells. In fulminant IM, the infiltrate is polymorphous, includ-
ing lymphocytes, plasma cells, immunoblasts, and microscopic areas of necrosis. This
histology is similar to lymphoid expansions witnessed in posttransplant EBV-driven
lymphoproliferative disease (see Chapter 4.)

EBV has been identified in the DNA of benign lymphoid tissues of XLP patients by
hybridization methods (32). However, significant numbers of lymphomas have not
been studied beyond anecdotal reports of three EBV-positive cases (31,33).

In 1982, Purtillo reported on the site of origin of 35 cases of lymphoma, of which 26
presented in the terminal ileum. Other sites included the liver, kidney, thymus, tonsils,
and, rarely, the psoas muscle (34). In nine cases, IM appeared to evolve into malignant
lymphoma. However, most patients with lymphoma had no prior episode of IM, nor
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Table 2
Correlation of Initial XLP Phenotype with EBV Status

Phenotype EBV (+) (n = 50) EBV (–) (n = 33)

DG 26 12
ML/LPD 20 19
AA 4 2



were blood or throat washings positive for EBV. One patient was found to have IM fol-
lowing malignant lymphoma. Fifteen patients with a sole presentation of NHL ranged
in age from 5 to 15 yr.

Harrington et al. (31). described the characteristic presentation and course of XLP
patients with NHL and observed that these patients had a median overall survival of 12
mo. Presenting symptoms include fever, nausea, vomiting, and abdominal pain. The
majority had “B” symptoms and a normal leukocyte count. Almost all tumors occurred
in extranodal sites and all NHL had a diffuse growth pattern. Most patients had local-
ized stage 1 and 2 tumors; a few presented with advanced disease (30). The main cause
of death has been infection. Several have died of fulminant IM, years after having
malignant lymphoma.

Chromosomal translocations have been infrequently described in NHL in XLP,
owing primarily to a lack of fresh material and the paucity of such studies. The
t(8;14)(q24;q32), commonly seen in pediatric Burkitt’s NHL, has been described
(35,36) as has a t(8;22) (37), both of which include a translocation of the c-myc gene.

The XLP registry contains referring pathology reports on 84 cases of lymphoprolif-
erative disorders. In the majority (65%) of cases the type of lymphoma was unspecified
and the relevant histologic sections were not available for study. By report, there have
been three cases of Hodgkin’s disease and eight cases of T-cell lymphoproliferations.
The latter group includes three cases of lymphoblastic lymphoma and five cases of
lymphomatoid granulomatosis (sometimes referred to as angiocentric immunoprolifer-
ative lesions). Unlike the general pediatric population in which lymphoblastic lym-
phoma constitutes 30–50% of NHL cases, lymphoblastic NHL has been rarely
described in XLP (31). Now that the XLP gene has been identified, a systematic review
to correlate mutational genomic analysis with histology and immunophenotype of all
lymphoproliferations in the Registry is planned.

THE GENE MUTATED IN XLP AND ITS PRODUCT

Without a clear idea concerning the nature of the biochemical defect in XLP, the ini-
tial efforts to find the gene were focused on mapping the genomic region of the disease.
The inheritance pattern narrowed this to 160 cM, the size of the X chromosome.

Genetic linkage studies indicated that the XLP gene was linked to DXS42 and
DXS37 of Xq25 (38). Subsequently, interstitial deletions involving Xq25 were identi-
fied by cytogenetic and molecular techniques (39,40). Haplotype analysis completed
the fine genetic mapping of the XLP locus. In a large American family of four genera-
tions with 11 affected males, a double recombination event placed the XLP gene
between DXS1001 and DXS8057, a region of 700 kb (41). Another breakthrough was
the finding of a 250-kb interstitial deletion in an Italian XLP family (41).

Two genes were found by an International Consortium in the region corresponding
to genomic sequences deleted in the Italian XLP family: a human homolog of the
Drosophila melanogaster Tenascin gene (TNM) and an SH2-domain-containing gene
(42). Only the SH2-domain-containing gene featured mutations in males with an XLP
phenotype. The gene was designated SH2D1A, which encodes an SH2 domain 1A.

In parallel with the studies performed by the International Consortium, another col-
laborative effort, following a different strategy, independently succeeded in isolating
the gene mutated in XLP. These investigators, led by C. Terhorse, were primarily inter-
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ested in isolating novel proteins that interact with the T- and B-cell-specific molecule,
signaling lymphocyte-activation molecule (SLAM). SLAM is a glycosylated type-I
transmembrane protein present on the surface of B and T lymphocytes (43). Activation
of SLAM triggers T and B cell responses and is considered to be an important bidirec-
tional T- and B-cell activator. The XLP gene was identified as a DNA sequence encod-
ing a polypeptide of 128 amino acid (aa) residues that could interact with SLAM (44).
The corresponding cDNA was isolated and sequenced. Three unrelated XLP patients
showed mutations in the coding region of the gene. The gene was named SLAM-asso-
ciated protein (SAP). To avoid confusion, we will employ the name SH2D1A
(AL023657) to refer to the gene mutated in XLP.

The SH2D1A gene consists of four exons that encode an mRNA of 2530 nucleotides.
The open reading frame (ORF) starts at nucleotide position 220 and ends at position 682.
The translation initiation codon is 79 bp downstream from the start of the ORF. The gene
is expressed in the thymus, spleen, peripheral blood, T-cell lines, concanavalin A (ConA)
and anti-CD3 activated peripheral blood T cells, the T-cell (paracortical) nodal zone, and,
to a lesser extent, the germinal centers of reactive lymph nodes (42,44,45). It is unde-
tectable in EBV immortalized B lymphoblasts and in most B-cell lines. Variable levels of
expression are seen in Burkitt’s lymphoma lines. SH2D1A is upregulated in T cells late in
the immune response. The ORF is translated into a polypeptide of 128 aa that consists of
a single SH2 domain flanked by a 5-aa amino and a 25-aa carboxy (C)-terminal sequence.
The SH2D1A protein is cytoplasmic, as there is no amino (N)-terminal signal sequence. It
is judged to represent a new type of SH2-domain-containing molecule that plays an
important role in signal transduction, one unlikely to possess catalytic activity. It may
function as a regulatory molecule in signal transduction, competing for phosphotyrosine
binding with other SH2-domain-containing proteins.

One of the functions of SH2D1A is to bind SLAM, a cell-surface protein required
for T–B cell interaction. Binding to SLAM inhibits the recruitment of SHP-2 (44). It is
also possible that SH2D1A plays a more general regulatory role in signal transduction
by interactions with proteins other than SLAM upon T-cell activation.

SUMMARY

This review is based upon several elements: personal experiences with XLP boys
and families, extensive research at the bench, review of the Registry material, and
review of the literature. Most of us have been involved with the XLP project for quite
some time. Over this time, the number of affected boys in the XLP Registry increased
slowly, as did our understanding of the disease. The search for the gene alone con-
sumed almost 7 yr, and in the end, required the efforts of an international consortium.
Curiously, the same gene was discovered at the same time by a group of immunologists
interested in elucidating genes involved in lymphocyte “cross-talk.”

In 1995, we were invited to write a review of XLP for Pediatric Research. In the
year preceding this invitation, the XLP Registry data had been entered on computer;
previously, the Registry data consisted, to a large extent, of David T. Purtilo’s detailed
knowledge of each affected child and their kindred. To our amazement, we discovered
that 10% of boys with an established diagnosis of XLP were devoid of laboratory evi-
dence for EBV infection. In the years since, these data have held firm. Hence, a new
view appears to be emerging regarding the role of the virus in the disease.
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The most common (63%) and devastating (7% survival) phenotype of XLP is fulmi-
nant IM with VAHS. In this state, an acute EBV infection clearly is the catalyst for the
immunologic chaos that ensues. Since the XLP gene appears to be involved in T- and
B-lymphocyte signaling, it seems reasonable to expect that a mutation of such a gene
would convert a silent but efficient immune response to a banal viral infection into the
immune anarchy of fulminant IM. Hence, this XLP phenotype likely relates to a
mutated XLP gene.

Turning to the other XLP phenotypes, one remains hard-pressed to postulate a path-
ogenic role for EBV, except to note that some of these boys subsequently develop
EBV-driven fulminant IM from which they usually die.

Perhaps, XLP stems from several genetic mutations. Our preliminary (unpublished)
mutational analysis of 35 XLP boys reveals a spectrum of mutations in the XLP gene in
all, even though diverse clinical phenotypes were represented. Clearly, the discovery of
the XLP gene will enable us to better dissect this fascinating disease.
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4
Posttransplant Lymphoproliferative Disease

Lode J. Swinnen

INTRODUCTION

Recognized since the early days of organ transplantation, Epstein–Barr virus
(EBV)-associated B-lymphoproliferative disorders remain a major complication of
immunosuppression. Similar if not identical EBV-associated B-cell proliferations have
since been described in congenital and in other acquired immunodeficiency states.
Although the initial events in the course of viral lymphomagenesis appear to be unique
to the setting of immunodeficiency, the subsequent evolution of lesions more closely
resembles lymphomas seen in the general population.

The malignancies overrepresented in the organ transplant population are squamous
skin and cervical carcinomas, B-cell lymphomas, and Kaposi’s sarcoma (1), all now
known to be virally related. The malignancies most common in the general population,
such as colon, lung, breast, and prostate cancer, do not appear to occur more frequently
after organ transplantation. Failure of immune surveillance therefore does not result in
a global increase in the incidence of malignancy, but appears to facilitate virally medi-
ated oncogenesis. Posttransplant lymphoproliferative disorder is the most frequently
fatal, and the most extensively studied, of these virally induced tumors.

INCIDENCE AND RISK FACTORS

The incidence of posttransplant lymphproliferative disorder (PTLD) varies accord-
ing to the organ transplanted, the series reported, the immunosuppressive regimens
used, and the age grouping of transplant recipients. Reviewing thoracic organ trans-
plants over a 10-yr period at the University of Pittsburgh, Armitage et al. noted a 3.4%
incidence following heart transplantation, and a 7.9% incidence following lung trans-
plantation (2). Determining the true incidence of PTLD has been difficult, as series
have been small, the denominator from which registry cases were derived difficult to
assess, and as length of follow-up was often not considered. In by far the largest analy-
sis, using data collected by the multicenter European and North American Collabora-
tive Transplant Study, Opelz et al. reported on PTLD incidence among 45,141 renal
recipients and 7634 cardiac recipients. As had been noted in other series, incidence was
highest in the first posttransplant year. During that first year, 0.2% of renal and 1.2% of
cardiac recipients developed PTLD, rates that were calculated to be 20 and 120 times
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higher than those seen in the general population. The incidence of PTLD in subsequent
years was about 0.04% per year in renal and 0.3% per year in cardiac recipients (3). In
a subsequent report, analyzing 14,284 heart recipients and 72,360 kidney recipients, a
cumulative incidence of 5000 per 100,000 by 7 yr of follow-up was noted in heart
recipients, and slightly more than 1000 per 100,000 by 10 yr of follow-up in renal
recipients (4). This would imply a cumulative incidence of 5% for heart recipients and
1% for kidney recipients, numbers that are very much in keeping with what has been
reported in smaller series.

The incidence of PTLD can, however, be much higher in patients who are EBV
seronegative prior to transplant (Table 1) (5,6). In a cohort of 154 cardiac recipients, a
much higher proportion of patients who went on to develop PTLD were EBV seroneg-
ative prior to transplantation than were patients who did not develop the disease (30%
vs 5%) (7). The risk of PTLD in EBV-seronegative recipients in a series from the Mayo
Clinic was determined to be 76 times that in seropositive recipients (8). Most adults
(90% or more) are EBV seropositive. The majority of seronegative patients are chil-
dren, with a higher likelihood of seronegativity the younger the child is (5,9). A series
from the University of Pittsburgh identified a four times higher risk of PTLD for pedi-
atric than for adult transplant recipients (5). PTLD is therefore a particular problem
among pediatric transplant recipients, and the risk has been considered to be suffi-
ciently high as to preclude transplantation in some instances (8).

The immunosuppressive regimen also significantly influences risk. A particularly
high incidence of PTLD was noted following the introduction of cyclosporin A (CsA)
(10), which diminished when blood levels were monitored and lower doses of the drug
were used (11). The incidence of PTLD under FK 506 immunosuppression appears to
be comparable to what has been seen with CsA (12–14). PTLD incidence has typically
been higher in nonrenal than in renal transplants. A possible reason is more intense
immunosuppression in the vital organ recipients. Statistically significantly higher doses
of cyclosporin and azathioprine were identified for heart than for kidney recipients on
analysis of Collaborative Transplant Study data. A related observation was a statisti-
cally significant higher risk of PTLD among North American heart or kidney recipients
than for such patients transplanted at European centers, amounting to a relative risk of
2.12. Correlation was made with higher immunosuppressive dosage among North
American recipients (3). Shortly after the introduction of the immunosuppressive anti-
body OKT3, a ninefold higher incidence of PTLD was noted among patients who had
received induction therapy with OKT3 (11.4% vs 1.3%) in a Loyola University series
of 154 consecutive cardiac transplants (7). A strong dose–response effect was
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Table 1
Risk Factors for Posttransplant Lymphoproliferative Disease

• Pretransplant EBV seronegativity
• Pediatric age group
• Type of organ transplanted (nonrenal > renal)
• Monoclonal anti-lymphocyte antibody (OKT3)
• Mismatched or T-cell-depleted bone marrow transplant



observed, in that 6.2% of patients who had received one course of the drug and 35.7%
of patients who had received two courses developed PTLD. A murine monoclonal anti-
body directed against the human CD3 receptor–T-cell complex, OKT3 profoundly
depletes circulating CD3+ T lymphocytes (15), and has since been associated with a
significant increase in the incidence of PTLD in several other series (3,16,17). PTLD is
relatively uncommon following allogeneic bone marrow transplantation (<1%) (18),
despite the severe immunodeficiency encountered, in the absence of certain risk fac-
tors. Use of a monoclonal anti-CD3 antibody known as 64.1 was found to be associated
with a 14% incidence of PTLD, and T-cell depletion of donor marrow resulted in a
12% incidence (19); in a separate series, T-cell depletion of mismatched donor marrow
resulted in a 24% incidence of the disease (20). All these observations underscore the
fact that the intensity of immunosuppression, and particularly highly potent and selec-
tive anti-T-cell therapy, significantly increases the risk of PTLD.

ASSOCIATION WITH EBV

The EBV plays a central role in the pathogenesis of PTLD. Although EBV-negative
PTLD has been demonstrated clearly, the vast majority of PTLDs are EBV associated.
Clinical or serologic indications of a primary or reactivated EBV infection are often
associated with the appearance of the disorder (21). Tumor tissue has been found to
contain EBV DNA, and to actively express viral proteins (22–24). T-cell deficiency or
deliberate partial suppression of T-cell function to prevent graft rejection is believed to
result in uncontrolled EBV-driven proliferation of B cells (21–25). As proliferation
continues, B-cell clones with a growth advantage presumably emerge, resulting in one
or more clonal populations.

Although the exact mechanisms for the emergence of a clinical lymphoproliferative
disorder remain unclear, this model is capable of explaining many of the unusual clini-
cal and pathologic features of the disease. Tumor-associated EBV is clonal, further
supporting an etiologic role for the virus rather than for subsequent infection of neo-
plastic B cells. The pattern of viral clones appears to correspond to B-cell clonality as
determined by immunoglobulin gene rearrangement analysis. Lesions consisting of
polyclonal or multiclonal B-cell proliferations contain multiple EBV clones, while
monoclonal proliferations show evidence of a single infectious event (26,27). Clonality
of the virus is determined on the basis of the specific number of terminal repeat
sequences formed when the linear EBV genome circularizes upon infection of a B cell.
Analysis of prior liver biopsy specimens in liver transplant recipients has shown the
presence of EBV, as determined by polymerase chain reaction (PCR) or by in situ
immunohistochemical staining for Epstein-Barr encoded RNA (EBER) expressing
cells, in 70% of cases who subsequently developed PTLD.

Only 10% of patients who did not go on to develop the disease had such findings
(24). A preclinical phase for PTLD is also suggested by observations that viral load, as
determined in peripheral blood mononuclear cells, increases prior to the appearance of
clinically detected disease (28,29). It is not clear whether such rises in EBV load are
necessarily indicate EBV-driven neoplasia, or are reflective of severe immunodefi-
ciency at the time. A study of EBV load in peripheral blood mononuclear cells con-
ducted at the University of Edinburgh showed that rises in viral load occurred at some
point in the posttransplant course of 73% of patients studied. Although the mean rise in
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patients with PTLD was more than threefold higher, levels in patients who did not
develop PTLD frequently equaled or exceeded the viral load seen in those who did
(30). It would appear from this and other studies that while sensitive to the presence of
early PTLD, viral load as determined in circulating mononuclear cells may not be very
specific, making screening problematic. Attempts at setting quantitative standards with
predictive value are under way (31). Interestingly, EBV DNA can be measured in sera
from patients with PTLD, using very sensitive PCR techniques. In preliminary work,
very high sensitivity and specificity for PTLD have been identified. It is not clear
whether the presence of EBV DNA in serum reflects tumor metabolism or not, but that
might be an explanation for greater specificity with that assay (32).

EBV infection of resting B cells in vitro results in immortalized lymphoblastoid cell
lines that express the full range of latent viral cycle proteins (six nuclear antigens:
EBNA-1, EBNA-2, EBNA-3A, -3B, -3C, EBNA-LP, and three membrane proteins:
LMP-1, LMP-2A, LMP-2B), the so-called latency III pattern. The pattern of viral
latency antigens differs among EBV-associated malignancies (Table 2). In the presence
of adequate EBV-specific immunity in vivo, only the nonimmunogenic EBNA-1 is
expressed (latency I) as exemplified in endemic Burkitt’s lymphoma. Expression of
viral latency proteins in PTLD resembles what is seen in lymphoblastoid cell lines, but
a degree of restriction of expression has nonetheless been identified, possibly reflecting
varying degrees of immune control (33,34). Unlike oral hairy leukoplakia in immunod-
eficiency, PTLD has not been associated with fully productive viral lytic cycle
(33,35,36). Expression of normally highly immunogenic proteins might explain the
reversibility of PTLD in some cases when immunosuppressives are reduced. In many
instances, however, PTLD will not regress with such measures, despite expression of
immunodominant EBNAs in the tumor. Chromosomal or structural gene alterations
may sustain the growth of such lesions after an initial phase of EBV-dependent trans-
formation and growth.

The mechanisms for EBV-driven neoplasia in PTLD remain unclear. Overexpres-
sion of bcl-2 might confer resistance to apoptosis. Such overexpression was identified
in all PTLD tumors expressing LMP-1 in one series, while absence of LMP-1 expres-
sion was always associated with a lack of bcl-2 expression. Interestingly, the viral
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Table 2
EBV Latency Antigen Expression in EBV-Associated Malignancies

Latency III Latency II Latency I

EBV genes expressed: EBNA-1, EBNA-2 EBNA-1, LMP-1 EBNA-1
EBNA-3A, EBNA-3B LMP-2A, LMP-2B
EBNA-3C, EBNA LP
LMP-1, LMP-2A

Phenotypes: PTLD HD BL
LCL NPC
AIDS NHL

EBNA, Epstein–Barr nuclear antigen; PTLD, posttransplant lymphoproliferative disease; NHL, Non-
Hodgkin’s lymphoma; NPC, nasopharyngeal carcinoma; LMP, latent membrane protein; LCL, lym-
phoblastic cell line; HD, Hodgkin’s disease; BL, Burkitt’s lymphoma.



homolog of bcl-2, BHRF1, was not overexpressed in these tumors. Viral induction of
human bcl-2 therefore appears to be the case (36).

LMP-1 is the viral protein deemed to be of greatest importance for EBV-induced
transformation of B cells, and it has been likened to an oncogene in that respect. In
vitro LMP-1 mimics the effects of ligand-induced aggregation of CD40, activating the
transcriptional activators nuclear factor-κ B (NF-κB) and activator protein 1 (37,38).
This activation is mediated by tumor necrosis factor-receptor associated (TRAF) sig-
naling molecules, which interact directly with a portion of LMP-1 (39). Recent work
by Liebowitz has extended these observations to PTLD in vivo, by showing physical
localization of LMP-1 and TRAF-1 and TRAF-3 (40). This demonstration of LMP-1 as
as an effector of virus-induced B-cell transformation constitutes further indirect but
compelling evidence for a causative role for EBV in PTLD (41).

Cyclosporine has recently been directly linked to mechanisms for increased cell pro-
liferation and invasiveness both in vitro and in severe combined immune deficiency
(SCID) mice. Immune control would not play a role in those settings. Antitransforming
growth factor-β (TGF-β) antibodies prevented the in vitro phenotypic changes and the
greater propensity for metastasis in SCID mice (42). Although this provocative obser-
vation merits further investigation, it should be noted that the work was done with ade-
nocarcinoma cells, that PTLD was recognized prior to the advent of cyclosporine, and
is also seen in congenital immunodeficiency states.

HISTOPATHOLOGIC AND MOLECULAR FEATURES

The vast majority of PTLD lesions in solid organ recipients arise from recipient
rather than from donor lymphocytes, the opposite of what is seen following allogeneic
bone marrow transplantation. Three different techniques have been used to define the
origin of PTLD. DNA restriction fragment length polymorphism analysis in one series
found that the PTLD was of recipient origin in all of 16 solid organ recipients (43).
Similarly, recipient origin was found in 10 of 11 cases studied by genetic polymor-
phisms at several loci and in 11 of 12 cases studied by microsatellite analysis (44,45).

PTLD comprises a histologic spectrum extending from reactive or hyperplastic-
looking morphologies to a picture indistinguishable from immunoblastic non-
Hodgkin’s lymphoma (46–48). Thus, the question of whether PTLD is “malignant” or
not has generated much controversy. Histologic features resembling a reactive process
might be seen, with no monoclonal population detectable by immunophenotyping;
nevertheless the disease ran a malignant, frequently lethal clinical course. It is now
clear that most lesions found to be polyclonal by immunophenotyping contain one or
more monoclonal subpopulations when studied by the much more sensitive technique
of immunogenotyping on the basis of clonal gene rearrangements (49,50). More than
one clone may coexist within the same lesion (“oligoclonal” tumors), and both differ-
ing clones and differing histopathology may be seen in lesions at separate anatomic
sites in the same patient (49,51). Such clonal evolution and diversity contrasts sharply
with the homogeneity seen in classic non-Hodgkin’s lymphoma, and likely represents a
very different mechanism for lymphoid neoplasia. If the conditions are conducive,
EBV-driven lymphoproliferation seems to appear simultaneously at multiple sites in
the body. The vast majority of PTLDs studied have been of B-cell origin; in a few cases
the lesions have been of T-cell origin. EBV-negative aggressive T-cell lymphomas have
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recently been identified by Hanson et al. as a rare, very late occurrence, presenting at a
median of 15 yr following transplantation.

A pathologic classification system for PTLD was first described by Frizzera (46)
and subsequently modified, including correlative molecular genetic analysis (Table 3)
(48). Plasmacytic hyperplasia is usually polyclonal, arises from the tonsils or cervical
nodes, contains multiple EBV infection events, and lacks oncogene or tumor suppres-
sor gene alterations. Polymorphic B-cell hyperplasia and polymorphic B-cell lym-
phoma were encountered at many sites in the body, were usually monoclonal,
containing a single form of EBV, and lacked oncogene and tumor suppressor gene
alterations. Immunoblastic lymphoma or multiple myeloma were monoclonal, con-
tained a single form of EBV, and contained one or more structurally altered genes (N-
ras, c-myc, p53, or others). Nalesnik and co-workers at the University of Pittsburgh
have stressed polymorphism vs monomorphism in their approach to classification
(47,52). Controversies persist about the best way to classify PTLD. A recent Society
of Hematopathology workshop on the subject recognized a number of other mor-
phologies encountered among PTLDs (53). At this point it is probably preferable to
identify these tumors as PTLD and categorize according to a PTLD classification
than to attempt to make these proliferations fit into a classic non-Hodgkin’s lym-
phoma classification.

EBV-negative PTLD remains poorly studied. Relatively rare, it may be becoming
more frequent as a late complication of transplantation. The mechanisms for such
tumors are unknown; interestingly, some have regressed with reduced immunosuppres-
sion (54). T-cell PTLD is likewise a rare late event. Few cases have been investigated;
about half of these have been peripheral T-cell lymphomas, some of which have been
EBV positive (55).

Data regarding cytogenetic abnormalities in PTLD have been sparse. Abnormalities
have been identified, typically in tumors with monomorphic histology, but no distinct
abnormality has been identified as being characteristic for PTLD. In a recent series of
28 patients, no clonal cytogenetic abnormalities were identified among 10 polymorphic
tumors, all of which were polyclonal or oligoclonal. Analysis of 12 monomorphic
cases revealed a variety of abnormalities in ten cases: chromosome 8 translocations
involving the myc gene, trisomy 9, trisomy 11, and 11q27 (40).
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Table 3
Pathologic Classifications for PTLD

Frizzera (46) Nalesnik (48) Knowles (52)

• Polymorphic diffuse • Polymorphic, nonclonal • Plasmacytic hyperplasia
B-cell hyperplasia • Polymorphic, clonal by EBV • Polymorphic B-cell hyperplasia

• Polymorphic diffuse and/or Ig gene analysis and poylmorphic B-cell
B-cell lymphoma • Monomorphic lymphoma

• Mixed clonal and nonclonal • Immunoblastic lymphoma or
multiple myeloma



CLINICAL PRESENTATION

Patients may present with systemic effects of the disease, symptoms localized to
anatomic sites of involvement, or with incidental clinical or radiologic findings while
still asymptomatic. Although the disease is very heterogeneous, some clinical patterns
have been identified. An infectious mononucleosis-like presentation, with prominent
constitutional symptoms and rapid enlargement of the tonsils and cervical nodes, is often
the case for PTLD presenting early after transplantation—less than about 6 mo to a year
from the time of transplant (50). In one series of renal transplant patients described by
Hanto et al., this presentation accounted for approx 40% of patients. Patients tended to
be young, present early after transplant, and have widespread disease (56). Highly
immunosuppressed patients may present with widespread disease, diffusely infiltrative
multiorgan involvement, and systemic sepsis, within weeks of transplantation, and pur-
sue a fulminant clinical course difficult to distinguish from sepsis alone (57,58).

PTLD presenting later than about a year after transplantation is likely to be more cir-
cumscribed anatomically, manifest fewer systemic symptoms, and run a more gradual
clinical course. Extranodal disease and visceral nodal involvement, often in the
absence of superficial nodal involvement, is usually seen. Gastrointestinal involvement
is a frequent finding in PTLD. Approximately 25% of patients in the University of
Pittsburgh series presented with gastrointestinal disease manifesting as acute abdomen,
pain, obstruction, or hemorrhage (57). The transplanted organ itself may be affected in
up to 20% of cases, at times resulting in a mistaken diagnosis of rejection. Central ner-
vous system involvement at presentation is mainly seen as part of very extensive dis-
ease. Multiple pulmonary nodules seem to be a particularly common presentation, and
the lung may be the only site of disease (58,59).

DIAGNOSIS AND TREATMENT

Early diagnosis and intervention are essential to the successful management of
PTLD. A high index of suspicion is required, as the initial signs and symptoms of the
disease may be relatively nonspecific. Although the EBV antibody titer often rises at or
prior to the emergence of PTLD, that need not be the case. Conversely, a rise in EBV
titer is not uncommon after transplantation, and need not imply the development of
PTLD. The EBV titer is therefore of limited clinical utility. The diagnosis should be
established histologically rather than cytologically, in view of the challenging mor-
phology often encountered and the importance of ancillary studies (gene rearrange-
ment analysis and evidence for EBV association) in such cases.

No uniform approach to the treatment of PTLD has been defined, and the literature
on this subject has been largely anecdotal. However, certain observations can be gener-
alized (Table 4). Treatment must be individualized to the specific clinical situation and
to the type of organ transplanted. Reduction in immunosuppression can result in per-
manent resolution of PTLD. Unlike non-Hodgkin’s lymphoma in general, PTLD can
be eradicated by surgical resection or by irradiation of unresectable, strictly localized
lesions). Chemotherapy has traditionally been viewed as a treatment of last resort
owing to a very high morbidity and mortality reported in the past.

Starzl has long advocated the value of reduction in immunosuppression, which can
result in complete and durable tumor regression (57). The likelihood of response has

Posttransplant Lymphoma and EBV 69



been linked to the interval since transplantation in the Pittsburgh series of heart recipi-
ents: more than 80% of patients presenting at less than 1 yr following transplantation
responded to reduction in immunosuppression, while none presenting at more than 1 yr
did so (2). More variable results with reduced immunosuppression have been reported
in other series: lower response rates and greater variability in terms of the interval since
transplantation (58,60). Attempts have been made at formulating a clinicopathologic
classification (based on clinical features, histology, clonality, and the presence of onco-
gene alterations) that would be capable of predicting disease behavior and the likeli-
hood of response to a reduction in immunosuppression (46,48,50). Considerable
overlap in categories exists, however, and the course of an individual patient remains
difficult to predict. Patients classified as immunoblastic lymphoma or multiple
myeloma by the Knowles–Frizzera classification system have been considered unre-
sponsive to reduced immunosuppression, but these are retrospective data (48).

A trial of reduced immunosuppression is therefore considered justified as the initial
approach to all cases (2,57). Rejection is a valid concern, and the extent and duration of
a reduction in immunosuppression for recipients of a vital organ remains poorly
defined and highly subjective. If complete remission is achieved by this means,
immunosuppressive will need to be reinstituted before the onset of rejection. Based on
the model of PTLD as a disease of overimmunosuppression, immunosuppressive
agents have often been reinstituted at moderately reduced dosage. Data regarding the
level of subsequent immunosuppression required remain anecdotal. Although the liter-
ature is sparse on this subject, partial responses tend to be transient. PTLD is an
aggressive disease, and rapid progression is generally seen if eradication cannot be
accomplished (58).

A means for predicting whether any given PTLD will be responsive to reduced
immunosuppression would be highly desirable. Rejection and rapid disease progres-
sion are both significant risks that might thereby be avoided. With this in mind, Cesar-
man et al. studied 36 PTLD patients for the presence of mutations in the bcl-6
protooncogene, using single-strand conformation polymorphism and sequence analysis
(61). In 33 patients this could be related to clinical outcome. No bcl-6 mutations were
identified in cases classified as plasmacytic hyperplasia (Knowles–Frizzera classifica-
tion). Mutations were found in 43% of polymorphic lesions and in 90% of PTLDs clas-
sified as immunoblastic lymphoma or multiple myeloma. Bcl-6 mutations were
predictive for lack of response to reduced immunosuppression. Although the associa-
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Table 4
Treatment Modalities for Posttransplant Lymphoproliferative Disease

• Reduction in immunosuppression (± acyclovir)
• Surgical resection
• Limited field irradiation
• Interferon-α
• Cytotoxic chemotherapy
• Monoclonal anti-B-cell antibodies
• EBV-specific T cells



tion was statistically significant, the correlations were retrospective and treatment was
variable. Nonetheless, this study represents the strongest data and the clearest predictor
for response to reduced immunosuppressives to date. The techniques used unfortu-
nately do not lend themselves to “real-time” clinical testing.

Local therapies such as resection or limited field irradiation have resulted in long-
term remission in anatomically limited PTLD. That approach has also been used to
remove a limited number of residual lesions after a partial response to reduced
immunosuppression has been achieved (2,58).

Although regression of lymphoproliferations has been described following the use
of high-dose acylovir in a small number of cases, the value of acyclovir remains
unclear (59,62). Acyclovir, even at high doses, has proved to be ineffective as prophy-
laxis for PTLD in individual bone marrow transplant recipients (63). It is not known
whether other drugs, such as ganciclovir or foscarnet, are of any greater efficacy.
Uncontrolled studies have suggested possible prophylactic benefit (64), but firm con-
clusions cannot be drawn in the absence of a randomized, prospective study with a no-
prophylaxis control arm. A course of full-dose intravenous acyclovir is viewed as
relatively nontoxic, and has often been given simultaneously with reduction in
immunosuppressives as initial management of PTLD.

Durable complete responses have been achieved with interferon-α-2b. Neither the
response rate nor the mechanism of action is defined at this point. The drug might exert
an antiviral and/or an antitumor effect; both early polyclonal proliferations and late-
presenting monoclonal lesions have been reported to responde (63,65). In a series of 18
patients treated with interferon-α-2b and simultaneous reduction in immunosuppres-
sion, an overall response rate of 83% (77% complete response, 6% partial response)
was reported. Rejection and life-threatening infection was noted in 50% of patients,
and median survival was only 6 mo (66).

Chemotherapy has been viewed as a treatment of last resort for PTLD refractory to a
reduction in immunosuppression. A mortality of 70% has been reported for patients
presenting at more than 1 yr posttransplant (2,59). Septic and other complications of
chemotherapy have been the major problem in some centers, while others have found
refractory disease to be common (57,59,60). Those poor results have been obtained
with a variety of regimens, frequently CHOP. More encouraging results have been
achieved in a series of cardiac recipients treated predominantly with ProMACE-
CytaBOM (58). Mortality during chemotherapy was 25%, (sepsis, refractory disease);
the surviving patients all achieved complete remission. No patient had relapsed, at a
median follow-up of 64 mo. The factors responsible for this relatively favorable out-
come are not clear. The regimen used may play a role, in that it allowed the discontinu-
ation of all other immunosuppressives for the duration of chemotherapy and minimized
exposure to doxorubicin in cardiac recipients. This approach is currently being tested
in an intergroup study being conducted by the Southwest Oncology Group and the
Eastern Cooperative Oncology Group (SWOG-9239). The advent of better supportive
care measures, granulocyte colony-stimulating factor, and preventive antibiotics may
further reduce the toxicity of chemotherapy in this patient population.

The therapeutic use of a mixture of anti-CD21 and anti-CD24 anti-B cell mono-
clonal antibodies was found to be effective in patients with polyclonal or oligoclonal
disease in a European multicenter trial involving both organ and bone marrow trans-
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plant recipients with PTLD (60,67). An update on this series of patients was recently
reported (68). Fifty-eight patients with PTLD (27 following bone marrow and 31 fol-
lowing organ transplantation) were treated. The overall complete response rate was
61%. The relapse rate was low at 8%. The long-term overall survival was 46% (bone
marrow transplant, 35%; organ transplant, 55%) at a median follow-up of 61 mo. Com-
plete remission was achieved in 46% of monoclonal and in 80% of oligoclonal cases (p
= .05). Multivisceral disease, central nervous system (CNS) involvement, and late-
onset PTLD (more than 1 yr posttransplant) were identified as predictive of poorer
response on multivariate analysis. Only 29% of patients with CNS involvement and
22% of patients presenting later than 1 yr posttransplant achieved complete remission.
Toxicity was mild, consisting of transient fever, hypotension, and neutropenia. The
antibodies used are not currently clinically available. Anecdotal observations of effi-
cacy for the humanized murine anti-CD 20 antibody rituximab (Rituxan®) are being
reported. This antibody is commercially available, and a prospective phase II study in
adult and pediatric post-organ transplant lymphoproliferative disorder is currently in
progress.

EBV-specific immunocompetence has been rapidly restored in T-cell-depleted allo-
geneic bone marrow recipients by the infusion of a limited number of peripheral blood
leukocytes from the donor. PTLD was controlled in these cases without incurring graft-
vs-host disease, presumably because of the high frequency of EBV-specific effector
cells in the relatively small number of leukocytes transfused (69). More recently,
highly selective adoptive transfer of T-cell immunity has been achieved using in vitro
expanded EBV-specific cytotoxic T cells as treatment and prophylaxis for PTLD in
bone marrow transplant recipients (70,71). Polyclonal T-cell lines containing both CD
4 and CD 8 cells were used, as it is not presently clear which antigens expressed by
EBV-infected cells are important in generating an effector response. Adoptive transfer
of EBV-specific T-cell immunity would clearly also lend itself to prophylactic mea-
sures against PTLD. Using such approaches in the organ transplant setting will require
some adaptations, in view of the major histocompatibility complex (MHC)-restricted
nature of the T-cell response, and the fact that the majority of PTLDs arise from recipi-
ent rather than donor lymphocytes.
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5
Epstein–Barr Virus and Burkitt’s Lymphoma

Guy de Thé

INTRODUCTION

In 1958, little attention was paid to Denis Burkitt’s report in the British Journal of
Surgery of a tumor involving the jaws of Ugandan children (1). It was not totally
neglected, however. Gregory O’Conor, a pathologist from the U.S. National Cancer
Institute, traveled to Kampala and found that this tumor represented not only as a clini-
cal syndrome but also a distinct pathologic entity (2).

Burkitt, a surgeon without formal scientific training but with an endless curiosity
and determination, opened a new field in cancer research. He not only described the
original cases, but also reported (through letters sent to colleagues in hospitals all over
Africa) that the jaw tumor occurred from East to West Africa between 10° North and
10° South of the Equator, with a tail from East Africa toward South Africa. Later,
through a medical safari during which he visited many hospitals from East to South
Africa (3), he observed that the jaw tumor, to be named Burkitt’s lymphoma (BL), was
dependent upon climatic factors such as temperature, humidity, and altitude (4), which
suggested the role of a transmissible, insect-borne oncogenic agent. He and Kafuko
further suggested that holo- or hyperendemic malaria best reflected the African distrib-
ution of the tumor—rare if not absent in the semidesertic Sahelic regions of Africa but
the most frequent childhood tumor in the warm, humid lowlands of East Africa (5). The
hypothesis of a vector-borne agent aroused the interest of many tumor virologists
working with mice or chickens in the United States, United Kingdom, and France,
many of whom rushed to East Africa in a vain search for an oncogenic arbovirus in
tumor specimens.

The light came when Denis Burkitt was invited to London to described this strange,
climate-dependent childhood cancer. Anthony Epstein, a pathologist with expertise in
electron microscopy, heard Burkitt’s presentation and proposed a collaboration, lead-
ing to the shipment of tumor biopsies from Uganda. When the tumor cells were cul-
tured for a few days in vitro, on electron microscopy they exhibited viruslike particles
resembling Herpes simplex virus (6). Henle and Henle (7) then showed that this agent
was a new member of the human herpesvirus, and proposed to name it after its discov-
erers, Epstein and Barr.

The term endemic Burkitt’s lymphoma refers to this historical discovery in Africa
and is the primary focus of this chapter. Histologically similar tumors were later



described in temperate climates with no particular geographic distribution and named
sporadic BL.

THE PATHOLOGIC, CLINICAL, AND EPIDEMIOLOGIC ENTITY

A malignancy is best defined by its histopathology, then by its localization in the
body, and eventually by its epidemiologic characteristics. As mentioned earlier, the
histopathology of Burkitt’s jaw tumor was characterized initially by Gregory O’Conor
(2), then by Denis Wright (8), and finally through an international consensus as an
undifferentiated monomorphic lymphoma, with a characteristic starry sky pattern, in
which lymphoblasts containing multinucleolar nuclei and cytoplasmic vacuoles were
infiltrated with macrophages giving a typical pattern (9).

Subsequently, these high-grade lymphomatous cells were shown to be of B-cell lin-
eage and to synthesize immunoglobulin M (IgM) at their cell surface (10), with
immunophenotypic characteristics of a subset of germinal center cells that do not
express deoxyribonucleotide transferase. The surface markers CD19, CD20, CD22,
and CD79 are regularly present; CD10 and CD77 are frequently detectable; and CD23
and CD5 are characteristically undetectable (11). HLA class I, adhesion, and activation
molecules—CD54 (ICAM-1), CD11a/18 (LFA-1), and CD58—are detectable at low
levels on the cell surface (12,13).

Clinically, the most frequently involved sites are the jaws in endemic BL as seen in
equatorial Africa and in Papua–New Guinea (1,14,15). Interestingly, very young chil-
dren tend to have orbital or maxillar tumor (16) whereas the jaw involvment is the rule
in children developing molar tooth buds (17). Abdominal tumors with ascites are seen
in about 50% of African BL cases and in 80% of sporadic BL in temperate climates
(18). Bone marrow is invaded in 8% of the African Burkitt’s tumors. In contrast,
involvment of the central nervous system, including cerebrospinal fluid pleocytosis,
cranial nerve palsy, and paraplegia is common in Africa but rare elsewhere (18,19).
Other sites include the breast in pubertal girls, the testis in adolescent boys, and also
salivary and thyroid glands, bone, pleura, and pericardium (17–19). The absence of
involvement of the nasopharyngeal mucosa (a target for Epstein-Barr virus (EBV)-
associated cancer of the nasopharynx; see Chapter 6), spleen, and peripheral lymph
nodes is noteworthy.

The high prevalence of BL in tropical Africa probably dates back centuries, as
attested by ancient masks depicting orbital tumors. The first described case was noted
during the mission of Sir Albert Cook to Uganda in 1897 (20). Incidence data prior to
the HIV/AIDS epidemic, reported by Edington and MacLean (21), found an annual
rate of 5–10 cases per 100,000 children below 16 yr, with a peak between 5 and 10 yr
of age, making BL the most frequent childhood cancer.

The ecologic risk factors for BL in East Africa—temperature, humidity, and alti-
tude—were mainly investigated in Uganda but refined in the North Mara district of
Tanzania, where the BL territory and the holo- or hyperendemic malaria area were
sharply demarcated by an abrupt change in altitude to 1350 m above sea level (22).

Time–space clustering of BL first reported by Pike et al. in the West Nile District of
Uganda was not observed by Brubaker et al. in the North Mara district of Tanzania
(23,24). Familial clustering of BL has been reported in both African and Papua–New
Guinean endemic areas (25,26), but genes linked to an increased risk of BL have not
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been identified. It is, however, highly probable that genetic determinants play a critical
role in controlling the immune response to malaria and to primary EBV infection (such
as the X-linked lymphoproliferative syndrome of Purtillo; see Chapter 4 [27]).

SPORADIC BL IN TEMPERATE CLIMATES

Young and Miller and then Levine et al. showed that non-Hodgkin’s lymphomas
(NHL) histopathologically similar to BL as described in Africa also occurred in the
United States, with a yearly incidence rate averaging 0.06–0.10/100,000 children
(28,29). International registry data showed that Iraq, Israel, and Algeria were interme-
diate risk areas for BL incidence (30–32). In these areas, the predominant clinical fea-
ture is abdominal involvement. On a global scale, the association with EBV appears to
depend upon the socioeconomic level, ranging from a weak association (10–15%) in
BL arising in European children (Lenoir, unpublished data) to 85% in Algerian cases
(32) and 98% in Uganda (see below and refs. 41,42). These international patterns sug-
gested a critical role of breast feeding and saliva in the transmission of EBV from a
mother to her young infant.

THE EPSTEIN-BARR VIRUS

The DNA-enveloped virus uncovered by Epstein, Achong, and Barr in 1964 (6) is a
member of the Herpesviridae, with 162 capsomers arranged as dodecahedron enclos-
ing a linear, double-stranded DNA of about 172 kb. The complete genomic sequence of
EBV was reported in 1982 by Kieff et al. (33). The genomic structure of EBV is that of
a herpesvirus group C, with both terminal and internal repeats, dividing the genome
into both short and long unique sequences that contain tandem repeat elements. Such
nucleotide repeats are reflected in proteins by amino acid repeat domains that can be
used to characterize EBV strain isolates (34). Furthermore, the characteristic number
of terminal repeats enabled the description of the monoclonality of EBV-associated
tumors (35). In infected B cells, the viral genome is episomal, intranuclear, and circu-
lar, essentially as an extra chromosome that is anchored at the nuclear membrane. In
latent EBV infection, replication of episomal EBV occurs during the S phase of the cell
cycle using cellular DNA polymerases and yielding EBV-infected daughter cells (not
extracellular virions). Whether EBV sequences integrate into the chromosomes of
tumor cells is still a matter of debate (36–39).

In vivo, the level of host-cellular control over the latent EBV genes varies in different
EBV-associated diseases. Table 1 shows that there are three types of EBV latency; the
tightest control is type I, as seen in BL tumor cells. The cellular control of latency appears
to operate mostly through methylation of the corresponding viral genes. At the host level,
the critical mechanism involved in controlling latency is cell-mediated immunity.

Most latent antigens induce both humoral and, except for Epstein–Barr nuclear anti-
gen 1 (EBNA-1), cell-mediated immune responses. IgG to viral capsid antigens
(VCAs) is a useful prevalence marker for EBV infection. Anti-EBNA-1 antibodies are
thought to reflect the level of cellular immunity, which is paradoxical given that
EBNA-1 is not recognized by cytotoxic T-lymphocytes (CTLs). CTL activity against
EBV epitopes is highly HLA restricted, including EBNA-2 with HLA-B51 and -A2;
EBNA-3a with HLA-B8, -A2, and -B7; EBNA-3b with HLA-B7 and -B11; and
EBNA-3c with HLA-B27 and -B44 (40).
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THE RELATIONSHIP BETWEEN EBV AND BURKITT’S LYMPHOMA

Nearly all, that is, up to 98%, of the biopsies of African BL tumors contain EBV
genomes (41,42). In contrast, only 20% of the biopsies of sporadic European or Amer-
ican BL cases, as determined by histopathology, contain EBV sequences (43). In the
tumor cells, EBV DNA remains episomal, as superhelically twisted circular molecules,
with six to more than 100 copies per cell (44). RNA transcripts from various EBV
genes, representing 3–6% of the EBV genome, can be detected in tumor cells. Cultured
BL biopsies regularly lead to the establishment of EBV-positive permanent tumor cell
lines exhibiting type III latency (see Table 1). Besides EBV, these cell lines secrete
intracytoplasmic and surface IgG.

Soon after its discovery, seroepidemiologic surveys showed that EBV infection was
ubiquitous the world over. However, by comparing populations in which EBV-associ-
ated diseases differed drastically, we observed significant differences in the age at
acquisition of EBV infection (45). EBV infection occurred very early in life in Uganda,
an area with a very high rate of BL; somewhat later in early childhood in Singapore
and Hong Kong, where there are very high rates of EBV-associated nasopharyngeal
carcinoma (NPC); and during late adolescence in socioeconomically developed coun-
tries, where infectious mononucleosis is frequent but BL and NPC are very rare (45).
Such age differences in the spread of EBV reflect socioeconomic status. By age 18 mo,
more than 80% were infected by EBV in rural Uganda (45), compared to 30% in low
socioeconomic and 7% in high socioeconomic children in the United States (46). After
18 mo of age, the rate of EBV infection among susceptible infants in Uganda is about
37% between 6 and 10 yr of age, and virtually nil thereafter.

In Africa, practically all pregnant women have been infected by EBV, and 66% of
them shed EBV in their saliva. Their newborns are temporarily protected by maternal
antibodies, which disappear within 6 mo. They can become infected soon after or
even during that period by maternal saliva or breast milk. It is of interest to note that
early primary infections in tropical Africa are clinically silent, with transient early
antigen-restricted (EA-R) antibodies (47), in contrast to infectious mononucleosis
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Table 1
Latent Viral Genes Expressed in Tumor Cells

Gene functions Gene products Type of latency EBV-associated diseases

Unknown EBERS I Burkitt’s lymphoma
EB plasmid maintenance EBNA-1

EBERS II Nasopharyngeal carcinoma
EBNA-1

Transformation and LMP-1 Hodgkin’s disease
maint. latency LMP-2A,-2B

Idem II III Infectious mononucleosis
Transactivate cell. genes + EBNA-2,-3 Posttransplant lympho

proliferative disease
+ LP Lymphobloid cell lines



with transient EA-diffuse (EA-D) antibodies that occurs in European and American
adolescents (48).

Given the ubiquity of EBV in Africa, the prevalence of infection does not differ
between African BL patients and their age- and sex-matched controls. However, the
geometric mean titers (GMTs) of VCA antibodies are significantly higher in African
BL patients, with a GMT of 1:275, than in African control children with a GMT of
1:37 (46). Evans (49) estimated that 80% of the American lymphomas that fulfilled the
clinical and histopathologic criteria of BL had high EBV antibodies titers. EBV DNA
and EBNA were found in the tumor cells of 80% of BL cases in Algeria but in only
24% of those in France (50).

THE UGANDAN BL PROSPECTIVE STUDY

In the late 1960s we sought to clarify whether an ubiquitous virus such as EBV
could have an etiologic role in the development of a geographically and climatically
restricted cancer, such as BL. Werner Henle postulated that BL represented a malignant
form of infectious mononucleosis, that is, an acute syndrome occurring soon after a
massive primary EBV infection in a very few susceptible African children who, for
unknown reasons, had escaped earlier infection. This hypothesis was in line with the
recently discovered relationship between delayed EBV infection and infections
mononucleosis and with the known relationship between a late primary infection with
poliovirus and the risk of paralytic polio. For viral-induced neoplasia in animals, how-
ever, oncogenic viruses must infect newborns to exhibit their oncogenic potential.
Thus, I proposed an alternative hypothesis that EBV could be oncogenic and cause BL
with a massive infection during the newborn period.

To test these hypotheses, in 1970 our team at the International Agency for Research
on Cancer, under the auspices of the Virus Cancer Program of the U.S. National Cancer
Institute, launched a prospective, population-based study in the West Nile district of
Uganda. The specific aim of the study was to determine the viral profile in pre-BL sera
of children who were going to develop the tumor (51).

Within 3 yr and with parents consent, venous blood samples were drawn from
42,000 children, representing 85% of the eligible children aged 0–8 yr in selected
parishes around Arua, an endemic area BL. Nearly 90% of the enrolled children were
followed during the next 5–8 yr, which represented an incredible challenge during Idi
Amin Dada’s dictatorial regime in Uganda. During this study period, 14 BL cases
occured among enrolled children (51), giving a BL incidence rate of approx 7 per
100,000 per year, which was lower than expected but in parallel with the overall
decline of BL incidence then observed in Uganda.

As shown in Fig. 1, 7–54 mo prior to clinical onset of the disease, the “pre-BL”
sera had significantly higher IgG antibodies titers to EBV VCA compared to sera
from age-, sex-, and locality-matched controls (51). The level of antibodies in pre-BL
sera was not related to the proximity of disease onset, in contrast to the case of infec-
tious mononucleosis. When comparing pre- and post-BL sera, VCA titers did not
increase (Fig. 2), indicating that the high VCA titers regularly observed in BL
patients did not result from their disease process. Rather, high titers represented a risk
marker for the disease reflecting a longstanding situation.
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Tumor DNA could be obtained for 10 BL cases, and EBV DNA could be detected in
nine of them (51). Worth noting here was the EBV-DNA negative case 247, with a low
VCA titer 18 mo prior to disease onset, probably representing a rare EBV-unrelated
case of BL.

Antibodies to EBNA followed the VCA pattern with unchanged titers between pre-
and post-BL sera. In contrast, EA titers increased after tumor onset in seven BL cases
but without a change in VCA titers (51). Antibodies to other common viruses such as
measles, herpes simplex, and cytomegalovirus were also unchanged in pre- and post-
BL sera. The final result, with two additional BL cases detected later on, showed a
strong correlation (p = 0.002) between VCA titers in pre-BL sera as compared to con-
trol sera. This pattern was not dependent upon the length of time between phlebotomy
and onset of the disease (51,52).

Children with the highest 10–25% of VCA antibody titers in tropical Africa are at
highest risk for BL. With a BL yearly incidence, approx 20/100,000 in Uganda, it can
be estimated that 0.2% of 5- to 9-yr-old children with high VCA titers will develop the
tumor, thus emphasizing the need of critical cofactors in the etiology of BL.
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Fig. 1. EBV/VCA antibody titers of 14 children at various times prior to the development of
BL in the prospective Ugandan study. (•), BL cases; (●), sex-, age-, and locality-matched con-
trols; DNA +, EBV DNA detected in BL cases. (From de Thé et al., Nature, 1978;
274:756–761.)



COULD A SPECIFIC STRAIN OF EBV BE LINKED TO BL?

Bhatia (53) recently identified different amino acid sequences characterizing sub-
types of EBNA-1, the only viral protein expressed in BL tumor cells, and showed that
the subtype with alanine at position 487, commonest in normal individuals, was very
rare in BL tumors. In contrast, the subtype V-leu (leucine at 487) with additional amino
acid substitutions, was frequently associated with BL (54). Such data suggest that spe-
cific mutations in EBNA-1 may be relevant to BL pathogenesis.

THE ROLE OF MALARIA IN BL PATHOGENESIS

There is a striking correspondence in the geographic distribution of BL and the areas
with the highest transmission rate of falciparum malaria. This ecologic correlation is
seen worldwide and on a microscale within Uganda (55). Because sickle-cell trait (AS
hemoglobin) is known to protect against severe complications of plasmodium falci-
parum infection (56), several studies investigated whether AS hemoglobin affected the
risk of BL development (57–59). The results suggested a possible protective effect but
not at a significant level, owing to the small numbers of individuals studied.
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controls (▲) bled on the same dates. (From de Thé et al., Nature, 1978; 274:756–761.)



An intervention study carried out in the North Mara district of Tanzania in the late
1970s was aimed at evaluating the impact of chloroquine distribution on BL incidence
in children less than 10 yr of age. This trial confirmed the relationship between malaria
and BL, as the BL incidence fell transiently during and shortly after the chloroquine
administration period (1977–82) but increased later to a higher level (60). Of note, BL
incidence in the North Mara district was low before the trial, and chloroquine resistant
strains of P. falciparum were detected as early as 1982, suggesting an epidemiologi-
cally more complex situation than originally thought (61).

Of further interest for the pathogenesis of BL in relation to malaria, the experimental
data indicated that two plasmodium species, P. berghei and P. yeollii, are mitogenic for
the immature B cells (62,63). With a high burden of plasmodium parasitemia, children
up to age 5 have hyperactive B cells secreting high levels of IgG and IgM (64). Fur-
thermore, like HIV, chronic malaria favors a shift toward Th2 helper cells producing
IL-10, which depresses CTL functions and facilitates the outgrowth of EBV-infected B
cells (65–67). A plausible hypothesis is that primary EBV infection very early in life,
when the immune system is immature, and a simultaneous heavy malaria burden could
have multiplicative effects that further BL development (68).

CHROMOSOMAL TRANSLOCATION, ONCOGENE ACTIVATION, 
AND BL DEVELOPMENT

A major breakthrough came from the observation that the majority of B-cell malig-
nancies, and for that matter all BL tumors, exhibit chromosomal changes, the most
common being a reciprocal chromosomal translocation of the immunoglobulin heavy-
chain sequences of chromosome 8q to chromosome 14q, as detected in 75% of BL
cases (69). These chromosome alterations are not dependent on EBV infection. The
translocation between chromosomes 8 and 2, observed in 16% of BL cases, involves
the λ light-chain sequence, whereas that between chromosome 8 and 22, observed in
9% of BL, involves the κ light-chain sequences on chromosome 22 (69). One of these
translocations is regularly present in 100% of BL cases, irrespective of the endemicity
level or geographic location (70). An exception is the BJAB line derived from an EBV
negative African BL, which does not exibit any translocation involving chromosome 8.
It is unclear whether BJAB was a true BL case or not, since its clinical, morphologic,
and surface markers do not fit the characteristic BL pattern.

Of interest to understanding the interplay between the environmental and genetic
events, Magrath and colleagues found that the breakpoints of the chromosomal translo-
cations, vary by geographic areas (71). In 92 BL from different parts of the world, 75%
of BL tumors from equatorial Africa, mainly Ghana, but in only 9% of BL tumors from
the United States had break points in the far 5 region of chromosome 8 (71). Different
break points in chromosome 8 were found in BL cases from Brazil, Argentina, and
Chile.

Because translocations involve genes related to immune responses, it has been sug-
gested that these genetic alterations could be involved directly in BL pathogenesis (69).
Such translocations, however, are not exclusively associated with BL, as Sigaux et al.
(72) showed that rearrangement of 8q24 relates to other malignant proliferations of the
B-cell lineage. Furthermore, such chromosomal translocations, when occurring in lym-
phoblastoid cell lines, were not sufficient to make them fully malignant (73).
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The major oncogene involved in BL is indeed c-myc, which is translated in juxtapo-
sition to the immunoglobulin locus, the cross over occuring 5 (upstream) of the c-myc
gene and affecting its promoter/leader sequence (74). The c-myc oncogene has three
exons, separated by two introns that include two promoters that are separated by 160
basepairs. The breakpoints occur often within the first intron, activating a cryptic pro-
moter. Of importance for the understanding of BL pathogenesis, the c-myc product,
regardless of rearrangements, is identical to and has the same functional activity as the
normal c-myc product. The key seems to be deregulation of the c-myc transcript,
enhancing or altering the promoter involved in its transcription (74,75). Groce (69)
showed that, whereas on a normal chromosome 8, c-myc is not transcribed, it becomes
constitutively transcribed at a high level on a translocated chromosome. This event
apprears to be B-cell specific and is consistant with the hypothesis that there is a tissue
specificity for the c-myc deregulation. Furthermore, Lombardi et al. (76) gave evidence
that c-myc activation in vitro, obtained by introduction of activated c-myc genes into a
lymphoblastoid line, was sufficient for tumorigenic conversion of B-cells.

As previously mentioned, geographic variations in the breakpoints on chromosome
8 have been observed (69). In most African BL, the break is 5 in the c-myc sequence,
whereas in sporadic BL it is within the first intron. Other oncogenes such as B-lym or
c-fdgr have been proposed as involved BL pathogenesis, but the data here are minimal.

BL IN AIDS

Extranodal non-Hodgkin’s lymphomas (NHL) are very common in HIV infected
individuals, developing often as primary tumors in the central nervous system (77,78)
(see also Chapter 8). AIDS-related NHL comprise two distinct histopathologic types—
diffuse large B-cell lymphomas, which often exhibit a dominant immunoblastic com-
ponent, and BLs. In AIDS, 35–40% of BL tumors and most of those developing in the
central nervous system are EBV associated (79,80).

HIV may contribute to NHL development through its severe dysregulation of EBV
and chronic stimulation of the B-cell system. It appears that BL cases with c-myc
translocations generally occur in AIDS patients who have a relatively conserved
immune system, as compared to diffuse large cell NHL cases, which typically develop
in patients with advanced immunodeficiency disease (81). Besides chromosomal
translocations, mutations in the p53 gene have been detected in 60% of BL in AIDS
patients (82).

Diffuse large B-cell lymphomas resemble the posttransplant lymphoproliferative
disorder with c-myc or bcl-6 rearangments (83). In contrast, AIDS-associated BL may
be pathogenetically similar to sporadic BL, with chronic stimulation of the B-cell com-
partment of the immune system playing a critical role.

PATHOGENESIS

Sir Richard Doll and Richard Peto proposed that, on epidemiologic grounds, most
cancers arise as a result of a multistep process, each step being causally related to an
independent factor. In this model, Burkitt’s lymphoma could be regarded as a Rosetta
stone for oncogenesis, as three independent factors play an etiologic role in the patho-
genesis of endemic BL, namely the EBV, a severe malaria burden, and last but not least
c-myc oncogene activation linked to a specific chromosomal translocation. Severe EBV
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infection very early in life appears to act as the initiator, with very early infection in
immunologically immature children resulting in a large EBV infected B- or pre-B-cell
population, which may be poorly controlled in the setting of malaria-related immun-
odepressed cell-mediated immunity (68).

A number of specific scenarios have been proposed in the interplay of these three
factors. Based on the preliminary data of the Ugandan BL prospective study we pro-
posed that a perinatal infection by EBV could initiate BL pathogenesis (84). A
depressed EBV-specifc cell-mediated immunity, caused by falciparum malaria, would
result in a rapid expansion of an EBV-infected B-cell subpopulation, this in turn favor-
ing a random event resulting in chromosomal translocation (68).

An interesting alternative hypothesis was proposed by Lenoir and Bornkamm in
1987 (85) in which they propose that malaria could act first, rendering the later EBV
infection more severe. As low socioeconomic status is a critical factor for BL develop-
ment, viral and parasite infections could often occur nearly simultaneously. If so, the
priority of one versus the other would be very difficult to investigate epidemiologically
and possibly may not be essential.

By comparing the situation in three different geographically areas exhibiting large
differences in BL incidence, namely East Africa, North Africa, and two Western coun-
tries (France and the United States), we were able to assess the respective weight of the
two environmental etiologic factors, EBV and malaria. As seen in Table 2, perinatal
mother-to-child infection by EBV appears to increase the risk of BL by a factor of
about 20-fold, whereas an heavy malaria burden would further increase the risk by 10-
fold, giving a 200-fold difference between Europe and East Africa (68).

PREVENTION AND VACCINATION STRATEGIES

Knowing the different etiologic factors associated with BL, one is confronted with
the best strategy to propose to control the disease. On a worldwide scale, endemic BL
could be prevented to a certain extent by a better control of hyperendemic malaria, a
longstanding priority of World Health Organization. But the continuing inability to
develop a safe and effective malaria vaccine and the merely transient benefit of chemo-
prevention does not give much hope for the near future. The malaria intervention pro-
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Table 2
Incidence of BL in Children 4–14 yr of Age in Different Geographical Areasa

Incidence Proportion % EBV Incidence 
NHLb of BL pos. BL of BL

East Africa (Uganda) 9–15 95% 97% 12
Early EBV infection + malaria
North Africa/Algeria 2–4 47% 85% 1–2
Early EBV infection. No malaria
Industr. countries (France, USA) 1–2 30% 10–15% 0.04–0.08
Delayed EBV infect. No malaria

a Adapted with permission from de Thé (68).
b NHL, Non-Hodgkin’s lymphomas.



ject of the International Agency for Research on Cancer in the North Mara district of
Tanzania in the early 1980s showed that chemoprevention could have an effect in
decreasing BL incidence (60), but at the same time showed its limit by the emergence
of chloroquine-resistant falciparum malaria in the treated population (61).

As early as 1976, Epstein proposed that an EBV vaccine be developed (86) and to
that end a colony of susceptible experimental animals (the cottontop marmoset) was
developed in the United Kingdom. The EBV-membrane glycoprotein gp340 was
selected as immunogen, inserted in various viral carriers (87,88), and tested with vari-
ous adjuvants and modes of presentation in the experimental animal model. The gp340
immunogen was found effective, and human trials were considered (89). But which
populations should be the target?

The easiest and most justifiable target would be to prevent infectious mononucleosis
in high risk groups, that is, to vaccinate students in high socioeconomic groups in the
United States or Europe (90). But for the endemic BL in African children, it would be
difficult, if not impossible, to propose a vaccine for all the children to prevent a tumor,
which fortunately remains a low killer (0.1%) as compared to malaria (about 20%) in
children below age 10. The present HIV epidemic in subSaharan Africa makes an EBV
vaccine a low priority.

Although nasopharyngeal carcinoma (NPC) is a leading cancer in males in large
parts of southern China and Southeast Asia, a preventive EBV vaccine is similarly dif-
ficult to propose, as no one can predict that a simple delay in primary infection by EBV
in Chinese children would decrease the incidence of NPC after 40 or more yr. By con-
trast, a therapeutic vaccine for individuals who have EBV IgA antibodies, known to be
at highest risk to develop NPC, could be considered and possibly successful in prevent-
ing the clinical onset of the tumor (90) (see also Chapter 6).

TREATMENT OF BL

Dennis Burkitt in Uganda and Peter Clifford in Nairobi explored the activity of a
broad array of cytotoxic drugs and showed that the tumor responds very well to many,
among the more effective being cyclophosphamide, methotrexate, vincristine, and
cytarabine (91–93). Using either cyclophosphamide as the sole systemic agent or using
sequential delivery of cyclophosphamide and additional agents up to 40% of patients
can be cured (94,95). It is also essential to use intrathecal therapy if relapse in the cen-
tral nervous system is to be avoided (96).

Unfortunately, although in the early days of chemotherapy better results were
being achieved in African patients with BL than in patients in Europe and the United
States, this is no longer the case. Approximately 90% of patients with BL in the West-
ern world are cured while the majority in equatorial Africa either receive no treat-
ment, or are given whatever drug happens to be available, with predictably poor
results. Whether the African tumor is more responsive to treatment is not known, but
the rarity of bone marrow involvement, an indicator of high risk for treatment failure
in the West, suggests that it ought to be possible to cure at least 80% of patients with
a relatively inexpensive and well tolerated treatment protocol. In a disease that
accounts for half of all childhood neoplasms in an area of the world where half the
population is less than 15 yr old, BL is a much more important public health problem
than it is in Europe or the United States. It would seem that this tumor, which has pro-
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vided so many insights into the role of viruses in human oncogenesis and the treat-
ment of cancer, deserves more attention, at least to provide proper chemotherapy to
all children with BL in Africa.
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6
Epstein–Barr Virus and Nasopharyngeal Carcinoma

Nancy Raab-Traub

PATHOLOGY OF NASOPHARYNGEAL CARCINOMA AND
ASSOCIATION WITH EPSTEIN–BARR VIRUS

The Epstein–Barr virus (EBV) is associated with malignancies that arise in both B
lymphocytes and epithelial cells, including Burkitt’s lymphoma, immunodeficiency-
related lymphoma, and nasopharyngeal carcinoma (NPC) (1,2). The malignancies
associated with EBV develop years postinfection, suggesting that they represent some
form of reactivated infection.

Nasopharyngeal carcinoma is an unusual tumor with intriguing epidemiologic and
biologic characteristics. The tumor occurs worldwide but with exceptionally high inci-
dence in particular populations in specific geographic regions (3,4). The incidence is
highest among the Cantonese in Southern China, and in Hong Kong and Singapore
Chinese. It occurs with intermediate incidence in Mediterranean Arabs and in Malays
in Singapore. The incidence is quite low in American Caucasians and Europeans. The
extraordinarily elevated NPC incidence in distinct populations suggests that environ-
mental and genetic elements and viral infection contribute to the development of this
disease (1).

Most NPC tumors develop within the fossa of Rosenmuller, a region of the
nasopharynx that is rich in lymphocytes. The primary tumor is frequently not identified
and more than 50% of patients present with cervical lymph node metastases (5). NPC
is classified histopathologically by the degree of differentiation (6). The classification
system recommended by the World Health Organization classifies NPC as keratinizing
squamous cell carcinoma (type 1), nonkeratinizing carcinoma (type 2), and undifferen-
tiated carcinoma (type 3). The type 1 squamous cell carcinomas can be further divided
into well, moderately, or poorly differentiated. Well-differentiated tumors display obvi-
ous intercellular bridges and keratin pearls, whereas poorly differentiated tumors have
largely cytoplasmic keratin. Type 2 tumors may have organized cell growth patterns but
lack keratinization under light microscopy. Undifferentiated NPC or type 3 was also
frequently called lymphoepithelioma owing to the heavily infiltration of the primary
tumor with lymphocytes. The cells are almost syncytial in appearance and are arranged
in strands or connected with lymphoid stroma. The large nuclei are irregular with
prominent nucleoli (5).
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Serologic Association with EBV

The first association of NPC with EBV was revealed in seroepidemiologic data in
which patients with NPC had elevated immunoglobulin G (IgG) and IgA antibody
titers to the EBV viral capsid antigen (VCA) and to an antigen associated with replica-
tion, called early antigen (EA). Henle et al. showed that these titers correlated with
tumor burden, remission, and recurrence (7). Elevation of IgA antibodies can precede
tumor development by 1–2 yr, suggesting that EBV infection has reactivated (7). In
addition, antibodies to the EBV nuclear antigen (EBNA) also were elevated in NPC,
and elevated total serum immunoglobulins were indicative of clinical stage (8). In other
studies of Alaskan Eskimos, North American patients, and Asian Americans, titers
were not consistently elevated prior to diagnosis and were not predictive of prognosis
(9). Overall, however, the data suggest that reactivation and replication of EBV may
precede and denote the development of NPC, and that continued antibody response
may reflect the presence of tumor.

Several studies have indicated that EBV serology also differs among the histologic
subsets of NPC. In one of the first studies of the histologic subsets of NPC, patients
with type 1 NPC had lower EBNA titers but similar IgG levels to the viral capsid and
early antigens (6). Among American cases, the nonkeratinizing, undifferentiated forms
(type 2 and 3) had elevated IgG and IgA EBV titers whereas patients with well-differ-
entiated carcinomas had EBV serologic profiles similar to those of control groups (9).
In contrast, in a study of Malaysian patients comprising Chinese, Malay, and other eth-
nic groups, those with all three forms of NPC had elevated IgA titers to the viral capsid
(10).

Titers to other replicative proteins including thymidine kinase, DNase, ribonu-
cleotide reductase, and the EBV replication activator protein, ZEBRA, are also ele-
vated in NPC (11,12). The accurate quantitation of antibodies with enzyme-linked
immunosorbent assays (ELISAs) using recombinant proteins may provide additional
useful clinical tests.

Detection of Viral Nucleic Acid and Protein in Tumors

It was initially shown using hybridization kinetic analyses that the EBV DNA in
Burkitt’s lymphoma was homologous to that in NPC and that NPC had a relatively
high copy number of EBV genomes (13). Subsequent studies revealed that viral DNA
and EBNA were present in the malignant NPC epithelial cells rather than in the infil-
trating lymphoid cells (14). Unlike the situation in Burkitt’s lymphoma, EBV DNA
was detected across the spectrum of endemicity from areas of high incidence to those
of low incidence (15,16). The detection of EBV DNA or the abundant, nonpolyadeny-
lated EBV-encoded RNAs (EBERs) has been useful for identifying NPC that has
metastasized to lymph nodes in the absence of identification of the primary tumor (17).

Squamous cell carcinomas of the nasopharynx (type 1) are rare in all populations
and even in areas of high incidence comprise <1% of the NPC tumors (9). With the
availability of cloned probes, EBV genomes have been detected in the squamous cell
type 1 NPC (16). However, other studies using in situ hybridization have not detected
the viral genome in squamous cell carcinomas in European populations (18). In all type
1 NPC samples from Malaysia, EBV DNA was detected on Southern blots; the EBERS
were detected by in situ hybridization; and latent membrane protein 1 (LMP)-1 was
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detected by immunohistochemistry (19). In areas of differentiation, the EBERs were
usually not detected, and LMP-1 expression was considerably decreased (19). This
downregulation of EBV expression in differentiated cells may account for some of the
variability in detection of EBV in the differentiated form of NPC. The difference in
association with type 1 squamous cell NPC may also reflect differences in the sample
populations, as most studies in Oriental populations, in which undifferentiated NPC is
the prevalent type, have detected EBV in all forms of the tumor while studies of Euro-
pean or American NPC samples have had less consistent detection of EBV DNA in dif-
ferentiated NPC.

DIAGNOSTIC CRITERIA FOR NPC

Cervical lymphadenopathy is the most common clinical presentation of NPC, with
unilateral or bilateral nodal involvement in 50–70% of patients. The jugulodigastric
lymph nodes are the most commonly affected (20). Nasal symptoms may affect more
than half of patients, with blood-stained nasal discharge in one-third of patients. Nasal
obstruction is a late finding indicating a large tumor. Hearing loss is due to tumor
obstruction of the eustachian tube, and tinnitus occurs in one-third of patients. Blood-
stained sputum is common and in endemic areas warrants a thorough head and neck
exam (20). Neurologic symptoms may include cranial nerve paralysis that most fre-
quently involves cranial nerves V and VI. Headache is a frequent occurrence and may
be unilateral, central, or retroorbital. Headache may be due to erosion of the base of the
skull or cranial nerve irritation.

EBV serology is an important tool in diagnosis of NPC, with elevated anti-IgA VCA
in 95% of patients. These titers are useful in the identification of patients with occult
NPC.

Clinical diagnosis is confirmed by nasopharyngeal biopsy, which may be performed
in the outpatient clinic with local anesthesia. Biopsy is indicated in an endemic area by
cervical lymphadenopathy, elevated EBV titers, cranial nerve paralysis involving
nerves V and VI, and radiologically demonstrated lesions. When NPC is strongly sus-
pected despite negative biopsy, computerized tomography or magnetic resonance
imaging should be performed and can be used to guide an endoscopic biopsy in the
suspicious area. As a final resort to make the diagnosis, the patient should be reexam-
ined under general anesthesia with curettage of the nasopharynx (20).

EBV INFECTION IN NPC

Clonality of EBV in NPC

Nasopharyngeal carcinoma cells cannot be cultivated in vitro, and it is a rare tumor
that can be transplanted into nude mice (21). Therefore EBV infection in NPC has been
primarily characterized through analyses of viral nucleic acids and proteins in samples
obtained at biopsy (16,22,23). In latent infection, EBV DNA is detected as an extra-
chromosomal, circular episome. In permissive infection (also called replicative or lytic
infection), linear DNA is packaged into virions (24). In NPC samples, EBV episomes
have been detected by electron microscopy (25). Identification of the restriction
enzyme fragments that represent the ends of the EBV genome on Southern blots has
been particularly informative (23). Within the virion, EBV DNA is a double-stranded
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linear molecule with homologous direct, tandemly repeated (TR) sequences of approx
500 basepairs at both ends of the linear genome (26). The number of TR sequences is
quite variable and differs among individual DNA molecules. The terminal restriction
enzyme fragments of virion DNA are heterogeneous in size and, when identified on
Southern blots, form a ladder array representing molecules that have differing numbers
of the TR element. After entry into the cell, the DNA circularizes through the TR to
form the intracellular, extrachromosomal episome. This circularization produces a
fused restriction enzyme fragment that can be identified with DNA probes for either
end of the linear genome. In monoclonal EBV-positive lymphomas and in NPC sam-
ples, a single fused restriction enzyme fragment is usually detected (23). This suggests
that every copy of the viral genome within each cell is identical with regard to the num-
ber of TR sequences and that the EBV episomes in every cell within the tumor are
identical. This clonality of the viral genome suggests by extension that the NPC tumors
are also clonal. The detection of homogeneous EBV molecules also suggests that the
tumor cells are a clonal expansion of a single cell that was infected with EBV prior to
clonal expansion.

Integration of EBV into the NPC Genome

EBV episomes are present in multiple copies in NPC and have obscured the detec-
tion of integrated forms of EBV. Using pulse field analysis, possible integrated forms
of EBV were detected in 4 of 17 NPC samples (27). The sites of integration were not
determined and it is unknown whether these integration events affect cellular expres-
sion or contribute to tumor development. However, integration is probably not a neces-
sary event for the development of NPC.

EBV Expression in NPC

EBV gene expression differs by type of disease, and its expression in NPC is distinct
from that detected in transformed lymphocytes. The initial studies of viral expression
in NPC identified the regions of the viral genome that were transcribed, and these now
are known to encode latent membrane protein 1 (LMP-1) and the EBV nuclear antigen,
EBNA-1 (22). The sequences that encode EBNA-2, a viral protein essential for trans-
formation of lymphocytes, and EBNA-3 A, -3B, and -3C were not transcribed in NPC.
Northern blot analyses, cDNA cloning, and polymerase chain reaction (PCR) amplifi-
cation have shown that the EBERs, the spliced mRNAs that encode LMP-1, latent
membrane protein 2 (LMP-2), and the BamHI A fragment are consistently transcribed
in NPC (28–33).

These findings have been confirmed through identification of specific viral proteins
with monoclonal antibodies. LMP-1 and EBNA-1 have been detected while EBNA-2, -
3A, -3B, and -3C, and leader protein (LP) (also referred to as EBNA-2, -3, -4, -6, and -
5, respectively) are usually not found (34,35). Detection of the LMPs is not consistent.
LMP-1 is not always detected in all cells or in all tumors on immunoblots; and the
LMP-2 protein, which is difficult to detecte in cell lines, has not yet been identified in
tumor samples (36). The ZEBRA protein has been detected in a few cells in some
NPC, and the spliced ZEBRA mRNA and other replicative mRNAs can also be
detected using reverse transcriptase-based PCR (37). A new protein encoded by the
BamHI A RNAs was found in most NPC samples (38).
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These findings suggest that NPC represents a latent EBV infection with consistent
expression of specific viral genes with an expression pattern distinct from that found in
transformed B lymphocytes. This unique state of latency, termed latency II, is also
found in several other malignancies linked to EBV, including Hodgkin’s disease and T-
cell lymphoma and in some lymphoid cell lines (2). These differences in expression
indicate that regulation of viral expression is distinct in this form of latency and that
different viral promoters may be active.

In B-lymphoid cell lines, the EBNA-2 and EBNA-3 proteins are two key regulators
of viral transcription. EBNA-2 autoregulates the major promoter for transcription of
the EBNAs, Cp, and a bidirectional promoter for LMP-1 and LMP-2 (39–41). The pro-
moter for LMP-1 is quite complex, and multiple binding proteins and cis elements have
been identified (24). This activation of the LMP-1 promoter by EBNA-2 is further
modulated by EBNA-3C and LP (42,43). EBNA-3C also binds one of the same cellular
proteins, RBPJk, through which EBNA-2 binds DNA and affects EBNA-2 transactiva-
tion (43). The restricted expression of RBPJk is responsible for some of the cell type
specific differences that have been observed with EBNA-2-responsive promoters.
EBNA-3A and -3B (EBNA-3 and -4) also bind this same protein and also are likely to
regulate transcription (24). In addition, leader protein (LP or EBNA-5) interacts with
EBNA-2 to affect transcription (42).

As the mRNAs that encode EBNA-1 to -6 all initiate at promoters within BamHI W
(Wp) or BamHI C (Cp) in lymphocytes, it was of interest to determine the structure of
the EBNA-1 mRNA in NPC. Intriguingly, the EBNA-1 mRNA was shown to initiate
from sequences within BamHI Q (44). This same transcription initiation site for
EBNA-1 was identified in Burkitt’s lymphoma (45,46). Interestingly, this promoter
appears to be autoregulated by EBNA-1 as there is an EBNA-1 binding site immedi-
ately 3′ to the start site.

In NPC, EBNA-2 to -6 are not expressed, yet the promoters for LMP-1 and LMP-2 are
apparently active, as the genes are transcribed. It is presently unclear how expression of
these genes is regulated in the absence of the EBNA-2 and EBNA-3 proteins. Recent
studies suggest that the BamHI A RNAs may encode proteins that affect EBV expression.

Several studies have shown that methylation of the viral genome is an important reg-
ulatory element, as expressed genes are usually not methylated whereas regulatory ele-
ments for nonexpressed genes are frequently methylated (47). In NPC, the LMP-1
coding exons were shown to be methylated in all tumors whereas the promoter region
was methylated only in those tumors in which the LMP-1 protein was not detected. An
additional difference in NPC is that two different mRNAs encode LMP-1. In addition
to the well-characterized 2.8-kb LMP-1 mRNA, a second 3.7-kb mRNA has been
detected (29). This mRNA initiates from a promoter within the terminal repeat unit that
in vitro is transactivated by the SP-1 transcription factor (48).

MOLECULAR PROPERTIES OF THE VIRAL PROTEINS EXPRESSED 
IN CANCER

EBNA-1

The EBNA-1 protein binds to the origin of replication for the plasmid form of the
viral genome (orip) and enables the viral episome to be replicated by the host DNA
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polymerase (24). Orip also contains a transcriptional enhancer element, composed of
30-basepair tandem repeats, that is activated by EBNA-1 binding (24). In the presence
of EBNA-1, EBV episomal replication is believed to be blocked at the repeat element
such that the episome is replicated primarily unidirectionally. It is presently unknown if
EBNA-1 also binds and activates specific cellular enhancers. Several studies indicate
that EBNA-1 has additional important properties that may contribute to tumorigenesis.

EBNA-1 has the ability to bind RNA in vitro, through potential arginine/glycine
(RGG) motifs. EBNA-1 also activates expression of the lymphoid recombinase RAG
genes through an as yet unidentified mechanism (49). Activation of the RAG genes
could promote chromosomal rearrangement and translocations and possibly also facili-
tate viral integration. In addition, EBNA-1 transgenic mice have an increased incidence
of lymphoma (50). This may indicate that EBNA-1 can activate expression of critical
cellular genes and affect cellular growth control. EBNA-1 also is expressed in the per-
missive EBV infection, hairy leukoplakia, indicating that it contributes to replicative
EBV infection (51).

Interestingly, EBNA-1 is apparently not recognized by cytotoxic lymphocytes
(CTLs), and EBNA-1 specific T cells have not been identifed. One study has shown
that EBNA-1 is not processed and presented in class I major histocompatibility class
(MHC) molecules (52). The EBNA-1 protein contains a simple repeat of glycine and
alanine that is homologous to some cellular proteins. Transfer of this repeat element to
a heterologous protein sequesters the protein from processing and expression within
class I. This unique property would allow an EBV-infected cell that expressed only
EBNA-1 to escape immune recognition.

LMP-1

LMP-1 is a transmembrane protein that is essential for the EBV-induced transforma-
tion of B lymphocytes in vitro (24,53). It is the only gene expressed during latency that
is capable of transforming established cell lines in vitro (54). Expression in rodent
fibroblasts induces focus formation, growth in soft agar, and tumorigenicity in nude
mice. In lymphocytes, expression of LMP-1 induces expression of multiple cellular
genes including B lymphocyte activation antigens, adhesion molecules, vimentin, HLA
class II, transferrin receptor, and the anti-apoptotic genes, bcl2 and A20 (24). A20
expression blocks tumor necrosis factor induced cell death and inhibits p53-mediated
apoptosis (55). Transgenic mice that express LMP-1 under the control of the heavy
chain immunoglobulin promoter and enhancer develop B-cell lymphomas (56). This
study reveals that LMP-1 without expression of other EBV proteins is oncogenic in
vivo.

Expression of many markers usually expressed in B cells has been described in pri-
mary NPC samples. These include CD 23, CD 24, Ia antigen, and Cdw 70 (1,2).
Expression of adhesion molecules also is altered with elevated expression of ICAM-1
(CD 54) and reduced expression of LFA-3 (CD 58). These effects are likely due to
expression of LMP-1.

In some epithelial cell lines, LMP-1 inhibits differentiation and causes morphologic
transformation with decreased cytokeratin expression (57). Epithelial lines expressing
LMP-1 have decreased expression of E-cadherin and increased invasive ability (58). In
transgenic mice, in which LMP-1 was expressed in skin, the mice had epithelial hyper-
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plasia and altered expression of keratin 6 (59). LMP-1 expression induces expression of
the epidermal growth factor receptor, and elevated epidermal growth factor receptor is
also detected in NPC (60). A clinical analysis of NPC with or without detectable LMP-1
suggested that LMP-positive tumors grew more rapidly but that LMP-1 negative tumors
had a greater chance of recurrence and increased tendency to metastasize (61).

LMP-1 has a complex molecular structure with a cytoplasmic amino (N)-terminus,
six transmembrane domains, and a long cytoplasmic carboxy (C)-terminal portion
(Fig. 1). Within LMP-1 there is an 11-amino-acid repeat element and 10 amino acids
that are deleted in some strains of EBV (62). The C-terminal portion of LMP-1 inter-
acts with cellular proteins that transduce signals from the tumor necrosis factor family
of receptors (63). The signaling molecules, termed TRAFs for tumor necrosis factor
receptor associated factors, and a TRAF adaptor protein (TRADD) are activated by the
receptor clustering that occurs after ligand binding. LMP-1 apparently acts as a consti-
tutively activated member of this receptor family. Activation of these receptors acti-
vates the NFκB transcription factors and in some cases may induce apoptosis. Two
domains have been identified in the C-terminus of LMP-1 that bind TRAF or TRADD
and can both activate NFκB (64). The TRADD binding domain has also been shown to
activate the c-jun terminal kinase (65). Activation of NFκB is responsible for many of
the cellular phenotypic changes that are induced by LMP-1. LMP-1 activates NFκB in
both lymphocytes and epithelial cells and induces some of the same cellular genes in
both cell types (60,66). Induction of epidermal growth factor receptor expression
requires the TRAF interacting domain but not the TRADD interacting domain (67).
Mutational analysis revealed that binding of TRAFs 1, 2, and 3 are required for induc-
tion of epithelial growth factor receptor (67). This suggests that LMP-1 activates two
distinct signaling pathways: one that activates NFκB and a second pathway mediated
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by TRAF activation that induces expression of genes such as the epidermal growth fac-
tor receptor.

LMP-2

The LMP-2 gene is expressed from a highly spliced mRNA that contains exons
located at both ends of the linear EBV genome (24). There are two differently spliced
mRNAs for the two forms of LMP-2. The mRNA for LMP-2A (also called TP-1) has an
exon that is lacking in the LMP-2B mRNA and that encodes a hydrophilic domain at
the N-terminus of the protein (24). The LMP-2 mRNAs can be transcribed only across
the fused termini of the episome or from rare integration events of two tandem copies.
In NPC, consistent transcription of LMP-2 has been detected by Northern blot analyses
and PCR (28). Antibodies to LMP-2 are highly specific for patients with NPC (68).
However, the protein is difficult to detect and has not yet been identified in NPC biopsy
samples. LMP-2 is not required for lymphocyte transformation although it is consis-
tently expressed during transformation and is coordinately regulated with LMP-1
(24,69). LMP-2 is an integral membrane protein that has been shown to interfere with
signal transduction from the activated immunoglobulin receptor (70). The hydrophilic
cytoplasmic domain of LMP-2 binds the cellular tyrosine kinases fyn and lyn (24).
This binding blocks subsequent signal transduction from the immunoglobulin receptor
and inhibits B-cell activation that would initiate the viral replicative cycle (70). In
epithelial cells, LMP-2 becomes phosphorylated upon binding, possibly mediated by
integrin binding (71). LMP-2 becomes phosphorylated after plating of epithelial cells
on extracellular matrix proteins such as fibronectin, although it presently is unclear
how LMP-2 affects the biologic properties of epithelial cells.

BamH I A RNAs

In addition to the RNAs described above that are known to encode protein, a family of
intricately spliced mRNAs were originally identified in examples of nasopharyngeal car-
cinoma (29–31). Sequence analysis of cDNAs has revealed that the RNAs are 3′ cotermi-
nal but differentially spliced (32,33). The various RNAs contain different exons forming
novel open reading frames (ORFs). At least one of these ORFs has been shown encode
protein (30,38). Although these RNAs are most abundant in NPC, they have also been
identified in transformed lymphocytes and in Burkitt’s lymphoma (2,72).

EBER RNAs

The most abundant RNAs in EBV-infected cells are small nuclear RNAs transcribed
by RNA polymerase III (73). These RNAs called EBERS are present at approx 106

copies per cell but are not necessary for lymphocyte transformation (74). However,
they are expressed in all of the malignancies associated with EBV and presumably con-
tribute in some way to the maintenance of latency in vivo. Interestingly, expression of
the EBER RNAs seems to be downregulated during differentiation, resulting in little or
no EBER expression in differentiated regions of NPC tumors (19). An extensive
screening of EBER expression identified EBERs in 80% of type 1 NPC, in 98% of type
2, and in 97% of type 3. In the type 1 NPC, EBER expression was largely confined to
the basal area and not detected in regions of differentiation (75). The EBER RNAs are
not detected in the permissive EBV infection, hairy leukoplakia (76).
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VIRAL INFECTION AND COFACTORS FOR THE DEVELOPMENT 
OF NPC

Strain Variation in NPC

As NPC occurs with high incidence in distinct ethnic populations and geographic
locations, it is possible that its development is influenced by specific variants of EBV
that are more prevalent in distinct geographic locations. The question of EBV strain
variation has been examined in multiple ways (16,77). The virus strains used for most
studies of EBV have been obtained from lymphoid cell lines from Burkitt’s lymphoma
(HR1, W91, Akata, AG876) or the marmoset cell line infected with virus from a patient
with infectious mononucleosis (B95) (24). Virus has been obtained from NPC and used
to transform lymphocytes, indicating that the virus in NPC is both replication and
transformation competent (2). Hybridization kinetic analyses and electron microscopy
suggested similarity in genetic complexity of the viral genome in NPC and Burkitt’s
lymphoma; and restriction enzyme analysis of two NPC isolates, MABA and NPC-KT,
indicated near identity to EBV strains from infectious mononucleosis and Burkitt’s
lymphoma (13,77,78). EBV DNA within NPC biopsy samples was also shown to be
similar to that in laboratory strains (16).

Two types of EBV, referred to as EBV-1 and EBV-2, are distinguished by highly
divergent sequences that encode the EBNA-2 and EBNA-3 genes (24,79,80). EBV-2 has
been detected in central Africa and is frequently detected in patients with human
immunodeficiency virus (HIV), but neither type has been specifically associated with
any pathologic phenotype (2,81).

Restriction enzyme analyses have suggested that EBV strains may differ in preva-
lence in different populations. A common Chinese variant was initially described that
was marked by the loss the the BamHI site between the W1′ and I1′ fragments and
frequently had an additional BamHI site in the BamHI F fragment (82). A polymor-
phism in an XhoI site within the LMP-1 gene also was detected in most Chinese sam-
ples (83,84). A study of epithelial and lymphoid malignancies from endemic and
nonendemic regions including Chinese, Mediterranean, and American populations
determined the restriction enzyme polymorphisms and EBV type. This study identi-
fied the prevalent strain in Southeast Asia as a variant of EBV-1 with the BamHI and
XhoI polymorphisms described previously (83). An EBV-1 subtype similar to the
MABA strain was found in NPC from areas of middle or low incidence. A new vari-
ant of EBV-2, with the polymorphisms from the right end of the genome similar to
the Chinese EBV-1 strain, was identified in NPC and carcinoma of the parotid gland
from Alaska (83).

As EBV LMP-1 is essential for transformation and is considered the EBV oncogene,
recent studies have focused on strain variation in the LMP-1 gene. The sequence of a
Chinese isolate revealed several amino acid changes and deletion of 10 amino acids
within LMP-1 (84). Comparison of the LMP-1 coding sequences in the prototype EBV-
1 and EBV-2 strains revealed that the LMP-1 sequences were nearly identical (85). A
comprehensive analysis of LMP-1 sequence variation in NPC isolates from several
geographic regions indicated that consistent sequence variation, including the 10
amino acid deletion, marked the Chinese strain (62). In contrast, the Alaskan variant
had many of these changes, but it was undeleted and represented EBV-2.
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Many studies have focused on the small deletion in LMP-1 and its prevalence in var-
ious pathologies associated with EBV (86). One study analyzed the effect of the dele-
tion on transformation ability by producing chimeric proteins. The data indicated that
the enhanced transforming ability of the Chinese strain in BalbC 3T3 cells was trans-
ferred with the C-terminus that included the 10 amino acid deletion (87). Deletion of
the 10 amino acids in the B95 LMP-1 resulted in the ability to induce transformation
and tumorgenicity, while insertion of the 10 amino acids into the Chinese strain elimi-
nated transformation and tumorigenicity. A similar study found that the differing abil-
ity of a deleted strain from NPC or the undeleted B95 LMP-1 to activate NFκB or
induce the epidermal growth factor receptor mapped to the transmembrane domain
(88). Several detailed studies of LMP-1 variation have now identified multiple strains
that can be distinguished by phylogenetic trees, and at least six distinct variants of
LMP-1 can be identified (89,90).

These studies indicate that certain EBV strains may be more prevalent in specific
geographic regions. It is presently unknown whether certain variants may be linked to
the development of NPC. The ability to distinguish strains may reveal epithelial trophic
strains or identify strains with forms of LMP-1 that have increased transforming prop-
erties that contribute to increased pathogenicity.

EBV INFECTION AND TRANSFORMATION OF EPITHELIAL
CELLS IN VITRO

Although EBV readily infects and transforms B lymphocytes, it has been difficult to
infect or transform human epithelial cells. Evidence of EBV infection of epithelial
cells in vitro could be detected with wild-type strains obtained directly from throat
washings but not laboratory isolates (91).

The difficulty of infecting epithelial cells may be due to differences in expression of
the EBV receptor, CD21 or CR2. There is conflicting evidence for expression of the
receptor, dependent on the monoclonal antibody used and the source of epithelium (2).
Transfection of CD21 into an epithelial cell line facilitated infection, but the viral
genome was rapidly lost from these cells and some cells spontaneously entered the
replicative cycle (92). Cell clones could be established that retained the EBV genome
in episomal form and expressed EBNA-1 and LMP-1. These stably infected clones
were impaired in the ability to differentiate, and viral replication could not be induced.
This suggested that perhaps impairment in differentiation could influence the ability of
EBV to establish a latent, transforming infection. A recent study showed that EBV
infection of epithelial cells was greatly enhanced by cocultivation and did not require
CD21 expression (93). The binding of EBV to secretory IgA also facilitates EBV entry
into epithelial cells that expressed the secretory component (94). In polarized, stratified
epithelial cultures, EBV was transcytosed through the epithelium without viral expres-
sion, while in unpolarized cultures, EBV replicative gene products were detected (95).

Several EBV replicative proteins affect cellular cycle progression and apoptosis.
The immediate early protein, ZEBRA, has been shown to interact with p53 and inter-
fere with p53 transactivation while the EBV early gene, BHRF1, which is homologous
to the bcl2 gene, can block apoptosis induced by various agents (2,96). Another early
gene encoded by the BARF1 ORF can transform rodent fibroblasts and induce tumori-
genicity in the EBV-negative Louckes Burkitt’s lymphoma cell line (97).
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EBV INFECTION IN NORMAL AND PREMALIGNANT
NASOPHARYNGEAL TISSUES

Several studies have attempted to ascertain the site and state of infection in the
nasopharynx of normal populations and those at high risk to develop NPC. In patients
with infectious mononucleosis, EBV DNA and viral antigens were detected in
sloughed epithelial cells (98,99). This suggested that the nasopharyngeal epithelial
cells were the source of infectious virus that is detected in saliva during infectious
mononucleosis. Evidence of EBV replication has been detected in epithelial cells in
parotid tissue in which high copy numbers of EBV genomes were detected by in situ
hybridization (100). A recent study also showed evidence of EBV replication in epithe-
lial cells adjacent to an EBV positive T-cell lymphoma (101). The epithelial cells had
high copy numbers of EBV DNA and were ZEBRA positive but EBER negative, while
the malignant lymphocytes were positive for EBER and LMP-1 expression. Studies of
normal nasopharyngeal mucosa have detected evidence of EBV only in lymphocytes in
which EBER- and ZEBRA-positive cells were occasionally detected (102). In nasal
polyps, EBV-infected lymphocytes were detected, and some were positive for ZEBRA
expression. This suggests that lymphocytes may be the source of virus secreted in the
nasopharynx in reactivated infection.

A comprehensive screening of a large Chinese population identified 1267 individu-
als with IgA to VCA. Of the 203 who were biopsied, 46 had early NPC and an addi-
tional 12 had detectable NPC within 12 mo. In 14 samples from individuals without
detectable NPC, a few cells were identifed as EBNA-positive or EBV DNA-positive by
in situ hybridization (103). In samples from patients with histologic evidence of NPC,
EBV markers for EBNA or latent or replicative genes were not detected in normal tis-
sue but only in samples with nests of tumor cells. A subsequent screen of biopsy sam-
ples regularly detected EBV in all examples of NPC but detected the genome only in a
subset of cells displaying carcinoma in situ (104). Carcinoma in situ with microinva-
sion had a higher proportion of EBV-positive cells. An extensive screening of 5326
biopsy samples from the ENT clinic at the University of Malaya, detected NPC or car-
cinoma in situ in 1811 samples. Remarkably, only 11 samples contained dysplasia or
carcinoma in situ without adjacent invasive carcinoma. In the samples with relatively
early disease, that is dysplasia or carcinoma in situ, EBER and LMP-1 were detected in
all cells and analysis of the EBV termini revealed clonal EBV (105). The very rare
detection of dysplasia or carcinoma in situ suggests that in the development of NPC,
dysplasia and carcinoma in situ rapidly develop into invasive carcinoma.

These studies in combination indicate that EBV infection in epithelial cells is rare. It
occurs in primary infection, but in normal asymptomatic infection, EBV is harbored in
lymphoid cells. The development of NPC may depend on the ability of EBV to establish a
latent infection in epithelium. The changes that predispose the cells to this event may have
already induced changes in growth properties. It is possible that the combination of prex-
isting cellular changes with EBV oncogene expression results in the rapid expansion of an
infected cell that rapidly develops into malignant, invasive carcinoma (1).

GENETIC CHANGES IN NPC

Although EBV infection is clearly an important factor in the development of NPC,
the extraordinary differences in incidence indicate that other factors influence the

EBV and Nasopharyngeal Carcinoma 103



development of NPC. Multiple dietary and environmental exposures have been linked
to the development of this tumors (3,4). Evidence suggests that consumption of salted
fish is a contributing factor (4,106,107). Carcinogenic compounds such as nitrosamine
have been identified in salted fish and in food products consumed by other high-risk
populations such as Tunisian stews and pepper mixtures (108). In addition to dietary
and environmental components that could affect cellular expression or EBV infection,
genetic differences may exist in the high-risk populations. The putative genetic
changes could work in concert with the viral oncogenic proteins to induce cancer.

An early investigation explored the relationship between HLA type and the develop-
ment of NPC (109,110). Several HLA types have been associated with development of
the disease, and familial aggregation has been linked to the HLA region (110). A recent
study revealed that the cytotoxic T-cell presentation of LMP-2 was restricted to HLA
A2.1 (111). As LMP-2 is expressed in NPC, this restriction may be related to the lower
incidence of NPC in people with HLA-A2 (112). It has also been suggested that
patients with NPC have impaired T-cell immunity to EBV in general. However, if
impaired T-cell immunity and HLA-restricted presentation contributes to the develop-
ment of NPC, one might anticipate elevated incidence of NPC in patients with AIDS,
which has not been observed to date.

Genetic changes characteristic of other malignancies such as c-myc rearrangement,
p53 mutation, retinoblastoma deletions, or ras mutations have not been detected in
NPC from Chinese, American, or Arab populations (113–115). However, the unmu-
tated p53 protein is detected at high levels in NPC, and p53 expression has been shown
to be induced by NFκB, a transcription factor that is activated by LMP-1 (116). Several
studies have investigated whether an EBV protein possibly interferes with p53 function
and eliminates a selection for inactivating mutations. The EBV ZEBRA protein binds
p53 and inhibits p53 transcriptional transactivation, but ZEBRA is expressed in only
rare NPC cells and would be unlikely to influence a selection for inactivating mutations
in p53 in the majority of NPC cells (96). In latent infections, EBV does not interfere
with the ability of p53 to arrest cells in G1 after DNA damage by inducing expression
of the p21 cyclin kinase inhibitor, although two studies have shown that LMP-1 inhib-
ited p53-mediated apoptosis induced by serum withdrawal (55,117). This property
could be due to induction of bcl2, which has been described in lymphoid cell lines
(118). However, elevated bcl2 expression is not linked to EBV infection in epithelial
tumors, and bcl2 was not induced in epithelial cell lines expressing LMP-1 that were
protected from apoptosis (55,119). Inhibition of p53-mediated apoptosis was conferred
by the A20 protein, which is induced by LMP-1 expression and blocks apoptosis
induced by tumor necrosis factor (TNF) or serum withdrawal. This inhibition of p53-
mediated apoptosis is likely to be responsible for the lack of p53 mutations in EBV-
associated cancers (55).

Recent studies have identifed areas of loss of heterozygosity on several chromo-
somes including regions on chromosome 3p24 and 9p21 (120,121). Although p16 is
not deleted in the C15 tumor passaged in nude mice, the gene is not expressed (115).
The p16 gene is a critical regulator of cell cycle progression through G1. Multiple
genes that regulate cell cycle progression including the retinoblastoma gene, cyclin D,
and cyclin-dependent kinases are mutated in cancers. Deletion of p16 and repression of
p16 expression in NPC suggests that cell cycle regulation is also affected in NPC as it
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is many other tumors. The identification of other specific genes in the regions display-
ing chromosomal loss may identify critical cellular genes that are affected by muta-
genic environmental factors or contribute to the development of NPC in high-risk
populations.

SUMMARY

EBV infection is an etiologic and major contributing factor to the development of
NPC. EBV is detected in the great majority of tumors and evidence of infection is usu-
ally detected in every malignant cell. EBV has consistent expression of specific viral
genes in NPC with expression of EBNA-1, LMP-1, LMP-2, and BARF-0, similar to
the latency II pattern described in lymphoid cell lines. In some cells the EBERs may
not be detected and LMP-1 is not always detected in all tumors. These variations may
reflect differences in viral expression dependent on the cell state of differentiation or
indicate that during tumor progression continued expression of the viral transforming
functions may be subjected to immune selection.

It seems that the virus enters epithelial cells from permissively infected lymphocytes
trafficking through lymphoid-rich areas of epithelium. Evidence of latent infection in
normal epithelium has not been detected. In normal epithelial tissue, a permissive
infection may occur or the virus may be transported through the epithelium via viral
specific IgA. The tissue organization or genetic background of the cells may influence
this process such that the virus does not replicate in the cells destined to develop into
NPC, but rather a latent infection is established and viral transforming genes are
expressed. Factors that could influence the outcome of infection could be the route of
entry (IgA vs receptor mediated), the strain variant, or environmentally induced
changes in the basal epithelium. This establishment of a predominantly nonpermissive
infection could be the major event that leads to development of NPC. The expression of
viral genes would then promote cellular proliferation and the rapid progression from
dysplasia to cancer. Additional genetic changes may then contribute to the predomi-
nance of a specific clone or to tumor progression.
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7
Hodgkin’s Disease

Paula G. O’Connor and David T. Scadden

OVERVIEW

Sir Thomas Hodgkin first described Hodgkin’s disease (HD) in 1832 as a physician
in training. This was followed by the description of the Hodgkin and Reed–Sternberg
cells by multiple researchers between 1878 and 1902. The Lukes & Butler, Rye, and
REAL classifications of HD were devised in the 1960s, 1980s, and 1990s, respectively.
Yet, despite our longstanding ability to identify HD, the etiology of the disease has
remained obscure.

Clinical and epidemiologic characteristics of HD including fever, night sweats, lym-
phadenopathy, bimodal age incidence, and case clustering prompted the search for an
infectious etiology of the disease. The observation of a threefold increase in the inci-
dence of HD in those with a history of mononucleosis focused the search on
Epstein–Barr virus (EBV). Subsequent serologic, pathologic, and virologic evaluations
support the idea that EBV plays a significant if not causative role in the development of
subtypes of HD.

Seventy to eighty percent of all patients presenting with HD regardless of histologic
subtype will be cured with combination chemotherapy and/or radiotherapy. These
cures do not occur without risk—risk of sterility, second malignancy, severe organ tox-
icity, and infectious death. Targeting the viral antigens of EBV-associated HD using
adoptively transferred virus-specific cytotoxic lymphocytes may provide an adjunctive
or alternative therapy for those patients not cured or those unwilling to take the risks
associated with conventional therapy.

EPIDEMIOLOGY OF HODGKIN’S DISEASE

Multiple Disease Hypothesis

The epidemiology of HD is complex. There is significant variation in HD incidence
worldwide when analyzed by age, gender, ethnicity, geography, economic develop-
ment, and histologic subtype.

MacMahon was the first to describe the bimodal age incidence of HD when he noted
a first peak of disease in young adults between ages 15 and 35 and a second peak of
disease in those over 50 (1). This observation was confirmed in other Western industrial
nations but not in less developed nations (2). There, the first peak of disease was seen
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earlier, in children between ages 5 and 9. The adult peak, however, remained in those
over 50.

HD is divided into five disease types based upon histology. They are nodular scle-
rosing HD (NSHD), mixed cellularity HD (MCHD), lymphocyte predominant HD
(LPHD), nodular lymphocyte predominant HD (NLPHD), and lymphocyte depleted
HD (LDHD). In the REAL classification scheme NSHD, MCHD, LPHD, and LDHD
are referred to as classic HD while NLPHD, which has a greater association with non-
Hodgkin’s lymphoma (NHL), is set apart (3). Studies before 1994 used the Lukes &
Butler or Rye classification in which HD was divided into the four disease types of
classic HD alone.

MacMahon and his colleagues noted international variance in the histology of HD in
addition to age variation. Whereas MCHD was the predominant histologic subtype
seen in the adult peak worldwide, NSHD was more frequently encountered in the first
disease peak in Western industrial nations and MCHD more frequently seen in the first
peak in less developed nations (4). These observations led to the “two disease” or mul-
tiple etiology hypothesis of HD. This hypothesis proposes at least two different etiolo-
gies for HD, one being responsible for the young adult peak and the other(s) for the
early childhood and adult peaks (5).

Search for an Infectious Etiology

The patterns of HD in developing nations and young adult HD in the United States
prompted the search for an infectious etiology. Shifting patterns of HD incidence in
developing nations, coincident with socioeconomic change, were believed to be consis-
tent with an alteration in the infective pattern of a possible transmissible agent (6).
Studies in the United States revealed case clustering, increased disease risk in those
with small family size, early birth order, and high socioeconomic status (7), features
considered to be consistent with a late host response to a common infectious agent, and
EBV was one of the first agents considered.

The link between EBV and HD began with the observation of similarities in the clin-
ical presentation of infectious mononucleosis (IM) and HD, with fever, lymphadenopa-
thy, and organomegaly. This was followed by the description of Reed–Sternberg-like
cells in patients with IM, and the observation of increased HD incidence in those with a
previous history of IM (8–10). The link between EBV and HD was strengthened by
subsequent evaluations revealing increased EBV titers in patients presenting with HD
(11) and prospective data showing altered EBV serology in patients prior to the diagno-
sis of HD (8). In 1987, the EBV genome was found in Reed–Sternberg cells using
Southern blot hybridization. Subsequent evaluations demonstrated the EBV genome in
40–50% of HD cases in the West. Eighty percent of the MCHD cases and 20% of the
NSHD cases contained EBV, but it was rarely found in LPHD cases. Although not
proving causality, these findings suggested a role for EBV in the pathogenesis of some
cases of HD.

Genetics and Immunodeficiency

The question of genetic predisposition to HD was raised by accounts of increased
rates of HD among children with immunodeficiency disorders such as ataxia telangiec-
tasia and Wiskott–Aldrich’s and Bloom’s syndromes but not in children with other
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types of congenital immune deficiency or in those chronically immunosuppressed fol-
lowing organ transplantation. Given the current experience with increased HD in
patients with HIV infection, it is more likely that the increased rates of HD seen in
some childhood immunodeficiency states has more to with the type and duration of
immunodeficiency than with a specific genetic predisposition, defined by the underly-
ing abnormality in these congenital syndromes. However, there is some evidence to
suggest a genetic interplay with risk. An increased frequency of the major histocompat-
ibility complex (MHC) class II allele HLA-DPBI*0301 has been reported in patients
with NSHD (12). Since HLA type governs host–antigen interaction, HLA genotype
may dictate the effectiveness of immunologic control of infectious agents participating
in HD generation.

HD was noted in homosexual and bisexual men in San Francisco as early as 1984
(13). However, definition of increased HD incidence in HIV-positive individuals did
not come until 1992. Researchers examined the rates of HD in 6704 HIV-positive
homosexual men, enrolled in the S.F. City Clinic HIV Cohort, and compared them with
age-adjusted data from the Surveillance, Epidemiology, and End Results (SEER) reg-
istry (14). An excess risk of 19.3 cases of HD per 100,000 patient-years was noted in
the study cohort. This result was confirmed by multiple investigators (15,16), including
a group at the National Cancer Institute (NCI), which performed a linkage analysis of
cancers and AIDS surveillance data collected by registries in several regions of the
United States (17). AIDS-related cancers were defined as those statistically increased
after an initial AIDS diagnosis, with increasing prevalence from 5 yr before the diagno-
sis of AIDS through 2 yr after the diagnosis. The results were notable for a 7.6-fold
increased relative risk of HD in patients with AIDS. A similar study in Australia
revealed an 18.3-fold increase in the relative risk of HD in AIDS patients (18). The risk
in this study was limited to the 2 yr prior to AIDS diagnosis and the period after diag-
nosis, suggesting that HD is a late manifestation of HIV infection, occurring in the set-
ting of significant immunocompromise.

Several small studies from Italy, France, and Spain raise the question of an increased
association between HD and HIV secondary to intravenous drug use (IVDU) (19–21).
In these studies patients with a history of IVDU were noted to have increased rates of
HD relative to their homosexual counterparts. The cause for these findings is unclear—
whether it be secondary to another biologically transmitted agent, a reflection of rela-
tive degrees of immunocompromise, or a reflection of ascertainment bias. Subsequent
U.S. evaluations of cancer risk in hemophiliac and homosexual individuals with AIDS
show equivalent HD risk, suggesting that intravenous vs sexual risk factors do not
enhance the HD risk already seen with HIV infection. Further evaluation, however, will
be necessary to accurately define the relationship between HIV secondary to IVDU and
HD.

PATHOGENESIS OF HD

Cell of Origin

The malignant cells of HD are the Hodgkin (H) cell, a mononuclear giant cell, and
the Reed–Sternberg (RS) cell, its multinucleated variant. Their presence is necessary
for the diagnosis of HD, yet cells similar to H–RS cells have been seen in other condi-
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tions such as non-Hodgkin lymphomas (NHLs), IM, and melanoma (22). The diagno-
sis of HD requires the presence of H–RS cells in a background of reactive cells includ-
ing lymphocytes, plasma cells, eosinophils, monocytes, and fibroblasts (23). H–RS
cells comprise < 2% of the tumor mass seen in most HD cases (24,25). The paucity of
H–RS cells in HD tumors has complicated efforts to define the pathogenesis of the dis-
ease. Their small number and difficulty in separating them from their surrounding cells
has made clear assignment of their biologic characteristics difficult.

The cellular origin of the H–RS cell has been attributed at various points to lympho-
cytes, monocytes/macrophages, and dendritic and granulopoietic cells. Recent
immunophenotyping and molecular studies, however, have identified the H–RS cell as
a B cell (24).

Immunohistochemical studies provided the first evidence of H–RS cell lineage
(26,27). They demonstrated the presence of B-cell antigens CD 19, 20, 22, 23, and 79a.
However, no immunoglobulin mRNA or protein was identified. Subsequent analysis of
the H–RS cells of LPHD revealed CD 20, 22, 75, and 79a on 70–90% of cases. Kappa
and lambda light chain mRNA and protein were also identified in > 50% of cases, sup-
porting the classification of the H–RS cell as a B cell in LPHD (28). Other antigens
noted on H–RS cells during these immunophenotyping studies included CD 15, 25, 30,
40, 54, 71 and MHC class II (23). T-cell markers, including CD3 and the β-subunit of
the T cell receptor, were also noted (23,29). These markers were most consistent with a
lymphoid origin for the H–RS cell although the specific lineage relationships were con-
troversial based upon these conflicting results.

With evidence to suggest that H–RS cells were derived from specific lymphoid cells,
studies to determine the H–RS cell lineage in the mid- to late 1980s utilized “whole tis-
sue” samples and Southern blot techniques to identify clonal rearrangements of
immunoglobulin or T-cell receptor genes (30,31). More sensitive techniques isolating
individual H–RS cells were developed in the early 1990s. Subsequent analyses of indi-
vidual H–RS cells for immunoglobulin (Ig) rearrangement utilizing multiple poly-
merase chain reaction (PCR) primers identified clonal IgH gene rearrangements in the
majority of H–RS cells (32,33). Polyclonal Ig rearrangements were also noted, but only
in a minority of cases, supporting the idea that H–RS cells in the majority of classic
HD cases are clonal and B cell derived (32,33).

Normal germinal center B cells undergo Ig variable region mutations to improve
antibody affinity. B cells with productive rearrangements leave the germinal center and
become memory cells. Cells with nonproductive rearrangements are selected to die by
T-cell-mediated apoptosis. Analysis of the variable region of H–RS cell Ig gene
rearrangements identify them as arrested germinal or postgerminal center B cells by
their degree of homology with germline Ig sequences (24).

H–RS Cell Function

H–RS cells are transformed postgerminal center B cells that have escaped T-cell-
mediated destruction. The cause for this transformation, the process by which it occurs,
how these cells elude immune detection, and how they bring about the HD phenotype
is not completely clear. What is known about these processes has come from cytoge-
netic analysis of the H–RS cell and examination of H–RS cell markers and cytokine
production, as an indicator of cell function and activity.
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Meta- and interphase chromosomal analyses of HD specimens have revealed recur-
ring aberrations in cells presumed to be H–RS cells. These include aneuploidy and
deletions of 1p, 4q, 6q, 7q, and 14q (34). The 4q25 deletion appears to be specific for
HD, as it has not been described elsewhere (34). The 6q deletion is seen frequently in
NHLs and the 7q in a number of malignancies. The 14q deletion has been inconsis-
tently found at 14q32, the BCL2 breakpoint commonly seen in B cell lymphomas, and
mutations associated with other common oncogenes such as MYC have only sporadi-
cally been found. The most frequent finding during chromosomal analysis of HD tumor
specimens is a normal karyotype (29).

Recent data suggest that the H–RS cell may function as a rogue antigen presenting
cell stimulating an immune response that is supportive, rather than destructive, of its
presence. Among the panel of H–RS surface markers are antigen presenting molecules
(MHC II, CD 80, 86), adhesion molecules (CD 54 and 58), and tumor necrosis factor
(TNF) family receptor molecules (CD 27, 30, 40, 95) (35). The antigen presenting mol-
ecules, CD 80 and 86, stimulate T-cell proliferation and lymphokine production. The
adhesion molecules, CD 54 and 58, ensure attachment between H–RS and T cells. Cul-
tured H–RS cells adhere to T cells and do not spontaneously detach (36). This attach-
ment likely enhances the cytokine-mediated interactions of H–RS cells and their
surrounding T cells. The TNF receptor molecules CD 30, 40, and 95 activate factors
and pathways to alter cell growth and differentiation and block apoptosis (37). How
H–RS cells modulate TNF receptor signaling to favor their own survival and cytokine
secretion over apoptosis is unclear (24).

The cell surface markers and cytokines expressed by H–RS cells participate in the
clinical and pathologic characteristics that are associated with HD. T cells, clustered
around H–RS cells as part of the reactive infiltrate, participate in a pattern of stimula-
tory and costimulatory cytokine secretion that is thought to support the H–RS cell and
cause the HD phenotype. The cytokines interleukin (IL)-1, IL-4, IL-6, IL-7, IL-9, IL-
10, IL-12, TNF, lymphotoxin-α interferon-γ, leukemia inhibitory factor (LIF), granulo-
cyte-macrophage colony stimulating factor (GM-CSF), platelet-derived growth factor
(PDGF), and ligands (L) for CD 30, 40, and 95 are elaborated as a result of this
H–RS–T-cell cross talk (24). Secretion of IL-1, IL-6, and TNF may contribute to the
“B” symptoms of HD. Transforming growth factor-β (TGF-β), LIF, and PDGF are cor-
related with tissue sclerosis, while IL-3, 5, and GM-CSF are correlated with blood and
tissue eosinophilia. IL-4, IL-10, and TGF-β are associated with reduced immune
response (23). Although these associations provide an intriguing link between cell
physiology and clinical characteristics, their actual participation in the manifestations
of HD is still conjectural.

HD elicits a significant immune response. H–RS cells, however, are thought to mod-
ify that response to favor their own survival by selectively expressing cell surface
markers and cytokines. Perhaps one example of this selectivity is the increased expres-
sion of membrane-bound and soluble CD30 by H–RS cells. The increased expression
of membrane-bound CD30 molecules may promote H–RS cell growth by mediating
induction of IL-6 which has been shown to act as an autocrine growth factor for EBV-
infected B lymphocytes (24). Alternatively, the increased expression of soluble CD30
blocks T-cell activation by actively competing for CD30 ligand that might otherwise
bind to the CD30 on T-cell surfaces.
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Immunodeficiency and HD Pathogenesis

Increased rates of HD are seen in those with congenital and acquired cellular
defects, most commonly involving the T cell. At the same time, in vivo and in vitro
analyses of immune function in patients with HD have revealed abnormalities of cell-
mediated immune function in early and late stage disease even prior to chemotherapy
(3,38,39). These abnormalities, including anergy to delayed hypersensitivity testing
and decreased mitogenic response to known mitogenic stimulants, persist many years
after the onset of remission (3,40). The quality and degree of T-cell defect at which the
risk for HD increases is not clear, nor is the interplay of preexisting immunodeficiency
and HD-induced immunodeficiency.

Patients with HIV are at increased risk for HD. Data suggest that this risk increases
with advancing disease (41). However, multiple analyses of CD4 levels in HIV-infected
patients reveal counts ranging from <10 to 1300, with median counts between 120 and
250 (19,20,42).

When HD occurs in patients with HIV, it is typically advanced, associated with B
symptoms, and of the mixed cellularity or lymphocyte-depleted subtype (41). This is
irrespective of geography. Serrano (42) noted stage III or IV disease in 91% of his
patients with HIV-associated HD, as compared to 46% in his patients without HIV.
HIV-associated HD is commonly extranodal. Among the sites reported are the tongue,
rectum, skin, and lungs (41). The most common extranodal site, however, is bone mar-
row, which is involved in 41–50% of patients at presentation, and may be the only site
of disease (19,20,42).

The clinical pattern of HIV-associated HD with advanced stage, often extranodal
tumor (41) is likely multifactorial in nature, in part reflecting late diagnosis, as patients
with HIV frequently have “B” symptoms and lymphadenopathy without HD, and dif-
ferent HD biology in the immunocompromised. The EBV genome has been uniformly
noted in the biopsy specimens of patients with HIV-associated HD (43). EBV likely
contributes to increased risk for HD but its impact on disease presentation and progres-
sion is unclear.

EBV

Infection to Latency

EBV is a lymphotropic γ-herpes virus. It is almost ubiquitous, with evidence of
infection in approx 95% of the adult population worldwide. Infection is typically
asymptomatic and occurs in childhood. Delayed EBV infection is manifest as the IM
syndrome in up to 50% of those infected

EBV is spread by contact with oral secretions. The virus infects the epithelium of
the oropharynx and salivary glands. Tonsillar crypt lymphocytes become infected and
the virus then disseminates throughout the body. EBV establishes a latent viral infec-
tion in B cells, which may then become immortalized.

The EBV genome is a 172-kb double-stranded DNA molecule capable of encoding
more than 100 genes. It enters B cells and epithelial cells using the CD21 receptor,
which also serves as the receptor for the C third component of complement. In acute B-
cell infection, the EBV genome circularizes, forming an episome and expresses two
nuclear proteins, Epstein–Barr nuclear antigen (EBNA)-2 and EBNA-LP (44). These
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proteins in turn activate a series of genes and upregulate their own promoter and an
upstream promoter, increasing the transcription of four other nuclear protein mRNAs
(EBNA-3A, -3B, -3C, and EBNA-1) and three integral membrane protein mRNAs,
latent membrane protein (LMP)-1, -2A, and -2B (44).

Acute EBV infection is accompanied by polyclonal activation of B cells, natural
killer (NK) cells, and cytotoxic lymphocytes. This cellular immune response is critical
for controlling infection. The EBNAs and LMP molecules have multiple epitopes rec-
ognized in the context of MHC class I determinants, permitting specific cytotoxic lym-
phocyte killing. The cytocidal effects of these T cells are further enhanced by EBNA-
and LMP-1-mediated production of adhesion molecules. These molecules increase the
interaction between T cells and infected B cells. The immune response to EBV infec-
tion decreases the number of virally infected cells from the 1 in 1000, seen during
acute IM, to the 1 in 1 million seen in latent infection (45). Yet, complete eradication of
EBV-infected cells does not occur for reasons that will be discussed later.

Oncogenesis

The differential expression of EBV-encoded proteins during latent infection
enables EBV-infected cells to avoid T-cell-mediated killing and contributes to the
oncogenicity of the virus. The proteins expressed during latency include those noted
previously as well as small nuclear RNAs, EBER-1, and -2 (46). Three patterns of
latent protein expression have been identified utilizing cell culture systems and by
analyzing EBV-associated tumor specimens. In latency pattern 1, EBNA-1 and the
EBERs are expressed. In pattern 2, EBNA-1, the EBERs, LMP-1, -2A and -2B are
expressed, and in pattern 3, EBNA-1, 2, 3A, 3B, 3C, the EBERS, LMP1, -2A, and -
2B are expressed.

Each of the EBV latency patterns is associated with a specific tumor type. Pattern 1
is seen in Burkitt’s lymphoma (BL); pattern 2 is seen in HD, nasopharyngeal carci-
noma (NPC), and some peripheral T-cell lymphomas. Pattern 3 is seen in immunoblas-
tic lymphomas in the immunocompromised and in posttransplant lymphoproliferative
disorders (PTLPD, see also Chapters 5–7).

Of the EBV latency proteins, only LMP-1 is a proven viral oncogene (47). The
mechanism by which LMP-1 causes transformation is not completely understood but is
intricately tied to its ability to mimic an activated tumor necrosis factor receptor
(TNFR), thereby affecting signals for cell growth, differentiation, and death of the cell
(48). LMP-1 is an integral membrane protein, with six transmembrane domains, and a
long cytoplasmic carboxy (C)-terminus. Aggregation of the cytoplasmic domains of
LMP-1 molecules next to the plasma membrane appears to imitate the cytoplasmic
domains of a growth receptor that has encountered ligand; thus LMP-1 mimics a con-
stitutively activated receptor (44).

The C-terminus of LMP-1 is divided into two parts, proximal and distal. They
appear to interact with tumor necrosis factor receptor II associated factors (TRAFs) to
activate NFκB, SAPK, and c-jun, transcription factors important for cell activation and
growth stimulation (44,49). IL-6 and IL-10 are among the gene products transcribed by
these factors. BCL2 transcription may also be enhanced by NFκB activation. The
TRAF-mediated pathway for transcription factor activation is similar to that used by
activated CD 30 and 40, known TNFRs. The C-terminus of LMP-1 also interacts with
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the TNF receptor death domain protein (TRADD) (44). Whether this interaction is
capable of altering sensitivity to cell death signals is at this point not clear.

The transformation trigger for cells infected with EBV is unknown. It has been sug-
gested, however, that viral evolution may lead to transformation and/or alter immuno-
genicity by modifying the epitopes presented to cytotoxic lymphocytes (CTLs). For
example, basepair deletions in LMP-1, altering the C-terminus of the protein, have
been identified in clinically and histologically aggressive cases of HD, NPC, and a few
cases of angioimmunoblastic lymphadenopathy. This observation has been supported
by finding greater tumorigenic capacity in cells transfected with deleted LMP-1 as
compared to cells with a full-length gene. In a murine carcinoma model, LMP-1 dele-
tion mutants have also been shown to be less immunogenic than their intact counter-
parts (40). These findings may partially explain why some individuals develop
EBV-related disease while others do not.

LMP-1 is the only proven EBV oncogene, but must act in concert with EBNA-1, -2,
-3A, -3C or LP to bring about stable cell transformation. For example, EBNA-2 is a
known transitional activator of LMP-1 and interacts strongly with RBP-Jκ a transcrip-
tion factor implicated in notch-mediated signaling (50). Notch is an important mediator
of cell fate decisions that induces proteins that block cell differentiation and has been
shown to cause some T-cell leukemias (51). In this fashion, EBNA-2 alters key regula-
tory pathways in infected cells and may contribute to stable cell transformation.

The initial studies defining the action of LMP-1 were performed in vitro. However, a
recent examination of the interaction between LMP-1 and TRAF proteins in tumor
specimens, from patients with EBV-positive HIV-associated NHL and posttransplant
lymphoproliferative tumors, showed that LMP-1 functions as a signaling protein in
vivo as well as in vitro (52).

EBNA-1 and the EBERs are the only EBV gene products expressed in all of the
latency patterns. The role of the EBERS in oncogenesis is unknown. EBNA-1 enables
the EBV episome to replicate and persist in primate cells (53) and may also actively
participate in cell transformation (54). It binds RNA and DNA and has recently been
shown to enhance both CD 25 expression and tumorgenicity of an HD cell line (55).

Evasion of the Immune Response

The EBV gene products EBNA-3A, -3B, and -3C are highly immunogenic, eliciting
exuberant CTL responses when presented in the context of MHC class I (56). LMP-1, -
2A, and -2B are also capable of eliciting a CTL response when presented in the context
of class I MHC, yet patients with EBV-associated HD do not develop an immune
response capable of containing their disease (56). EBV gene products may contribute
to the ability of the H–RS cell to evade immune detection.

EBNA-1 has a cis-acting glycine alanine repeat sequence that alters its processing
through proteosomes and appears to allow it to escape immune surveillance. EBV-
infected cells that express EBNA-1 in the absence of other EBNA and LMP transcripts
are not recognized by cytotoxic lymphocytes (40). This may account for the inability of
immunocompetent hosts to eradicate EBV infection, as EBNA-1 alone has been
detected in the B cells of EBV carriers.

Oudejans and his colleagues (57) assessed the expression of MHC-I, MHC-II, and
transporter protein associated with antigen presentation 1 (TAP-1) in EBV-associated
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HD tumors. They found higher levels of MHC class I expression and greater numbers
of activated CTLs in the EBV-positive HD tumors compared to EBV-negative tumors.
No differences were noted in MHC class II expression. Their findings suggest that
mechanisms other than the downregulation of class I MHC and TAP-1 expression must
explain the ineffective CTL response mounted against EBV-associated HD tumors, but
the details regarding this are not known.

EBV Infection in HIV-Positive Patients

EBV infection is usually asymptomatic except when it is delayed or occurs in the
setting of immunosuppression. In these cases infection can be overwhelming, produc-
ing the IM syndrome in the immunocompetent or lymphoproliferative disorders in the
immunocompromised. Oral hairy leukoplakia due to EBV-stimulated epithelial cell
overgrowth is also seen in those with HIV.

Two distinct strains of EBV have been identified based upon differences in the
genomic regions encoding EBNA-2, -3, -4, and -6, permitting epidemiologic assess-
ment of HIV patients with HD (40). Type 1 EBV is widespread in Western populations
and is the more potent transforming virus in vitro, while type 2 is most commonly seen
in equatorial Africa and is present in <10% of the population except in the HIV
infected. Among HIV-seropositive individuals the prevalence is at least 30% (58–60).
HIV-positive patients infected with type 2 EBV are usually coinfected with type 1 and
HIV-seropositive hemophiliacs have been reported to have an almost 30% rate of infec-
tion with multiple strains of type 1 EBV (61). Patients with HIV may therefore be
infected with multiple subspecies of EBV or coinfected with virus types 1 and 2,
although no association with disease has been clearly shown. As more viral epidemio-
logic data become available, it may be possible to address the question of whether spe-
cific types of coinfection increase the risk for malignant transformation or influence the
type of malignancy patients develop.

IMMUNOTHERAPY WITH EBV AS A THERAPEUTIC TARGET

HD is curable in 80% of cases with combination chemotherapy and/or radiation
therapy. In those cases where cure is not achieved or patients are unable or unwilling to
accept the risks associated with standard therapy, immunotherapy may provide an
alternative therapeutic option.

Immunotherapy is any treatment that exploits the specificity of the immune system
to limit disease progression or effect cure. It may be active as in the case of vaccines or
passive as in the case of infused CTLs. Its toxicity generally does not overlap that
caused by standard therapies. EBV, which is present in 40% of HD cases in the West
and virtually all HIV-associated HD cases, is an attractive immunotherapy target given
its immunogenicity, genetic stability, and constant presence within H–RS cells.

Vaccines

Vaccination therapies for HD have been considered but not extensively developed
because of disease heterogeneity and its relative rarity. In 1991 the incidence of HD in
the United States was 2.8 per 100,000 individuals; of these fewer than half were likely
EBV associated (62). Although the incidence of EBV-associated HD is rare, the spec-
trum of disease related to EBV is quite large. This has led those interested in vaccine
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development to target primary EBV infection for vaccine therapy rather than EBV-
related HD (63).

Two vaccine strategies have been developed. The first utilizes glycoprotein (gp)
350/220, a viral envelope glycoprotein that induces neutralizing antibodies during
EBV infection (64). The second utilizes peptides from latent EBV proteins to stimu-
late EBV-specific CTLs (65). The first has been tested in a small study in China,
where EBV seroconversion takes place in 90% of children by age 3. It was given to
nine EBV-negative 1-yr-old children, who were then followed for 30 mo. All devel-
oped antibodies to the gp 350/220 but only three developed antibodies to EBV virus
capsid antigen (VCA), which was used as a marker of EBV infection. All of the chil-
dren in the control group had VCA antibodies. At first glance these results are
promising, but their true value, especially in regard to cancer prevention (HD, BL, or
NPC), remains unclear. This vaccine may simply delay primary infection. In the case
of HD, it has been hypothesized that this might increase incidence rates rather than
decrease them.

The second vaccine strategy, utilizing peptides from latent EBV proteins to stimu-
late EBV-specific CTLs in patients already infected with EBV, is currently being devel-
oped. Its success as an HD vaccine may be limited by the ability of patients with HD to
activate T cells in vivo. Patients with HD have defects in cell-mediated immunity that
have been shown to precede disease diagnosis. The utility of this vaccine to prevent HD
in patients at high risk for the disease, such as those with Bloom’s syndrome or ataxia
telangiectasia, may also limited by their coexistent T-cell defects.

The spectrum and severity of disease caused by EBV makes development of a vac-
cine an attractive endeavor. However, vaccine development is limited by our ability to
identify patients at risk and knowledge of how to modify the mediators of that risk.

Adoptive Immunotherapy

Cellular immune responses are the key to limiting primary and latent EBV infection.
When that control is lost lymphoproliferative states such as HD may occur.

Adoptive immunotherapy, the transfer of activated autologous or allogeneic CTLs to
induce or enhance an immune response to a specific target, was considered as a treat-
ment strategy for EBV-associated HD, after observing regression of posttransplant
lymphoproliferative tumors in response to the withdrawal of immunosuppression (see
Chapter 4). This regression was interpreted as a response to reconstitution of CTL-
mediated immune surveillance.

PTLD tumors express immunogenic EBV latency proteins that are processed via
class I MHC for presentation to CTLs (66). In the absence of EBV-specific CTLs, these
tumor cells are allowed to proliferate. In their presence, they are specifically targeted
for cell death. This presentation of viral antigens by tumor, to activated antigen specific
CTLs in the context of MHC class I, is the premise for adoptive immunotherapy and is
necessary for its success.

EBV-associated HD tumors meet the criteria necessary for adoptive immunotherapy,
expressing MHC class I, in 75% of cases, and the immunogenic EBV latency proteins
LMP-1, -2A, and -2B consistently (67). EBNA-1 is also expressed in EBV-associated
HD tumors, but cannot be used to generate a CTL response because it is not presented
via class I MHC. LMP-1 cannot be used, despite class I presentation, because of fre-
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quent mutation which might alter CTL recognition. LMP-2A and 2-B, on the other
hand, appear to be reasonable candidates for generating CTL responses.

Five LMP-2 epitopes have been defined that are expressed by HD tumors across a
range of HLA types and subtypes, including HLA-A2, which is carried by 45–55% of
the world population (68). These LMP-2 epitopes appear to be highly conserved
among EBV genomes, suggesting that adoptive immunotherapy for EBV-associated
HD may have a broad range of applicability.

EBV-specific CTLs have been isolated and used to treat patients with relapsed EBV-
associated HD (69). These CTLs, containing MHC class I and II restricted cells, were
generated ex vivo from 9 of 13 patients. They were expanded slowly in comparison to
those generated from normal donors, which was attributed to decreased TCR ζ chain
expression. The TCR ζ chain mediates transduction of signals for activation and prolif-
eration of T cells (69,70). Decreased TCR ζ chain expression has been noted previ-
ously in patients with HD. Whether this is a reflection of previous chemotherapy or a
predictor of disease is not clear.

These EBV-specific CTLs were genetically labeled and infused into three patients.
They persisted up to 13 wk after infusion and were associated with significant decreases
in EBV DNA levels, suggesting efficacy against circulating EBV-infected cells. No
assessment of antitumor effect was made. However, an in vitro assessment of the ability
of CTLs to recognize and kill fibroblasts expressing LMP-2A was successful.

These data suggest that adoptive immunotherapy for HD is feasible. Whether this
approach will have any meaningful antitumor effect requires further evaluation. Clini-
cal trials using viral load, disease stage, and survival as end points are currently in
progress.

CONCLUSION

Significant strides have been made in the treatment of HD in the last 50 yr despite
our limited understanding of HD pathogenesis. Eighty percent of patients may now be
cured with combination chemotherapy and/or radiation therapy. Nevertheless the mor-
bidity associated with the disease and its therapy remains high. Sterility, second malig-
nancy, severe organ toxicity, and psychosocial dysfunction are among the byproducts
of our curative strategies and have an impact greater than expected on society, given
that a significant proportion of HD occurs in the young. Molecular understanding of
the role EBV plays in HD pathogenesis offers the potential of novel therapeutic
approaches targeting viral induced signaling pathways or altered immunologic reactiv-
ity. Adoptive immunotherapy directed against specific EBV latent genes expressed in
HD may offer an attractive future therapeutic option to add to our current armamentar-
ium.

Our understanding of the role of cellular immunity in controlling EBV infection has
led to the development of an immunologically based approach to treat and prevent
some EBV-related disease. New treatment strategies will depend upon further unravel-
ing the specific interplay of EBV and HD and exploiting it for therapeutic purposes.

REFERENCES

1. MacMahon B. Epidemiology of Hodgkin’s disease. Cancer Res 1966; 26:1189–1200.
2. Grufferman S, Delzell E. Epidemiology of Hodgkin’s disease. Epidemiol Rev 1984; 6:76–106.

Hodgkin’s Disease 123



3. De Vita VT, Jr, Mauch PM, Harris NL. Hodgkin’s disease. In: De Vita VT Jr, Hellman S, Rosen-
berg SA (eds). Cancer: Principles & Practice of Oncology. Philadelphia, New York: Lippincott-
Raven, 1997, pp.2242–2283.

4. Armstrong AA, Alexander FE, Cartwright R, et al. Epstein–Barr virus and Hodgkin’s disease:
further evidence for the three disease hypothesis. Leukemia 1998; 12:1272–1276.

5. Cole P, MacMahon B, Aisenberg A. Mortality from Hodgkin’s disease in the United States. Evi-
dence for the multiple etiology hypothesis. Lancet 1968; 11:1371–1376.

6. Vianna NJ, Greenwald P, Davies JNP. Nature of Hodgkin’s disease agent. Lancet 1971;
1:733–736.

7. Gutensohn N, Cole P. Childhood and social environment and Hodgkin’s disease. N Engl J Medi
1981; 304:135–140.

8. Mueller N, Evans A, Harris NL, et al. Hodgkin’s disease and Epstein–Barr virus. Altered anti-
body pattern before diagnosis. N Engl J Med 1989; 320:689–695.

9. Kvale G, Hoiby EA, Pederson E. Hodgkin’s disease in patients with previous infectious mononu-
cleiosis. Cancer 1979; 23:593–597.

10. Rosdahl N, Larsen SO, Clemmensen J. Hodgkin’s disease in patients with previous infectious
mononucleiosis: 30 years’ experience. Br Med J 1974; 2:253–256.

11. Johansson B, Klein G, Henle W, Henle G. Epstein–Barr virus-associated antibody patterns in
malignant lymphoma and leukemia. Hodgkin’s disease. Int Cancer 1970; 6:450–462.

12. Taylor GM, Gokhale DA, Crowther D, et al. Increased frequency of HLA-DPB1*0301 in
Hodgkin’s disease suggests that susceptibility is HVR-sequence and subtype-associated.
Leukemia 1996; 10:854–859.

13. Biggar RJ, Horm J, Goedert JJ, Melbye M. Cancer in a group at risk of acquired immunodefi-
ciency syndrome (AIDS) through 1984. Am J Epidemiol 1987; 126:578–586.

14. Hessol NA, Katz MH, Liu JY, Buchbinder SP, Rubino CJ, Holmberg SD. Increased incidence of
Hodgkin’s disease in homosexual men with HIV infection. Ann Intern Med 1992; 117:309–311.

15. Lyter DW, Bryant J, Thackeray R, Rinaldo CR, Kingsley LA. Incidence of human immunodefi-
ciency virus-related and nonrelated malignancies in a large cohort of homosexual men. J Clin
Oncol 1995; 13:2540–2546.

16. Rabkin CS, Biggar RJ, Horm JW. Increasing incidence of cancers associated with human
immunodeficiency virus epidemic. Int J Cancer 1991; 47:692–696.

17. Goedert JJ, Cote TR, Virgo P, et al. Spectrum of AIDS-associated malignant disorders. Lancet
1998; 351:1833–1839.

18. Grulich A, Wan X, Law M, Coates M, Kaldor J. Rates of non-AIDS defining cancers in people
with AIDS. J AIDS Hum Retrovirol 1997; 14:A18.

19. Andrieu JM, Roithmann S, Burarie JM , et al. Hodgkin’s disease during HIV-1 infection: The French
Registry experience. French Registry of HIV Associated Tumors. Ann Oncol 1993; 4:635–641.

20. Monfardini S, Tirelli U, Vaccher E, Foa R, Gavosta F. Hodgkin’s disease in 63 intravenous drug
users infected with human immunodeficiency virus. Ann Oncol 1991; 2:201–205.

21. Rubio R. Hodgkin’s disease associated with human immunodeficiency virus infection. A clinical
study of 46 cases. Cooperative Study Group of Malignancies Associated with HIV Infection of
Madrid. Cancer 1994; 73:2400–2407.

22. Herbst H, Stein H, Niedobitek G. Epstein–Barr virus and CD 30+ malignant lymphomas. Crit
Rev Oncol 1993; 4:191–239.

23. Gruss H, Pinto A, Duyster J, Poppema S, Herrmann F. Hodgkin’s disease: a tumor with disturbed
immunological pathways. Immunol Today 1997; 18:156–163.

24. Cossman J, Messineo C, Bagg A. Reed-Sternberg cell: survival in a hostile sea. Lab Invest 1998;
78:229–235.

25. Niedobitek G. The role of Epstein–Barr virus in the pathogenesis of Hodgkin’s disease. Ann
Oncol 1996; 7:5–10.

124 O’Connor and Scadden



26. Schmid C, Pan L, Diss T, Isaacson PG. Expression of B-cell antigens by Hodgkin’s and
Reed–Sternberg cells. Am J Pathol 1991; 130:701–708.

27. Poppema S, de Jong B, Atmosoerodjo J, Idenberg V, Visser L, de Ley L. Morphologic, immuno-
logic, enzyme histochemical and chromosomal analysis of a cell line derived from Hodgkin’s
disease. Evidence for a B-cell origin of Sternberg-Reed cells. Cancer 1985; 55:683–690.

28. Mason DY, Banks PM, Chan J. Nodular lymphocyte predominance in Hodgkin’s disease. A dis-
tinct clinicopathological entity. Am J Surg Pathol 1994; 18:526–530.

29. Stein H, Hummel M, Marafioti T, Anagnostopoulos I, Foss HD. Molecular biology of Hodgkin’s
disease. Cancer Surv 1997; 30:107–123.

30. Weiss LM, Strickler JG, Hu E, Warnke RA, Sklar J. Immunoglobulin gene rearrangements in
Hodgkin’s disease. Hum Pathol 1986; 17:1009–1014.

31. Knowles DM, Neri A, Pelicci PG. Immunoglobulin and T-cell receptor beta-chain gene
rearrangement analysis of Hodgkin’s disease: implications for lineage determination and differ-
ential diagnosis. Proc Nat Acad Sci USA 1986; 83:7942–7946.

32. Kuppers R, Zhao M, Hansmann ML, Rajewsky K. Tracing B-cell development in human germi-
nal centres by molecular analysis of single cells picked from histological sections. EMBO J
1993; 12:4955–4967.

33. Kuppers R, Rajewsky K, Zhao M, et al. Hodgkin’s disease: Hodgkin and Reed–Sternberg cells
picked from histologic sections show clonal immunoglobulin gene rearrangements and appear to
be derived from B cells at various stages of development. Proc Nat Acad Sci USA 1994;
91:10962–10966.

34. Atkin NB. Cytogenetics of Hodgkin’s disease. Cytogenet Cell Genet 1998; 80:23–27.
35. Gruss HJ, Kadin ME. Pathophysiology of Hodgkin’s disease: functional and molecular aspects.

Bailléres Clin Hematol 1996; 9:417–446.
36. Stuart AE, Williams ARW, Habeshaw JA. Rosetting and other reactions of the Reed–Sternberg

cell. J Pathol 1976; 122:81–90.
37. Gruss HG, Dower SK. Tumor necrosis factor ligand superfamily: involvement in the pathology

of malignant lymphomas. Blood 1995; 85:3378–3404.
38. Eltringham JR, Kaplan HS. Impaired delayed-hypersensitivity responses in 154 patients with

untreated Hodgkin’s disease. J Natl Cancer Inst Monogr 1973; 36:107–115.
39. Kumar RK, Penny R. Cell mediated immune deficiency in Hodgkin’s disease. Immunol Today

1982; 3:269–273.
40. Dolcetti R, Boiocchi M. Epstein–Barr virus in the pathogenesis of Hodgkin’s disease. Biomed

Pharmacother 1998; 52:13–25.
41. Levine AM. Hodgkin’s disease in the setting of human immunodeficiency virus infection. J Nat

Cancer Inst Monogr 1998; 23:37–42.
42. Serrano M, Bellas C, Campo E, et al. Hodgkin’s disease in patients with antibodies to human

immunodeficiency virus. A study of 22 patients. Cancer 1990; 65:2248–2254.
43. Uccini S, Monardo F, Stoppacciaro A, et al. High frequency of Epstein–Barr virus genome in

Hodgkin’s disease of HIV-positive patients. Int J Cancer 1990; 46:581–585.
44. Kieff E. Current perspectives on the molecular pathogenesis of virus-induced cancers in human

immunodeficiency virus infection and acquired immunodeficiency syndrome. J Natl Cancer Inst
Monogr 1998; 23:7–14.

45. Cohen J. Epstein–Barr virus infections, including infectious mononucleiosis. In: Fauci AS,
Braunwald E, Isselbacher KJ, et al. (eds). Harrison’s Principles of Internal Medicine. New York:
McGraw-Hill, 1998, pp. 1089–1091.

46. Howe JG, Steitz JA. Localization of Epstein–Barr virus-encoded small RNA’s by in situ
hybridization. Proc Natl Acad Sci USA 1986; 83:9006–9010.

47. Wang D, Liebowitz D, Kieff ED. An EBV membrane protein expressed in immortalized lympho-
cytes transforms established rodent cells. Cell 1985; 43:831–840.

Hodgkin’s Disease 125



48. Mosialos G, Birkenbach M, Yalammanchii R, Van Arsdale T, Ware C, Kieff ED. The
Epstein–Barr virus latent membrane protein-1 (LMP-1) engages signalling proteins for the tumor
necrosis factor receptor family. Cell 1995; 80:389–399.

49. Huen DS, Henderson SA, Croom-Carter D, Rowe M. The Epstein-Barr virus latent membrane
protein-1 (LMP-1) mediates activation of NF-kappa B and cell surface phenotype via two effec-
tor regions in its carboxy-terminal cytoplasmic domains. Oncogene 1995; 10:549–560.

50. Johannsen E, Miller CL, Grossman SR, Kieff ED. EBNA-2 and EBNA-3C extensively and mutu-
ally exclusively associate with RBPJkappa in Epstein–Barr virus-transformed B lymphocytes. J
Virol 1997; 70:4179–4183.

51. Pear WS, Aster JC, Scott ML, et al. Exclusive development of T-cell neoplasms in mice trans-
planted with bone marrow expressing activated Notch alleles. J Exp Med 1996; 183:2283–2291.

52. Liebowitz D. Epstein–Barr virus and a cellular signaling pathway in lymphomas from immuno-
suppressed patients. N Engl J Med 1998; 338:1413–1421.

53. Kieff ED. Epstein–Barr virus and its replication. In: Fields B, Knipe D, Howley PM (eds). Field’s
Virology. Philadelphia: Lippincott-Raven, 1996, pp. 2343–2396.

54. Niedobitek G, Young LS, Herbst H. Epstein–Barr virus infection and the pathogenesis of malig-
nant lymphomas. Cancer Surv 1997; 30:143–162.

55. Kube D, Vockerodt M, Weber O, et al. Expression of Epstein–Barr virus nuclear antigen-1 is associ-
ated with enhanced expression of CD 25 in the Hodgkin cell line L428. J Virol 1999; 73:1630–1636.

56. Khanna R, Burrows SR, Kurilla MG, et al. Localization of Epstein–Barr virus cytotoxic T-cell
epitopes using recombinant vaccinia: implications for vaccine development. J Exp Med 1992;
176:169.

57. Oudejans JJ, Jiwa NM, Kummer JA, et al. Analysis of major histocompatibility complex class I
expression on Reed–Sternberg cells in relation to the cytotoxic T-cell response in Epstein–Barr
virus-positive and -negative Hodgkin’s disease. Blood 1996; 87:3844–3851.

58. Sculley TB, Apollini A, Hurren L, Moss DJ, Cooper DA. Coinfection with A- and B-type
Epstein–Barr virus in human immunodeficiency virus-positive subjects. J Infect Dis 1990;
162:643–648.

59. Walling DM, Edmistan SN, Sixbey JW, Abdel-Hamid M, Resnick L, Raab-Traub N. Co-infec-
tion of multiple strains of the Epstein–Barr virus in human immunodeficiency virus-associated
hairy leukoplakia. Proc Natl Acad Sci USA 1992; 89:6560–6564.

60. Kyaw MT, Hurren L, Evans L, et al. Expression of B-type Epstein–Barr virus in HIV-infected
patients and cardiac transplant recipients. AIDS Res Hum Retroviruses 1992; 8:1869–1874.

61. Yao QY, Croom-Carter DSG, Tierney RJ, et al. Epidemiology of infection with Epstein–Barr
virus types 1 and 2: lessons from the study of a T-cell-immunocompromised hemophiliac cohort.
J Virol 1998; 77:4352–4363.

62. SEER cancer statistics review, 1973–1991: tables and graphs. In: Ries LA, Miller BA, Hankey
BF, Kosary CL, Harras A, Edwards BK (eds). Bethesda: National Institutes of Health, National
Cancer Institute, 1994.

63. Spring SB, Hascall G, Gruber J. Issues related to the development of Epstein–Barr virus vac-
cines. J Natl Cancer Inst 1996; 88:1436–1441.

64. Gu SY, Huang TM, Ruan L, et al. First EBV vaccine trial in humans using recombinant vaccinia
virus expressing the major membrane antigen. In: Tursz T, Pagano JS, Ablashi DV, de The G,
Lenoir G, Pearson GR (eds). The Epstein–Barr virus and associated diseases. Montrouge,
France: Colloque INSERM John Libbey: Eurotext, 1993, pp. 579–584.

65. Moss DJ, Schmidt C, Elliott S, Suhrbier A, Burrows S, Khanna R. Strategies involved in devel-
oping an effective vaccine to EBV-associated disease. Adv Cancer Res 1996; 69:213–245.

66. Murray R, J., Kurilla MG, Brooks M, et al. Identification of target antigens for the human cyto-
toxic T cell response to Epstein–Barr virus (EBV): implications for the immune control of EBV-
positive malignancies. J Exp Med 1992; 176:157–168.

126 O’Connor and Scadden



67. Sing AP, Ambinder RF, Hong DJ, et al. Isolation of Epstein–Barr virus (EBV)-specific cytotoxic
lymphocytes that lyse Reed–Sternberg cells: implications for immune-mediated therapy of EBV+

Hodgkin’s disease. Blood 1997; 89:1978–1986.
68. Lee SP, Tierney RJ, Thomas WA, Brooks JM, Rickinson AB. Conserved CTL epitopes within

EBV latent membrane protein 2: a potential target for CTL-based therapy. J Immunol 1997;
158:3325–3334.

69. Roskrow AM, Suzuki N, Gan YJ, et al. Epstein–Barr virus (EBV) specific cytotoxic lymphocytes
for the treatments of patients with EBV-positive relapsed Hodgkin’s disease. Blood 1998;
91:2925–2934.

70. Renner C, Ohnesorge S, Held G, et al. T cells from patients with Hodgkin’s disease have a defec-
tive T-cell receptor zeta chain expression that is reversible by T-cell stimulation with CD3 and
CD28. Blood 1996; 88:236–241.

Hodgkin’s Disease 127





8
AIDS-Related Lymphoma

Alexandra M. Levine

EPIDEMIOLOGY OF AIDS-RELATED LYMPHOMA

Lymphoma appears to be a late manifestation of HIV infection, occurring in approx
3–4% of patients as the initial AIDS-defining condition (1), but serving as the cause of
death in 16–20% of individuals (2). Because only initial AIDS-defining conditions are
reported to the Centers for Disease Control and Prevention (CDC) in the United States,
it has been difficult to ascertain the true number of lymphoma cases that have occurred
later in the course of HIV infection, after another AIDS-defining illness has already
been diagnosed. In an attempt to clarify this issue, Cote and colleagues linked AIDS
and cancer registries in certain areas of the United States, comparing lymphoma cases
in HIV-infected and uninfected individuals (3). The relative risk of lymphoma within
3.5 yr of another AIDS diagnosis was 165-fold higher than that observed in the general
population, confirming the high likelihood of lymphoma as a later manifestation of
HIV disease. Of interest, the relative risk of lymphoma varied among specific patho-
logic types, with a 652-fold increase for high-grade immunoblastic lymphomas, 261-
fold increase for small noncleaved (Burkitt’s or Burkitt-like) lymphomas, and 113-fold
increase for intermediate grade, diffuse large cell lymphoma (3).

Recently, the use of highly active anti-retroviral therapy (HAART) has been associ-
ated with a change in the natural history of HIV infection, leading to a 49% decline in
AIDS mortality in 1997–8, and a significant decrease in the incidence of Kaposi’s sar-
coma (KS) and various opportunistic infections. It remains unclear whether the use of
HAART will lead to a decreased incidence of AIDS-related lymphoma. In the Multi-
center AIDS Cohort Study (MACS), rates of lymphoma increased by 21% per year
between 1989–94 and 1996–7, at the same time that rates of KS fell by 66% (4). In the
San Francisco cohort study of men who have sex with men (MSM), no significant
decrease in the incidence of lymphoma has been demonstrated, when 1993–5 was com-
pared to 1996 (5). In the CDC-sponsored Spectrum of Disease Study, based upon case
records from 89 hospitals and clinics in nine U.S. cities, the incidence of primary brain
lymphoma decreased from 8.5 cases/1000 person-years in 1994 to 0.9 cases/1000 per-
son-years in 1996 (6). In an evaluation of cancers developing in participants of various
AIDS Clinical Trials Group (ACTG) studies (7), the incidence of KS fell by 72% from
1992–1995, and declined another 88% in 1996–7. While the incidence of lymphoma
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fell by 81% in the first time period (1992–95), the incidence declined by only 26% in
1996–7. These data would indicate that HAART has substantially decreased the risk of
KS and primary brain lymphoma in HIV-infected individuals, while the incidence of
systemic lymphoma has decreased to a much lesser extent. Further time will be
required to ascertain the true impact of effective anti-retroviral therapy on the inci-
dence of AIDS-related lymphoma. One may theorize that improved immune function
and reduced B-cell stimulation in patients on HAART may reduce the risk of lym-
phoma. In contrast, because HAART-treated patients may survive longer with contin-
ued B-cell stimulation, dysregulation, and imperfect immune reconstitution, it is
certainly plausible that the incidence of lymphoma will continue to increase in associa-
tion with underlying HIV infection.

In contrast to KS, which occurs primarily in HIV-infected homosexual or bisexual
men, the risk of lymphoma appears similar in all population groups at risk for HIV
infection (8). The vast majority of patients with AIDS-lymphoma have been men, con-
sistent with the demographics of the epidemic of AIDS in the United States. Of inter-
est, as the incidence of AIDS has increased among women in the United States,
increasing numbers of women with AIDS-lymphoma are also being diagnosed (9).

PATHOLOGIC TYPES OF AIDS-LYMPHOMAS

Certain pathologic features of AIDS-lymphomas are shared, while others are quite
distinct. Essentially all AIDS-lymphomas are tumors of B lymphocytes, derived either
from the germinal (follicular) center of lymph nodes, or from postfollicular B cells, in
the process of terminal differentiation. Four distinct pathologic types of lymphoma
comprise the vast majority of all AIDS-lymphomas (8,10). Small noncleaved lym-
phomas, also termed Burkitt’s or Burkitt-like lymphoma, tend to occur relatively early
in the course of HIV infection, when CD4 cells are relatively high (1). These comprise
approx 30% of systemic AIDS-related lymphomas (10). Diffuse large cell lymphoma
and immunoblastic lymphomas are seen in another 30% of cases, respectively, and are
often associated with lower CD4 cells in the blood, and more advanced HIV disease
(9,10). These lymphomas, comprised of germinal center and preterminally differenti-
ated B lymphocytes, are the most common lymphomas confined to the brain, but are
also seen with frequency in systemic AIDS-lymphoma. Recent classification systems
of lymphoma have grouped both diffuse large cell and immunoblastic lymphomas
within the same category, which is now termed diffuse large B-cell lymphomas (11).
As such, this group would constitute the largest number of AIDS-lymphoma cases. The
last pathologic type of lymphoma associated with AIDS is primary effusion lymphoma
(PEL), associated with infection by human herpesvirus type 8 (HHV-8) (12). Although
relatively uncommon, these lymphomas are of interest in terms of pathogenesis and
clinical behavior.

ETIOLOGY AND PATHOGENESIS OF AIDS-LYMPHOMA

Common to all AIDS-related lymphomas is the concept that they arise in the setting
of on-going B cell proliferation and stimulation. This B-cell hyperstimulation is par-
tially due to HIV itself (13), and may explain the polyclonal hypergammaglobulinemia
characteristic of HIV infection, as well as the reactive lymphadenopathy, consisting of
florid follicular (B-cell) hyperplasia. Aside from its direct effects on B lymphocytes,
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HIV may also exert its effects indirectly, by inducing an inflammatory cytokine
response from monocytes and T cells, leading to secretion of interleukin (IL)-6 and IL-
10, both of which have been shown to induce B-cell proliferation (14–18). Antigen-
selected B-cell clones may be preferentially stimulated, as shown by the high rate of
somatic mutations in the hypervariable regions of the immunoglobulin genes utilized
by AIDS-lymphoma (19,20), and by the fact that the repertoire of immunoglobulin
genes utilized by AIDS-lymphoma show preferential usage of the V H4 family, which
have been implicated in the generation of B-cell autoreactive clones (21,22).

In this setting of polyclonal B-cell proliferation, the progressive accumulation of
mutational errors may predispose a given B-cell clone to a growth advantage, eventu-
ally leading to the development of monoclonal B-cell lymphoma. The specific genetic
alterations leading to malignancy differ between the various pathologic types of AIDS-
related lymphoma.

In AIDS-related Burkitt’s lymphoma, a reciprocal chromosomal translocation
between band 8q24 and one of the immunoglobulin gene loci (14q 32, 2p11, or 22q11)
leads to transcriptional deregulation of the c-myc protooncogene on chromosome 8
(23,24). c-myc is a transcription factor that is involved in the entry of cells into the cell
cycle (G0/G1). The deregulation of c-myc permits the transactivation of downstream
immunoglobulin genes, with resultant monoclonal B-cell expansion. While
Epstein–Barr virus (EBV) is present in approx 30% of AIDS-related Burkitt’s lym-
phomas (25), EBV transforming latent antigens are not expressed, suggesting that this
virus is not intricately involved in the molecular pathogenesis of AIDS-related
Burkitt’s lymphoma. However, additional mutational errors, such as inactivating muta-
tions and/or deletions of the p53 tumor suppressor gene are present in approx 60% of
AIDS-related Burkitt’s lymphoma (26), providing another mechanism for malignant
outgrowth of clonal B lymphocytes. Mutations of ras genes has also been noted in
occasional cases (26).

The most common molecular aberrations described in AIDS-related diffuse large B-
cell lymphoma and B-immunoblastic lymphoma include EBV infection and dysregula-
tion of bcl-6. EBV infection is present in approx 70–80% of such cases (27,28), with
frequent expression of the EBV-encoded latent antigen LMP-1 (28). Recent work by
Liebowitz (29) has demonstrated the transforming ability of LMP-1, as it binds to
TRAF molecules (TNF receptor associated factors), thereby activating NFκB, with fur-
ther signaling serving to drive cell division. While EBV is not the only pathogenic fac-
tor in the development of AIDS-diffuse large-cell lymphoma, Kersten and colleagues
have demonstrated that decreases of EBV-specific cytotoxic T-cell responses, with sub-
sequent increased EBV viral load, correlate with development of large-cell lymphoma
in HIV-infected patients (30).

In addition to EBV, dysregulation of bcl-6 has also been described in approx 70% of
diffuse large B-cell lymphoma, in both HIV-infected and uninfected patients (31). Bcl-
6 expression is restricted to B cells of the germinal center, and is essential for germinal
center formation (32). The protooncogene functions as a zinc-finger transcriptional
repressor (33). Bcl-6 may be deregulated in lymphoma by means of chromosomal
rearrangements or mutations of the 5′ regulatory sequences (31,34). Although bcl-6
deregulation appears to be the most common mutational aberration in AIDS-related
diffuse large B-cell lymphoma, such deregulation is not common in AIDS-related
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immunoblastic lymphoma, consistent with the postgerminal center derivation of these
cells (20).

The molecular pathogenesis of PEL has not yet been fully ascertained, although the
tumor is clearly associated with infection by HHV-8 (12). Of importance, the HHV8
genome carries structural and functional homologs of the human bcl-2, IL-6, and cyclin
D genes, each of which may contribute to the development of lymphoid malignancy
(35). In addition, the majority of PEL cases are also infected with EBV, providing
another potential mechanism for lymphomagenesis.

Hepatitis C (HCV) infection has been associated with a variety of lymphoprolifera-
tive disorders, and a high prevalence of HCV infection has been noted in HIV-negative
patients with malignant lymphoma (36). Because HCV has been demonstrated in as
many as 40% of HIV-infected patients, Levine and colleagues studied the relationship,
if any, between chronic HCV infection and the subsequent development of AIDS-
related lymphoma (37). Of interest, the study demonstrated no relationship between
dual infection by HIV and HCV, and subsequent increased risk of lymphoma (37).

In summary, essentially all AIDS-lymphomas develop in the setting of ongoing B-
cell stimulation and proliferation. The development of specific mutational errors in
these proliferating cells provides a mechanism for clonal selection, with evolution from
polyclonal B-cell response to monoclonal B-cell lymphoma. The specific pathologic
types of AIDS-lymphoma are associated with different genetic alterations, each of
which may lead to malignant transformation.

CLINICAL PRESENTATION OF AIDS-RELATED LYMPHOMA

Between 80% and 90% of patients with AIDS-lymphoma complain of systemic “B”
symptoms at initial diagnosis (8,38,39), consisting of fevers, drenching night sweats,
and/or ≥ 10% loss of normal body weight. Of importance, many opportunistic infec-
tions may present in similar fashion, including Mycobacterium avium complex (MAC),
cytomegalovirus infection (CMV), Cryptococcus, and others. It is important for the
clinician to consider lymphoma in the differential diagnosis of an HIV-infected patient
with fever, weight loss, and/or night sweats.

Lymphomatous involvement of extranodal sites is very common in newly diagnosed
patients with AIDS-lymphoma, with stage III or IV disease in approx 90% (8,38,39).
Visceral sites most often involved by lymphoma include the central nervous system
(CNS) in approx 25%, bone marrow in 20–25%, gastrointestinal tract in approx 20%,
and liver in 12% (8). AIDS-lymphoma may also present in unusual sites, such as the
rectum, oral cavity, gallbladder, heart, skin, earlobes, and others.

Aside from involvement of visceral organs, patients with AIDS-lymphoma also
commonly present with peripheral and/or central lymphadenopathy. Peripheral lymph
nodes may be extremely large, with a firm, rubbery consistency.

Specific symptoms of AIDS-lymphoma will depend upon the organ(s) involved.
Patients with primary CNS lymphoma often complain of headache, seizures, focal neu-
rologic defect, or altered mental status (40). Headache or cranial nerve palsy may occur
in patients with leptomeningeal involvement, although approx 20% of patients with
lymphoma cells in the spinal fluid will be asymptomatic (41). Gastrointestinal lym-
phoma may present with abdominal pain or distension, anorexia, nausea, or vomiting.
Involvement of the rectum and/or perianal region often presents as a rectal mass, or
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pain upon defecation. Patients with bone marrow involvement have a statistically
increased likelihood of leptomeningeal lymphoma (42). Of interest, no specific symp-
tom is associated with marrow involvement, and hematologic parameters are similar in
the presence or absence of lymphoma, with the exception of thrombocytopenia
<100,000/DL, seen more often in patients in whom the marrow is involved (42).

DIAGNOSIS OF AIDS-LYMPHOMA

Biopsy of an abnormal area, either nodal or extranodal, is the “gold standard” for the
diagnosis of lymphoma. Aside from morphologic assessment, additional immunophe-
notypic analyses are usually performed, to confirm the presence of monoclonality.
Southern blot analysis may be performed to document genotypic monoclonality,
although this technique is used only rarely for clinical purposes. Additional immuno-
histochemical analyses are usually performed, to document expression of other B-cell
markers, such as CD20.

If an abnormal mass lesion is present in a relatively inaccessible site, such as the
retroperitoneum, a fine needle aspiration (FNA) may be performed, in place of defin-
itive biopsy. However, although the FNA may be helpful in the diagnosis of certain
infections, the technique can lead to substantial error in patients with AIDS-lym-
phoma. At a minimum, an immunophenotypic study should be performed on cells
obtained by FNA to confirm monoclonality, as a means of attempting to prove pres-
ence of lymphoma, as opposed to a reactive lesion of some type. In patients with
known history of AIDS-lymphoma, an FNA is fully acceptable for diagnosis of
relapsed disease.

STAGING WORKUP OF THE PATIENT WITH AIDS-LYMPHOMA

Routine evaluation of the patient with AIDS-lymphoma must include an assessment
of the HIV disease, as well as the lymphoma. Because the level of CD4 cells will pre-
dict prognosis in such patients (43,44), determination of CD4 and CD8 cell counts
prior to therapy is indicated, as well as an assessment of HIV viral load. Because
AIDS-related opportunistic infections are a common cause of death in patients with
AIDS-lymphoma, every effort should be made to control the HIV infection.

Blood work is obtained at baseline, including assessment of renal and hepatic func-
tion, complete blood count, and level of lactate dehydrogenase (LDH). Elevated LDH
levels have prognostic impact, portending a worse prognosis (45). Uric acid levels may
be elevated, owing to spontaneous tumor cell lysis. Hypercalcemia may also occur.

Computerized axial tomographic (CAT) scans are routinely performed in patients
with known or suspected lymphoma. Mass lesions are expected in the organ(s) of
involvement. Abdominal CAT scans reveal evidence of focal lymphomatous insolvent,
documented in 58 or 59 such patients who presented with predominant signs and
symptoms related to the abdomen, and in 14 (26%) of 53 of those who had no specific
abdominal symptoms (46). Focal hepatic lesions are expected with liver involvement,
varying from solitary to innumerable, and ranging from relatively small (1 cm) nodules
to large masses, > 15 cm in diameter. Mass lesions in other extranodal sites are also
routinely encountered. Involvement of the lung is associated with interstitial infiltrates,
pulmonary nodules, and/or alveolar lung disease; pleural effusions may also be pre-
sent. Generalized or localized lymphadenopathy is also expected on CAT scan.
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Gallium-67 scanning can be particularly useful in patients with AIDS-lymphoma,
and may differentiate malignant lymphoma from reactive lymphadenopathy (47).
High- and intermediate-grade lymphomas are almost always gallium avid, and the gal-
lium scan may be useful in identifying lesions that have not yet caused specific organ
or nodal enlargement on CAT scan. Aside from its known sensitivity and specificity in
lymphoma, gallium-67 scanning may be particularly useful in the assessment of resid-
ual, stable masses after the completion of chemotherapy. These residual masses may
occur in as many as 40% of patients with lymphoma who have been successfully
treated, and are believed secondary to residual fibrosis in the area.

PROGNOSTIC FACTORS IN PATIENTS WITH AIDS-LYMPHOMA

In determining the prognosis of patients with AIDS-lymphoma, several issues
must be considered, including factors related to HIV itself, those related to the
patient, and those related to the lymphoma. In a large prospective study of 192
patients with newly diagnosed systemic AIDS-lymphoma, Straus and colleagues
identified four characteristics that were independently associated with shorter sur-
vival: age >35 yr; CD4 cell counts < 100/DL; stage III/IV; and history of injection
drug use (44). The median overall survival for patients with none or one of these fac-
tors was 46 wk, vs 18 wk in the presence of three or four factors. Other factors that
have been associated with poor prognosis in AIDS-lymphoma include elevated LDH,
poor performance status, and history of AIDS prior to the onset of lymphoma
(43,45). Patients with primary CNS lymphoma have particularly short survival when
compared to those with systemic AIDS-lymphoma (8,40). It is unknown what impact
HAART may have on these prognostic factors or on survival with AIDS-lymphoma
overall.

TREATMENT OF PATIENTS WITH AIDS-LYMPHOMA

Systemic Chemotherapy for Newly Diagnosed Disease

AIDS-lymphoma is never considered truly localized, in terms of treatment deci-
sions. The only exception is primary CNS lymphoma, which, by definition, is confined
to the brain, and may be treated with local cranial radiation. In all other cases, despite
what may appear to be localized disease, systemic chemotherapy is advocated, as
opposed to local radiation or surgical excision alone.

At the outset of the AIDS epidemic in the early 1980s, the use of dose-intensive
therapy was considered necessary for the achievement of complete remission and long-
term survival in patients with de novo intermediate- or high-grade lymphoma, unre-
lated to HIV. Thus, regimens such as M-BACOD, ProMACE-CytaBOM, MACOP-B,
and others were studied in single institutional trials, and found to be more effective
when compared to older, less intensive regimens, such as CHOP (48,49). In the mid-
1990s, a national high-priority trial was conducted in patients with de novo intermedi-
ate and high-grade lymphoma, in which patients were randomized between CHOP or
one of the more intensive regimens. The results, published in 1995, revealed that these
newer regimens were not more effective than CHOP, and were associated with greater
toxicity, even in these HIV-negative patients (50). Nonetheless, at the outset of AIDS,
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these facts were not known. Various trials of high-dose intensive therapy were thus
undertaken in HIV-infected patients, with poor results, especially in patients with poor
prognostic indicators of disease (8).

In an attempt to ascertain if lower doses of chemotherapy might be more effective in
the setting of underlying HIV infection, Levine and colleagues (41) employed a low-
dose modification of the M-BACOD regimen (Table 1). This low-dose regimen
employed 50% dose levels of adriamycin and cyclophosphamide, along with early
institution of CNS prophylaxis, and attenuation in the number of chemotherapy cycles
actually administered. Patients were restaged after two cycles of therapy; if complete
remission (CR) had been attained, two additional courses were given, with subsequent
cessation of further chemotherapy, and institution of azidothymidine (the only anti-
retroviral agent licensed in the United States for HIV disease at that time). In patients
who had attained partial remission after two cycles (over 50% tumor reduction, with
residual tumor remaining), an additional two cycles were given, followed by restaging
again. If subsequent restaging demonstrated complete remission, these patients
received two additional cycles, whereas those who failed to achieve CR were removed
from protocol. The majority of patients thus received four to six cycles of dose-
reduced therapy, in contrast to the 10 cycles that comprised the original M-BACOD
protocol (49). Complete remission was achieved in approx 50% of patients, and 70%
of complete responders remained in continuous CR, without relapse. Although the
median survival was only 6.5 mo in the group as a whole, a median survival of 15 mo
was documented in patients who attained CR, most of whom eventually succumbed to
AIDS-related complications.

However, the value of dose intensity remained somewhat controversial. Thus, in an
attempt to clarify the value of such therapy, the AIDS Clinical Trials Group (ACTG)
embarked upon a prospective, multicenter trial (51). Patients were stratified by baseline
prognostic indicators, and randomized to receive either the low-dose M-BACOD regi-
men discussed previously, or standard dose M-BACOD with hematopoietic growth fac-
tor support (GM-CSF). Patients randomized to low dose were allowed to receive
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Table 1
Low-Dose M-BACOD Regimen

Bleomycin 4 mg/m2, d 1, iv
Doxorubicin 25 mg/m2, d 1, iv
Cyclophosphamide 300 mg/m2, d 1, iv
Vincristine sulfate 1.4 mg/m2, d 1, iv (not to exceed 2 mg)
Dexamethasone 3 mg/m2, d 1–5, po
Methotrexate (MTX) 500 mg/m2, d 15, iv with folinic acid rescue, 25 mg po 

q6h × 4, beginning 6 h after completion of MTX
Cytosine arabinoside 50 mg, intrathecal, d 1, 8, 21, 28, cycle 1
Helmet-field radiotherapy 4000 cGy with known CNS involvement
Zidovudine 100 mg q4h for 1 yr, starting after chemotherapy
Total treatment 4–6 cycles, at 28-d intervals

See refs. 41 and 51 for further details.



GM-CSF if low granulocyte counts and/or febrile neutropenia had occurred in prior
cycles. With 192 patients evaluable for response, no statistically significant difference
was observed in response rates (Table 2). While patients with CD4 cells <100/dL did
not respond as well as those with higher CD4 cells, the low-dose regimen appeared
equivalent to standard dose M-BACOD in patients with either good risk or poor risk
prognostic features. Although response rates were thus equivalent in the two dosing
regimens, toxicity was significantly higher in those patients assigned to standard dose
therapy, with ≥grade 3–4 toxicity in 70% of those assigned to standard dose, and 51%
of those who received low dose therapy (p. <0.008). This large prospective trial would
thus seem to indicate that low-dose chemotherapy is the current treatment of choice in
patients with AIDS-related lymphoma (49).

Additional studies have been conducted to explore the use of dose-intensive therapy,
used specifically in patients with good risk AIDS lymphoma. The intensive LNH 84
regimen (52) consists of three cycles of adriamycin, cyclophosphamide, vindesine,
bleomycin, and prednisone. This is followed by a consolidation phase of high-dose
methotrexate plus leucovorin, ifosfamide, etoposide, asparaginase, and cytarabine.
Intrathecal methotrexate is used in all patients as prophylaxis, and zidovudine mainte-
nance therapy was employed after completion of chemotherapy. A complete remission
rate of 63% was achieved. Median survival was 9 mo, while median disease-free sur-
vival for complete responders was 16 mo (52). Although patients with good prognostic
characteristics may be able to tolerate such a dose-intensive regimen, with a median
survival of only 9 mo, it is still unclear whether such therapy is advantageous when
compared to low-dose regimens.

A regimen of continuous infusion chemotherapy (CDE) was developed by Sparano
and colleagues (53) with excellent results. This regimen consists of a 96-h continuous
infusion of cyclophosphamide, doxorubicin, and etoposide (Table 3), which is
repeated every 28 d until complete remission is achieved. When employed in 25
newly diagnosed patients, a complete remission rate of 58% was achieved, with a
median duration of remission in excess of 18 mo, and a median overall survival of
18.4 mo. When subsequently used in conjunction with the anti-retroviral agent
didanosine (ddl, Videx), significantly less bone marrow toxicity was observed. Thus,
when didanosine was added in alternate cycles of CDE, significantly less neutrope-
nia, thrombocytopenia, and red cell transfusion requirement were found in the
didanosine-containing cycles (54). This regimen appears quite efficacious in patients
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Table 2
Results of ACTG No. 142: Low-Dose vs Standard Dose M-BACOD in Newly
Diagnosed AIDS-Lymphoma (N = 192)

Low-dose Standard dose p Value

Complete remission 41% 52% NS
Relapse rate 23% 40% 0.08
Median survival 35 wk 31 wk NS
Grade 3, 4 toxicity 51% 70% <0.008

See ref. 51 for further details.



with AIDS-lymphoma, including those with both poor and good prognostic character-
istics at baseline.

Use of Hematopoietic Growth Factors with Chemotherapy

Neutropenia may occur as a consequence of HIV itself, or secondary to many of the
anti-retroviral and other medications commonly used in HIV-infected patients. In both
HIV-positive and HIV-negative individuals, absolute neutrophil counts < 500 or
1000/µL are associated with an increased risk of bacterial infection. In HIV-infected
patients, serious bacterial infection is more likely to occur if the patient is also receiv-
ing cancer chemotherapy (55). In this setting, both G-CSF (granulocyte colony stimu-
lating factor) and GM-CSF (granulocyte-macrophage colony stimulating factor) have
been shown to decrease the number of febrile episodes and hospitalizations, without
significant toxicity, although no change in median survival has been reported (56).

Use of Anti-retroviral Agents with Combination Chemotherapy

Zidovudine (AZT, Retrovir) has been used in conjunction with chemotherapy in
patients with AIDS-lymphoma. However, zidovudine itself is associated with signifi-
cant marrow suppression, and use of AZT, even with low-dose chemotherapy regimens,
has been associated with severe bone marrow suppression. Thus, zidovudine should not
routinely be used together with combination chemotherapy in patients with AIDS-lym-
phoma.

Both didanosine (ddl, Videx) and dideoxycytadine (ddC, Hivid) have been used at
full dosage with various combination chemotherapy regimens for AIDS-lymphoma,
resulting in no undue toxicity, and some evidence of increased efficacy. Thus, when ddl
was combined with the infusional CDE regimen by Sparano and colleagues (54), and
when zalcitabine was added to the low-dose M-BACOD regimen by Levine and col-
leagues (58), response rates were similar, while bone marrow toxicity was less than
that observed with the chemotherapy regimen used alone. Furthermore, although zal-
citabine has been associated with peripheral neuropathy, no increase in this toxicity
was noted when used in combination with M-BACOD chemotherapy.

Recently, use of highly active anti-retroviral therapy (HAART) has been associated
with a significant decrease in opportunistic infections, and improved survival in
patients with HIV. The anti-retrovirals that comprise HAART regimens vary, and are
usually comprised of three or four drugs, including a protease inhibitor. These drugs
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Table 3
Infusional CDE Regimen

Drug Dose/24 h Total Dose per 96 h infusion

Cyclophosphamide 200 mg/m2/d 800 mg/m2/96 h
Doxorubicin 12.5 mg/m2/d 50 mg/m2/96 h
Etoposide 60 mg/m2/d 240 mg/m2/96 h

Daily dose of cyclophosphamide and doxorubicin are admixed in 1 L of fluid and infused through a
central catheter. Etoposide is dissolved in a separate liter of intraven fluid and given through a separate
lumen of the central catheter or in a peripheral vein. See refs 53, 54, and 61 for further details.



are complex, with multiple drug interactions, owing to their metabolism by the
cytochrome P450 system. To evaluate the pharmacologic interactions with chemother-
apy and HAART, Ratner and colleagues (59) have performed pharmacokinetic studies
on 40 patients receiving low-dose CHOP, and 25 patients receiving full-dose CHOP
along with stavudine (d4T, Zerit), lamivudine (Epivir, 3TC), and indinavir (Crixivan).
Of importance, either low-dose or full-dose CHOP delivered with HAART was found
to be tolerable, and associated with minimal adverse drug interactions (59).

Vaccher and colleagues also studied the use of CHOP chemotherapy, given in con-
junction with various HAART regimens to 15 patients with AIDS-lymphoma (60).
Undue toxicity was not reported, although grade 4 anemia and grade 3–4 neurotoxicity
was significantly higher in the patients receiving HAART, when compared to historical
controls receiving CHOP alone (60).

In an attempt to ascertain potential efficacy and/or toxicity of HAART with infu-
sional chemotherapy, Sparano and colleagues (61) performed a feasibility trial, com-
bining the infusional CDE regimen with G-CSF. All patients also received saquinavair
(600 mg po TID), plus stavudine and didanosine. Patients were compared to a group of
historical controls, who had been treated with the same CDE regimen with didanosine.
A significant increase in grade 3 or 4 mucositis was seen in the CDE plus HAART
patients, occurring in 67% (8/12) patients, vs 3/25 (12%) controls. The authors con-
clude that protease inhibitors may be associated with altered metabolism of chemother-
apeutic drugs, leading to unexpected toxicity. However, this complication was not seen
in the formal, prospective pharmacokinetic analyses performed by Ratner and col-
leagues in patients receiving CHOP plus HAART, which included indinivir (Crixivan)
as the protease inhibitor. It is possible that this discrepancy may be secondary to phar-
macologic interactions occurring specifically with long-term (96 h) infusional
chemotherapy, or it may reflect the different regimens and protease inhibitors that were
studied. Further information is awaited.

Chemotherapy for Relapsed or Refractory AIDS-Lymphoma

While several agents and combinations of drugs have been tested in patients with
relapsed or refractory AIDS-lymphoma, no real evidence of efficacy has emerged
(62,63). Additional trials are currently ongoing; results are awaited with interest.

PRIMARY CNS LYMPHOMA

The occurrence of lymphoma primary to the brain was one of the earliest reported
manifestations of AIDS, and remains a very difficult area in terms of therapy and sur-
vival. HIV-infected patients with primary CNS lymphoma present with severe immun-
odeficiency, and CD4 cell counts usually < 50/dl (8,40). The majority have been
diagnosed with another AIDS condition prior to the development of primary CNS lym-
phoma (8). Pathologically, almost all such lymphomas are of diffuse large cell or
immunoblastic subtypes, and are uniformly associated with EBV infection within
malignant cells (8,10,64). As such, presence of EBV DNA within spinal fluid may be
used as a diagnostic criterion for primary CNS lymphoma (65).

Altered mental status is the major symptom in approx 53% of patients, with pro-
found abnormalities in the majority, although very subtle changes may also occur.
Headache or other symptoms of increased intracranial pressure occur in approx 15% of
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patients, while focal neurologic defects occur in 51%, and seizures are reported in
approx 27% (40).

CAT scans or magnetic resonance imaging (MRI) scans of the brain reveal relatively
large lesions (2–5 cm or more), which are relatively few in number (less than five).
Gadolinium enhancement is expected, and ring enhancement (similar to that seen in
toxoplasmosis) may be seen in as many as 50% of such cases (8,66). However, no sin-
gle finding on MRI or CAT scan proves that a patient has lymphoma vs other patho-
logic processes that frequently occur in the setting of HIV, such as toxoplasmosis,
fungal infection, or others (66). Use of positron-emission tomography (PET) scanning
may be useful in differentiating cerebral lymphoma from toxoplasmosis (67). Addi-
tionally, thallium-201 SPECT scanning may be useful, with median T1 uptake index of
> 1.5, and a lesion size of >2.5 cm serving as independent predictors of primary CNS
lymphoma (68).

Optimal therapy for primary CNS lymphoma remains to be defined. Use of cranial
radiation is associated with a complete remission rate of only 50% and median survival
of only 2 or 3 mo. No specific regimen of chemotherapy has yet proven efficacious,
perhaps owing to the serious level of immunocompromise in affected patients (40).

Of interest, the incidence of primary CNS lymphoma appears to have decreased,
coincident with the use of highly active anti-retroviral therapy (6).

PRIMARY EFFUSION LYMPHOMA

Primary effusion lymphoma (PEL), originally termed primary effusion lymphoma
or body cavity lymphoma, is uncommon, representing only a small fraction of all
AIDS-lymphomas (12). PEL is associated with a newly discovered human herpesvirus,
termed Kaposi’s sarcoma associated herpesvirus, or HHV-8 (see also Chapter 11)
(69,70). The disease has been reported in both HIV positive and HIV negative patients,
although it appears more common in the former. Of interest, PEL has also been
described in a cardiac transplant recipient, whose explanted heart was found, retrospec-
tively, to be infected by HHV-8 (71). Morphologically, the malignant cell is large, and
appears anaplastic with immunoblastic features. The PEL cell usually lacks B-cell
markers, but is B lymphoid in origin, based upon presence of immunoglobulin gene
rearrangement on Southern blot analysis. HHV-8 is present, while the malignant cell
often harbors EBV as well. Clinically, patients present with effusions, such as ascites,
or effusions localized in the pleura or pericardium. Most patients do not have mass
lesions at diagnosis, although this has been reported. Despite therapeutic intervention,
survival is extremely short, in the range of approx 2 mo (72).

REFERENCES

1. Beral V, Peterman T, Berkelman R, Jaffe H. AIDS associated non-Hodgkin lymphoma. Lancet
1991; 337:805–809.

2. Peters BS, Beck EJ, Coleman DG, Wadsworth MJH, McGuinness O, Harris JRW, et al. Changing
disease patterns in patients with AIDS in a referral centre in the United Kingdom: the changing
face of AIDS. Br Med J 1991; 302:203–207.

3. Cote TR, Biggar RJ, Rosenberg PS, Devesa SS, Percy C, Yellin FJ, et al. Non-Hodgkin’s lym-
phoma among people with AIDS: incidence, presentation and public health burden. Int J. Cancer
1997; 73:645–650.

AIDS-Related Lymphoma 139



4. Jacobson LP. Impact of highly effective anti-retroviral therapy on the incidence of malignancies
among HIV infected individuals. J AIDS Hum Retrovirol 1998; 17:A39, Abstr S5.

5. Buchbinder SP, Bittinghoff E, Colfax G, Holmberg S. Declines in AIDS incidence associated
with highly active anti-retroviral therapy (HAART) are not reflected in KS and lymphoma inci-
dence. J AIDS Hum Retrovirol 1998; 17:A39, Abstr S7.

6. Jones JL, Hanson DL, Ward JW. Effect of antiretroviral therapy on recent trends in cancers
among HIV infected persons. J AIDS Hum Retrovirol 1998; 17:A38, Abstr S3.

7. Rabkin C, Testa MA, Fischl MA, Von Roenn J. Declining incidence of Kaposi’s sarcoma in
AIDS Clinical Trial Group trials. J AIDS Hum Retrovirol 1998; 17:A39, Abstr S4.

8. Levine AM. AIDS related lymphoma (review). Blood 1992; 80:8–20.
9. Seneviratne LC, Espina BM, Tulpule A, Dharmapala D, Sanchez M, Gill PS, et al. Evolving

characteristics of AIDS-related lymphoma over time: a single institution study of 369 patients, in
press.

10. Raphael M, Gentilhomme O, Tulliez M, Byron P-A, Diebold J. Histopathologic features of high-
grade non-Hodgkin’s lymphoma in acquired immunodeficiency syndrome. Arch Pathol Lab Med
1991; 115:15–20.

11. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JKC, Cleary ML, et al. A revised European-
American classification of lymphoid neoplasms: a proposal from the International Lymphoma
Study Group. Blood 1994; 84:1361–1392.

12. Nador RG, Cesarman E, Chadburn A, Dawson DB, Ansari MQ, Said JW, et al. Primary effusion
lymphoma: a distinct clinicopathologic entity associated with the Kaposi’s sarcoma-associated
herpes virus. Blood 1996; 88:645–656.

13. Schnittman SM, Lane HC, Higgins SE, Folks T, Fauci AS. Direct polyclonal activation of human
B lymphocytes by the AIDS virus. Science 1986: 233:1084[???].

14. Nakajima K, Martinez-Maza O, Hirano T, Breen EC, Nishanian PG, Salazar-Gonzalez JF et al.
Induction of IL-6 production by human immunodefieicncy virus. J Immunol 1989; 142:531[???].

15. Tohyama N, Karasuyama H, Tada T. Growth autonomy and tumorigenicity of interleukin 6-
dependent B cells transfected with interleukin 6 cDNA. J Exp Med 1990; 171:389–400.

16. Emilie D, Coumbaras J, Raphael M, Devergne O, Delecluse HG, Gisselbrecht C, et al. Inter-
leukin-6 production in high grade B lymphoma: correlation with the presence of malignant
immunoblasts in acquired immunodeficiency syndrome and in human immunodeficiency virus
seronegative patients. Blood 1992; 80:498–504.

17. Masood R, Lunardi-Iskandar Y, Moudgil T, Zhang Y, Law RE, Huang C, et al. IL-10 inhibits
HIV-1 replication and is induced by Tat. Biochem Biophys Res Commun 1994; 202:374–383.

18. Masood R, Zhang Y, Bond MW, et al. Interleukin 10 is an autocrine growth factor for AIDS
related B cell lymphoma. Blood 1995; 85:3423–3430.

19. Jain R, Roncella S, Hashimoto S, Carbone A, Francia de Celle P, Foa R, et al. A potential role for
antigen selection in the clonal evolution of Burkitt’s lymphoma. J Imunol 1994; 153:45–52.

20. Gaidano G, Carbone A, Dalla-Favera R. Pathogenesis of AIDS-related lymphomas: molecular
and histogenetic heterogeneity. Am J Pathol 1998; 152:623–630.

21. Bessudo A, Cherepakhin V, Johnson TA, Rassenti LZ, Feigal E, Kipps TJ. Favored use of
immunoglobulin VH4 genes in AIDS-associated B cell lymphomas. Blood 1996; 88:252–260.

22. Pascual V, Capra JD. VH4-21, a human VH gene segment over represented in the autoimmune
repertoire. Arthritis Rheum 1992; 35:11–18.

23. Chaganti RS, Jhanwar SC, Koziner B, Arlin Z, Mertelsmann R, Clarkson B. Specific transloca-
tions characterize Burkitt-like lymphoma of homosexual men with the acquired immunodefi-
ciency syndrome. Blood 1983; 61:1265–1268.

24. Subar M, Neri A, Inghirami G, Knowles DM, Dalla-Favera R. Frequent c-myc oncogene activa-
tion and infrequent presence of Epstein–Barr virus genome in AIDS-associated lymphoma.
Blood 1988; 72:667–671.

140 Levine



25. Shibata D, Weiss LM, Nathwani BN, Byrnes RK, Levine AM. Epstein Barr virus in benign
lymph node biopsies from individuals infected with the human immunodeficiency virus is associ-
ated with concurrent or subsequent development of non-Hodgkin’s lymphoma. Blood 1991;
77:1527–1533.

26. Ballerini P, Gaidano G, Gong JZ, Tassi V, Saglio G, Knowles DM, et al. Multiple genetic lesions
in acquired immunodeficiency syndrome-related non-Hodgkin’s lymphoma. Blood 1993;
81:166–176.

27. Hamilton-Dutoit SJ, Pallesen G, Granzmann MB, Karkov J, Black F, Pederson C. AIDS related
lymphoma: histopathology, immunophenotype, and association with Epstein–Barr virus as
demonstrated by in situ nucleic acid hybridization. Am J Pathol 1991; 138:149–163.

28. Hamilton-Dutoit SJ, Rea D, Raphael M, Sandvej K, Delecluse HJ, Gisselbrecht C, et al.
Epstein–Barr virus latent gene expression and tumor cell phenotype in acquired immunodefi-
ciency syndrome-related non-Hodgkin’s lymphoma,. Am J Pathol 1993; 143:1072–1085.

29. Liebowitz D. Epstein-Barr virus and a cellular signaling pathway in lymphomas from immuno-
suppressed patients. N Engl J Med 1998; 338:1413–1421.

30. Kersten MJ, Klein MR, Holwerda AM, Miedema F, van Oers MHJ. Epstein–Barr virus specific
cytotoxic T cell responses in HIV-1 infection. J Clin Invest 1997; 99:1525–1533.

31. Gaidano G, Carbone A, Pastore C, Capello D, Migliazza A, Bloghini A, et al. Frequent mutation
of the 5′ noncoding region of the bcl-6 gene in acquired immunodeficiency syndrome-related
non-Hodgkin’s lymphomas. Blood 1997; 89:3755–3762.

32. Dent AL, Shaffer AL, Yu X, Allman D, Staudt LM. Control of inflammation, cytokine expression
and germinal center formation by bcl-6. Science 1997; 276:589–592.

33. Ye BH, Lista F, Lo Coco F, Knowles DM, Offit K, Chaganti RSK, et al. Alterations of a novel
zinc finger encoding gene, bcl-6, in diffuse large cell lymphoma. Science 1993; 262:747–750.

34. Gaidano G, Lo Coco F, Ye BH, Shibata D, Levine AM, Knowles DM, et al. Rearrangements of
the bcl-6 gene in AIDS associated non-Hodgkin’s lymphoma: association with diffuse large-cell
subtype. Blood 1994; 84:397–402.

35. Russo JJ, Bohenzky RA, Chien M-C, Chen J, Yan M, Maddalena D, et al. Nucleotide sequence of
the Kaposi’s sarcoma associated herpesvirus (HHV 8). Proc Natl Acad Sci USA 1996;
93:14862–14867.

36. Zuckerman E, Zuckerman T, Levine AM, et al. Hepatitis C virus infection in patients with B cell
non-Hodgkin’s lymphoma. Ann Intern Med 1997; 127:423–428.

37. Levine AM, Nelson R, Zuckerman E, et al. Lack of association between hepatitis C infection and
development of AIDS related lymphoma. J Acquir Immune Defic Syndr Hum Retrovirol 1999;
20:255–258.

38. Ziegler JL, Beckstead JA, Volberding PA, Abrams DI, Levine AM, Lukes RJ, et al. Non-
Hodgkin’s lymphoma in 90 homosexual men: relation to generalized lymphadenopathy and the
acquired immunodeficiency syndrome. N Engl J Med 1984; 311:565–570.

39. Kaplan LD, Abrams DI, Feigal E, McGrath M, Kahn J, Neville P, et al. AIDS associated non-
Hodgkin’s lymphoma in San Francisco. JAMA 1989; 261:719–724.

40. Baumgartner JE, Rachlin JR, Bechstead JH, et al. Primary central nervous system lymphoma:
natural history and response to radiation therapy in 55 patients with AIDS. J Neurosurg 1990:
73:206–211.

41. Levine AM, Wernz JC, Kaplan L, et al. Low-dose chemotherapy with central nervous system
prophylaxis and azidothymidine maintenance in AIDS-related lymphoma: a prospective multi-
institutional trial. JAMA 1991; 266:84–88.

42. Seneviratne LC, Tulpule A, Mumanneni M, Espina BM, Wang G, Palmer M, et al. Clinical,
immunological, and pathologic correlates of bone marrow involvement in 253 patients with
AIDS-related lymphoma. Blood 1998; 92:244a.

AIDS-Related Lymphoma 141



43. Levine AM, Sullivan-Halley J, Pike MC, et al. Human immunodeficiency virus-related lym-
phoma: prognostic factors predictive of survival. Cancer 1991; 68:2466–2472.

44. Straus DJ, Huang J, Testa MA, Levine AM, Kaplan LD. Prognostic factors in the treatment of
human immunodeficiency virus-associated non-Hodgkin’s lymphoma: analysis of AIDS Clinical
Trials Group protocol 142—low dose versus standard dose m-BACOD plus granulocyte-
macrophage stimulating factor. J Clin Oncol 1998; 16:3601–3606.

45. Vaccher E, Tierlli U, Spina M, et al. Age and serum LDH level are independent prognostic fac-
tors in HIV related non-Hodgkin’s lymphoma: a single institution study of 96 patients. J Clin
Oncol 1996; 14:2217–2223.

46. Radin DR, Esplin JA, Levine AM, Ralls PW. AIDS-related non-Hodgkin’s lymphoma: abdomi-
nal CT findings in 112 patients. Am J Radiol 1993; 160:1133–1139.

47. Podzamczer D, Ricat I, Bolao F, Romagosa V, Bonnin D, Guionnet N, et al. Gallium-67 scan for
distinguishing follicular hyperplasia from other AIDS associated diseases in lymph nodes. AIDS
1990; 4:683–685.

48. McKelvy EM, Gottlieb JA, Wilson HE, et al. Hydroxydaunomycin (Adriamycin) combination
chemotherapy in malignant lymphoma. Cancer 1982; 38:1484–1493.

49. Skarin AT, Canellos GP, Rosenthal DS, et al. Improved prognosis of diffuse histiocytic and undif-
ferentiated lymphoma by use of high dose methotrexate alternating with standard agents (M-
BACOD). J Clin Oncol 1983; 1:91–98.

50. Fisher RI, Gaynor ER, Dahlberg S, et al. Comparison of a standard regimen (CHOP) with three
intensive chemotherapy regimens for advanced non-Hodgkin’s lymphoma. N Engl J Med 1993;
238:1002–1006.

51. Kaplan LD, Straus DH, Testa MA, et al. Low dose compared with standard dose m-BACOD
chemotherapy for non-Hodgkin’s lymphoma associated with human immunodeficiency virus
infection. N Engl J Med 1997: 336:1641–1648.

52. Gisselbrecht C, Oksenhendler E, Tirelli U, Lepage E, Gabarre J, Farcet JP, et al. HIV related lym-
phoma treatment with intensive combination chemotherapy. Am J Med 1993; 95:188–196.

53. Sparano JA, Wiernik PH, Strack M, Leaf A, Becker N, Valentine ES. Infusional cyclophos-
phamide, doxorubicin, and etoposide in HIV and HTLV-I related non-Hodgkin’s lymphoma: a
highly active regimen. Blood 1993; 81:2810–2815.

54. Sparano JA, Wiernik PH, Hu X, Sarta C, Schwartz EL, Soeiro R, et al. Pilot trial of infusional
cyclophosphamide, doxorubicin and etoposide plus didanosine and filgrastim in patients with
HIV associated non-Hodgkin’s lymphoma. J Clin Oncol 1996; 14:3026–3035.

55. Meynard J-L, Guiguet M, Arsac S, et al. Frequency and risk factors of infectious complications
in neutropenic patients infected with HIV. AIDS 1997; 11:995–998.

56. Kaplan L, Kahn J, Crowe S, Northfelt D, Neville P, Grossberg H, et al. Clinical and virologic
effect of GM-CSF in patients receiving chemotherapy for HIV associated non-Hodgkin’s lym-
phoma: results of a randomized trial. J Clin Oncol 1991; 9:929–940.

57. Keiser P, Rademacher S, Smith JW, Skiest D, Vadde V. Granulocyte colony stimulating factor use
is associated with decreased bacteremia and increased survival in neutropenic HIV infected
patients. Am J Med 1998; 104:48–55.

58. Levine AM, Tulpule A, Espina B, Boswell W, Buckley J, Rasheed S, et al. Low dose methotrex-
ate, bleomycin, doxorubicin, cyclophosphamide, vincristine and dexamethasone with zalcitabine
in patients with acquired immunodefieicncy syndrome related lymphoma: effect on HIV and
serum IL6 levels over time. Cancer 1996; 78:517–526.

59. Ratner L, Redden D, Hamzeh F, Scadden D, Kaplan L, Ambinder R, et al. Chemotherapy for
HIV-associated non-Hodgkin’s lymphoma in combination with highly active antiretroviral ther-
apy (HAART) is not associated with excessive toxicity. Fourth AIDS Malignancy Conference,
Bethesda, MD, May, 1999.

142 Levine



60. Vaccher E, Spina M, Santarossa S, et al. Concomitant CHOP chemotherapy and highly active
antiretroviral therapy in patients with HIV related non-Hodgkin’s lymphoma. 12th World AIDS
Conference, Geneva, Switzerland, 1998, Abstr 22289.

61. Sparano JKA, Wiernik PH, Hu X, Sarta C, Henry DH, Ratech H. Pilot trial of saquinavir and
nucleoside analogues plus infusional cyclophosphamide, doxorubicin, and etoposide in patients
with HIV associated non-Hodgkin’s lymphoma. Second National AIDS Malignancy Conference,
Bethesda, MD, 1998, Abstr 78.

62. Levine AM, Tulpule A, Tessman D, Kaplan L, Giles F, Luskey BD, et al. MItoguazone therapy in
patients with refractory or relapsed AIDS related lymphoma: results from a multicenter phase II
trial. J Clin Oncol 1997; 15:1094–1103.

63. Tirelli U, Errante D, Spina M, et al. Second line chemotherapy in HIV related non-Hodgkin’s
lymphoma. Cancer 1996; 77:2127–2131.

64. MacMahon EME, Glass JD, Hayward SDC, Mann RB, Becker PS, Charache P, et al. Epstein
Barr virus in AIDS related primary central nervous system lymphoma. Lancet 1991;
338:969–973.

65. Cinque P, Brytting M, Vago L, et al. Epstein Barr virus DNA in cerebrospinal fluid from patients
with AIDS related primary lymphoma of the central nervous system. Lancet 1993; 342:398–401.

66. Ciricillo SF, Rosenblum MLP. Use of CT and MR imaging to distinguish intracranial lesions and
to define the need for biopsy in AIDS patients. J Neurosurg 1990; 4:683–685.

67. Hoffman JM, Waskin HA, Schifter T, Hanson MW, Gray L, Rosenfeld S, et al. PDG-PET in dif-
ferentiating lymphoma from nonmalignant central nervous system lesions in patients with AIDS.
J Nucl Med 1993; 34:567–575.

68. Alcaide FG, Lomena F, Cruceta A, et al. Predictive value of thallium-201 SPECT in the diagno-
sis of primary central nervous system lymphoma in AIDS patients. 12th World AIDS Confer-
ence, Geneva, Switzerland, 1998, Abstr 22291.

69. Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, et al. Identification of her-
pesvirus-like DNA sequences in AIDS-associated Kaposi’s sarcoma. Science 1994;
266:1865–1869.

70. Cesarman E, Chang Y, Moore PS, Said JW, Knowles DM. Kaposi’s sarcoma associated her-
pesvirus like DNA sequences in AIDS-related body cavity based lymphomas. N Engl J Med
1995; 332:1186–1191.

71. Jones D, Ballestas ME, Kaye KM, Gulizia JM, Winters GL, Fletcher J, et al. Primary effusion
lymphoma and Kaposi’s sarcoma in a cardiac transplant recipient. N Engl J Med 1998:
339:444–449.

72. Komanduri KV, Luce JA, McGrath MS, Herndier BG, Ng VL. The natural history and molecular
heterogeneity of HIV-associated primary malignant lymphomatous effusions. J Acquir Immune
Defic Syndr Hum Retrovirol 1996; 13:215–226.

AIDS-Related Lymphoma 143





9
Leiomyoma and Leiomyosarcoma

Hal B. Jenson

INTRODUCTION

A relatively recent scientific finding over the past decade has been the chronicle of
epidemiologic and virologic investigations that have documented the increased fre-
quency of smooth muscle cell tumors in immunocompromised persons, and the unex-
pected association of these tumors with Epstein–Barr virus (EBV) infection of smooth
muscle cells. In 1965, Nobel laureate Sir MacFarlane Burnet emphasized the critical
role of immunosurveillance in limiting malignant transformation and development of
cancer (1). The acquired immunodeficiency syndrome (AIDS) epidemic, and also the
development of powerful immunosuppressive drugs that have made organ transplanta-
tion possible, have validated the important role of tumor immunosurveillance.
Immunocompromised individuals, whether the underlying cause is congenital, iatro-
genic, or secondary to infection, have an approx 10–100-fold higher incidence of
malignancies than immunocompetent individuals, with the frequent occurrence of
unusual tumor types (2).

Non-Hodgkin’s lymphoma, Kaposi’s sarcoma, and cervical cancer in women are
considered AIDS-defining conditions (3). Several other types of non-AIDS-defining
cancers are also seen in human immunodeficiency virus type 1 (HIV-1)-infected
patients, including Hodgkin’s disease, squamous cell carcinoma, testicular neoplasms
(seminoma and nonseminoma), and, as recently demonstrated, leiomyosarcoma. Many
of the cancers associated with immunosuppression are also associated with specific
viruses, including: non-Hodgkin’s disease, which is associated with EBV; Kaposi’s
sarcoma, which is causally linked to Kaposi’s sarcoma-associated herpesvirus
(KSHV), also known has human herpesvirus type 8 (HHV-8); hepatocellular carci-
noma, which is linked to hepatitis B and C viruses; cervical cancer, which is linked to
human papillomaviruses types 16 and 18; and squamous cell carcinoma of the skin,
which is linked to human papillomaviruses types 5 and 8 (4,5). The association of EBV
with leiomyosarcomas is a new addition to the list of tumors associated with immuno-
suppression that are also linked to a specific viral etiology.

HISTOPATHOLOGY

Tumors of smooth muscle may develop as hamartomas, leiomyomas, or leiomyosar-
comas (6). Hamartomas are disorganized overgrowth of mature cells with no malignant
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potential. Leiomyomas are benign neoplasms of normal appearing cells that include
primarily smooth muscle cells and occasionally some myofibroblasts, fibroblasts, and
incompletely differentiated mesenchymal cells. Leiomyomas have little predilection
for malignant transformation. Leiomyosarcomas are generally well-differentiated
malignant neoplasms that are usually fairly well circumscribed. Myofibromas may also
represent a portion of the spectrum of smooth muscle tumors, rather than being consid-
ered primarily fibroblastic tumors.

Smooth muscle cells have an elongated, fusiform, or spindle-shaped appearance
with centrally placed nuclei and a fibrillary eosinophilic cytoplasm. Smooth muscle
tumors are sometimes identified as spindle-cell tumors based on this morphology. Cells
tend to align in bundles or fascicles that intersect at right angles or align in palisades
(Fig. 1). Smooth muscle cells of leiomyomas and leiomyosarcomas usually express the
smooth muscle cell form of calponin, which is restricted to smooth muscle cells in the
adult but is also expressed in embryos in the early cardiac tube (7), smooth muscle α-
actin, although its expression is also detected in skeletal and cardiac muscles to a lesser
degree (8), and desmin. They do not express skeletal muscle myosin heavy chain, a
skeletal muscle marker.

The histopathologic identification smooth muscle elements within a tumor is usually
straightforward based on the typical morphology and identification of smooth muscle
elements by immunohistochemical staining. However, the distinction between leiomy-
oma and leiomyosarcoma, and occasionally among other spindle-cell tumors, can be
obscure (6,9). Poorly differentiated smooth muscle tumors may be difficult to distin-
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Fig. 1. Leiomyosarcomas are characterized by the histologic appearance of elongated, spin-
dle-shaped cells with elongated, centrally placed nuclei and an eosinophilic cytoplasm. The
cells tend to align in bundles or fascicles that intersect at right angles, which is demonstrated in
this photomicrograph by the alignment of fusiform cells centrally surrounded by fascicles of
cells sectioned at a perpendicular axis. (Photomicrograph courtesy of Vijay V. Joshi, MD, PhD)



guish from fibrosarcoma, neurogenic sarcoma, malignant fibrous histiocytoma, or
undifferentiated sarcoma. Definitive histopathologic criteria defining benign (leiomy-
oma) and malignant (leiomyosarcoma) smooth muscle tumors are not well established.
Increased tumor size, poorly differentiated cellularity, cytologic atypia, infiltration,
necrosis, hemorrhage, and multifocal lesions roughly correlate with the malignant ten-
dency for smooth muscle tumors. A frequently used objective criterion for malignancy
is the level of mitotic activity. Even this, however, is not standardized, and several cri-
teria have been recommended for various organs. Recommended criteria have included
a mitotic index of ≥5 mitoses per 10 high-power microscope fields for uterine tumors
(10), ≥2 mitoses per 50 high-power fields for gastrointestinal tract tumors (11,12), and
≥5 mitoses per 50 high-power fields for pulmonary tumors (13). However, malignant
behavior of smooth muscle tumors does not correlate well even with the degree of
mitotic activity (11,14,15). Some smooth muscle tumors with a histologic appearance
of benign leiomyoma, even devoid of mitoses, behave clinically as malignant
leiomyosarcoma (11,15,16). Metastatic spread may be the only certain indicator of
malignancy. The uncertainty of histologic definition of benign and malignant tumors
has resulted in many reported cases of “smooth muscle tumors” without further sub-
classification. Capricious and unpredictable biological and clinical behavior character-
ize leiomyosarcomas.

EPIDEMIOLOGY

Leiomyosarcomas are uncommon tumors, with an overall incidence of one or two
cases per million population (17). Leiomyosarcomas are most frequently found in the
uterus of adult women, but not of children, and less frequently in the gastrointestinal
and hepatobiliary tracts. However, cases of smooth muscle tumors have been reported
that involve every organ and appendage, reflecting the ubiquitous distribution of
smooth muscle in blood vessels. Classifications based on anatomic location (i.e., super-
ficial soft tissue, deep soft tissue, and visceral) appear to be rather arbitrary as all
leiomyosarcomas are malignant.

Leiomyosarcomas are among the more common sarcomas of adults, and account for
approx 2–9% of all soft tissue sarcomas in adults (9,18–21), with a peak incidence in
the fifth and sixth decades of life (22–24). There is no sex difference, except for the
obvious restriction of uterine leiomyosarcoma to women, or race difference (9,11,17).
Leiomyosarcomas have historically been rarely reported in children, accounting for
only 2% of soft tissue sarcomas, which as a group are fifth in order of the most com-
mon types of tumors in children (25,26). The three largest series of smooth muscle
tumors in children reported only 10 original cases each (26–28).

Perhaps because of their relative rarity, and perhaps because of the diversity of
anatomic locations and clinical presentations, there are hundreds of individual cases of
leiomyosarcomas described in the medical literature. However, their rarity and isolated
occurrence has impeded the advancement of understanding of their basic biology and
pathogenesis.

Epidemiology in Immunocompromised Persons

Prior to 1985, leiomyosarcomas had been reported rarely in immunocompromised
persons, including renal transplant recipients (29,30), patients who received therapeu-
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tic gastric irradiation for peptic ulcer disease (31), and in association with Alport’s syn-
drome (32). From 1985 to 1990, five cases of leiomyosarcoma associated with HIV-1
infection, all of which occurred in children, were reported (33–35), including three
cases by Chadwick et al. (35), who suggested that this association indicated a direct or
indirect role for HIV-1 infection in the development of leiomyosarcoma. Eleven addi-
tional cases of leiomyomas and leiomyosarcomas in HIV-1-infected persons were sub-
sequently reported by others from 1991 through 1994 (36–44), including nine children
(36,37,39–41,43,44), one adolescent (38), and one adult (42). (One case in the series
by Chadwick et al. [35] was also in a separate report [45,46]; the imaging studies of
the case reported by Sabatino et al. [36] were reported by Balsam and Segal [47].)

During this period, leiomyoma and leiomyosarcoma were also being reported with
increasing frequency in association with kidney or liver organ transplant (2,48,49).
Similar to leiomyosarcomas associated with HIV-1 infection, there was a surprisingly
high proportion of cases in children, despite the fewer number of organ transplants in
children. In a review of 8724 malignancies in 8191 organ allograft recipients, 5 of 15
(33%) leiomyosarcomas that were found had occurred in children (2).

Association of EBV with Leiomyoma and Leiomyosarcoma

The identification of EBV infection of smooth muscle cells of leiomyosarcoma was
first reported in a single case of an adult with HIV-1 infection, by Prévot et al. in 1994,
and in two subsequent series published together in early 1995 of six HIV-1-infected
persons (50), and three organ transplant recipients (51). These reports were substanti-
ated by additional cases of EBV-associated leiomyomas and leiomyosarcomas (Table
1) in eight adults and three children with HIV-1 infection (16,52–59) and in six patients
following organ transplants (60–65), including three children (60,64), one adolescent
(65), and two adults (61–63). One peculiar aspect is the development of large cysts
associated with hepatic leiomyosarcomas in the two adult patients following kidney
transplant (61–63).

All of the smooth muscle cells of the EBV-associated leiomyosarcomas harbor EBV.
Using in situ hybridization for EBER (EBV-encoded RNAs), which is the most com-
mon method for detection of EBV in tissue, all reports document the presence of EBV
EBER in all or > 90% of the smooth muscle cells of the tumor, but not in adjacent nor-
mal tissues. A series of seven smooth muscle cell tumors from four patients with AIDS
near or at the time tumor diagnosis that were tested by semiquantitative polymerase
chain reaction (PCR) amplification showed EBV levels from 170,442 to 659,668 EBV
copies per 100,000 cells, with an average of 451,140 copies per 100,000 cells. If all
cells are uniformly infected with EBV, as indicated by the uniform staining for EBER
by in situ hybridization, there is an average of 4.5 EBV genome copies per cell (56),
consistent with the amounts of EBV in lymphoblastoid cell lines, which characteristi-
cally have 10 or fewer episomes per cell (66). These results are also consistent with the
semiquantitation of EBV reported in smooth muscle cell tumors from patients with
organ transplant (51). There are not lymphocytic infiltrates surrounding the tumors that
might account for the high levels of EBV detected by PCR (56,67). The extraordinarily
high copy numbers of EBV in the tumor cells as determined by semiquantitative PCR
are consistent with and supportive of the in situ hybridization results for the presence
of EBV in all tumor cells. High levels of cell-free EBV present in plasma of three
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Table 1
Summary of Cases of Documented EBV-Associated Smooth Muscle Tumorsa

Report Age Sex Tumor site(s) Histology Risk factors

Cases associated with HIV-1 infection
Prévot et al., 1994 (90) 33 yr Male Liver Leiomyosarcoma HIV-1 infection (homosexual transmission, diagnosed at 

31 yr of age)
McClain et al., 1995 (50) 8 yr Female Lung Colon Leiomyosarcoma HIV-1 infection (transfusion-associated, in the perinatal 
and Jenson et al., 1997 (56) Leiomyoma period, diagnosed at 4 yr of age)

4 yr Female Stomach Leiomyosarcoma HIV-1 infection (perinatal transmission, diagnosed at 
2 yr of age)

7 yr Female Intestine Leiomyosarcoma HIV-1 infection (perinatal transmission, diagnosed at
2 yr of age)

24 yr Male Liver Leiomyosarcoma HIV-1 infection (perinatal transmission, diagnosed at 
18 yr of age)

5 yr Female Colon tumor no. 1 Leiomyosarcoma HIV-1 infection (perinatal transmission, diagnosed at 
1 yr of age)

Colon tumor no. 2 Leiomyosarcoma
Colon tumor no. 3 Leiomyosarcoma

4 yr Male Lung Leiomyoma HIV-1 infection (transfusion-associated, in the perinatal 
period, diagnosed at 4 yr of age)

29 yr Female Thoracic spine Leiomyosarcoma HIV-1 infection (heterosexual transmission, diagnosed 
(with multifocal at 27 yr of age)
recurrences)

7 yr Female Ethmoid sinus Colon Leiomyosarcoma HIV-1 infection (perinatal transmission, diagnosed at 
Leiomyosarcoma 1 yr of age)

Jimenez-Heffernan 2 yr Male Adrenal gland Leiomyoma HIV-1 infection (perinatal transmission, diagnosed at 
et al., 1995 (52) 1 yr of age)

Zetler et al., 1995 (53) 30 yr Male Adrenal gland Leiomyosarcoma HIV-1 infection (homosexual transmission, diagnosed at 
22 yr of age)

(continues)



Table 1
Continued

Report Age Sex Tumor site(s) Histology Risk factors

Bluhm et al., 1997 (54) 35 yr Male Lung (multiple “Smooth muscle HIV-1 infection (illicit intravenous drug use, age at 
nodules) tumor” HIV-1 diagnosis not reported)

Boman et al., 1997 (55) 48 yr Male Lymph node, Leiomyosarcoma HIV-1 infection (homosexual transmission, diagnosed at 
adrenal gland, 43 yr of age)
pericardium

29 yr Male Adrenal gland Leiomyosarcoma HIV-1 infection (manner of transmission not reported,
diagnosed at 20 yr of age)

Morgello et al., 1997 (57) 35 yr Male Cervical dura Leiomyosarcoma HIV-1 infection (bisexual transmission, age at HIV-1 
diagnosis not reported)

Creager et al., 1998 (58) 33 yr Male Kidney “Smooth muscle HIV-1 infection (manner of transmission not reported,
neoplasm” diagnosed at 25 yrs of age)

Kleinschmidt-DeMasters 34 yr Female Cavernous sinus Smooth muscle HIV-1 infection (manner of transmission not 
et al., 1998 (16) tumor reported, diagnosed at 27 yrs of age)

Krishnan et al., 1999 (59) 37 yr Male Kidney Leiomyoma HIV-1 infection (manner of transmission not reported,
diagnosed for 8 yrs)

Cases associated with organ transplantation and immunosuppression
Lee et al., 1995 (51) 4 yr Female Liver “Smooth muscle Liver transplantation 3 yr earlier (on immuno-

tumor” suppressive therapy with cyclosporine, azathioprine, corti-
costeroids)

6 yr Not Lung, liver, “Smooth muscle Liver transplantation 5 yr 
reported stomach, colon tumors” earlier (on immunosuppressive therapy with cyclosporine,

azathioprine, corticosteroids, and muromonab-CD3 (Ortho-
clone OKT3) for 1 mo after transplantation)

2 yr Female Colon “Smooth muscle Liver and small bowel transplantation (on immunosuppressive 
tumors” therapy with tacrolimus, azathioprine, corticosteroids)

Timmons et al., 1995 (60) 9 yr Male Liver Leiomyosarcoma Liver transplantation 2 yr earlier (on immunosuppressive 
(donor origin) therapy with cyclosporine, azathioprine, corticosteroids)



Davidoff et al., 1996 (64) 5 yr Male Liver Leiomyoma Heart transplantation 3 yr earlier (on immunosuppressive 
therapy with azathioprine, corticosteroids)

Le Bail et al., 1996 (61); 53 yr Female Liver (with cyst “Smooth muscle Kidney transplantation 2 yr earlier (on immunosuppressive 
Morel et al., 1996 (62) formation), spleen tumors” (host therapy with cyclosporine, azathioprine, corticosteroids)

origin)
Sadahira et al., 1996 (63) 21 yr Female Liver (multiple nodules, “Smooth muscle Kidney transplantation 5 yr earlier (on immunosuppressive 

with cyst formation) tumor” therapy with azathioprine, corticosteroids)
Somers et al., 1998 (65) 15 yr Male Lung (>50 nodules Leiomyosarcoma Heart-lung transplantation 3 yr earlier (on immunosuppressive 

in all lobes) (donor origin) therapy with cyclosporine, azathioprine, corticosteroids)
Liver Leiomyosarcoma 

(host origin)
12 yr Female Liver Leiomyosarcoma Liver transplantation 5 yr earlier (on immunosuppressive 

(host origin) therapy with cyclosporine, corticosteroids)

Cases associated with other forms of immunosuppression
Yunis, 1996 (72) (based on 5 yr Male Kidney Leiomyosarcoma Acute lymphocytic leukemia treated 6 wk earlier with 

original case report by chemotherapy and radiation therapy
Shen and Yunis, 1976 [71])

Kleinschmidt-DeMasters 44 yr Female Transverse and Leiomyosarcoma Common variable immunodeficiency
et al., 1998 (16) sigmoid sinus

a One leiomyosarcoma in an adult renal transplant recipient and one leiomyosarcoma in an adult heart transplant recipient that have been studied for the presence of EBV
have been reported as negative, both by the same group (68,69). One leiomyosarcoma in a child with HIV-1 infection was tested for EBV in 1992 and reported as negative
(40). Another leiomyosarcoma in a child with HIV-1 infection was reported but not tested for EBV infection (70).



patients tested (16,740 and 12,440, and 3973 genome copies per milliliter also support
the hypothesis of high levels of EBV replication in immunosuppressed patients with
EBV-associated leiomyosarcoma (56). The presence of HIV-1 has been tested by in
situ hybridization and by semiquantitative PCR and has not been found in the smooth
muscle cells of HIV-1-associated leiomyosarcomas (40,50,56).

One leiomyosarcoma in an adult renal transplant recipient and one leiomyosarcoma in
an adult heart transplant recipient that have been studied for the presence of EBV have
been reported as negative, in separate reports by the same group (68,69). One leiomyosar-
coma in a child with HIV-1 infection was tested for EBV in 1992 and reported as negative
(40). Another leiomyosarcoma in a child with HIV-1 infection was reported after the asso-
ciation with EBV was identified, but was not tested for EBV infection (70).

Other forms of immunosuppression may also permit development of EBV-associ-
ated leiomyosarcoma. A leiomyosarcoma originally reported in 1976 (71), in a 5-yr-old
boy 3 yr after remission of acute lymphocytic leukemia that was treated with
chemotherapy and radiation was subsequently tested and found to contain EBV (72).
Another EBV-associated leiomyosarcoma was reported in a 14-yr-old girl with com-
mon variable immunodeficiency syndrome (16,73).

The results of the EBV serologic testing are consistent with past EBV infection in
all patients with smooth muscle cell tumors that have been reported. There is not a
characteristic serologic profile such as that often found in nasopharyngeal carcinoma
and Burkitt’s lymphoma, which are also associated with EBV but that occur primarily
in immunocompetent persons (74).

Thus, the contribution of EBV to development of leiomyosarcomas appears to be
limited to the milieu of the immunocompromised host, which may be congenital (e.g.,
common variable immunodeficiency) or acquired (e.g., HIV-1 infection, immunosup-
pressive therapy following organ transplant). EBV is not found in normal smooth mus-
cle, and has not been found when tested in leiomyomas or leiomyosarcomas in the
absence of HIV-1 infection or other immunocompromised conditions (16,50,55,67).
The absence of EBV in the leiomyosarcomas of immunocompetent persons, and its
consistent presence in leiomyosarcomas of immunocompromised persons lends sup-
port to the hypothesis that EBV has an etiologic role in the increased incidence of soft
tissue tumors in immunocompromised persons but that other mechanisms of smooth
muscle tumorigenicity exist.

PATHOGENESIS OF EBV-ASSOCIATED LEIOMYOSARCOMA

It is of note that presentation with multiple tumor nodules is common in immuno-
compromised persons who develop leiomyosarcomas. The most significant evidence of
EBV infection of the muscle cells prior to malignant transformation is the finding of
EBV monoclonality of leiomyosarcomas (50,51,61). Of the tumors that have been
tested, only monoclonal episomal EBV was found, indicating that EBV infection pre-
ceded malignant transformation; there was no viral integration into the cell genome to
account for malignant transformation. The most striking case is that of a 5-yr-old
female with two separate tumors taken at different times and from different sites, with
each tumor demonstrating different EBV monoclonality, indicating that these two
tumors developed independently (50). A 15-yr-old male with multiple leiomyosarco-
mas following heart–lung transplant was found to have pulmonary tumors of donor ori-
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gin and hepatic tumors of host origin (65). A 24-yr-old male had equimolar biclonality
of EBV in a leiomyosarcoma, consistent with dual EBV infection of tumor cells or a
uniformly mixed cell population derived from two independent EBV infection events
(50). Either scenario is strong evidence of linkage of EBV to the tumor. Although
metastases from a single primary tumor are possible, it appears that the primary factor
that predisposes to leiomyosarcoma—impaired host immunosurveillance from
impaired immunocompetence, resulting from either HIV-1 infection or from immuno-
suppressive therapy associated with organ transplant—facilitates the simultaneous
development of multiple primary tumors.

The presence of EBV in both a leiomyoma and leiomyosarcoma occurring in an 8-
yr-old girl (50) suggests that EBV infects the smooth muscle cells before they undergo
malignant transformation and thus plays a pivotal role in the progression to malig-
nancy. High levels of EBV as shown by in situ hybridization and semiquantitative PCR
is indirectly indicative of such an scenario. Taken as a whole, the evidence of multiple
discrete EBV cell infection events associated with the tumors of these patients demon-
strates that EBV infection of smooth muscle cells and proliferation is probably not an
infrequent occurrence under circumstances of impaired immunosurveillance.

The increased numbers of cases of leiomyomas and leiomyosarcomas in children
compared to adults is even more remarkable considering the much greater number of
adults compared to children with HIV-1 infection or organ transplant. After non-
Hodgkin’s lymphoma, leiomyosarcoma is the second leading cancer in children with
HIV-1 infection (75). Children may be more susceptible to developing EBV-associated
tumors because primary EBV infection occurs in childhood (76–78). The host may be
less well prepared to limit primary EBV infection and the contribution of EBV to
malignant transformation than under the typical scenario that is present in adults, with
development of impaired immunosurveillance in the setting of previously established
but well-controlled, latent EBV infection.

Entry of EBV into Smooth Muscle Cells

The presence of the EBV receptor (CD21, also known as CR2), which is also the
receptor for the C3d component of complement (79,80), on smooth muscle cells would
appear to be a prerequisite for EBV infection of smooth muscle cells. The EBV recep-
tor has been identified on striated muscle cells as well as a variety of nonlymphoid tis-
sues including epithelium of the parotid gland, tonsil, skin, lung, esophagus, jejunum,
colon, pancreas, kidney, and adrenal cortical cells and hepatocytes (81).

The EBV receptor has been found to be present at relatively higher levels on the
cells of both leiomyomas and leiomyosarcomas of HIV-1-infected patients but at lower
levels in tumors from HIV-1-uninfected patients (50,56). The receptor is detectable at
much lower levels in normal smooth muscle tissues. The CD21 receptor is detected
best with biotin-streptavidin procedures using the OKB7 (82) monoclonal antibody,
and is undetectable using the HB5 (83) monoclonal antibody (84), which may account
for reported differences in identification of the CD21 on smooth muscle cells
(50,56,65). This also suggests that the CD21 antigen on smooth muscle cells (84) may
not be identical to that found on epithelial cells or lymphocytes (85,86).

Alternatively, the presence of CD21 may not be involved because the mechanism of
EBV entry into different cell types may be by different routes (87,88). It is possible that
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that fusion of smooth muscle cells with EBV-infected lymphocytes could be the route of
cell entry into nonlymphoid cells by EBV-induced formation of polykaryocytes of EBV-
superinfected lymphoblastoid cells with cells devoid of EBV receptors (89).

The presence of EBV in the leiomyomas and leiomyosarcomas from HIV-1-infected
persons but not from immunocompetent persons suggests that entry of EBV into mus-
cle cells is directly or indirectly affected by HIV-1 infection. In HIV-1-infected
patients, EBV infection of smooth muscle cells may be facilitated by the increased
expression of the EBV receptor and the higher circulating levels of EBV. However,
given the increased incidence of leiomyosarcomas in organ transplant recipients as
well as persons with AIDS, it is more likely that the contribution of HIV-1 to
leiomyosarcoma is the result of decreased immunosurveillance rather than increased
expression of EBV receptors. Although the CD21 receptor is present in low amounts
on leiomyomas and leiomyosarcomas from immunocompetent children (50,56), EBV
infection is not found. This emphasizes the important role of immunosurveillance to
eradicate virus or cells should EBV infection of smooth muscle cells occasionally
occur. Under this scenario, persistent EBV infection is a prerequisite for malignant
transformation and primarily the consequence of impaired immunosurveillance.

EBV Replication in Smooth Muscle Cells

The biology of EBV infection of smooth muscle cells has been studied best in
explanted cells from a single leiomyosarcoma of a woman with HIV-1 infection (84).
The cells exhibited very slow growth in vitro with unusual elliptical and spindle-
shaped morphology and fragmentation of the cytoplasm into long, tapering cytoplas-
mic processes. Greater than 90% of cells expressed diffuse distribution of the smooth
muscle isoform of actin by immunoperoxidase staining. Approximately 25% of cells
expressed very bright fluorescence by immunostaining to the smooth muscle isoforms
of calponin and actin. The majority of cells demonstrated a weak signal for CD21, and
approx 5–10% of cells showed a strong signal confined to cell surfaces. The cultured
cells harbored EBV, and infectious EBV continued to be detected by PCR and virus
culture through several passages in vitro. Several EBV antigens were expressed includ-
ing: latent antigen EBNA-1; immediate early antigen BZLF1; early antigen EA-D; and
late antigens, including viral capsid antigen p160, gp125, and membrane antigen
gp350. Human umbilical cord lymphocytes transformed with virus isolated from cul-
tured cells yielded immortalized cell lines that expressed EBV antigens similar to other
EBV-transformed lymphocyte cell lines. These findings confirm that EBV is capable of
lytic infection of smooth muscle cells with expression of a repertoire of latent and
replicative viral products and production of infectious virus, and may contribute to the
oncogenesis of leiomyosarcomas.

The inability to derive immortalized, EBV-infected smooth muscle cell lines that are
tumorigenic is, in many ways, similar to the inability to establish nonlymphoid cell
lines from Kaposi’s sarcoma harboring KSHV. The biology of these two gamma her-
pesviruses in these two tumors may have many similarities.

CONCLUSIONS

Leiomyoma and leiomyosarcoma expand the spectrum of EBV-associated malig-
nancies, and also of AIDS- and organ transplant-related malignancies. The immune
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dysfunction of AIDS and the immunosuppression used following organ transplant
appear to facilitate EBV infection of smooth muscle cells, malignant transformation,
and subsequent proliferation. Further studies aimed at elucidating the molecular patho-
genesis of these tumors may provide insight into the viral and cellular mechanisms that
facilitate EBV infection of these cells, and the specific defects of immunosurveillance
that permit EBV infection of smooth muscle cells and malignant transformation.
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10
Kaposi’s Sarcoma and Other HHV-8 

Associated Tumors

Chris Boshoff

INTRODUCTION

Kaposi’s Sarcoma: History and Pathology

As medical students in 1987 at Kalafong Hospital (Tembisa, South Africa) we were
intrigued by a patient with tuberculosis and disseminated skin lesions. This was the
first patient we had seen who was infected with the human immunodeficiency virus
(HIV), and he had Kaposi’s sarcoma (KS). We never imagined then that 10 yr later
most patients at this hospital, as in many other South African hospitals, would have
AIDS-related illnesses. One in eight South Africans is now HIV positive, compared
with the nearly one in four adults in neighboring Botswana and Zimbabwe. No one
anticipated then the enormous burden that HIV would have on southern Africa.

In 1981, when a few reports of Pneumocystis carinii pneumonia (PCP) and KS in
young men from New York City and San Francisco heralded the acquired immunodefi-
ciency syndrome (AIDS), few imagined that by the year 2000, 40 million people
worldwide would be infected. In Africa, most HIV-positive patients still succumb to
infectious causes, most notably tuberculosis. However, opportunistic neoplasms are
also taking their toll and KS, for example, is now the most common tumor in men in
Uganda (1).

In 1872, the Hungarian dermatologist Moriz Kaposi published the case histories of
five middle-aged and elderly male patients in Vienna with idiopathic multiple pig-
mented sarcomas of the skin (2). For more than 100 yr, KS remained a rare curiosity to
clinicians and cancer researchers, until it became highly significant as the sentinel of
AIDS.

During that century, three clinical patterns of KS were described. Classic KS occurs
predominantly in elderly male patients of Southern European and Middle Eastern ori-
gin (3). In some equatorial, eastern, and southern African countries, KS has existed for
many decades, long preceding HIV and known as endemic KS (4). Unlike classic KS,
endemic KS also occurs in children, who present with lymphadenopathy rather than
skin lesions. Endemic KS is generally a more aggressive disease than classic KS,
although less so than AIDS-associated KS (5,6). The majority of African children with
endemic KS die from the disease (7).
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KS also is known to develop after an organ transplant and is designated posttrans-
plant or iatrogenic KS (8,9). Patients of Mediterranean, Jewish, or Arabian ancestry are
clearly overrepresented among immunosuppressed patients who develop KS after a
transplant (3), indicating that those born in countries where classic KS occurs continue
to be at risk of developing KS even if they migrate to low-risk countries. These data
suggested that there is a genetic predisposition or environmental factor (possibly an
infectious agent) responsible for KS development.

In 1981, the U. S. Centers for Disease Control and Prevention (CDC) became aware
of an increased occurrence of two rare diseases, KS and PCP, among young homosex-
ual men from New York City and California (10). This was the beginning of the AIDS
epidemic, and AIDS-KS is today the most common form of KS. In HIV-infected indi-
viduals the underlying immunosuppression leads to a fulminant disease that starts with
a few skin lesions, but without treatment often develops into disseminated disease
affecting various organs including lung, liver, gut, and spleen.

Histologically, KS is a complex lesion. In early (patch stage) KS lesions, there are
a collection of irregular endothelial lined spaces that surround normal dermal blood
vessels, and these are accompanied by a variable inflammatory infiltrate. This stage is
followed by the expansion of a spindle-celled vascular process throughout the dermis.
These spindle cells form slitlike, vascular channels containing erythrocytes (plaque
stage KS). The later nodular stage KS lesions are composed of sheets of spindle cells,
some of which are undergoing mitosis, and slitlike vascular spaces with areas of
hemosiderin pigmentation. The spindle cells form the bulk of established KS lesions
and are therefore thought to be the neoplastic component. Most of the spindle cells in
KS lesions express endothelial markers, including CD31 and CD34. However, it was
also shown that KS spindle cells express markers for smooth muscle cells,
macrophages, and dendritic cells (11,12), suggesting that spindle cells are either
derived from pluripotent mesenchymal precursors or represent a heterogeneous popu-
lation of cells. Circulating KS-like spindle cells have been isolated and cultured from
patients with AIDS-KS and from those thought for other reasons to be at risk of
AIDS-KS (13). These circulating cells have an adherent phenotype and express mark-
ers of both macrophage and endothelial cells (14). Recently, it was shown that all KS
spindle cells express vascular endothelial growth factor receptor-3 (VEGFR-3)
(15,16). VEGFR-3 is usually expressed only by lymphatic endothelium (15) and by
neoangiogenic vessels, but not by mature vascular endothelial cells, indicating that
KS spindle cells probably belong to the endothelial cell lineage that can differentiate
into lymphatic cells.

Early (patch stage) KS is probably a nonclonal proliferation of lymphatic endothe-
lial cells or endothelial precursors (e.g., angioblasts) (17) with a prominent inflamma-
tory and angiogenic response, whereas advanced disease can develop into a true clonal
malignancy with metastases of clonally derived spindle cells to different sites (18–21).

All known tumors produce cytokines, and their cells respond positively or nega-
tively to cytokines in culture. KS is no exception and KS spindle cells or infiltrating
CD8+ lymphocytes and macrophages express high levels of interleukin-6 (IL-6),
basic fibroblast growth factor (bFGF), tumor necrosis factor α (TNF-α), Oncostatin
M, and γ-interferon (γ-IFN) (22–28). IL-6 is produced by KS spindle cells and exoge-

162 Boshoff



nous IL-6 enhances the proliferation of KS cells in culture (25). γ-IFN also induces
endothelial cells to acquire phenotypical features similar to those of KS spindle cells
(28). Because of the nature of KS lesions it has been suggested that these lesions are
cytokine driven.

The more aggressive nature of HIV-associated KS has led to speculation that HIV-
encoded proteins may enhance KS growth (27). The HIV-1 Tat protein transactivates
HIV viral genes and also some host cell genes (29). Tat can be released by infected
cells and can act extracellularly (30,31). Tat induces a functional program in endothe-
lial cells related to angiogenesis and inflammation including the migration, prolifera-
tion, and expression of plasminogen activator inhibitor-1 and E selectin (32). Tat
induces growth of KS spindle cells in vitro and is angiogenic in vivo and in transgenic
mice (27,31,33). The Tat basic domain contains an arginine- and lysine-rich sequence
that is similar to that of other potent angiogenic growth factors including vascular
endothelial growth factor-A (VEGF-A) and bFGF (34). Tat specifically binds and acti-
vates the Flk-1/kinase domain receptor (Flk-1/KDR), a VEGF-A tyrosine kinase recep-
tor (35). Tat-induced angiogenesis can be inhibited by agents blocking this receptor
(35). The arginine, glycine, aspartic acid (RGD)-containing region of Tat also has been
postulated to have a role in the pathogenesis of AIDS-KS, although baboons infected
with HIV-2, which lacks an RGD sequence in Tat, can develop KS-like lesions, albeit
of myofibroblast, rather than endothelial, origin (27,36). AIDS-associated KS fre-
quently is more aggressive than non-HIV-related KS, and it is possible that the angio-
genic properties of Tat contribute to this phemomenon.

Studies of AIDS case surveillance support the pre-AIDS data on the existence of a
sexually transmissible KS cofactor. KS occurs predominantly in homosexual and
bisexual men with AIDS, less commonly in those acquiring HIV through heterosexual
contact and rarely in AIDS patients with hemophilia or in intravenous drug users
(37,38).

A viral etiology for this tumor was suspected long before the onset of the AIDS epi-
demic (4). In 1972, electron microscopy of KS tumor cells revealed herpesvirus-like
particles that were attributed to cytomegalovirus (CMV) (39,40). DNA sequences of
CMV, human herpesvirus-6 (HHV-6), human papilloma viruses (HPV), BK virus
(human polyoma virus), and other viral (including retroviral) or bacterial pathogens
have all been detected in KS lesions and put forward as the suspected agents of KS
(41–43). However, these agents, including CMV, HHV-6, and papilloma viruses, are
found only in some lesions, and BK virus is an ubiquitous agent present in many
tumors and tumor cell lines (41,43,44).

A NEW GAMMAHERPESVIRUS: HHV-8

herpein Greek, to creep or crawl. Refers to the characteristic skin lesions caused
by herpes simplex and herpes zoster infections.

O er ladies lips, who straight on kisses dream,
Which oft the angry Mab with blisters plagues,
Because their breaths with sweetmeats tainted are.

Shakespeare
Romeo and Juliet. 1595
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Discovery and Related Viruses

In 1994, the laboratory of Yuan Chang and Patrick Moore employed representational
difference analysis (RDA) to identify sequences of a new herpesvirus in an AIDS-KS
biopsy (45). This virus is called human herpesvirus-8 (or KS-associated herpesvirus).
RDA relies on cycles of subtractive hybridization and polymerase chain reaction (PCR)
amplification to enrich and isolate rare DNA fragments that are present in only one of
two otherwise identical populations of DNA (46,47).

Nearly 100 herpesviruses have been identified and almost all mammal species have
been shown to be infected by at least one member of the family. The known her-
pesviruses share a common virion architecture (Fig. 1) and four critical biological
properties (48):

1. All herpesviruses encode enzymes involved in nucleic acid metabolism, DNA synthe-
sis, and protein processing.

2. The synthesis of viral DNA and assembly of the capsid usually occur in the nucleus of
infected cells.

3. Production of infectious virus progeny is generally accompanied by destruction of the
infected cell (lytic infection).

4. Herpesviruses remain latent and persist for life in their hosts. Latent infection occurs in
specific cell types, for example, the Epstein–Barr virus (EBV) persists in B lympho-
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Fig. 1. Electron microscopy of a HHV-8 (kindly provided by Dharam Ablashi, ABI Inc).
The dense herpesviral DNA core is seen, with surrounding capsid and envelope.



cytes. Latent herpesviral genomes persist as extrachromosomal circular episomes that
express only a fraction of viral genes (the so-called latent genes).

The subfamily Gammaherpesvirinae includes the genera Lymphocryptovirus and
Rhadinovirus. Viruses of this subfamily are characterized by their capacity to induce
cell proliferation in vivo, resulting in transient or chronic lymphoproliferative disorders
(Table 1).

DISEASES CAUSALLY LINKED TO HUMAN HERPESVIRUS-8

Kaposi’s Sarcoma

HHV-8 DNA is present, by PCR, in all epidemiologic and clinical forms of KS, in
all fresh biopsies tested, and in the vast majority of paraffin-embedded material (Table
2). The virus is rarely detectable in non-KS tissues (except blood) from the same indi-
vidual, indicating that viral load is highest in KS lesions. This raised the question
whether the cytokine-rich milieu of KS encourages HHV-8 replication or the prolifera-
tion of the cell type(s) harboring HHV-8, in which case HHV-8 is only a passenger in
these lesions and does not necessarily cause them. However, HHV-8 is not present in
other vascular tumors including angiomas and angiosarcomas, and it is only rarely
detectable in other forms of skin tumors (including squamous carcinomas and
melanomas) in immunosuppressed patients (49–52). Furthermore, the detection of
HHV-8 DNA by PCR in the peripheral blood of HIV-positive individuals is predictive
of KS (53,54), indicating that those at risk of KS have a higher viral load than those not
at risk (Fig. 2).

To further strengthen the molecular epidemiologic association between HHV-8 and
KS it was demonstrated by PCR in situ hybridization, RNA in situ hybridization, and
immunohistochemistry that HHV-8 is present in nearly all spindle cells in KS lesions
(Fig. 3) (16,55–61). In early KS lesions, only a small proportion (< 10%) of spindle
cells are positive for HHV-8, whereas VEGFR-3 is expressed by most cells (16). This
indicates that paracrine mechanisms are probably important in the initiation and pro-
gression of KS. In nodular lesions, >90% of the spindle cells contain HHV-8 latent
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Table 1
Gammaherpesviruses Related to HHV-8

Virus Acronym Host

Epstein–Barr virus EBV Humans
Herpesvirus saimiri HVS Primates (NW)
Herpesvirus ateles HVA Primates (NW)
Alcelaphine herpesvirus AHV-1 Domestic animals
Bovine herpesvirus-4 BHV-4 Cows
Equine herpesvirus-2 EHV-2 Horses
Murine herpesvirus-68 MHV-68 Rodents
Retroperitoneal fibromatosis herpesviruses RFHVMn, RFHVMm Primates (OW) (230,231)
Rhesus monkey rhadinovirus RRV Primates (OW) (230)

NW, New World primate; Ow, Old World primate.



infection, suggesting that HHV-8 latent proteins provide a growth advantage to
infected cells (16).

Immunoblastic Variant Multicentric Castleman’s Disease

As originally described by Castleman in 1956 (62), Castleman’s disease (CD) com-
prises a benign localized mass of lymphoid tissue. Histologically, the lesion is charac-
terized by the presence of large follicles separated by vascular lymphoid tissue
containing lymphocytes. This histologic form is known as the hyaline-vascular type of
CD.

Subsequently, a variant that is distinguished by the presence of sheets of plasma
cells in the interfollicular zone was described and is referred to as the plasma cell type
of CD (63). A more recently described multicentric form of the plasma cell variant of
CD (MCD) is a systemic lymphoproliferative disorder often associated with immuno-
logic abnormalities (64). MCD is mainly of the plasma-cell type and has a poorer prog-
nosis than the localized hyaline-vascular type (65). MCD changes in lymph nodes are
more commonly diagnosed in HIV-infected individuals.

Patients with MCD often develop secondary tumors such as KS, non-Hodgkin’s
lymphoma (NHL), and Hodgkin’s disease (66,67). Up to 25% of patients with MCD
develop NHL (64,68,69), and immunoblastic B-cell lymphoma is the most frequent
subtype (64,69,70).

Soulier and colleagues used PCR to identify HHV-8 DNA in CD biopsies (70).
Other groups have since confirmed this finding (71,72). HHV-8 is present in
immunoblasts in MCD (Fig. 4), and such immunoblasts are not present in HHV-8-neg-
ative MCD (16,73). These HHV-8-positive immunoblasts belong to the B-cell lineage
and express CD20. HHV-8-positive MCD is therefore a distinct disease entity and
should be designated as an immunoblastic variant of MCD (74). Confluent clusters of
HHV-8-positive immunoblasts also are present in biopsies of immunoblastic MCD,
indicating that isolated HHV-8 immunoblasts can progress to form foci of microlym-
phoma (74). HHV-8 also appears to be present in all tumor cells of immunoblastic lym-
phoma that develops in patients with the HHV-8-positive immunoblastic variant of
MCD (74). The development of immunoblastic lymphoma therefore represents a fur-
ther evolution of this disorder (Fig. 5). Unlike HHV-8-positive primary effusion lym-
phoma cells (see next section), the immunoblasts in MCD are positive only for HHV-8
and not for EBV.
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Table 2
Detection of HHV-8 DNA by PCR in KS Biopsies and Control Tissues

Type of lesion Positive/no. tested (%)

AIDS-KS 252/259 (97%)
Classic KS 160/175 (91%)
Iatrogenic KS 13/13 (100%)
African endemic KS 71/80 (89%)
HIV-negative homosexual men with KS 8/9 (89%)
Control tissues 14/743 (1.8%) P < 0.0001

Data compiled from refs. 45,142, and 232–247.



Fig. 2. Kaplan–Meyer curve, showing that the presence of HHV-8 in peripheral blood
mononuclear cells by PCR is associated with the subsequent development of KS in a cohort of
HIV-positive homosexual men. Proportion of individuals, in whose peripheral blood HHV-8
was (•) or was not (●) detected, and who remained free of KS after indicated time of follow-
up.(From ref. 54 with permission.)

Fig. 3. HHV-8 latent nuclear protein (LNA/ORF 73) is expressed by the vast majority of
spindle cells in KS lesions.



Whether occurring as isolated cells in the mantle zone, in small confluent clusters,
or in the immunoblastic lymphomas, the HHV-8-positive immunoblasts in MCD
invariably express cytoplasmic IgM λ, suggesting that these cells in all circumstances
comprise a monoclonal population (74).

Current studies suggest that HHV-8-positive MCD has a poorer prognosis than the
HHV-8 negative cases (16,73,75). A likely explanation is the presence of a monoclonal
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Fig. 4. HHV-8 LNA is present in immunoblasts surrounding germinal centers in MCD.



lymphoma population of immunoblasts in the HHV-8-positive cases that can progress
to an aggressive immunoblastic lymphoma (Fig. 5) (74).

Primary Effusion Lymphoma

The emergence of primary effusion lymphoma (PEL, previously called body cavity
based lymphoma) as a new disease entity is an intriguing story linked to the identifica-
tion of HHV-8. Two groups initially recognized the unique aspects of some effusion-
based lymphomas in patients with AIDS (76,77). The lymphoma cells in these cases
were negative for most lineage-associated antigens, although immunoglobulin (Ig)
gene rearrangement studies indicated a B-cell origin. In 1992, Karcher et al. further
demonstrated the distinctiveness of the syndrome, reporting a high prevalence of EBV,
yet absence of c-myc rearrangements (78). They also noted the tendency of the disease
to remain confined to body cavities without further dissemination. In 1995, Cesarman
and colleagues found that HHV-8 was specifically associated with PEL but not with
other high-grade AIDS-related lymphomas (79).

PEL possesses a unique constellation of features that distinguishes it from all other
known lymphoproliferations. PEL presents predominantly as malignant effusions in
the pleural, pericardial, or peritoneal cavities usually without significant tumor mass or
lymphadenopathy. These lymphomas occur predominantly in HIV-positive individuals
with advanced stages of immunosuppression (80), but they are seen occasionally in
HIV-negative patients (81–83). More bizarre was the presentation of a PEL that per-
sisted in the cavity created by a silicone breast implant (83), which presumably is an
immune privileged site. PEL and KS can occur in the same patient. Also, like KS, PEL
occurs primarily in homosexual men and not in other HIV-positive risk groups (81,84).

Most PELs do not express surface B-cell antigens. However, a B-cell lineage is indi-
cated by the presence of clonal immunoglobulin gene rearrangement (85,86), and the
cells show morphologic features of plasmacytoid cells (87). It still is unclear whether
HHV-8 arrests cells at this stage of differentiation or infects and transform these mature
B cells. All PELs that lack c-myc rearrangments contain HHV-8 (81). The majority, but

Kaposi’s Sarcoma and Other HHV-8 Tumors 169

Fig. 5. Proposed involvement of HHV-8 in immunoblastic or plasmablastic MCD.



not all, PELs are coinfected with EBV (79,88), suggesting that the two viruses may
cooperate in neoplastic transformation. Terminal repeat analysis indicates that EBV is
monoclonal in most cases (81,86), implying that EBV was present in tumor cells prior
to clonal expansion. PEL cells consistently lack molecular defects commonly associ-
ated with neoplasia of mature B cells, including activation of the protooncogenes bcl-2,
bcl-6, c-ras, and K-ras, as well as mutations of p53 (89,90).

Southern blot analysis of PEL cells shows the presence of HHV-8 sequences in high
copy number (50–150 viral episomes per cell). Cell lines from PEL have been estab-
lished (85,91–94). One HHV-8-positive, EBV-negative cell line also has been estab-
lished from the peripheral blood of a patient with PEL (87). Most but not all cell lines
are coinfected with EBV. In the coinfected lines the expression of EBV latent proteins
is restricted to Epstein–Barr nuclear antigen 1 (EBNA-1) and latent membrane protein-
2 (LMP-2) (87,95). Lines latently infected with HHV-8 can be induced with phorbol
esters or n-butyrate to produce HHV-8 virions (92,96).

It appears that HHV-8-positive PEL cells lack many adhesion molecules and homing
markers present on other diffuse lymphomas. This may contribute to the peculiar effu-
sion phenotype of these lymphomas and to the lack of macroscopic involvement of
lymph nodes (87).

Other

Confusion regarding the prevalence of HHV-8 was generated by reports that this
virus is widespread in tissues affected by sarcoidosis (97) and in the bone marrow and
circulating dendritic cells of patients with multiple myeloma (MM) (98,99). We have
not been able to detect HHV-8 in sarcoid tissues (Boshoff and Mitchell, unpublished
observations, and we consider this study as an example of contamination by using
nested PCR, a technique that clearly requires confirmation of all positive amplicons by
amplifying other nonoverlapping areas of the genome.

The reports of HHV-8 in the bone marrow and circulating dendritic cells of patients
with MM are more intriguing. It is an attractive hypothesis because HHV-8 encodes a
viral homolog of one of the cytokines, human interleukin 6 (huIL-6), that is involved in
MM pathogenesis. The HHV-8-encoded IL-6 also can maintain the growth of huIL-6-
dependent MM cell lines (100,101). A further link might be that patients with MCD,
the lymphoproliferation associated with HHV-8, often have immunoglobulin
dyscrasias, and occasionally even develop MM. However, various groups, employing
molecular and serologic techniques, have not been able to reproduce the findings that
HHV-8 is associated with MM (102–108). It also is clear that HHV-8 does not actually
infect the myeloma cells themselves, but viral DNA has been proposed to be present in
the dendritic cells in patients with MM. The role, if any, of HHV-8 in MM pathogene-
sis remains highly controversial.

Angioimmunoblastic lymphadenopathy with dysproteinemia (AILD) is a disorder
occasionally associated with KS development. One study reported HHV-8 sequences in
20% of such lymphomas, but also in 17% of reactive lymphadenopathies from HIV-
seronegative patients (109). These were all Italian patients, perhaps reflecting a higher
prevalence of HHV-8 in circulating B lymphocytes in this population, rather than an
etiologic association.
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SEROEPIDEMIOLOGY

Serologic Assays

Several HHV-8 serologic assays are currently available. The most widely used
assays are based on detection of latent or lytic antigens in HHV-8-infected PEL cell
lines, either by immunofluorescence (110–112) or enzyme immunoassay (113).
Assays also have been described that detect antibodies to recombinant HHV-8 latent
and lytic proteins or synthetic peptides. Lytic proteins shown to be immunogenic
include ORF (open reading frame) 65 (112), ORF 26 (114), and ORF K8.1 (115,116).
The only latent antigen thus far to be used in recombinant assays is ORF 73, which is
the same antigen detected in latent immunofluorescence assays (59,117,118). A study
comparing various assays including recombinant proteins (ORFs 65 and K8.1) and
immunofluorescence assays concluded that immunofluorescence assay (IFA) fol-
lowed by confirmation with Western blot reactions with a panel of latent and lytic
immunogenic antigens provide a reliable, sensitive, and specific method to detect
HHV-8 antibodies (119).

Seroprevalence

Northern Europe and North America

The seroprevalence of HHV-8 in the different HIV risk groups correlates with the
incidence of KS. In Northern Europe and North America, HHV-8 is found predomi-
nantly in HIV-positive homosexual men (110–112,120,121) and not in HIV-positive
patients with hemophilia, drug users, or heterosexuals.

In a cohort of men in San Francisco, it was shown that HHV-8 infection is associated
with the number of homosexual partners and correlates with a previous history of a
sexually transmitted disease (STD, such as gonorrhoea) and HIV infection (122), sug-
gesting that HHV-8 is sexually transmitted. In homosexual men attending the STD
clinic at St. Thomas Hospital in London, in univariate analysis HHV-8 prevalence was
correlated with a history of sex with an American, suggesting that HHV-8 was perhaps
first introduced into the homosexual communities in the epicenters of HIV in the
United States before spreading to Europe (123). At the moment we can conclude that
HHV-8 is transmitted among homosexual men during sex, although this does not nec-
essarily imply sexual transmission.

Mediterranean Europe

The incidence of classic KS is significantly higher in Italy than in the United King-
dom or the United States (3,124). Similarly, the prevalence of antibodies to HHV-8 in
blood donors in Italy is significantly higher than rates reported in the United Kingdom
or the United States (125,126). Furthermore, the incidence of classic KS in Italy shows
considerable regional variation (124) and the prevalence of HHV-8 in different regions
correlates with this (125,127). In addition, the geometric mean titer of anti-HHV-8
antibodies is highest in blood donors from the south, where the incidence of KS and the
prevalence of HHV-8 is highest (125). This is reminiscent of EBV infection, in which a
high anti-EBV antibody titer correlates with an increased risk of developing Burkitt’s
lymphoma or nasopharyngeal carcinoma (128,129).
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Israel

The incidence of classic KS in Israel is among the highest in the world (130). Simi-
larly, the seroprevalence of HHV-8 among Israeli Jews is higher than that seen in the
general populations of Western Europe and North America (131). The incidence of
classic KS is higher among North African (Sephardic) Jews than those of European
descent (Ashkenazi), and the seroprevalence of HHV-8 among the different Jewish
groups correlates with this (131). Furthermore, mother-to-child transmission is impor-
tant in the acquisition of HHV-8 in Israel (131).

Africa

Endemic KS existed in Africa long before the AIDS epidemic; however, AIDS-KS
is now one of the most common tumors in many parts of Africa. In Africa, where KS
rates are relatively high among HIV-positive individuals, the prevalence of antibodies
to HHV-8 is also higher than in North America and Northern Europe (112,132–135).
Early acquisition of HHV-8 in Africa is likely because KS is seen in African children
(7). Indeed, the prevalence of antibodies to HHV-8 increases steadily with age in
Africa (Fig. 6) (134,135), and this occurs even before puberty (136–139). This indi-
cates that HHV-8 is not predominantly transmitted during sex, as is seen among
homosexual men in the West. Mother-to-child transmission and sibling-to-sibling
transmission has been shown to occur in South Africa and in a Noir-Marron popula-
tion living in French Guyana (136,140). About one third of HHV-8 positive black
mothers in South Africa transmit the virus to their children (136). Interestingly, in
contrast to mother-to-child transmission, father-to-child transmission does not appear
to occur among the Noir-Marron population tested. In South Africa there is a signifi-
cantly lower prevalence of anti-HHV-8 antibodies among whites that among blacks,
and in black cancer patients the seroprevalence of HHV-8 declines with increasing
education, suggesting that factors associated with poverty may contribute to the trans-
mission of the virus (135).

Transmission

Although one group reported the frequent detection of HHV-8 in the semen of
healthy Italian donors (141), in North America and the United Kingdom the current
consensus is that HHV-8 is present only intermittently in the semen of patients with
KS and sometimes in HIV-positive patients without KS, but only rarely in semen
donors (142–147). HIV-8 has also been found in prostate biopsies of HIV-positive
men with or without KS (148). HHV-8 shedding into semen from prostate fluid is
therefore a possible mode of transmission. Infectious virus is also found in the saliva
of HIV-positive individuals (149). In patients with classic KS, HHV-8 DNA was
shown to be present in tonsillar swabs and in saliva (126). Although studies in homo-
sexual men indicate that HHV-8 is transmitted during sex and the risk of having
HHV-8 increases with the number of sexual partners, the exact mode and route are
not known. Semen and saliva are possible routes of viral transmission, but their
respective contribution to infection is still unknown. The role of breast milk, saliva,
and other horizontal routes for mother-to-child and sibling-to-sibling transmission is
also still unknown.
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HHV-8 GENOME

Genomic Organization and Structure

The genome of HHV-8 was mapped and sequenced from cosmid and phage genomic
libraries from a PEL cell line (BC-1, which also contains EBV) (150). HHV-8 also was
sequenced from a KS biopsy, and the genome was found to be almost identical to that
in PEL (151). The HHV-8 genome consists of an estimated 140.5-kb long unique cod-
ing region (LUR) flanked by approx 800-bp noncoding tandemly repeated units with
an 85% G + C content. More than 80 ORFs have thus far been identified, including
nearly 70 with sequence similarity to related gammaherpesviruses. Novel ORFs not
present in other herpesviruses were designated K1 – K15, although many of these now
appear to be present in related viruses.

Like other herpesviruses, HHV-8 encodes proteins involved in viral DNA replication
including a DNA polymerase (Pol-8, ORF 9) and a polymerase processivity factor (PF-
8, ORF 59) (150,152). PF-8 complexes specifically with Pol-8 to synthesize HHV-8
DNA (152). Other proteins involved in viral replication include helicase-primase pro-
teins (ORFs 40, 41, and 44) and a single-stranded DNA (ssDNA) binding protein (ORF
6). ORFs encoding proteins that could be targets for anti-herpesviral agents include
thymidylate synthase (ORF 70) and thymidine kinase (ORF 21) homologs (96).

Strain Variation: The Left- and Right-Hand Ends of the Genome

The left end of the genome of herpesvirus saimiri (HVS), the related New World pri-
mate gammaherpesvirus, is essential for HVS T-cell transformation. The first ORF of
HHV-8, K1, has therefore also demanded attention (Fig. 7). However, unlike the first
two ORFs of HVS (STP and Tip), K1 is an early lytic cycle transmembrane protein that
does not seem to be expressed in latently infected PEL cells (153) and that has no
sequence or structural similarity to HVS STP (154). K1 is structurally similar to lym-
phocyte receptors and can transduce signals associated with B-cell activation (155).
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Fig. 6. Age-specific seroprevalence of HHV-8 and HIV in black South African patients with
cancer. (From ref. 135 with permission.)



The role of K1 in KS spindle cell growth or B-cell transformation is therefore ques-
tioned. Nevertheless, expression of the K1 gene in rodent fibroblasts produced morpho-
logic changes and focus formation indicative of transformation (154). Furthermore, a
recombinant herpesvirus in which the STP oncogene of HVS was replaced with K1,
immortalized primary T lymphocytes and induced lymphoproliferations in common
marmosets (154).

Polymorphisms in ORF-K1 identified subtypes A, B, C, and D, which display
15–30% amino acid differences in their ORF-K1 coding regions (156,157). These sub-
types have close associations with the geographic and ethnic background of individu-
als. Within these four subtypes, more than 13 clades have now been described (158).
Subtype B is found almost exclusively in patients from Africa, subtype C in individuals
from the Middle East and Mediterranean Europe, subtype A in Western Europe and
North America, and subtype D so far has been described only in individuals from the
Pacific Islands (158,159). No subtype yet appears to correlate with a specific disease or
with a more aggressive course for KS. The unusually high genetic divergence identified
in ORF-K1 reflects some unknown powerful biologic selection process acting specifi-
cally on this immunoglobulin receptor-like signal transducing protein (157,159). This
could be related to evolving mechanisms of viral evasion from the immune system in
different populations.

K15 is at the extreme right-hand side of the HHV-8 genome (Fig. 7). Two alterna-
tively highly diverged forms of this complex spliced gene (P or M) exist. P is the pre-
dominant form and M (for minor) is seen in < 15% of viral isolates (159). K15 is a
latent membrane protein related to both EBV LMP-1 and -2 (159). K15 has a tumor
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Fig. 7. The relative structure and orientations of the left-hand and right-hand ends of HHV-8
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necrosis factor receptor-associated (TRAF) binding domain, and like LMP-1 might
therefore trigger the NF-κB pathway of signal transduction. The P and M subtypes
appear unlinked to the ORF K1 genotypes, suggesting that one of these two forms was
introduced into the HHV-8 genome by recombination with a related but unidentified
primate or human γ2-herpesvirus.

HHV-8 Latent Proteins

In EBV, the latent nuclear proteins (EBNA 1–6) and latent membrane proteins
(LMP-1/-2A and -2B) are essential for persistence of the episomal genome, mainte-
nance of latency, initiation of lytic viral infection, evasion or elicitation of antiviral
immune responses, and driving cellular proliferation (and therefore tumorigenesis).
These EBV proteins have been shown to interact or upregulate cellular proteins
involved in transformation (including p53, pRb, cyclin D, histone deacetylase, and
TRAF). A number of HHV-8 ORFs are transcribed during latency (Table 3) (160,161).
LATENT nUCLEAR pROTEIN (ORF 73/LNA).

ORF 73 of HHV-8 encodes a latent immunogenic nuclear antigen (LNA) protein
detected as nuclear speckling by immunofluorescence using HHV-8-positive sera on
PEL cells (59,117,118). HHV-8 LNA (ORF 73) has a long acidic repeat region con-
taining a large leucine-zipper motif (150), suggesting direct interaction with other
viral or cellular proteins. ORF 73 is transcribed with the viral cyclin and FLIP (see
later) homologs (117,162,163). LNA is expressed in all KS spindle cells latently
infected with HHV-8, in all the immunoblasts in HHV-8-associated CD, and in all
cells of PEL (Fig. 3 and 4) (16). Like EBNA-1, LNA is essential to maintain the
HHV-8 episome (extrachromosomal persistence) (164). Furthermore, LNA tethers
HHV-8 DNA to chromosomes during mitosis to allow the segregation of viral epi-
somes to all progeny cells (Fig. 8) (164 and Bourboulea and Boshoff, unpublished
observations). LNA therefore maintains a stable episome during mitosis. An attrac-
tive application of this function of LNA would be to use HHV-8 LNA in vectors for
gene therapy to allow stable transmission of the required genes to all progeny cells.
Strategies including the development of small molecules that interfere with the func-
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Table 3
HHV-8 Immediate Early and Latent Proteins

Latent proteins
Latent nuclear antigen ORF 73

v-cyclin ORF 72
v-FLIP ORF71
Latent membrane protein K15
Kaposin(s) K12, 12.1, and 12.2
v-IL-6a K2

Immediate early proteins
HHV-8 Rtab ORF 50
a Appears to be latently expressed only in hematopoietic, rather than mesenchymal, cells (100,248).

b HHV-8 ORF 50 is homologous to EBV Rta (BRLF 1), a transcriptional transactivator that activates
early lytic gene expression from the latent viral genome (249,250).



tions of LNA should also be useful to abort latent HHV-8 infection and therefore pre-
vent HHV-8-associated diseases.
v-CYCLIN.

Cellular cyclins are critical components of the cell cycle. Cyclins are regulatory sub-
units of a specific class of cellular kinases. By physically associating with an inactive
cyclin-dependent kinase (CDK) core, cyclins lead to the formation of active kinase
holoenzymes that recognize and phosphorylate an array of cellular substrate mole-
cules. The phosphorylating activity of these holoenzymes is responsible for regulating
the passage of cells through the replication cycle. Cyclins associate with their partners
(the CDKs) to be fully active. The HHV-8 cyclin has highest sequence similarity to the
cellular D-type cyclins. The HHV-8 cyclin (ORF 72) is expressed during latency, infer-
ring a possible role in tumorigenesis. The HHV-8 cyclin forms active kinase complexes
with CDK6 (165,166) to phosphorylate the retinoblastoma protein (pRb) at authentic
sites (167). Furthermore, unlike cellular D cyclin/CDK6 complexes, HHV-8
cyclin/CDK6 activity is resistant to inhibition by CDK inhibitors (CKI) p16, p21, and
p27 (168). Ectopic expression of v-cyclin prevents arrest of the cell cycle normally
imposed by each inhibitor, and it stimulates cell-cycle progression in quiescent fibrob-
lasts (168). HHV-8 cyclin/CDK6 also phosphorylates (inactivates) p27 (169), the CKI
known to be an effective inhibitor of cyclin E/CDK2 activity (170). This suggests that
this viral cyclin can activate both pathways necessary for progression from the G1 into
the S phase of the cell cycle (i.e., cyclin D/CDK6 and cyclin E/CDK2).

The expression of the HHV-8 cyclin in latently infected spindle and PEL cells
(58,171,172) indicates a possible role in the proliferation of these cells or arrest of their
differentiation. Cyclin D1 expression, not cyclins E or A, inhibits the differentiation of
immature myoblasts (173). HPV E7 also has been shown to uncouple cellular dif-
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Fig. 8. An HHV-8 positive immunoblast in MCD undergoing mitosis, showing that LNA
(encoded by ORF 73) associates with chromosomes.



ferentation and proliferation in human keratinocytes (see also Chapters 15 and 17)
(174). As KS spindle cells appear to represent undifferentiated endothelial cells (16),
this role for the HHV-8 cyclin is an attractive hypothesis.
v-FLIP.

ORF 71 (K13) of HHV-8 encodes a FLICE inhibitory protein (FLIP) homolog. Cel-
lular FLIP interferes with apoptosis signaled through death receptors (175). v-FLIPs
are present in several viruses (including RRV, HVS, equine herpesvirus, and the human
molluscipoxvirus) (176,177). Cellular and viral FLIPs contain two death-effector
domains that interact with the adaptor protein FADD (178,179), and that inhibit the
recruitment and activation of the protease FLICE (178,180) by the CD95 death recep-
tor (181). FLICE initiates proteolytic activation of other ICE protease family members,
which in turn leads to apoptosis (178,180). Cells expressing FLIPs are protected
against apoptosis induced by CD95 or by TNF-R1 (176,177). HHV-8 FLIP (ORF 71) is
transcribed as a bicistronic transcript with HHV-8 cyclin (ORF 72) during latent infec-
tion, but no functional assays for the HHV-8 FLIP have yet been published. Like cellu-
lar FLIP, the v-FLIP encoded by HHV-8 might block one of the principal pathways by
which immune mechanisms cause cell death, such as induction of apoptosis by the
tumor necrosis factor family of receptors. The expression of HHV-8 FLIP during
latency could therefore be one mechanism whereby HHV-8 latently infected cells
escape apoptosis induced by cytotoxic T cells.
K12.

K12 (Kaposin) encodes an abundantly expressed latency-associated transcript, T0.7,
that is expressed in most KS spindle cells. K12 transforms rat fibroblasts in cluture,
inferring a role in spindle and lymphoma cell proliferation (57,182,183). K12 appears
to be part of a complex spliced larger protein that is expressed in latency. The function
of this latent viral protein is not yet known.

Captured Genes

A number of recognizable genes pirated from eukaryotic cellular DNA are encoded
by HHV-8 and related viruses (Table 4) (100). The structural proteins and viral
enzymes that are common to most herpesviruses probably originated from an ancient
progenitor of contemporary herpesviruses. In contrast, the recognizable cellular genes
listed in Table 4 occur only sporadically in some herpesviruses, are probably more
recent acquisitions from the host genome, and might support viral replication in a spe-
cific microenvironment, which for HHV-8 could be the microvasculature (184). The
captured eukaryotic genes have acquired unique properties that can give us insight into
the biology of their cellular counterparts (184), which is one reason they have been the
most studied proteins encoded by HHV-8.

Viral Chemokines, Cytokines, and Cytokine Receptors

The v-IL-6 (K2) is functional in preventing apoptosis of IL-6-dependent mouse and
human myeloma cell lines in vitro (100,185,186), indicating that it could also possibly
play a role in maintaining the proliferation of HHV-8-positive hematopoietic cells,
including circulating B cells, PEL cells, and immunoblasts. The v-IL-6 appears to be
expressed during latency in these hematopoietic cells (73,100). v-IL-6 activates
JAK/STAT signaling via interactions with the gp130 subunit of the IL-6 receptor, but
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unlike cellular IL-6 it does not require the αsubunit of this receptor (187). In KS
lesions, v-IL-6 is expressed only in the fraction of cells undergoing lytic infection
(100).

Chemokines (chemoattractant cytokines) currently are hot topics because their
receptors have been shown to be essential for HIV to enter cells (see also Chapter 12).
CC and CXC chemokines also can block HIV infection of T cells, macrophages, and
microglial cells. HHV-8 encodes three (possibly four) chemokine genes. Two of these
genes vMIP-1 (K4) and v-MIP-II (K4), share extensive sequence identity (45%), while
vMIP-III (K4.1) is more distantly related. The chemokines encoded by HHV-8 (vMIP-
I–III) are more promiscuous than the cellular chemokines binding to both CC and CXC
receptors (188,189). vMIP-II activates the CCR3 receptor, which is involved in the traf-
ficking of eosinophils and Th2 lymphocytes (189,190). vMIP-II and vMIP-III also are
chemoattractants for Th2 cells by way of CCR8 and CCR4 (191,192). The principal
function of HHV-8 chemokines could therefore be to switch an antiviral Th1 response
to a Th2 environment more favorable for the virus.

vMIP-II blocks HIV-1 infection of CD4+/CCR3+ cells, which could have implica-
tions for progression of HIV disease. vMIP-I and -II also block HIV infection of
microglial cells in culture (Hibbitts and Clapham, unpublished observations). Various
groups reported that patients with KS (and therefore high HHV-8 viral loads) (54) have
a statistically significant lower incidence of developing HIV-related central nervous
system (CNS) disease including encephalopathy (Fig. 9) (155,193,194). Furthermore,
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Table 4
Cellular Genes Pirated by MHV-68, HVS, and HHV-8

MHV-68 HVS HHV-8a

CCPH (ORF 4) CCPH (ORF 4) CCPH (ORF 4)
— TS (ORF 70) TS (ORF 72)
— DHFR (ORF 2) DHFR (ORF 2)
cyclin D (ORF 72) cyclin D (ORF 72) cyclin D (ORF 72)
GPCR (IL-8R) (ORF 74) GPCR (IL-8R) (ORF 74) GPCR (IL-8R) (ORF 74)
— FLIP (ORF 71) FLIP (ORF 71)
Bcl-2 (M11) bcl-2 (ORF 16) bcl2 (ORF 16)

IL-17 (S13) —
CD 59 (S15) —
— IRF I-III (K9, K10, K10.1)
— IL-6 (K2)
— MIP I–III (K4, K6, K4.1)
— OX-2 (K14)

a RRV also encodes all these cellular homologs

These gammaherpesviruses encode an array of cellular gene homologs that are involved in viral DNA
replication: CCPH, complement control protein homolog; DHFR, dihydrofolate reductase; TS, thymidy-
late synthetase; Cellular proliferation: cyclin D homolog; GPCR, G-protein coupled receptor/IL-8 recep-
tor; anti-apoptosis: bcl-2 homolog; FLIP, FLICE inhibitory protein; IL-6, interleukin-6; and escape from
immune responses: MIP, macrophage inhibitory proteins; IRF, interferon regulatory factor homologs;
OX-2, a potential homolog of cellular OX-2 (function not clear).



unlike the cellular CC chemokines MIP-1α and RANTES, the three HHV-8
chemokines induce angiogenesis and might therefore also play a direct paracrine role
in tumorigenesis (189,192).

ORF 74/v-GPCR

Another HHV-8 protein that might be involved in cellular proliferation is the HHV-8
encoded G-protein-coupled receptor (v-GPCR). v-GPCR is fully active for down-
stream signaling in the absence of chemokine ligands (constitutively active) (195), and
it can transform fibroblasts (196). Cellular GPCRs that are constantly stimulated or that
become constitutively active by mutation can transform cells, and they are involved in
the pathogenesis of some human tumors (197–200). v-GPCR shows most sequence
similarity to the human receptors for IL-8 (CXCR-1 and CXCR-2) (171,201), an
endothelial cell chemokine and angiogenic factor. v-GPCR activates a mitogenic sig-
naling pathway, the phosphoinositide pathway, in COS-1 cells, and in vitro transfection
of rat fibroblasts with v-GPCR leads to cell proliferation (195). v-GPCR is able to trig-
ger signaling cascades leading to activation of AP-1 (195), which is a transcription fac-
tor involved in survival and proliferation of cells and in the activation of inflammatory
and angiogenic growth factors (202,203). The GPCR-specific kinase-5 (GRK-5)
inhibits v-GPCR-stimulated proliferation of rodent fibroblasts (204). v-GPCR does
cause an angiogenic switch in cells expressing this protein (196), implying a potential
role in upregulating VEGF in KS spindle cells. However, it is not clear whether v-
GPCR is actually expressed in latently infected KS spindle cells.

v-IRFs

Interferons (IFNs) are a family of cytokines with antiviral activity. The interferon
regulated factor (IRF) family of transcription factors positively or negatively regulate
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IFN-stimulated response elements in the promoters of genes under IFN induction con-
trol. IRF-1 functions as an activator for IFN and IFN-inducible genes, whereas IRF-2
represses the action of IRF-1 (205). In growing cells IRF-2 is more abundant than IRF-
1, but after stimulation by IFN or viruses the amount of IRF-1 increases relative to
IRF-2. This suggests that a transient decrease in the IRF-2/IRF-1 ratio may be a critical
event in the regulation of cell growth by IFNs. Consistent with this hypothesis, IRF-1
has antiproliferative properties both in vitro and in vivo. Furthermore, IRF-1 and IRF-2
have antagonistic and prooncogenic activities, respectively, when overexpressed in
NIH3T3 cells (205).

HHV-8 encodes at least four ORFs with IRF sequence similarity. v-IRF-I was the
first HHV-8-encoded protein found to transform NIH3T3 cells and to induce tumor for-
mation (206). v-IRF-I also was shown to inhibit responses of type I and type II IFNs
and to block IRF-1-mediated transcription (207,208). The HHV-8 IRFs (I–IV) are not
expressed in latently infected spindle cells and therefore probably do not play a direct
role in the proliferation of these cells (206). It is still unclear whether low levels are
expressed in latently infected hematopoietic cells (100,206). v-IRF could be involved
in evasion of immune responses of lytic infected cells by repressing cellular IFN-medi-
ated signal transduction.

v-bcl-2

HHV-8 encodes a gene (ORF 16) with sequence similarity to cellular bcl-2, as do
EBV and HVS (209,210). The heterodimerization of cellular bcl-2 with bax is
important in overcoming bax-mediated apoptosis (211). Whether HHV-8–bcl-2
dimerizes with bcl-2 family members in vivo is not yet clear (209,210), although
HHV-8–bcl-2 can overcome bax-mediated apoptosis. HHV-8–bcl-2 appears to be
expressed only during lytic infection (160), suggesting that this viral protein is
expressed to prolong cell survival during lytic infection, until complete virions are
released from the cell.

Viral Propagation

In culture, HHV-8 is difficult to propagate. Only a few cells, including B cells
(96,212), endothelial cells (213,214), and 293 cells (214,215), support lytic infection,
but not very efficiently. All currently available KS cell lines are negative for HHV-8
(216). HHV-8-infected endothelial cells have a prolonged survival and grow in soft
agar (217). Although this suggests that HHV-8 induces transformation of these infected
cells, only a fraction of cells in culture appear to be infected, implying that HHV-8
affects the growth of the surrounding uninfected cells via paracrine mechanisms (217).
There is no precedent for an oncogenic virus to transform cells in this manner. HHV-8
might not be a transforming virus in the classical sense.

HHV-8 IMMUNITY

The introduction of aggressive anti-HIV therapies has led to a decline in the inci-
dence of KS in AIDS patients and also in the resolution of KS in those already affected
(218). This suggests that cellular immune responses, compromised in AIDS but recov-
ering after highly active antiretroviral therapy (HAART), could be important in the
control of HHV-8 infection and in the development of KS.
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Like EBV, HHV-8 probably establishes a persistent infection that is normally con-
trolled by the immune system, and the number of HHV-8-infected cells probably is
under immunologic control. When this immune control declines due to acquired or
iatrogenic immunosuppression, the number of HHV-8-infected cells increases with
subsequent unchecked proliferation of virally infected cells and development of HHV-
8-related tumors.

HHV-8, like other herpesviruses, is able to elicit HLA class I restricted cytotoxic T-
cell (CTL) responses (219). In particular, CTLs against HHV-8 proteins (K1, K8.1, and
K12) without homology to EBV proteins have been found, thereby excluding cross-
reactivity of CTLs with EBV.

K8.1 is a 228-amino-acid viral glycoprotein expressed during lytic viral replication
(116,220). K8.1 is highly immunogenic and therefore useful in measuring humoral
immunity against HHV-8 (116). K8.1 has no overt amino acid sequence similarity with
any viral or cellular sequence currently available in databases. K8.1 localizes on the
surface of cells and virions. The ORF in EBV that shares genomic position and orienta-
tion with K8.1 encodes gp350/220, which is known to bind to CR2 (CD21) on host
cells (221). K8.1 is involved in HHV-8 binding to cells (220). gp350/220 of EBV
evokes powerful humoral immune responses and is indeed being investigated as an
EBV vaccine (222).

CTL restricted by the HLA molecules HLA-A2, -A3, -B7, and -B8 were all shown
to recognize at least one of these three HHV-8 proteins. HLA alleles were found to pre-
sent epitopes from more than one viral protein. For example, HLA-A2 and -A3
restricted epitopes were demonstrated in K8.1 and K12, and HLA-B8 presented all
three proteins. This suggests a broad repertoire of CTL responses to HHV-8 as seen in
other viral infections.

In one pilot study, HHV-8-specific CTL responses were not present in most patients
with KS, indicating that a decline in cellular immune responses against HHV-8 may be
present in HIV-positive patients with KS and could contribute to KS pathogenesis
(219). This would be reminiscent of the lack of EBV-specific CTLs seen in immuno-
suppressed patients that correlates with the onset of EBV-driven lymphoproliferation.

The fact that in posttransplant KS, the lesions can regress when immunosuppressive
therapy is stopped further suggests that immunosurveillance plays an important role in
the maintenance of these lesions. It remains to be seen whether adoptive immunother-
apy with cytotoxic T cells directed against HHV-8-encoded proteins will play a future
role in the management of HHV-8-associated tumors.

KS is a complex tumor, and various immune responses could be involved in its
pathogenesis (223). The rapid resolution of KS in some HIV-positive patients started
on HAART suggests that a small improvement in immunity might be important in dis-
ease control. CD4+ T helper responses, natural killer (NK), and leukocyte-activated
killer cells (LAK) also could be involved to control the growth of HHV-8-positive
cells. The rapid decline in viral load of HIV itself has also been suggested to play a role
in the response of KS lesions to HAART (223).

In vitro, HHV-8 replication is insensitive to ganciclovir and acyclovir, but is moder-
ately sensitive to foscarnet (phosphonoacetic acid) and sensitive to cidofovir (224). As
these agents target lytic herpesviral infection, if lytic infection is necessary to drive
tumor formation or to recruit inflammatory cells to form KS lesions, these drugs might
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prove useful in the future to manage KS. Foscarnet has been shown to induce KS lesion
regression in one small study (225) and to reduce the onset of KS in other studies
(226,227). Foscarnet and cidofovir are, however, associated with significant toxicity
and would seem to be inappropriate therapy for most KS patients. More recently and
more encouraging, despite low in vitro sensitivity, intravenous or high-dose (4.5 g/d)
oral ganciclovir reduced the occurrence of KS by 75% or more in a placebo-controlled
randomized clinical trial (228).

The complex histology and expression pattern of HHV-8 proteins in KS suggest that
the role of HHV-8 in KS pathogenesis is not straightforward and the model of KS
tumorigenesis might not be like any other viral induced malignancy (229). A causal
role for HHV-8 in immunoblastic CD and PEL also has not been confirmed. Sero- and
molecular epidemiologic studies have shown that HHV-8 is the infective cause of KS,
and molecular studies support a causal role for HHV-8 in the pathogenesis of
immunoblastic CD and PEL. However, very little regarding the mechanisms of HHV-
8-induced tumorigenesis is currently known.
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Retroviruses and Cancer

Robin A. Weiss

INTRODUCTION

Retroviruses are relevant to oncologists in three distinct ways. First, human retro-
viruses as infectious pathogens lead to the development of cancer. Neoplasia may
result from the direct infection and transformation of the precursor tumor cell by the
retrovirus, as is evident in adult T-cell leukemia caused by the human T-cell lym-
photropic virus type I (HTLV-I) (see Chapter 12). Neoplasia may also develop as an
indirect consequence of retrovirus infection, as seen in acquired immune deficiency
syndrome (AIDS) following infection by human immunodeficiency virus (HIV). In
this case, the retroviral genome does not infect or persist in the tumor cells; rather
immunodeficiency allows cells infected by oncogenic herpesviruses to proliferate as
“opportunistic neoplasms” analogous to opportunistic infections. Secreted retroviral
proteins, such as Tat, might also play a role in HIV oncogenesis.

The second reason why retroviruses are relevant to oncologists is the insight that
retroviruses of animals has provided on general mechanisms of oncogenesis, including
the majority of human cancers not caused by viruses. Thus many of the oncogenes
found to be active in human tumors were first discovered in retroviruses of mice, cats,
and chickens. In addition, the activation of cellular genes by retroviral insertion into
chromosomal DNA provided a model of oncogenesis essentially similar in mechanism
to gene rearrangement and chromosome translocation in human tumors. It is notewor-
thy that three Nobel Prizes in Medicine and Physiology have been awarded for salient
discoveries in retrovirology: to Peyton Rous in 1966 for his demonstration in 1911 that
a transmissible, filterable agent (now known as Rous sarcoma virus) can cause cancer;
to Howard M. Temin and David Baltimore in 1975 for their discovery of reverse tran-
scriptase (RT) in retroviruses, the enzyme that synthesizes DNA from RNA; and to J.
Michael Bishop and Harold E. Varmus in 1989 for their elucidation and derivation of
retroviral oncogenes from normal cellular genes.

The third reason why retroviruses demand attention from oncologists is their use as
tools in diagnosis and therapy. Without reverse transcriptase, we would not be able to
make complementary DNA (cDNA), which provides us indirectly with recombinant
proteins such as interferon for cancer treatment, DNA of expressed genes for cancer
gene profiles, and reverse transcriptase-polymerase chain reaction (RT-PCR) for diag-
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nosis and prognosis. Moreover, recombinant retroviruses are the vectors commonly
used for gene therapy in cancer. The concept of retroviral vectors arose from the
demonstration that retroviruses can acquire and transduce cellular oncogenes. Because
such viruses can carry genes with pathogenic consequences, it became apparent that
specially constructed retroviruses should similarly be able to deliver therapeutic genes.

Retroviruses have been intensively studied over the past 30 yr, generating a vast lit-
erature of research papers. A recent textbook (1) contains all the basic biology and
molecular biology for a modern understanding of retroviruses. An earlier comprehen-
sive text (2) provides the historical background of retrovirology, including details of
the discovery of human retroviruses and their link to malignant disease. In this chapter,
a brief outline is given of retroviral replication, transmission, and oncogenesis, together
with a discussion of the role of retroviruses in human cancer.

CLASSIFICATION OF RETROVIRUSES

Retroviruses (Family: Retroviridae) were taxonomically divided into three subfami-
lies: the Oncovirinae, which include those with oncogenic potential but also other virus
strains; the Lentivirinae, including HIV, and the prototype, visna virus of sheep which
causes slow, progressive degeneration of the central nervous system; and the
Spumavirinae, or foamy viruses, which have not been shown to be pathogenic. More
recently, retroviruses have been classified into seven distinct genera by dividing
oncoviruses into five groups that are only distantly related by genome sequence and
morphology (Table 1). More generally, retroviruses are divided into those with “sim-
ple” genomes, having gag, pol, and env genes and perhaps one other, and those with
“complex” genomes, also possessing regulatory genes such as tat and rev of HIV and
tax of HTLV, and accessory genes, such as nef, vif, and vpr of HIV.

RETROVIRUS REPLICATION AND TRANSMISSION

Replication Cycle

Retroviruses are so called because they go “backwards” in genetic information flow,
that is, they synthesize DNA from an RNA template. This step occurs early in the repli-
cation cycle of retroviruses (Fig. 1). The extracellular, transmissible virus particles
contain duplicate strands of RNA, with which the enzyme molecules of reverse tran-
scriptase are already associated. After binding to cell surface receptors, fusion with the
cell membrane and uncoating, reverse transcription is activated in the remaining core
of the retrovirus in the cytoplasm of the infected host cell. The first DNA strand is
copied from the RNA genome which is then removed by an RNase H function of
reverse transcriptase, followed by synthesis of the second DNA strand to form a dou-
ble-stranded DNA genome. The DNA from of the genome has extended sequences
repeated at each end called long terminal repeats (LTR). The 5′ LTR has promoter and
enhancer sequences that respond to cellular and viral proteins that regulate gene
expression.

During the first step in this process, reverse transcriptase can switch between the two
diploid viral RNA strands, leading to genetic recombination between one strand and
the other. However, because the initial DNA strand is synthesized from single-stranded
RNA which is then rapidly destroyed, any errors in the fidelity of DNA transcription

198 Weiss



are not recognized and repaired as happens during editing chromosomal DNA replica-
tion. The error-prone nature of reverse transcription, together with recombination
between the two parental RNA genomes of the virus, accounts for viral variation. Thus
viruses such as HIV-1, which undergo a high rate of replication throughout infection,
generate many variants explaining the rapid evolution and diversification of the virus
population. It allows drug-resistant mutations to occur, and selection and recombina-
tion of such mutants. Recombination also permits the much rarer emergence of onco-
gene-bearing retroviruses, if RNA transcripts with cellular sequences are incorporated
into viral particles.

Once the double-stranded DNA genome is formed in the “preintegration complex”
of the virus, it migrates to the nucleus and becomes inserted into the DNA in the chro-
mosomes of the host. With HIV and other lentiviruses, the preintegration complex can
be translocated through pores in the nuclear membrane to gain access to chromosomal
DNA in nondividing cells such as macrophages. In contrast, the majority of oncogenic
retroviruses can gain access to the chromosomes only during mitosis, when the nuclear
membrane disassembles. Such retroviruses therefore require at least one cell division
including mitosis to achieve stable infection.

Insertion of the viral genome into chromosomal DNA is called integration. It is
mediated by another viral enzyme, integrase, and this is an obligatory step in the viral
life-cycle. It results in the viral genome, now called the DNA provirus, being contigu-
ous with cellular DNA. This means that if the infected cell subsequently undergoes
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Table 1
New Classification of Retroviridae

Morphology
Genus Example of viriona Genome Disease

Alpharetrovirus Rous sarcoma virus C-type Simple Sarcoma
Avian leukosis virus C-type Sarcoma

Betaretrovirus Murine mammary tumor virus B-type Simple Carcinoma
Simian retrovirus 2 D-type Immune deficiency

Gammaretrovirus Murine leukemia virus C-type Simple Leukemia
Gibbon ape leukemia virus C-type Leukemia

Deltaretrovirus Human T-cell lymphotropic virus C-type Complex Leukemia
CNS disease

Bovine leukosis virus C-type Leukemia

Epsilonretrovirus Fish dermal sarcoma virus C-type Simple Sarcoma

Lentivirus Human immunodeficiency virus C-type Complex AIDS
Sheep Maedi-Visna virus C-type CNS disease

Pneumonia

Spumavirus Simian foamy virus C-type Complex None

a C-type virions, concentric core condenses under plasma membrane during the budding of virus particles; B-type,
cytoplasmic core eccentric after budding; D-type, cytoplasmic core concentric cone-shaped cores. Lentiviruses have
cone-shaped cores; spumaviruses have prominent envelope spikes.



DNA synthesis and mitosis, the proviral DNA will be replicated as part of cellular
DNA in the chromosomes. The linear sequence of the DNA provirus is the same as that
of viral RNA in virus particles. Integration takes place almost anywhere in the cellular
genome and on any chromosome, but usually is restricted to regions of actively tran-
scribed chromatin. Nonetheless, the DNA provirus can remain latent for many cell gen-
erations.

Active transcription of integrated proviral DNA to produce RNA gives rise to two
functional types of RNA. Full-length transcripts contain packaging sequence signals
and are encapsidated into the next generation of virus particles; they can also be trans-
lated to synthesize the Gag proteins (core antigens) and the Pol proteins (protease,
reverse transcriptase, and integase enzymes). The Env proteins forming the transmem-
brane (TM) and outer surface (SU) glycoproteins are translated from a spliced mRNA
initiated from the 5′ LTR but spliced to the env gene transcript downstream from gag
and pol. The mRNA of regulatory genes of complex retorviruses is also spliced.

The Gag and Pol proteins are translated as large precursor proteins that are cleaved
by viral protease into component enzymes and structural proteins. This occurs late in
the life cycle, often during the process of budding progeny particles. The Env glyco-
proteins are synthesized on the rough endoplasmic reticulum like host secretory and
membrane-tethered proteins. Env is also produced as a precursor and is cleaved by cel-
lular proteases such as furins into TM and SU components that remain associated
together. Groups of three TM/SU molecules—or trimers—form the envelope spikes of
the retrovirus particle. Epitopes on SU recognize specific cell surface receptors in the
next round of infection.
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Retroviral pathogenesis tends to be correlated with a high virus load and replication
rate, so that reducing the viral burden should ameliorate or delay disease. Current anti-
retroviral therapy is based on our understanding of retrovirus replication. Thus HIV
treatment uses a combination of inhibitors of the early reverse transcription and the late
proteolytic cleavage steps, targeting the viral enzymes and thus causing relatively few
side effects in the infected person. In retroviral oncogenesis, however, once a clonal
neoplasm has arisen anti-retroviral therapy is unlikely to be useful.

Retrovirus Genomes

All retroviruses share in common the following basic gene sequence shown in DNA
with LTRs: 5′LTR-gag-pol-env-3′LTR. Retroviruses with only these three genes, or
with one extra gene, are called simple retroviruses, whereas others such as HTLV and
HIV, which have more than one gene extra to gag, pol, and env, are called complex.
The extra genes may have regulatory functions, such as tax and rex of HTLV-I, and tat
and rev of HIV. Both tax and tat serve as positive feedback controllers of viral tran-
scription by interacting with the LTR, although they act via different molecular mecha-
nisms. Rex and rev also have similar functions in aiding transport of long transcripts of
viral RNA from the nucleus to the cytoplasm.

HIV and related lentiviruses also have so-called accessory genes that aid viral repli-
cation, particularly in nonproliferating macrophages. Vif encodes a protein that
becomes incorporated into virus particles to make an early, ill-understood step in infec-
tion more efficient. Vpr guides the preintegration complex to the nucleus; it also arrests
host cells in the G2 phase of the cell cycle. Vpu function is unknown. Nef has multiple
functions including downregulation of the CD4 cell surface receptor and signal trans-
duction to activate transcription.

The mouse mammary tumor virus (MMTV) has a “simple” genome, but with one
extra gene, to gag, pol, and env called sag, situated at the 3′ end of the genome and
overlapping the 3′ LTR, the equivalent position to nef in HIV. The protein encoded by
this gene acts as a superantigen by binding to Vβ molecules of host T lymphocytes and
activating their proliferation. MMTV has probably evolved this mechanism to aid
transmission in the milk. Because the virus can stably infect only cells undergoing
mitosis, induction of cell division in immune cells by a superantigen permits infection
of the gut lymphocytes in the infant mouse. The virus migrates to and infects the mam-
mary gland only upon sexually maturity and estrogen stimulation. The LTR of MMTV
has a glucocorticoid steroid responsive enhancer sequence as well as being responsive
to female sex hormones. This is an example of tight regulation by host factors of a
virus that is a vertically transmitted infection from mother to pup (see also Chapter 27).

Large DNA viruses such as pox viruses and herpesviruses have on occasion during
evolution incorporated host genes into their genomes. These genes can help to evade
immune responses, trigger cell proliferation, prevent apoptosis, and encode other func-
tions that help the virus-infected cell to survive in the host. Because full viral replication is
lytic, that is destroying the host cell, any delay in cell death helps viral replication. For
example, human herpesvirus 8 (HHV-8 or KSHV) has acquired numerous cellular genes
during its evolution and these may play a role in its oncogenic properties (see Chapter 10).
Some oncogenic retroviruses with simple genomes also pick up cellular genes and incor-
porate them into the viral genome, where they are known as viral oncogenes (onc). In
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contrast to herpesviruses, however, the acquisition of host oncogenes by retroviruses is
not part of their replication strategy. Rather, they represent rare events during oncogene-
sis. Indeed, such viruses are called acutely transforming retroviruses and they are usually
defective, having lost parts of gag, pol, or env in gaining an onc.

Subsequent clonal development of the tumor allows the amplification of defective,
onc-bearing retroviruses. They may also be transmitted from one host cell to another
by a replication-competent “helper” retrovirus, which supplies the necessary Gag, Pol,
and Env proteins for transmission. However, there are few cases of transmission of
acutely transforming viruses from one host animal to another. The possession of a
cyclin gene homolog by the Walleye dermal sarcoma virus of fish is one such example
of transmission.

Retrovirus Transmission

Retroviruses are infectiously transmitted from one host to another by horizontal
spread and by vertical transmission from mother to offspring. Retroviral genomes can
also be transmitted noninfectiously as mendelian proviruses integrated in the germ line
of the host. These inherited proviruses are known as endogenous retroviruses, in con-
trast to exogenous, infectiously transmitted retroviruses.

Infectious Transmission

Among the various retroviruses of animals and humans there are numerous routes of
transmission. Indeed all the main modes of infection, bar aerosols, are recorded for one
retrovirus or another. The enteric route has already been monitored in regard to
MMTV, for which the common mode of vertical transmission is via the mother’s milk
to suckling mice. The mammary gland secretes large amounts of MMTV particles, and
infected cells may also be a source of seeding virus.

Milk transmission is also known for the human retroviruses HTLV-I and HIV (3).
During primary infection of lactating mothers, before seroconversion, relatively high
levels of HIV-1-infected cells are present in milk. Pediatric infection by this route was
clearly shown before blood screening was introduced, when mothers who received
HIV-contaminated postpartum blood transfusions tragically infected their infants. Ver-
tical transmission of HIV-2 is less frequent. Milk is a common mode of passing HTLV-
I in which transmission tends to increase with time of lactation after birth, possibly
because maternal antibodies initially have a protective effect. HTLV-I transmission is
cell associated. Maternal screening and counseling against breastfeeding is helping to
reduce HTLV-I transmission in Japan (4).

Parenteral transmission occurs with most groups of retrovirus. This may be through
biting and scratching among animals, such as transmission of feline leukemia virus
among male cats. In humans, both HIV and HTLV are parenterally transmitted. In the
case of HIV, cell-free virus in the blood is infectious, hence the contamination of pooled
batches of unscreened plasma products such as clotting factors for the treatment of hemo-
philia. In the case of HTLV, transmission appears to be almost wholly cell associated, as
removal of leukocytes and platelets from blood prevents transmission and no cases of
HTLV-I infection have been linked to administrate of acellular blood products (3).

Injecting drug use is a common mode of retrovirus transmission. Iatrogenic infec-
tion was common, as, for example, when syringes and needles common for immunis-
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ing a whole herd against other infections allowed bovine leukemia virus (BLV) to
spread from one contaminated animal to others. Nonsterile needles in medical use have
similarly aided spread HIV and HTLV-I. However, the greatest risk has been among
recreational and addictive injecting drug users. The second strain of HTLV (HTLV-II)
spread widely among injecting drug users in Western cities, whereas it is otherwise an
extremely rare infection, although endemic among several native American communi-
ties and among certain African pygmy tribes (5).

Sexual transmission is the commonest mode of HIV infection, from men to women,
women to men, and homosexually between men. The United Nations Global Pro-
gramme on AIDS estimates that approx 75% of the 38 million people currently
infected with HIV worldwide acquired the virus heterosexually, 13% parenterally, 10%
vertically as infants from mothers, and 3% homosexually. HTLV-I is also transmitted
sexually, largely via infected leukocytes in semen, with a bias of male to female trans-
mission. The risk of infection per sexual act is much lower for HTLV-I than for HIV.

Arthropod-borne retrovirus transmission is also known, althrough it has not been
recorded with mosquitoes thus far. BLV can be transmitted via flies, and horseflies
(clegs) are a frequent route of transmission of equine infectious anemia virus (EIAV).
As BLV is closely related to HTLV, and EIAV is a lentivirus similar to HIV, we should
not assume that the human retroviruses could not adapt to arthropod-borne transmis-
sion, if not by mosquitoes by, say, bed bugs and ticks. However, there are no epidemio-
logic data to suggest that this has occurred.

Mendelian Transmission

Most vertebrate species that have been studied carry numerous copies of integrated
DNA proviruses in their chromosomes. These endogenous genomes arose when cells
in the germ line, precursor cells to eggs and sperm became infected by exogenous
viruses and the viral genome was passed on to the next generation. Hosts carrying
viruses that are cytopathic in replication would naturally be at a selective disadvantage.
For example, neither lentiviruses nor foamy viruses exist in endogenous form. More-
over, most endogenous viral genomes become defective over evolutionary time with
deletions or stop codons in their genes, so that they cannot reemerge as infectious
agents.

Some endogenous genomes, however, are potentially infectious. These have usually
been acquired in the germ line of the host in recent evolutionary time. They occur, for
example, in chickens, mice, cats, pigs, and baboons. They can be activated to produce
experimentally infectious retrovirus. The host often has evolved mechanisms to prevent
viremia or high virus load that result would from spontaneous production of virus from
endogenous genomes, for example, by mutating or blocking cell surface receptors for
the virus, thus preventing spread within the body from a few cells in which the virus
was activated. The strains of mice in which endogenous MMTV or murine leukemia
virus (MLV) become active tend to be laboratory strains specially selected to lack
resistance genes and to have a high incidence of mammary tumors or thymic lym-
phomas, respectively.

Cross-species infection of retroviruses can be deduced from analyzing genome
sequence relationships. Thus the endogenous retrovirus of cats known as RD114 is
closely related to baboon endogenous virus (BaEV) and is absent from large cat
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species. HIV-1 probably crossed recently from chimpanzees to humans, and HIV-2
almost certainly came from sooty mangabey monkeys. We therefore need to be alert to
new potential routes of retroviral zoonosis. A replication-competent recombinant stock
of murine leukemia virus caused lymphomas in monkeys in a gene therapy trial. There
is also concern that pig endogenous retroviruses might infect human recipients of
porcine xenografts.

None of the human endogenous retroviral (HERV) genomes are known to be infec-
tive when activated for human or animal cells in culture, although some have full-
length viral genomes with open reading frames for each gene. Endogenous particles
with Gag antigens and reverse transcriptase enzyme activity are produced, for instance,
in the human placenta, and may be associated with disease, as discussed later.

MECHANISMS OF RETROVIRAL ONCOGENSIS

Oncogenesis is a multifactorial, multistep process requiring several genetic changes
within a neoplastic cell lineage before malignancy becomes manifest. Retroviruses can
play a role in these processes by a number of different mechanisms, some direct, some
indirect.

Direct Oncogenesis

Directly acting oncogenic retroviruses are those in which the cancer cell precursor is
infected by the virus that integrates into host DNA. Usually the viral genome persists
and can be readily detected in the tumor tissue. Indeed, its integration site is a useful
marker for determining the monoclonal status of the neoplastic cells. Figure 2 depicts
three distinct ways in which a retrovirus may directly contribute toward malignant
transformation.

Insertional Mutagenesis

Figure 2A shows the integration of the provirus adjacent to a cellular protooncogene.
This leads to the ectopic activation of expression of that oncogene so that it is overex-
pressed or inappropriately expressed when there are no external signals to do so. Retrovi-
ral insertional mutagenesis is formally similar to oncogene activation resulting from
chromosome translocation, such as activation of the c-myc oncogene by the promoter of
an immunoglobulin gene in chromosome 8 translocations in Burkitt’s lymphoma.

In the case of retroviruses, insertional gene activation is frequently driven by pro-
moter sequences in the viral LTR, in which case the insertion must occur upstream of
the oncogene to form a transcriptional unit with initiation of RNA within the LTR. This
is commonly the situation in the formation of B-cell lymphoma in the bursa of Fabri-
cius in chickens infected with avian leukosis virus (ALV). Among millions of bursal
follicle cells infected, only a few with insertions before the c-myc gene will proliferate
clonally.

Alternatively, enhancer sequences in the proviral LTR may allow the binding of
transcriptionally active nuclear proteins without regard to being upstream or down-
stream of mRNA initiation. This situation is often seen in murine mammary tumors
where MMTV inserts adjacent to the wnt-1 or int-2 oncogenes.

Retroviral tumors triggered by insertional mutagenesis often have a more complex,
multiple stage course of tumorigenesis than simply integration of the proviral DNA
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into a target cell, although infection of the bursa by ALV in newly hatched chickens
may be sufficient to trigger clonal proliferation. In the case of murine and feline
leukemia viruses causing T-cell (thymic) lymphomas, a series of recombination events
occurs between the replicating retrovirus and endogenous proviruses, giving rise to
recombinant viruses with modified tissue tropisms.

Acutely Transforming Retroviruses

Some retroviruses carry oncogenes as part of their own genome, as depicted in Fig.
2B. In this case, the oncogene is active irrespective of the integration site in the host
genome because it is controlled by the promoter and enhancer sequences in the proviral
LTR immediately upstream from the oncogene. Viral oncogenes are often further
mutated within their coding sequence to give direct mitogenic effects; they may also be
incorporated into an existing open reading frame of a viral gene to encode a chimeric,
fusion protein, say, with part of a Gag or Env polypeptide.

Retroviruses bearing oncogenes as part of their own genome are usually defective
for replication. But they can cause tumors within days of infection as each infected cell
becomes transformed. If a “helper” virus providing all the replicative functions is also
present, the acutely transforming virus can form progeny to infect and transform neigh-
bouring cells forming a polyclonal neoplasm. Perhaps owing to their rapid oncogenic-
ity, as well as their defectiveness, acutely transforming retroviruses are seldom
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Fig. 2. Molecular mechanisms of retroviral oncogenesis. (A) Replication-complement virus
integrates next to cellular oncogene (c-onc) and activates it. (B) Acute transforming viruses
carry a viral oncogene (v-onc) as part of their genome, which is usually defective and requires a
helper virus. (C) Human and bovine leukemia viruses carry transactivating (tax) genes that
upregulate both viral and cellular genes through protein expression. (Adapted from Weiss, ref.
20.)



transformed from one infected host to another. Rather, they have been recognized by
veterinary pathologists and propagated by experimental inoculation.

Retroviral oncogenes were first recognized before the discovery of their cellular
counterparts. Table 2 lists some of the known viral oncogenes and the host animals in
which they were first found. The proteins they encode act at multiple steps of cell
growth or cell death signaling pathways: as extracellular growth factors or cytokines
(e.g., sis), as spontaneously signaling receptors on the cell surface (e.g., c-erbB), as
proteins further downstream in signal transduction pathways (e.g., ras), and as tran-
scriptional regulators in the nucleus (e.g., myc and fos). Thus the study of oncogenic
animal retroviruses has given great insight into molecular mechanisms of oncogenesis.

Because complex retroviruses such as HIV and foamy viruses also have strong pro-
moter and enhancer elements in their LTR sequences, it remains a puzzle why they do
not cause clonal cell proliferations as a result of integration. The explanation may be
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Table 2
Oncogenes Originally Identified Through Their Presence in Acutely 
Transforming Retroviruses

Oncogene Protein Source of virus Tumor

Abl Kinase Mouse, cat Pre B-cell leukemia
akt Kinase Mouse T-cell lymphoma
crk Kinase activator Chicken Sarcoma
erb-a TH-R Chicken Erythroleukemia
erb-b EGF-R Chicken Erythroleukemia
ets TF Chicken Myeloid leukemia
fes/fps Kinase Chicken/cat Sarcoma
fgr Kinase Cat Sarcoma
fms Kinase Cat Sarcoma
fos TF Mouse Osteosarcoma
jun TF Chicken Fibrosarcoma
kit Kinase Cat Sarcoma
mil/raf Kinase Chicken/mouse Sarcoma
mos Kinase Mouse Sarcoma
myb TF Chicken Myeloid leukemia
myc TF Chicken Myelocytoma, lymphoma, carcinoma
h-ras G-protein Rat Sarcoma
k-ras G-protein Rat Sarcoma
rel TF Turkey Reticuloendotheliosis
ros Kinase Chicken Sarcoma
sea Kinase Chicken Sarcoma, leukemia
sis PDGF Monkey Sarcoma
ski TF Chicken Carcinoma
src Kinase Chicken Sarcoma
yes Kinase Chicken Sarcoma

Abbreviations: EGF-R, epidermal growth factor; PDGF, platelet-derived growth factor; TH-R, thyroid
hormone receptor; TF, nuclear transcription factor.

Adapted from Weiss, 1998 (20).



that the viruses are cytopathic. Moreover, transcription relies on viral proteins such as
Tat (HIV) and Bel-1 (foamy virus) transactivating the LTR, and this is less likely to
occur in clonally proliferating cells that need to survive the cytopathic effect of the
virus. No tumors are known to result from integration of complex retroviruses into pre-
cursor tumor cells. However, McGrath et al. (Chapter 13) describe evidence of clonal
integration of HIV in supporting or antigen-presenting cells present in rare non-B-cell
lymphomas in AIDS.

Transactivating Genes

When the human T-lymphotropic retrovirus (HTLV-I) was first identified and associ-
ated with adult T-cell leukemia/lymphoma (see Chapter 12), it was assumed that it
exerted its oncogenic effect via insertional mutagenesis. However, it soon became
apparent that clonal integrations occurred at completely different chromosomal sites in
tumor cells from different patients with the same disease. HTLV-I is a complex retro-
virus encoding several small proteins in addition to Gag, Pol, and Env. At least one of
these, Tax, acts as a transcriptional control protein acting in positive control feedback
on the virus’s own LTR promoter. Tax will also transactivate a variety of cellular genes,
including CD25, the β-chain of the interleukin 2 (IL-2) receptor, and may promote cell
proliferation in this way (Fig. 2C).

Whereas both insertional mutagenesis and acutely transforming retroviruses exert
their oncogenic effects as cis-acting elements, that is the promoter or enhancer must be
in linear relation on the DNA to the oncogene, Tax works in trans, that is by encoding a
protein that can diffuse to bind to numerous promoter elements throughout the cellular
genome. There are animal models of HTLV-I Tax-mediated transformation. Many old
world monkeys harbor HTLV-related viruses, and bovine leukosis virus (which causes
B-cell rather than T-cell lymphomas) also is oncogenic via a Tax-related transactivating
mechanism.

Indirect Oncogenesis

Certain virus infections may greatly increase the risk of cancer without directly
infecting tumor cells or their precursors. This is probably the case with hepatitis C
virus infection (see Chapters 17–19) and also for the retrovirus, HIV. HIV is consid-
ered oncogenic owing to the very high relative risk of certain cancers in AIDS, particu-
lar Kaposi’s sarcoma (KS) and non-Hodgkin’s lymphoma (NHL) which are associated
with gammaherpesviruses (Chapters 8 and 10) (3). Some other viral cancers, such as
human papilloma virus-related carcinoma in situ of the uterix cervix in women and
anogenital tumors of homosexual men are also increased, although this is less marked
for invasive carcinoma (see Chapter 15). Testicular tumors are elevated in incidence in
HIV infection, judged from cohort studies. All these cases may be a consequence of the
immune deficiency caused by HIV.

It is notable that the major carcinomas seen in the Western world, such as cancer of
the bowel, prostate, breast, and lung are not markedly increased in AIDS, although an
increased risk of lung cancer and melanoma has been observed in some studies. More-
over, some virally induced cancers such as hepatocellular carcinoma or HTLV-I-related
adult T-cell leukemia/lymphoma are not increased either. Thus Paul Erhlich’s hypothe-
sis 90 yr ago on immune surveillance of cancer, later championed by Lewis Thomas
and McFarlane Burnet, does not appear to be upheld by an examination of cancer rates
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in AIDS or, indeed, in immunosuppressed transplant patients. It should be borne in
mind, however, that such tumors usually occur later in life than the majority of AIDS
and transplant patients. These tumors might require a greater number of somatic muta-
tions than NHL or KS and having acquired them may then increase upon immunosup-
pression. An analysis of elderly immunodeficient persons could be informative.

The simplest model for HIV oncogenesis in KS and NHL is that HIV itself has an
indirect effect through immune deficiency whereas the gammaherpesviruses have a
direct oncogenic effect on infecting the tumor cells themselves. This notion is sup-
ported by the relative increase in these tumors in other immunsuppressed conditions,
and because KS does not occur in AIDS patients who are not infected by HHV-8, such
as most intravenous drug users and persons with hemophilia who received HIV-conta-
minated clotting factors. The apportionment of risk attributable to HIV and to HHV-8
is difficult to assess (see Chapter 10). A recent study of more than 3000 cancer patients
in South Africa (6) showed a particularly strong risk of KS in HIV infection combined
with high titer seroreactivity to HHV-8 latent nuclear antigen. Contrary to earlier sug-
gestions, there was no specific serologic association of HHV-8 with multiple myeloma
or prostate cancer (6,7).

It has also been postulated that the Tat protein of HIV may play an indirect,
paracrine role in KS (8). Tat acts as a comitogen with basic fibroblast growth factor on
certain HHV-8 cell lines derived from KS lesions. Some mice transgenic for Tat
expression develop skin proliferations that bear a resemblance to KS. Tat of HIV-2
does not exhibit a mitogenic effect in vitro, and it is noteworthy that of the few KS
cases among HIV-positive persons in The Gambia, West Africa, all except one were
associated with HIV-1 although the majority of AIDS cases in The Gambia at the time
of data collection were due to HIV-2 (9).

HUMAN RETROVIRUSES

Five groups of retrovirus have been reported as human infections:

1. Human immunodeficiency viruses types 1 and 2 (HIV-1 and HIV-2) are the lentiviruses
that cause acquired immune deficiency syndrome (AIDS). Before the term HIV was
coined in 1986, HIV was called LAV or HTLV-III.

2. Human T-lymphotropic viruses, type I and type II (HTLV-I and HTLV-II), cause adult
T-cell leukaemia and neurologic disease (see Chapter 13).

3. Human foamy virus (HFV) is a spumavirus originally detected in cultured nasopharyn-
geal carcinoma of a Kenyan patient. Because the HFV genome is indistinguishable
from that of the simian foamy virus type 6 (SFV-6) of chimpanzees, it may represent a
single case of zoonosis (10). Serologic studies indicate that human populations are not
infected by spumaviruses although they are endemic in many primate species. Zoonotic
SFV infection without symptoms has been recorded in primate handlers who have suf-
fered bites or deep puncture wounds (11).

4. Human retrovirus 5 (HRV-5) is a retroviral genome occurring at very low viral load in
normal subjects but particularly in patients with arthritis and systemic lupus erythe-
matosus (12). The virus has not yet been propagated in vitro; its genome is related to
the B-type and D-type retroviruses.

5. Human endogenous retroviruses (HERV) are Mendelian loci in human chromosomes
representing “fossil” infections of the germ line. These endogenous genomes derive
from mammalian C-type and D-type (HERV-K) retroviruses (13). No lentiviruses or
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spumaviruses are known to have become endogenous. HERV genomes are defective,
that is, human endogenous retroviral genomes have not been rescued in infectious
form, in contrast to BaEV of baboons and PERV of pigs, which threaten the safety of
human xenotransplantation from these sources (14). Some HERV genomes, however,
express envelope and other proteins, for example, ERV-3 in the human placenta (15),
HERV-K in type 1 diabetes (16), and an HERV-W related C-type genome, MSRV, in
multiple sclerosis (17), but such findings remain controversial. Of greatest interest to
oncology is the finding that HERV-K is expressed and produces particles in testicular
germ cell tumors, both seminoma and teratocarcinoma (13).

CONCLUSIONS AND PROSPECTS

Retroviruses have played an immensely informative role in elucidating the genetic
basis of cancer. Animal retroviruses have arguably been more important for under-
standing nonretroviral human cancers than those caused by HTLV-I or HIV. These
human pathogens, however, could not have been investigated so rapidly without a
knowledge of animal retroviruses. For instance, both HTLV-I and HIV were initially
discovered through assays in culture for reverse transcriptase, previously developed for
animal retroviruses, and zidovudine was first shown to be an anti-retroviral drug long
before HIV came to light in experiments with murine Rauscher leukemia virus.

Control of infection by human retroviruses may be achieved by screening of blood
donations and pregnant women, by safer sexual practices in the case of HIV, and for
those societies that can afford it, anti-retroviral therapy. A vaccine to protect against
HTLV-I is achievable scientifically, but without the political or public health will to
apply it. Genuinely efficacious, broad specturn HIV vaccines are barely on the horizon.
Yet an effective, affordable HIV vaccine is the one factor that could halt the HIV pan-
demic.

As for the treatment of retrovirus-associated tumors once they have appeared, there
is little improvement in sight for adult T-cell leukemia/lymphoma. KS responds to
cytotoxic cancer therapy, to anti-retroviral therapy, and to some anti-herpesvirus drugs
such as Forscarnet and Cidofovir (see Chapter 10). These observations suggest that
continued HHV-8 replication might play a role in KS oncogenesis.

The recent likely origin of HIV-1 from chimpanzees (18) serves to remind us that
retroviruses can jump host species. We therefore need to be mindful that we do not
unwittingly introduce new animal retrovirus to humans via xenotransplantation (14).

Finally, human kind’s ingenuity is putting retroviruses to good use. Retroviruses are
being harnessed as vectors to treat cancer by delivering gene therapy. Again, vigilance
is needed to preclude the emergence of replication-competent recombinant retroviruses
from vector packaging cells, as these can be oncogenic (19).

REFERENCES

1. Coffin J, Hughes SH, Varmus HE. Retroviruses. New York: Cold Spring Harbor Laboratory
Press, 1997, pp. 1–843.

2. Weiss RA, Teich NM, Varmus HE, Coffin J. RNA Tumor Viruses. New York: Cold Spring Harbor
Laboratory Press, 1985, pp. 1396, 1233.

3. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Human immunodefi-
ciency viruses and human T-cell lymphotropic viruses. Lyon, France, 1–18 June 1996. IARC
Monogr Eval Carcinog Risks Hum 1996; 67:1–424.

Retroviruses and Cancer 209



4. Tajima K, Takezaki T. Human T cell leukaemia virus Type I. In: Newton R, Beral V, Weiss RA
(eds). Infections and Human Cancer. New York: Cold Spring Harbor Laboratory Press, 1999, pp.
191–211.

5. Gessain A, Mahieux R. Genetic diversity and molecular epidemiology of primate T cell lym-
photropic viruses. In: Dalgleish AG, Weiss RA (eds). AIDS and the New Viruses. London: Acad-
emic Press, 1999, pp. 281–327.

6. Sitas F, Carrara H, Beral V, et al. Antibodies against human herpesvirus 8 in black South African
patients with cancer. N Engl J Med 1999; 340:1863–1871.

7. Boshoff C, Weiss RA. Kaposi’s sarcoma-associated herpesvirus. Adv Cancer Res 1998;
75:57–86.

8. Ensoli B, Gendelman R, Markham P, et al. Synergy between basic fibroblast growth factor and
HIV-1 Tat protein in induction of Kaposi’s sarcoma. Nature 1994; 371:674–680.

9. Ariyoshi K, Schim van der Loeff M, Cook P, et al. Kaposi’s sarcoma in the Gambia, West Africa
is less frequent in human immunodeficiency virus type 2 than in human immunodeficiency virus
type 1 infection despite a high prevalence of human herpesvirus 8. J Hum Virol 1998; 1:193–199.

10. Rosenblum L, McClure MO. Non-lentiviral primate retroviruses. In: Dalgleish AG, Weiss RA
(eds). HIV and the New Viruses. London: Academic Press, 1999, pp. 251–279.

11. Heneine W, Switzer WM, Sandstrom P, et al. Identification of a human population infected with
simian foamy viruses. Nat Med 1998; 4:403–407.

12. Griffiths DJ, Cooke SP, Herve C, et al. Detection of human retrovirus 5 in patients with arthritis
and systemic lupus erythematosus. Arthritis Rheum 1999; 42:448–454.

13. Lower R, Lower J, Kurth R. The viruses in all of us: characteristics and biological significance of
human endogenous retrovirus sequences. Proc Natl Acad Sci USA 1996; 93:5177–5184.

14. Weiss RA. Science, medicine, and the future—xenotransplantation. Br Med J 1998;
317:931–937.

15. Venables PJ, Brookes SM, Griffiths D, Weiss RA, Boyd MT. Abundance of an endogenous retro-
viral envelope protein in placental trophoblasts suggests a biological function. Virology 1995;
211:589–592.

16. Conrad B, Weissmahr RN, Boni J, Arcari R, Schupbach J, Mach B. A human endogenous retro-
viral superantigen as candidate autoimmune gene in type I diabetes. Cell 1997; 90:303–313.

17. Perron H, Garson JA, Bedin F, et al. Molecular identification of a novel retrovirus repeatedly iso-
lated from patients with multiple sclerosis. Proc Natl Acad Sci USA 1997; 94:7583–7588.

18. Gao F, Bailes E, Robertson DL, et al. Origin of HIV-1 in the chimpanzee Pan troglodytes
troglodytes. Nature 1999; 397:436–441.

19. Donahue RE, Kessler SW, Bodine D, et al. Helper virus induced T cell lymphoma in nonhuman
primates after retroviral mediated gene transfer. J Exp Med 1992; 176:1125–1135.

20. Weiss RA. The oncologist’s debt to the chicken. Avian Pathol 1998; 27:S8–15.

210 Weiss



12
Adult T-Cell Leukemia/Lymphoma

Masao Matsuoka

INTRODUCTION

Adult T-cell leukemia (ATL) is a neoplasm of activated helper T lymphocytes,
which was the first human cancer found to be caused by a retrovirus, human T-cell lym-
photropic virus type I (HTLV-I). It was around the year 1973 that ATL, previously an
unknown disease entity, was first recognized in Japan (1), and it was internationally
acknowledged in 1977 (2,3). HTLV-I was isolated from a cell line derived from a
patient with aggressive cutaneous T cell lymphoma (4). The disease in this patient was
later considered to be ATL. ATL cells were first cultured successfully in vitro by
Miyoshi et al. (5), and these cell lines then were used to detect antibodies against virus-
related antigens in ATL patients by an indirect immunofluorescence assay (6). Sera
from ATL patients reacted to these cells, showing a relationship between the virus and
ATL. The entire structure of this virus was determined by Yoshida and his colleagues
(7). The discovery of ATL had far-reaching effects not only in medicine and virology,
but also in oncology and biology. The presence of HTLV-I provirus enables us to ana-
lyze each step of leukemogenesis from infection to the highly aggressive acute or lym-
phoma types of ATL. Therefore, ATL is a good model to be analyzed to clarify the
oncogenesis of lymphoid cells.

HTLV-I

The etiologic association between HTLV-I and ATL was based on the following
observations (8,9): (1) The areas of high incidence of ATL correspond closely with
those of high prevalence of HTLV-I infection as extensively studied in Japan; (2)
HTLV-I immortalizes human T cells in vitro; (3) monoclonal integration of HTLV-I
proviral DNA was demonstrated in ATL neoplastic cells; and (4) all individuals with
ATL have antibodies against HTLV-I. HTLV is therefore the first retrovirus directly
associated with human malignancy.

HTLV-I belongs to Oncovirinae subfamily of retroviruses, which includes the
bovine leukemia virus (BLV), the human T-cell lymphotropic virus type II (HTLV-II),
and the simian T-cell leukemia virus (STLV). Like other retroviruses, the HTLV-I
proviral genome has gag, pol, and env genes, flanked by long terminal repeat (LTR)
sequences at both ends. A unique structure was found between env and the 3′-LTR,

211

From: Infectious Causes of Cancer: Targets for Intervention
Edited by: J. J. Goedert © Humana Press Inc., Totowa, NJ



denoted the pX region, that encodes the regulatory proteins, p40tax (Tax), p27rex, and
p21 (Fig. 1). Among them, Tax protein is thought to play a central role in the leukemo-
genesis of ATL, because of its pleiotropic actions (Fig. 2) (10,11). Tax does not bind to
promoter or enhancer sequences by itself, but it interacts with cellular proteins that are
transcriptional factors or modulators of cellular functions. By binding to various cellu-
lar factors, such NFκB, SRF, and CREB, Tax activates transcription of both viral and
cellular genes. Conversely, Tax can transrepress the transcription of certain genes, such
as lck and DNA polymerase β (12,13). Activation of NFκB resulted in transcriptional
activation of cellular genes such as interleukin 2, and interleukin 2 receptor genes. Tax
can also bind IκB, promoting activation of NFκB (14). Binding of Tax to CREB causes
transcriptional activation of viral genes.

Tax also appears to allow dysregulated cell cycling by binding and thus inactivating
p16INK4A, a key inhibitor of cyclin-dependent kinases 4 and 6 (15). Tax also has been
reported to interact with MAD1, which acts as a mitotic checkpoint gene (16). Distur-
bance of checkpoint genes might be associated with chromosomal instability, which is
frequently observed in ATL cells. It is associated with leukemogenesis by generating
chromosomal instability.

In HTLV-I transformed cell lines, the p53 gene is highly expressed but is function-
ally impaired (17). Phosphorylation of p53 at Ser15 observed in HTLV-I transformed
cell lines inactivates p53 by blocking its interaction with basal transcription factors
(18). Inactivation of this major cancer suppressor gene, in cooperation with inactiva-
tion of p16INK4A, is thought to contribute to HTLV-I-related leukemogenesis and ulti-
mately ATL.

The pleiotropic functions of Tax are thought to contribute to the immortalization of
HTLV-I infected cells, especially CD4+ positive T lymphocytes (Fig. 2). Indeed, the
proliferation of HTLV-I-infected cells in vivo is clonal, as detected by analysis of inte-
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Fig. 1. Structure of HTLV-I. HTLV-I proviral genome has the gag, pol, and env genes,
flanked by long terminal repeat (LTR) sequences at both sides. A unique structure was found
between env and 3′-LTR, which was named the pX region that encodes the regulatory proteins,
p40tax (Tax), p27rex (Rex), and p21.



gration sites. As described later, persistent proliferation is observed in HTLV-I carriers
(19,20). After infection with HTLV-I, a very long latent period, about 50 yr in Japan, is
present before the onset of ATL. Such a long latent period indicates that multistep
tumorigenesis is necessary for the development of ATL. During this latent period,
genetic and epigenetic mutations are thought to accumulate in infected cells.

EPIDEMIOLOGY OF ATL

Both HTLV-I and ATL have been shown to be endemic in some regions of the world,
especially in southwest Japan (21), the Caribbean islands, the countries surrounding
the Caribbean basin (22,23), and parts of Central Africa (24). In addition, epidemio-
logic studies of HTLV-I revealed high seroprevalence rates in Melanesia, Papua–New
Guinea (25), the Solomon islands (26), and among Australian aborigines. In the Middle
East, a focus of HTLV-I was found in Iranian Jews who reside in the Mashad region
(27). Antibodies against HTLV-I have been found in approx 1.2 million individuals
(28), and more than 800 cases of ATL have been diagnosed each year in Japan alone.
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The cumulative, 70-yr incidence of ATL among HTLV-I carriers in Japan is estimated
at about 2.5% (3–5% in males and 1–2% in females) if competing risks for the other
diseases are neglected (29).

HTLV-I seroprevalence rises in an age-dependent manner, and it is higher in females
than in males (30). Three major routes of HTLV-I transmission have been identified:
mother-to-infant, sexual, and parenteral. Mother-to-infant transmission occurs mainly
via breast milk. HTLV-I-positive lymphocytes have been identified in the breast milk
from a seropositive mother (31). Intervention trials in Japan showed that breast-feeding
accounts for most mother-to-infant transmission. Breast-fed infants showed a 13%
seroconversion rate, whereas bottle-fed infants experienced a 3% seroconversion rate
(32). Prolonged breast-feeding is associated with a higher rate of seroconversion
among infants—0% for < 6 mo, 28% for >6 mo of breast-feeding. Other mechanisms
of HTLV-I transmission from mother to infant remain unknown. Studies of married
couples and sexually active groups have shown that sexual transmission of HTLV-I
occurs from male to female, from female to male, and from male to male. Studies in
seropositive couples showed that male-to-female infection is more efficient than
female-to-male infection, which may explain a part of higher HTLV-I seroprevalence
among women. Transfusion with cellular components is associated with HTLV-I trans-
mission (33). Transfusion of plasma is not associated with transmission, showing that
viable infected cells are necessary for transmission.

EVOLUTION OF ATL

It is important to analyze the natural course from infection with HTLV-I to the onset
of ATL to clarify the mechanism of leukemogenesis. The natural course of HTLV-I
infection to ATL is thought to be as follows. HTLV-I transmission is mainly from
mother to infant by breast-feeding or male-to-female by sexual intercourse. HTLV-I
can infect many kinds of cells in vivo, such as T-lymphocyte, B-lymphocyte, mono-
cyte, and dendritic cells, revealing that HTLV-I may not need a specific receptor for
infection (34). Consistent with this finding, the heat shock cognate protein has been
reported as a candidate generic receptor for HTLV-I (35). HTLV-I provirus is detected
mainly in CD4+ memory T lymphocytes in healthy carriers (36). Indeed, carriers with a
high HTLV-I provirus load have an increased number of memory T lymphocytes, as do
patients with the neurodegenerative disease HTLV-I-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) (our unpublished data). This suggests that viral pro-
teins, especially Tax, promote the proliferation of CD4+ memory T lymphocytes.
HTLV-I provirus load, which is correlated with the number of HTLV-I infected cells,
differed more than 100-fold among HTLV-I carriers (37). It is important to study
whether provirus load is constant or variable across time in individuals. To address this
question, we analyzed sequential DNA samples from peripheral blood mononuclear
cells of HTLV-I carriers who were followed in a Miyazaki cohort study for up to 7 yr
(19,38). It was revealed that provirus loads fluctuated only two-to fourfold in most car-
riers, showing that provirus loads were relatively constant over time for up to 7 yr in
individual carriers.

What determines the provirus load in carriers? As shown in the previous studies
(39,40), age and sex did not influence provirus load. It is assumed that immune
responses, especially cytotoxic T lymphocytes (CTLs) against HTLV-I, control the
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number of HTLV-I-infected cells. In persons with a powerful CTL response to viral
antigens, virus load might be limited to a low level. In patients with HTLV-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), a high frequency of CTLs against
HTLV-I was reported (41,42), and specific HLA haplotypes were reported to be com-
mon in HAM/TSP patients compared to HTLV-I carriers (43). It is paradoxical that
patients with HAM/TSP showed both high provirus load and a strong immune response
against HTLV-I. Another explanation for differences in provirus load is that the capac-
ity of viral replication itself is different with various virus strains or that cellular factors
that interact with Tax may differ among carriers. It remains to be determined what kind
of factors determine HTLV-I provirus load in the infected individuals.

The HTLV-I provirus is genetically very stable, especially compared with the other
major human retrovirus, human immunodeficiency virus (HIV). It has been postulated
that increased HTLV-I load is achieved not by replication of virus, but by clonal prolif-
eration of infected cells. In HTLV-I carriers, HTLV-I provirus is randomly integrated in
the host genome. In other words, the integration site is specific to each HTLV-I-
infected cell. A part of LTR and flanking genomic DNAs were amplified by inverse
polymerase chain reaction (PCR), with each detected band representing a clonal prolif-
eration of HTLV-I infected cells. Using this assay to analyze clonal proliferation of
HTLV-I-infected cells in HTLV-I carriers, some clones persisted over 7 yr in the same
individuals (19). These persistent clones were CD4+ lymphocytes, which is consistent
with the fact that HTLV-I predominantly immortalizes CD4+ T lymphocytes in vitro.

A long latent period of about 50 yr precedes the onset of ATL, suggesting the multi-
step mechanism of leukemogenesis (Fig. 3). Various mutations of oncogenes and
tumor-suppressor genes have been demonstrated in cancers and it has been established
that multiple changes are necessary for the appearance of malignant disease. In ATL
cells, mutations of p53 have been detected in about 30% of patients examined (44,45).
Such mutations were detected in the more aggressive disease state. In one patient, no
mutation was detected in ATL cells in the chronic phase, but the mutation was demon-
strated in the acute phase. Deletion or mutation of the p16INK4A gene was also
reported in ATL. Again, those abnormalities were observed in acute or lymphoma-type
ATL, suggesting that somatic DNA changes in p53 or p16INK4A genes are associated
with the progression of ATL (46,47). Mutations of the Fas gene are also reported in
patients with ATL cells (48). Such findings indicate that multistep changes are
required for leukemogenesis in ATL, and other genetic and epigenetic changes remain
to be analyzed.

CLASSIFICATION OF ATL

ATL patients can be classified into four clinical subtypes according to the clinical
features: acute, chronic, smoldering, and lymphoma type.

The diagnostic criteria for HTLV-I associated ATL have been defined as follows: (1)
There is histologically and/or cytologically proven lymphoid malignancy with T-cell
surface antigens. (2) Abnormal T lymphocytes are always present in the peripheral
blood, except in the lymphoma type. These abnormal T lymphocytes include not only
typical ATL cells, the so-called flower cells, but also the small and mature T lympho-
cytes with incised or lobulated nuclei that are characteristic of the chronic or smolder-
ing type. (3) Antibody to HTLV-I is present in the sera at diagnosis. Shimoyama and
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members of the Lymphoma Study Group (LSG)(1984–1987) proposed the following
diagnostic criteria for classifying ATL into the four subtypes (49):

1. Smoldering type, 5% or more abnormal lymphocytes of T-cell nature in the peripheral
blood (PB); normal lymphocyte level (< 4 × 109/L); no hypercalcemia; lactate dehydro-
genase (LDH) value of up to 1.5 times the normal upper limit; no lymphadenopathy; no
involvement of liver, spleen, central nervous system (CNS), bone, or gastrointestinal
tract; and neither ascites nor pleural effusion. Skin or pulmonary lesions may be pre-
sent. In patients with < 5% abnormal T lymphocytes in PB, at least one histologically
proven skin or pulmonary lesion should be present.

2. Chronic type; absolute lymphocytosis of more than 3.5 × 109/L; LDH value up to twice
the normal upper limit; no hypercalcemia; no involvement of CNS, bone, or gastroin-
testinal tract; and neither ascites nor pleural effusion. There may be histologically
proven lymphadenopathy with or without extranodal lesions and there may be involve-
ment of liver, spleen, skin, and lung, and 5% or more abnormal lymphocytes.

3. Lymphoma type; no lymphocytosis, 1% or fewer abnormal lymphocytes in PB; histo-
logically proven lymphadenopathy with or without extranodal lesions.

4. Acute type; the most common form of presentation, highly aggressive malignancy that
shows lymphadenopathy, hepatosplenomegaly, and skin lesions, but does not meet the
criteria of the other types.

SEROLOGY OF HTLV-I

Anti-HTLV-I antibodies are positive in almost patients with ATL, although seroneg-
ative ATL cases have been reported (50,51). There is no difference between ATL
patients and HTLV-I carriers in the pattern of serum antibodies. The presence of serum
antibodies to HTLV-I can be demonstrated by enzyme-linked immunosorbence, gelatin
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particle hemagglutination, indirect immunofluorescence, and Western blotting assays
(52). Carriers with a high level of anti-HTLV-I antibody and a low titer of anti-Tax anti-
body have recently been noted to be at high risk for ATL (53).

HTLV-I PROVIRAL DNA

The definitive diagnosis of ATL requires the detection of the monoclonal integration
of HTLV-I provirus in genomic DNA from peripheral blood mononuclear or lymph
node cells. Monoclonal integration of the HTLV-I provirus is not detected in patients
with other T-cell malignancies. The detection of HTLV-I proviral DNA is essential for
the diagnosis of ATL, especially in endemic areas. This feature has contributed to the
understanding of T-cell malignancies (54). Monoclonal integration of HTLV-I provirus
can be detected by the Southern blot method. Defective HTLV-I provirus was found in
56% of patients with ATL, and two different types of defective provirus were identified
in ATL using Southern blot analysis. Type 1 defective provirus retains both LTRs, but
lacks internal sequences, such as gag, pol, or env. Type 2 defective provirus lacks 5′-
LTR and 5′ internal sequences (55). Type 2 defective provirus is usually found in
aggressive subtypes of ATL, namely acute and lymphoma types, and only one chronic
ATL case has had type 2 defective provirus in its genome. This suggests that the
genetic instability to generate type 2 defective provirus is associated with the progres-
sion of ATL. Because type 2 defective provirus cannot produce viral proteins including
Tax, ATL cells with type 2 defective provirus can escape from immunosurveillance of
the host. It is assumed that during the early stage of leukemogenesis, such as smolder-
ing and chronic ATL, Tax plays a critical role. Later, Tax may not be necessary, as
accumulated genetic or epigenetic changes cause the progression to acute or lymphoma
types of ATL.

MORPHOLOGY OF ATL CELLS

Abnormal lymphocytes of various sizes and with cytoplasmic basophilia are seen in
acute ATL. Most of the cells characteristically exhibit lobulated nuclei; most of them
are bi- or multifoliate and separated by deep indentations. Cells with such a configura-
tion are known as “flower cells” (Fig. 4a).

Cells from chronic ATL are relatively uniform in size and nuclear configuration
(Fig. 4b), and are smaller than those seen in either acute or smoldering ATL. Chronic
ATL cells rarely have small vacuoles and do not have azurophilic granules. Cells in this
type of ATL also exhibit lobular division of the nuclei, which are usually bi- or trifoli-
ate. The nuclear chromatin is in the form of coarse strands and is deeply stained. The
nucleocytoplasmic ratio is larger than that in normal lymphocytes.

Cells in smoldering ATL are relatively large and do not have cytoplasmic granules or
vacuoles (Fig. 4c). The lobulated nuclei are bi- or trifoliate. Some nuclei exhibit inden-
tations or clefts, which appear as a ridge formation.

PHENOTYPIC MARKERS OF ATL CELLS

Immunophenotypic analyses of ATL cells with various monoclonal antibodies have
revealed that ATL cells have the phenotype of activated helper/inducer T lymphocytes.
Most ATL cells are positive for CD2, 3, 4, 25, and HLA-DR, and are negative for CD7
and 8 (56). A characteristic feature of ATL cells is the decreased CD3/T cell receptor

Adult T-Cell Leukemia/Lymphoma 217



(TCR) expression on their surfacs (57,58). This is a phenomenon specific to ATL cells
and is not observed in other T-cell malignancies. There are several reports of ATL cases
with different leukemic cell phenotypes, for example, CD4+ and CD8+; CD4– and
CD8–; CD4– and CD8+ (59). Most of these variant forms are exhibited in acute ATL
and indicate poor prognosis. Phenotypic changes in ATL cells have been observed in
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Fig. 4. Cell morphology of ATL cells. Leukemic cells are shown from acute (a), chronic (b),
and smoldering (c) ATL.



some patients during the clinical course of the disease. For example, typical CD4+,
CD8– ATL cells changed into CD4+, CD8+, perhaps indicating an exacerbation of ATL
and analogous to the phenotypic change that occurs with in vitro activation of T cells.
There have been several reports of double-negative ATL (CD4– and CD8–). CD95 (Fas/
APO-1) antigen is positive in most of ATL patients, and CD95+ ATL cells are highly
susceptible to antibody against Fas antigen (60).

CYTOGENETIC STUDY OF ATL

Karyotype analyses of 107 patients with ATL revealed various chromosomal abnor-
malities as follows (61): (1) Trisomies of chromosome 3 (21%), 7 (10%), and 21 (9%);
monosomy of X chromosome (38%) in females; and loss of a Y chromosome (17%) in
males were frequent numerical abnormalities. (2) Frequent structural abnormalities
were translocations involving 14q32 (28%) or 14q11 (14%), and deletion of 6q (23%).
There was no chromosomal abnormality specific for ATL, but abnormalities were
detected in the aggressive acute or lymphoma types of ATL rather than in the nonag-
gressive chronic or smoldering type (62).

CLINICAL FEATURES OF ATL

One hundred eighty-seven patients with ATL were studied by Takatsuki and co-
workers in Kyushu, Japan (63). There were 113 males and 74 females (1.5:1), whose
age at onset ranged from 27 to 82 yr, with a median age of 55 yr.

The predominant physical findings were peripheral lymph node enlargement (72%),
hepatomegaly (47%), splenomegaly (25%), and skin lesions (53%). Various skin lesions,
such as papules, erythema, and nodules were frequently observed in ATL patients. ATL
cells densely infiltrate the dermis and epidermis, forming Pautrier’s microabscesses in
the epidermis (Fig. 5). Hypercalcemia (50%) was frequently associated with ATL. Other
findings at onset of the disease were abdominal pain, diarrhea, pleural effusion, ascites,
cough, sputum, and an abnormal shadow on chest X-ray films. The white blood cell
count ranged from normal to 500 × 109/L. Leukemic cells resembled Sézary cells, hav-
ing indented or lobulated nuclei. The typical surface phenotype of ATL cells character-
ized by monoclonal antibodies was CD3+, CD4+, CD8–, and CD25+. Anemia and
thrombocytopenia were rare. Eosinophilia was frequently observed in ATL patients as
well as in those with other T-cell malignancies (64). Cytokines, such as interleukin-5
(IL-5), secreted by ATL cells, are considered to cause the eosinophilia. The presence of
neutrophilia and eosinophilia indicates the highly aggressive acute or lymphoma types of
ATL, rather than the chronic or smoldering types.

Serum LDH is elevated in most ATL patients, and higher LDH levels indicate an
advanced or aggressive disease state. Hypercalcemia, a frequent complication in ATL
patients, can be life threatening. Serum calcium and LDH levels reflect the extent of
disease and are useful for monitoring tumor and disease activity. Hyperbilirubinemia,
observed when ATL cells infiltrate the liver, indicates a poor prognosis. Hypergamma-
globulinemia is very rare in ATL, which is consistent with the in vitro suppressor-
inducer activity of ATL cells for immunoglobulin synthesis. β2-Microglobulin is a
component of class I HLA antigen, and serum levels of this component are correlated
with the disease activity of non-Hodgkin’s lymphoma or myeloma. Serum β-
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microglobulin also is elevated in ATL patients and correlated with disease activity (65).
ATL cells express IL-2 receptor α-chain on their surfaces and secrete its soluble forms.
Levels of soluble IL-2 receptors as well as levels of serum β2-microglobulin are ele-
vated in the sera of patients with ATL, and the levels of soluble IL-2 receptor are corre-
lated with the tumor mass and clinical course (66,67).

Familial occurrences of ATL have been reported. Three sisters, ranging in age from
56 to 59 yr, developed lymphoma-type ATL during a 19-mo period (68). The patients
were born in Kumamoto Prefecture, an endemic area of HTLV-I. As their lives and
environments in adulthood were clearly different, HTLV-I infection may have occurred
in childhood. The findings suggest that the disease developed after a long latent period
following the first viral infection and that unidentified genetic factors are associated
with its onset.

The survival time in acute and lymphoma-type ATL ranged from 2 wk to >1 yr, with
a median of 8 mo. The causes of death were pulmonary complications including Pneu-
mocystis carinii pneumonia, hypercalcemia, Cryptococcus meningitis, and dissemi-
nated herpes zoster. All patients were positive for anti-HTLV-I antibodies and HTLV-I
proviral DNA in the leukemia/lymphoma cells.

These features and the clinical course, ATL subtype, frequency of hypercalcemia
and opportunistic infections, cell morphology, phenotypic profile, and response to
treatment appear to be the same for Japanese, Caribbean, and African ATL patients.
The only difference is age at onset: the Japanese patients at diagnosis are older (69).
Blattner et al. (22) and Gibbs et al. (70) have reported that the mean ages of ATL
patients in the United States and Jamaica were 43 and 40 yr, respectively.
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Fig. 5. Skin involvement of ATL. Histology of skin invasion of ATL cells in the same
patient.



COMPLICATIONS OF ATL

ATL cells infiltrate the spleen, skin, lung, gastrointestinal tract, CNS, kidney, and
liver. Such invasions cause the various clinical manifestations (diarrhea, abdominal
pain, cough, sputum). The immune system in ATL patients is severely compromised
and opportunistic infections such as cytomegalovirus pneumonia, disseminated fungal
infections, bacterial sepsis, and bacterial pneumonia are frequent complications.

Pulmonary Complications

It is noteworthy that pulmonary infiltration may be the first symptom of ATL. Infil-
tration of ATL cells can be diagnosed by identification of ATL cells in the tissue from
transbronchial lung biopsy, in bronchial lavage fluid, or occasionally in sputum. In
some patients, the lung is the main organ of involvement, and respiratory symptoms
(cough, dyspnea) are initial complaints. Pneumocystis carinii, viral, and fungal infec-
tions are often observed in ATL patients, with the immunodeficiency associated with
ATL an important factor in the occurrence of these opportunistic infections. These
infections and related pulmonary complications are the major causes of death in ATL
patients. The frequency of Pneumocystis carinii pneumonia in ATL patients has
recently been decreasing due to the prophylactic administration of sulfamethoxazole-
trimethoprim.

Hypercalcemia

Since ATL was established as a clinical entity, it has been shown that hypercal-
cemia is one of the characteristic complications. The prevalence of hypercalcemia in
ATL patients is 28% at admission and > 50% during the entire clinical course with
or without lytic bone lesions (71). Pathological analyses of bone from autopsy cases
with hypercalcemia have disclosed osteoclast proliferation and bone resorption (Fig.
6). Thus, hypercalcemia associated with ATL has been shown to be humorally medi-
ated hypercalcemia of malignancy (HHM), based on the observation of osteoclastic
bone resorption and the biochemical characterization of the metabolic abnormalities.
ATL was the first hematologic malignancy to be consistently associated with HHM,
a condition previously been found in only a few patients with certain solid tumors.
In HHM, certain factor(s) produced by tumor cells cause extensive bone resorption
in the absence of direct invasion of tumor cells into bone. It has been reported that
several factors with osteoclast activation activity are produced by ATL cells. Wano et
al. reported the production of IL-1a and b by fresh ATL cells (72). Expression of
transforming growth factor-β (TGF-β) has also been detected in fresh ATL cells
(73). The parathyroid hormone related protein (PTHrP) gene has been isolated and
identified as a causative factor in cause HHM of solid tumors (74). The similar
pathophysiology of HHM and hypercalcemia of ATL indicates that PTHrP might be
a causative factor in ATL hypercalcemia. The expression of the PTHrP gene has
been demonstrated in HTLV-I infected T-cell lines. It was also shown that ATL cells
expressed a large amount of PTHrP mRNA in all samples tested. These findings sug-
gest that PTHrP might be an important factor in causing the hypercalcemia of ATL
in cooperation with IL-1 or TGF-β. Indeed, HTLV-I infection itself induced PTHrP
expression (75).
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Skin Lesions

As stated previously, ATL cells infiltrate the skin, resulting in the various skin
lesions, such as papules, erythema, and nodules that are frequently observed in ATL
patients. ATL cells densely infiltrate the dermis and epidermis, forming Pautrier’s
microabscesses in the epidermis. In erythematous plaques and localized papules, ATL
cells proliferate mainly in the epidermis, and proliferation of ATL cells can be seen
throughout the entire skin as tumors or nodules. Some ATL patients manifest only
skin lesions, which can be tumoral, erythematous, or papular. Although this subtype
can be diagnosed as smoldering ATL according to recent criteria, it may also be the
so-called cutaneous type of ATL.

Central Nervous System

CNS involvement occurs in about 9% of ATL patients, especially in acute type ATL
(our unpublished data). Although both leptomeningeal invasion and intracerebral
masses are complications of ATL, leptomeningeal involvement is more common. In
1990, Teshima et al. found that CNS involvement developed in 10 of 99 ATL patients
(10.1%), of whom nine had leptomeningeal involvement and two developed intracere-
bral invasion (76).
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Fig. 6. Marked proliferation of osteoclasts along a bone trabecula. The edge of trabecula is
serrated, displaying a saw-toothed appearance. (Figure courtesy of Dr. Takeya, the Second
Department of Pathology, Kumamoto University School of Medicine.)



Gastrointestinal Tract

ATL cells frequently infiltrate the gastrointestinal tract and complaints such as diar-
rhea or abdominal pain suggest gastrointestinal involvement in ATL patients. It was
reported that invasion of ATL cells into the gastrointestinal tract was detected in 59 of
139 autopsy cases (44%) (77).

Involvement of Other Organs

Lytic bone lesions are rare complications in ATL patients, but the frequency of these
lesions is higher in lymphoma type than in the other clinical types. Bone lesions include
both lytic bone lesions (Fig. 6) and diffuse osteoresorption associated with hypercal-
cemia. Diffuse osteoresorption has been observed in patients with hypercalcemia.

Other Malignancies

ATL patients may also have complications due to other malignancies. B-cell lym-
phoma with the Epstein–Barr virus (EBV) genome has been reported in an ATL patient
(78), and Kaposi’s sarcoma also has occurred with ATL (79). EBV-positive lymphoma
and Kaposi’s sarcoma are well known to occur in AIDS patients, and impaired cell-
mediated immunity in ATL, as in AIDS, is an important factor in these secondary
malignancies.

TREATMENT OF ATL

ATL is generally treated with aggressive combination chemotherapy, but long-term
success has been less than 10%. The acute form, with hypercalcemia, high LDH levels,
and an elevated white blood cell count, shows a particularly poor prognosis. Sequential
trials in Japan have resulted in an increase of the complete remission rate from 16%
with a four-drug combination to 43% with eight drugs (80). Unfortunately that advance
did not translate into an improvement in overall survival. The median remains 8 mo,
with death usually the result of severe respiratory infection or hypercalcemia, often
associated with drug resistance. In contrast, smoldering ATL and some cases of chronic
ATL may have a more indolent clinical course, which may be compromised by aggres-
sive chemotherapy.

Regardless of the specific antileukemic therapy, the inevitable impairment of the T-
cell function puts the patient at high risk of fungal, protozoal, and viral infections,
against which prophylactic measures should be taken.

Deoxycoformycin, the nucleotide analog, was reported to induce long-term remis-
sion in a patient with ATL in 1985 (81). Subsequently, Yamaguchi et al. (82) noted pro-
longed complete remissions in 2 out of 7 patients treated with deoxycoformycin. There
was profound lymphopenia, but no neutropenia. Treatment with deoxycoformycin is
not suitable for patients with highly aggressive disease activity. Interferon-α combined
with azidothymidine was administrated to 19 patients with ATL, and major responses
(complete plus partial remissions) were achieved in 58% of the patients (11 of 19),
including complete remission in 26% (5 of 19) (83). Other drugs, including arsenic tri-
oxide, have been considered for treatment of ATL on the basis of in vitro data (84).
Successful allogeneic bone marrow transplantation for patients with ATL was reported
(85). We also performed bone marrow transplantation in a patient with acute ATL, who
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did not respond to combinational chemotherapy. The patient has been in complete
remission for more than 24 mo.

PREVENTION OF HTLV-I INFECTION

Prevention of ATL by reducing transmission of HTLV-I is obviously a more attractive
goal. To prevent infection with HTLV-I by blood transfusion, all donated blood at blood
centers was subjected to HTLV-I antibody testing beginning in November 1986 in Japan.
None of the recipients, even patients with hematologic disorders who received multiple
transfusions, have subsequently seroconverted. An absolute decline of the carrier rate
among young Japanese has been achieved through comprehensive blood donor screening
and by persuading most carrier mothers to refrain from breast-feeding (86).

HTLV-I-RELATED DISORDERS

HTLV-I infection is a direct cause of ATL. In addition, infection with this virus has
also been found to be an indirect cause of or a contributing factor in many other dis-
eases, such as HAM/TSP (87,88), chronic lung diseases, opportunistic lung infections,
strongyloidiasis (89), nonspecific intractable dermatomycosis (90), arthropathy (91),
and uveitis (92). The association of HTLV-I infection with these diseases is considered
to be due, to some extent, to the immunodeficiency induced by HTLV-I infection. High
provirus load is reported in patients with HAM/TSP and HTLV-I uveitis (93,94), show-
ing that HTLV-I-infected cells play an important role in the pathogenesis of those dis-
eases, presumably by enhanced production of cytokines or activated phenotype with
various adhesion molecules.
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Clonal HIV in the Pathogenesis of AIDS-Related

Lymphoma: Sequential Pathogenesis

Michael S. McGrath, Bruce Shiramizu, and Brian G. Herndier

INTRODUCTION

Non-Hodgkin’s lymphoma is one of the most common malignancies associated with
human immunodeficiency virus (HIV) infection (1–3). These lymphomas are predomi-
nantly of B-cell origin and a variety of studies have shown that abnormal B-cell
immunologic differentiation occurs during the lymphomagenic process (4–6). Current
understanding regarding the pathogenesis of HIV-associated B-cell lymphoma involves
evolution from a polyclonal antigen driven B-cell expansion into a polyclonal large cell
lymphoma that can then become dominated by a single B-cell clone and at end stage
appear as a monoclonal B-cell lymphoma (4,6). Evidence for this polyclonal (3,7,8) to
monoclonal evolution has been presented in detail; however, events critical to the
pathogenesis of the polyclonal state of lymphoma have yet to be clearly defined.

Monoclonal HIV-associated lymphomas frequently have gene rearrangements at the
c-myc locus (1). This observation, particularly but not exclusively in the Burkitt’s sub-
type, suggests that chromosomal translocations such as t (8;14) and/or infection with
Epstein–Barr virus (EBV) are important in the pathogenesis of a subset of B-cell lym-
phomas. However, the presence of “fundamental” translocations in Ig gene loci such as
t (14;18) [IgH—bc1–2] in follicular hyperphasias indicate that such translocations can
precede and not be related to the formal advent of neoplasia (in this case follicular lym-
phoma) and ultimately not be sufficient to drive the pathogenesis of the lymphoma (3).
More likely, HIV lymphomas arise out of a setting of the gradual erosion of function
and control of the immune system in the setting of chronic retroviral infection with the
ultimately evolved B cell sometimes containing rearranged c-myc or bcl-6. A consen-
sus is evolving that lymphomas in general are outgrowths of chronic antigen drive
(mucosa-associated lymphoid tissue lymphomas [“maltomas”], follicular lymphomas),
immunodeficiency, and EBV infection (post-transplant lymphoproliferative disease,
congenital immunodeficiency lymphomas), and autoimmune disease (Sjogren’s syn-
drome, angioimmunoblastic lymphadenopathy, etc.). HIV disease has many parallels
with the above-mentioned examples of immune dysfunction and thus may be an impor-
tant “model” for understanding lymphomagenesis. Chromosomal translocations and
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infection with herpesviruses (such as EBV) likely play roles in the multistep evolution
of lymphoma but do not explain all of HIV-associated lymphomagenesis.

HIV infection induces a state of profound immunodeficiency in individuals with end
stage AIDS. The assumptions early in the AIDS epidemic were that AIDS lymphomas
were expanded B-cell populations emerging in the face of profound immunosuppres-
sion similar to patients who receive allogeneic organ transplants (3,9,10). This observa-
tion has been borne out in a few cases of AIDS-related lymphoma wherein the
lymphomas are clearly expansions of EBV-positive B cells (11,12), the clearest subset
defining this class of lymphoma being the primary central nervous system lymphomas
(2). Other more recent studies have suggested the pathway for evolution of AIDS-
related lymphoma is unique to HIV-infected individuals and represents a clear and
stepwise evolution of an antigen-driven process (4,5).

The current convention regarding lymphoma evolution relies on studies of B-cell
immunoglobulin genes from monoclonal lymphomas in tracing their origin back to their
polyclonal inception. Immunoglobulin heavy chain variable region genes (VH) from AIDS
lymphoma cells are highly modified, suggesting active macrophage and T-cell involve-
ment in early stages of the abnormal B-cell maturation (4,5,13,14). The fact that AIDS
lymphoma B cells express highly mutated VH region genes suggests this active immuno-
logic cellular collaboration. The further finding that the mutations are frequently random
also suggests a more fundamental problem in the antigen presentation and immune sur-
veillance process. In the course of a normal immune response, B cells expressing ran-
domly mutated variable region genes would have a negative selective pressure placed on
them, and they would undergo programmed cell death (apoptosis). This process clearly
has not occurred in the case of high-grade AIDS-related B-cell lymphoma.

The finding of abnormal B-cell maturation coupled with knowledge that HIV can
infect a major antigen processing cell, the macrophage, suggests potential cooperation
between the macrophage, T-cell, and B-cell compartments in the evolution of lym-
phoma (3). Detailed studies on AIDS-associated B-cell VH region gene modification
suggest a stepwise process where the B-cell compartment is either driven to proliferate
and differentiate abnormally by the antigen presenting cells or is allowed to expand
because of abnormal antigen presenting cell function (4–6). This process may evolve
into polyclonal and monoclonal lymphomas. When the first polyclonal lymphomas
were described (7) and found to have molecular characteristics of a favorable long-
term therapeutic outcome (8,15), the concept was proposed that polyclonal lymphomas
represented either a novel disease or a disease identified earlier in the pathogenesis of
monoclonal lymphoma (3). The major difference between other classes of lymphomas
and the AIDS-associated lymphomas is of course the presence of HIV in the latter case.

HIV is a retrovirus and as such has the capability of integrating into infected host cell
DNA. Retroviruses have the capability of integrating near and upregulating genes that in
certain circumstances can trigger continued cellular proliferation. This is a process
termed retroviral insertional mutagenesis (16). Early studies of HIV in tumor B cells
failed to find HIV integrated within the B-cell population (17). However, macrophages
are a major target for HIV infection and HIV-infected macrophage dysfunction has been
implicated in driving lymphomagenesis. A central role for the macrophage in lym-
phomagenesis is suggested by its production of lymphostimulatory cytokines (18) and
its chronic presentation of antigens (i.e., HIV) to expanding B-cell population (6,13).
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A survey of AIDS lymphomas performed in the early 1990s identified a series of
tumors wherein cells expressed high levels of HIV p24. One of these cases containing
no clonal B cells was molecularly defined as a T-cell lymphoma, consisting of cells
uniformly expressing high levels of HIV p24 antigen (19). This was the first case
identified wherein HIV appeared to be integrated in a clonally expanded cellular pop-
ulation. This observation was the first to suggest that HIV could in certain circum-
stances act as an insertional mutagenic agent not unlike those observed with Avian
leukosis virus in B-cell lymphomas wherein an activated c-myc gene was implicated
in lymphomagenesis (20). The remainder of this chapter details studies performed to
date on the role that HIV potentially plays as an insertional mutagen in vivo, those
studies giving rise to the “sequential pathogenesis” hypothesis of AIDS-related
lymphomagenesis.

FIRST CASE OF CLONAL HIV IN LYMPHOMAGENESIS

In 1992 Herndier et al. (20) described the first case of an AIDS-associated lym-
phoma containing a clonal form of HIV. This was a high-grade T-cell lymphoma that
expressed CD4, CD5, and CD25, as well as high levels of HIV p24 antigen. The lym-
phoma was immunophenotypically T cell and contained a monoclonal T-cell receptor
B-chain gene rearrangement. Although the immunophenotype (CD4+, CD25+) was
consistent with that of a human T-cell leukemia virus type I (HTLV-I)-associated T-cell
lymphoma, no evidence for HTLV-I infection was demonstrated. Southern blot analy-
sis with an HIV probe, however, found a single form of HIV within this tumor. Parallel
Southern blot analyses of nontumor involved lymph nodes failed to find any dominant
clonal HIV form. This was the first case wherein clonal HIV was implicated in the
pathogenesis of an AIDS-related lymphoma.

EXPANDED STUDIES ON HIV P24 EXPRESSING TUMORS

To follow up the original case, lymphoma specimens obtained at San Francisco Gen-
eral Hospital during the period from 1985 through 1993 were screened with an anti-HIV
p24 antibody. The original case was the only T-cell lymphoma in which all cells expressed
HIV p24; however, many cases were identified in which tumor-associated macrophages
were found to express high levels of HIV p24. In 1994, Shiramizu et al. (21) provided evi-
dence for clonal HIV involvement in three more cases of AIDS-related lymphoma in
addition to the first T-cell lymphoma described previously. The additional three cases
were “ployclonal” or mixed immunophenotype and showed no evidence for a clonal B-
cell or T-cell population of cells. This report evolved from the same type of Southern blot
analysis performed in the original description of monoclonal HIV T cell lymphoma
described previously. Figure 1 shows a Southern blot analysis of the original T-cell lym-
phoma and three polyclonal lymphomas reported in ref. 21. This experiment shows that
each of these lymphomas contained a single dominant form of HIV. Lane 1 contains an
HIV in vitro infected lymphoma control, lances 2 and 3 contain two different enzymatic
digestions of DNA extracted from the original T-cell lymphoma, and lanes 4–6 contain
DNA from three polyclonal lymphomas. Each of the three lymphomas in lanes 4–6 con-
tained fewer than 5% clonal B cells as defined by immunoglobulin gene rearrangement
studies, but immunohistochemical staining showed a high frequency of HIV-positive
macrophages within these large-cell lymphoma specimens (21).
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The four cases shown in Fig. 1 were further studied and represent the analysis
described in the Shiramizu paper in 1994. In this study the inverse polymerase chain
reaction (IPCR) technique was performed on DNA extracted from all four tumors.
IPCR utilizes primers within the HIV LTR facing away from each other followed by
cutting with a restriction endonuclease and ligation into circular forms of DNA. This
procedure allows identification of flanking sequence DNA and mapping of monoclonal
HIV integration sites. In each of these four tumors the integration site was mapped to
the region just upstream to the c-fes oncogene. The integrations all occurred within the
3′ exon (nontranslated) of the fur gene on chromosome 15, 1000–3000 basepairs
upstream of the c-fes transcriptional initiation site. Southern blot analysis of IPCR
products showed the presence of both LTR and fur gene sequence on each amplified
IPCR product.

To prove that the IPCR-amplified products were related to the major HIV form
within the tumor, a further Southern blot analysis was performed. Figure 2 shows the
Southern blot analysis of a tumor associated IPCR product (lanes 1 and 2) as compared
to tumor DNA (lane 3) cut with the same restriction enzyme. Lane 1 shows the ethid-
ium bromide stained IPCR bands, which in lane 2 hybridized with a nonprimer HIV
LTR probe (CW1B). Lane 3 shows the Southern blot results of a Sau-3a-digested
tumor DNA probed with an exon-z fur gene probe. Note that all three lanes containing
tumor and IPCR DNA have bands that comigrate, a finding consistent with IPCR prod-
uct sequencing results (21). This is an important observation as it shows the IPCR
products to be derived from the major integrated HIV form within the tumor.

As defined by Shiramizu et al. (21), all four tumors had HIV integrated within the
fur gene upstream of c-fes. Northern blot analysis was performed on RNA extracted
from two of these tumors and from one follicular hyperplasia not involved with tumor.
Figure 3 shows Northern blot analysis of these two tumors probed with a c-fes probe.
Lane C is RNA extracted from a chronic myeloid leukemia cell line constituitively
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Fig. 1. Southern blot analysis with HIV probe. DNA was extracted from cell pellets and
original tumor specimens and Southern blot analysis was performed as previously described
(19). Lane 1. DNA from HXB2 transfected T cell line. Lanes 2, 3. T-cell lymphoma specimen
from (19) digested with BAM-H1 (2) and Xba-1 (3). Lanes 4–6. BAM-H1 digests of DNA from
cases 2–4 (respectively) from ref. 21.
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Fig. 2. IPCR and Southern blotting of HIV-LTR/fur junction region. DNA was extracted
from the HIV T-cell lymphoma described in ref. 19 and San3a digested. IPCR (lane 1) was per-
formed on 50 ng of DNA (1 ng of IPCR product) and 10 ng of digested tumor DNA were run on
a gel and Southern blotted with an LTR probe (CW1B, ref.21) and fur probe (lane 3, ref. 21).
Sequence analysis confirmed the junction fragment as containing LTR and fur gene sequences.

Fig. 3. Northern blot analysis of c-fes expression in HIV associated tumors. RNA was
extracted from the HIV-associated T-cell lymphoma described in ref. 19 (lane 1), control hyper-
plastic lymph node (lane 1C), polyclonal AIDS lymphoma (Case 2 in ref 21) and compared
with c-fes expressing the TF-1 cell line. Northern blots with c-fes containing probe was per-
formed as previously described (26). A β-actin probe was used to control for level of RNA
expression on original blot after washing.



expressing the normal 3-kb c-fes message. Lane 1 is the RNA extracted from the origi-
nal T-cell lymphoma with lane 1C a follicular hyperplastic lymph node obtained from
the same patient. The c-fes message was expressed only within the tumor and not a
nontumor involved node. Lane 2 represents a Northern blot of RNA extracted from the
mixed immunophenotype lymphoma described in Shiramizu et. al. (Case 3, ref. 21)
and shows the same 3-kb message hybridizing with a c-fes probe. All specimens con-
tained similar levels of β-actin RNA.

To test whether the c-fes RNA expression coincided with expression of protein,
monoclonal anti-fes antibody was used to stain a mixed immunophenotype lymphoma
as compared to a follicular hyperplasia control (Case 2, ref. 21). Figure 4A shows
immunohistochemical staining of macrophages (not associated tumor cells) within the
polyclonal lymphoma. Figure 4B shows that only a rare cell expressed fes protein
within a follicular hyperplastic lymph node. These data taken together with data shown
in Fig. 3 suggest that fes is expressed at both the RNA and protein level within these
clonal HIV-containing tumors.

In an attempt to localize the clonal HIV, fluorescence activated cell sorting studies
were performed in which CD14+cells were sorted from CD3+ and double-negative
cells. Figure 5 shows the IPCR results of this experiment. Only sorted CD14+ cells
contained clonal forms of HIV. In conjuction with the immunohistochemical studies,
these data are consistent with a clonal expansion of tumor associated macrophages
(CD14 expressing cells) constitutively expressing c-fes protein. As described previ-
ously, c-fes encodes a 92-kD a protein tyrosine kinase that acts as an intracellular sig-
nal for such macrophage activating cytokines such as interleukin-3 (IL-3), GM-CSF,
and M-CSF (21). Constitutive expression of c-fes in macrophages may therefore con-
tribute to clonal expansion of macrophages in this subset of tumors. Of interest is the
observation that Reed–Sternberg cells of Hodgkin’s disease also express c-fes RNA.
The “sequential pathogenesis” model predicts that both the Reed–Sternberg cell in
Hodgkin’s disease and macrophages in AIDS lymphoma provide growth stimuli (fac-
tors) for the surrounding polyclonal cellular proliferations (3,22).

SENSITIVITY OF IPCR

As shown in Fig. 5, input tumor material had only faint IPCR bands whereas the
CD14+ cell subset provided clear bands. This observation suggests a certain limitation
in sensitivity of the IPCR procedure. In order to test the relative prevalence of clonal
HIV within a tumor specimen, a sensitivity study was performed on the IPCR system
employed thus far. Tumor DNA from the original T-cell lymphoma was serially diluted
into DNA extracted from these same patients’ follicular hyperplastic lymph nodes (21).
The results showed that the clonal IPCR bands began to disappear when the HIV con-
taining DNA was in the 2–5% range (Fig. 6). Therefore the IPCR study shown in Fig. 5
and those shown previously (21) are capable of detecting clonal forms of HIV only if
they represent 2–5% of the tumor DNA. This study confirms that IPCR is capable only
of identifying the dominant clonal form of HIV within these tumors. This is important
considering the recent report that different primer pairs (long terminal repeat [LTR]
and GAG primers) apparently have a much higher sensitivity than that described in the
studies cited earlier (23).
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MODEL FOR SEQUENTIAL PATHOGENESIS

The Shiramizu et al. article (21) and a follow-up study by McGrath et al. (24) identi-
fying clonal IPCR products in an early form of Kaposi’s sarcoma led to the proposal of
the “sequential pathogenesis” model. In this model HIV randomly infects
macrophages, however at a certain frequency that infection and subsequent integration
can occur next to the c-fes oncogene. Fes is a 92-kDa tyrosine protein kinase associated
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Fig. 4. C-fes expression in AIDS lymphoma vs hyperplastic lymph node tissue. Immunohis-
tochemical staining was performed on tumor (Case 2 in ref. 21) and on involved lymph node
with mouse-anti-fes antibody (Oncogene Research Products, Cambridge, MA) as previously
described (19). (A) Tumor. (B) Lymph node (4× lower power than A). Monoclonal isotype
matched control antibody staining was negative on both tissues.



with malignant transformation in animal tumor systems (21). It is also an intracellular
signal molecule communicating transmembrane signals in macrophages initiated by
M-CSF, GM-CSF, and IL-3. The data presented earlier and in this review suggest that
c-fes is constituitively expressed in macrophages containing clonal forms of HIV. Other
studies have implicated macrophages as providing growth factors to support the expan-
sion of lymphoma cells in vitro and in vivo. Growth factors implicated include IL-6,
IL-10 as well as other lymphostimulatory cytokines (19). Constitutive expression of
IL-10 by a macrophage clone would also predictably interfere with activation of an
anti-lymphoma T-cell response. The sequential pathogenesis model predicts that early
stages in lymphomagenesis contain this clonal form of expanded macrophage that pro-
vides an environment that allows B-cell expansion into the experimentally observed
polyclonal lymphoma process (reviewed in 3). Over time these polyclonal lymphomas
develop dominant clones and can then evolve into a monoclonal B-cell process. In this
setting a preexistent B cell with c-myc locus translocation might have a considerable
advantage and ultimately become the dominant clone. Similarly a bcl-6 abnormality or
herpesvirus infection could dominate tumor progression. The timing of such events is
unclear—the possibility of superinfection with EBV of an already extant lymphoma
process is intriguing—the EBV acting as a late hit in tumor progression. A schematic
representation of this process is shown in Fig. 7.

This sequential pathogenesis process provides a new therapeutic intervention target
for AIDS-related lymphoma. Conventional therapy, although capable of inducing
remission in many patients with AIDS lymphoma, with high rates of relapse or death
from complications of chemotherapy associated immunosuppression. The identifica-
tion of clonally expanded macrophages allows one to consider them as a new target for
therapeutic intervention potentially earlier in the lymphomagenic process.
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Fig. 5. HIV-IPCR on separated cells from AIDS lymphoma. HIV-IPCR was performed on
cells as described in ref. 21 on tumor cells from Case 2 (ref. 21), CD14+, CD3+, and
CD14–/CD3– cells from Case 2.
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Fig. 6. Sensitivity of IPCR. DNA from a monoclonal tumor specimen containing a clonal
HIV was diluted with increasing quantities of DNA from a hyperplastic node from Case 1 (ref.
21) the same patient and subjected to IPCR. Agarose gel stained with ethidium bromide shows
bands approx 200 and 450 basepairs.

Fig. 7. Sequential pathogenesis of AIDS lymphoma schema.



Recent epidemiologic data suggests that macrophage dysfunction may be critical to
the evolution of lymphomagenesis (25). In a large recent case-control study of non-
AIDS lymphoma, the two factors associated with a reduced risk of lymphoma are both
related to inhibition of macrophage activation. The long-term use of nonsteroidal anti-
inflammatory drugs, known to down regulate macrophage inflammatory mediator
expression such as IL-1 and IL-6, was found to be protective for lymphoma develop-
ment. The other major factor suggesting protection from lymphoma development was
chronic use of cholesterol lowering agents such as cholestyramine. Fat ingestion by
macrophages is known to induce activation and elaboration of inflammatory cytokines.
Therefore both at the level of inflammatory cytokine production (nonsteroidal inflam-
matory drug [NSAID] use) and macrophage stimulation (cholestyramine use), drugs
that reduce macrophage activation appear to decrease the risk for patients developing
non-Hodgkin’s lymphoma. Detailed follow-up studies on other subsets of AIDS and
non-AIDS-associated lymphoma will be required to determine the generality of the
“sequential pathogenesis” model of lymphomagenesis.

SUMMARY

The data described in this chapter suggest that HIV is capable of integrating within
cells and allowing those cells to expand in a clonal manner. The first case involving clonal
HIV integration was a monoclonal T-cell lymphoma, but three subsequent cases analyzed
in detail have been expansions of HIV expressing macrophages involved in polyclonal
lymphoproliferative processes representing early forms of lymphoma. Integration site
mapping studies using IPCR, Southern blot, and DNA sequencing in each case identified
the integration region within the fur gene upstream of c-fes. Studies on c-fes expression
revealed normal c-fes message size and expression of c-fes protein within tumor tissue.
Upon cell sorting, the clonal form of HIV was found exclusively in tumor associated
macrophages within the polyclonal lymphomas. These observations gave rise to the
“sequential pathogenesis” hypothesis wherein clonal forms of macrophage drive early
events in lymphomagenesis. The recent epidemiologic data linking use of drugs that
decrease macrophage inflammation with a decreased risk of lymphoma development are
consistent with molecular studies implicating AIDS lymphoma B cells as outgrowths of
antigen/mitogen driven processes. Studies currently underway include expanding investi-
gations of the sequential pathogenesis model to other HIV-associated diseases wherein
infected macrophages play a central role, such as in AIDS related dementia.
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Papillomaviruses in Human Cancers

Harald zur Hausen

Papillomas as benign tumors were the first proliferative condition for which the cau-
sation by a viral infection has been convincingly demonstrated. Tumor virology started
with the cell-free transmission of oral dog warts by M’Fadyan and Hobday in 1898 (1).
These experiments preceded the frequently cited studies of a cell-free transmission of a
chicken sarcoma by Peyton Rous (2) by 13 yr and those by Ellermann and Bang (3) on
a viral origin of chicken leukemias by 10 yr. Also prior to these observations, in 1907
Ciuffo in Italy (4) showed the transmissibility of human warts in self-inoculation
experiments. Thus, papillomas emerged as the first (though benign) tumors with a
proven viral etiology.

The conversion of virus-caused papillomas into carcinomas was initially observed
by Rous and Beard (5) and carefully analyzed by Rous and his associates in cottontail
rabbits (6–8). In these years, Rous analyzed synergistic effects of this virus infection
with chemical carcinogens and formulated first ideas on tumor initiation. The frequent
conversion of papillomas into carcinomas in the rabbit papillomavirus system has nev-
ertheless for a long time been considered as a biological curiosity, particularly in view
of the virtual absence of similar observations in humans. Only in the beginning of the
1950s a rare hereditary condition, epidermodysplasia verruciformis, a generalized ver-
rucosis with frequent subsequent progression into squamous cell carcinomas of the
skin, was recognized as a condition linked to wart virus infection (9–11). Although in
the following decade human papillomavirus particles were demonstrated electron
microscopically and in the 1960s characterized as DNA viruses with a double-stranded
circular genome, interest in this virus group remained at best marginal in this period of
time. Besides the apparent clinical unimportance of warts, the inability to grow these
viruses in tissue culture systems represented another contributing factor, discouraging
most virologists.

The situation changed in the 1970s. Advances in molecular biology, the discovery of
the heterogeneity of the human papillomavirus (HPV) group (12–14), published specu-
lations on a role of specific papillomaviruses in cancer of the cervix (15–17), and the
demonstration of a specific papillomavirus type in squamous cell carcinomas of
patients with epidermodysplasia verruciformis (18) resulted in gradually increasing
interest in this virus group. Since the early 1980s the situation changed more dramati-
cally. The finding of novel HPV types in biopsies from cervical carcinomas (19,20) led
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to a rapid increase in HPV studies and to a large number of attempts to prove their eti-
ologic role in cervical as well as in other cancers.

GENERAL CHARACTERISTICS

The papillomavirus family emerges as the most complex family of human patho-
genic viruses. Eighty-five different HPV types have been analyzed to date and the
nucleotide sequence of most of them has been determined (21,22 and de Villiers, per-
sonal communication). In addition, approx 120 putative novel genotypes were identi-
fied, based on more than 10% differences in their nucleotide sequence in a most
conserved stretch of the major structural protein L1.

Structural properties of papillomavirus particles and the analysis of HPV DNA, as
well as the mode of DNA replication, have been covered in previous reviews (e.g., 23).
In brief, the nonenveloped particle of approx 55 nm in diameter contains a double-
stranded circular genome ranging in size between 7000 and 8000 basepairs. The struc-
ture renders these particles remarkably resistant against thermal inactivation. Genes are
read in one direction only, and the genome contains two genes coding for late functions,
the viral structural proteins, and six to eight early genes. Previous reviews covered the
genomic structure of HPVs and animal papillomaviruses extensively (e.g., 23,24). Three
genes (E6, E7, and E5) possess growth-stimulating properties, although, in contrast to
E5, E6, and E7 are able to transform a variety of human cells individually and cooperate
under conditions of simultaneous expression. E1 and E2 are engaged in viral DNA repli-
cation, E2 also in the transactivation of the viral long regulatory region. E3 and E8 genes
have not been described in human anogenital HPV types. E4 is possibly a late nonstruc-
tural gene of these viruses, but its exact function remains to be elucidated.

As outlined previously, the papillomavirus group turned out to be extremely hetero-
geneous. The existing multitude of types can be subdivided into several individual sub-
groups: one of them covers anogenital HPV infections, the others contain HPV types
infecting the skin. Depending on their relative risk to induce malignant transformation,
but also on their ability to immortalize human cells in tissue culture, some anogenital
HPV types are considered as “high-risk” infections, others as “low risk” (25). The fol-
lowing sections deal mainly with functions and control of E6 and E7 genes of high-risk
infections and cover the host control of the virus.

NATURAL HISTORY OF HPV INFECTIONS

Infections with papillomaviruses require the availability of cells that are still capable
to replicate (reviewed in 24). The outcome of an infectious event mainly depends on
three factors: (1) the multiplicity of infection, (2) the interaction with chemical or
physical carcinogens, and (3) immunologic responsiveness.

The role of the input multiplicity has been most carefully analyzed in cottontail rab-
bit papillomavirus (CRPV) infections (26–28). Infection of the rabbit skin with high
doses of CRPV results in the emergence of papillomatous changes already 4–6 wk
after inoculation. Low concentrations, however, result in papillomas only under condi-
tions of treatment of the rabbit skin with chemical carcinogens (7,8,26). Without such
treatment viral DNA can be demonstrated in normal tissue by the polymerase chain
reaction (PCR). It appears that under these condition only the E1 gene is expressed
which is required for the maintenance of the episomal state of the persisting viral DNA.
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Immunosuppression of humans, either after receiving organ allografts or under con-
ditions of an acquired immunodeficiency syndrome (AIDS), frequently results in
extensive verrucosis (29). Recent observations demonstrate the presence of papillo-
mavirus DNA of a broad spectrum of genotypes in biopsies from normal skin and folli-
cles of plucked hair (30,31). This suggests that multiple infections with virus
production are commonly taking place without any clinical symptoms. It is therefore
highly likely that four modes of viral genome persistence exist: (1) latent infections
(possibly only with E1 gene expression), (2) inapparent infections (without clinical
symptoms), (3) apparent infections (development of lesions), and (4) abortive infec-
tions (after integration of the viral genome into host cell DNA with the possible conse-
quence of dysplasia and malignant progression).

Infections probably largely depend on the availability and the access to basal layer
cells. These cells suppress efficiently viral functions, as long as this suppression is not
overcome by a high input multiplicity. Only subsequent cell divisions and irreversible
differentiation of the infected keratinocytes render these cells permissive for viral gene
expression. The events are schematically shown in Fig. 1.

Low-input multiplicities in experimental settings lead to latent infections that can be
reactivated by chemical or physical carcinogens or by severe immunosuppression. Par-
ticularly the activation of latent infections by chemical and physical carcinogens sug-
gests the need for modifications in either host or viral DNA for the induction of
proliferative changes. There exist no hints for modifications in the viral genome. In
contrast, there is evidence for a tight host cell control in basal layer cells. This permits
the following interesting speculation.

Papillomas in humans should then result mainly from HPV-infected cells that
acquired specific modifications of the host cell genome switching off the effective con-
trol of early viral gene expression. It is interesting to note that genital warts (condylo-
mata acuminata) and CRPV-induced lesions of the rabbit skin reveal a remarkable
degree of early viral gene transcription already in the proliferative zone (27,32).
Condylomata acuminata contain predominantly HPV-6 or -11 genomes. Similar to
CRPV, a latent state of HPV-11 in the periphery of laryngeal papillomas has been
reported previously (33). It is therefore possible that the development of the respective
lesions is the consequence of preexisting or induced genetic damage afflicting specific
genes. The observed clonality of high-grade HPV lesions would also be in line with
this speculation (34,35). High-input multiplicities of the infecting agent that block
intracellular inhibitory mechanisms by a gene-dosis effect could be an explanation for
nonclonal development of papillomas. .

In some contrast, early lesions induced by high-risk HPV types 16 and 18 frequently
reveal very low, sometimes barely detectable, levels of viral oncogene expression
(36,37). One possible explanation would be a certain degree of leakiness for viral
oncogene expression, specifically characterizing the high-risk HPV types, permitting
in most instances the development of clinical symptoms and rarely or not at all result-
ing in a true state of latency. This point seems to require further investigation.

Viral DNA replication and particle formation in the stratum granulosum and stratum
corneum may continue for long time intervals. The long-lasting release of infectious
virus from cutaneous and mucosal surfaces accounts for the success of these infections.
The frequent absence of an exposure to the immune system of the host is the most
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likely explanation for the development of this complex virus group. The evolution took
place under minimal restraints from immunologic defense mechanisms.

CANCERS LINKED TO HPV INFECTIONS

Initial identifications of human papillomaviruses in human cancers were made in
squamous cell carcinomas of the skin of patients with a rare hereditary disorder, epi-
dermodysplasia verruciformis (38). Jablonska and co-workers considered this condi-
tion already in 1972 (11) as a model to study the role of papovaviruses in human
cancers.

A very common human cancer presently known to be caused by specific papillo-
mavirus types is cancer of the cervix. The link of this cancer to HPV infections was
proposed between 1974 and 1976 (15,16). The first virus isolates from this tumor
type, HPV-16 and HPV-18, were published in 1983 and 1984 (19,20). Today > 95%
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Fig. 1. Schematic model and outline of events following infection by human papillo-
maviruses. The left part symbolizes a cell harboring an HPV genome (bar). The persisting viral
genes are controlled by an intercellular control mechanism suppressing transcription, mediated
by cytokines of surrounding cell compartments. In addition, an intracellular mechanism blocks
the function of viral oncoproteins. Expressed viral genes moreover are subject to immunologic
surveillance. High-input multiplicities seem to overcome the intracellular and intercellular con-
trol functions (central part). Conversion toward malignant growth should still imply the non-
recognition of viral antigens by immunologic control mechanisms of the host. Conversion of
cells containing low copy numbers of HPV DNA to malignant growth requires the modification
of host cell genes regulating the inter- and intracellular (CIF-) cascades. In addition, nonrecog-
nition by immunologic surveillance mechanisms seems to be a further requirement.



of cervical cancer biopsies contain HPV sequences. Although HPV-16 represents by
far the most frequently identified virus, a number of additional genotypes has been
identified in this tumor. Table 1 lists HPV genotypes found in cervical cancer
biopsies.

Besides cervical cancer other anogenital cancers (anal, perianal, vulval, penile, and
vaginal) have been linked to the same infections. Whereas anal and perianal cancers
reveal a similar distribution of high-risk HPV infections, as found in cervical cancer,
only about 50% of the other cancers turn out to contain high-risk HPV DNA. It is
presently unknown whether the negative biopsies are indeed HPV-negative or contain
other, possibly cutaneous, HPV types. In view of the scarcity of biopsies from such
tumors no careful studies have been conducted to analyze the presence of cutaneous
HPV in these conditions.

Besides anogenital cancers, approx 20% of oropharyngeal cancers have been found
to contain anogenital high-risk HPV types (39). Particularly frequent are HPV findings
in cancers of the tonsils (40,41) and the tongue (42). Occasional HPV positivity has
also been reported for other cancers, such as cancer of the larynx (43,44), hypopharynx
(45), nasal cavity (46), palatine, buccal mucosa, lips (45), and even for a few lung can-
cer biopsies (47). Since HPV-positive oral cancers, to the extent they have been investi-
gated, express the viral oncoproteins E6 and E7 (48,49), it is likely that the virus plays
a causal role in these tumors.

HPV infections have also been suspected to play a role in cancer of the esophagus
(50). The available data are not fully convincing, and vary substantially between indi-
vidual laboratories and different geographic regions from zero to 67% (reviewed in
51). A recent report finds a relatively high rate (34.9%) of HPV-positive biopsies in
samples obtained from China and in 26.4% of samples obtained from cancer cases in
South Africa (52). Only a small fraction of the latter tumors contained anogenital
HPVs; the others contained HPV types also found in cutaneous lesions. Three of the
identified types represented putative novel HPV genomes.

Squamous cell carcinomas developing in patients with epidermodysplasia verruci-
formis (EV) have been shown in 1979 to contain members of a specific subgroup of
HPVs (38). The development of broad-spectrum PCRs permitting the detection of a
wide variety of HPV types resulted in the demonstration of a high percentage of squa-
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Table 1

Genotypes of HPV Detected in Benign and Neoplastic Lesions of the Cervix

Lesion HPV genotypesa

Condyloma acuminata 6, 11, 42, 44, 51, 53, 83

Intraepithelial neoplasia 6, 11, 16, 18, 26, 30, 31, 33, 34, 35, 39, 40, 42, 43,
45, 51, 52, 56, 57, 58, 59, 61, 62, 64, 67, 68, 69, 70,
71, 74, 79, 81, 82

Cervical and other anogenical cancers 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 54, 56, 58,
66, 68, 69

a Large font indicates most common genotypes; small font indicates least common genotypes.



mous cell carcinomas in immunosuppressed as well as in immunocompetent individu-
als containing in part novel HPV sequences (53–57). At present more than 80% of
these tumors are HPV positive. A recent report describes a higher prevalence of some
types in these lesions with HPVs 20, 23, 38 and two putative novel types accounting
for 73% of the virus-positive biopsies (58). The significance of these findings is diffi-
cult to assess. Problems arise from the high rate of HPV prevalence in plucked hair fol-
licles and in biopsies from normal skin (30,31), where up to 50% of the analyzed
materials were found to be HPV-positive. In these materials a broad spectrum of differ-
ent HPV genotypes has been detected, leading in addition to the identification of sev-
eral putative novel genotypes.

It is possible that, in contrast to high risk anogenital HPV infections, cutaneous HPV
infections contribute by an indirect mode to squamous cell carcinoma development:
their presence may protect against apoptosis after genetic damage due to solar expo-
sure (Storey, personal communication), thus resulting in increased survival of the
genetically modified cells. On the other hand, the development of papillomas in
immunosuppressed patients specifically at sun-exposed sites points also to an involve-
ment of genetic damage in wart development caused by these viruses. Further studies
will have to clarify the picture.

PATHOGENIC MECHANISMS

Early observations analyzing HPV genomes and the viral transcription pattern in
cervical carcinoma cell lines revealed already frequent integration of viral DNA (20)
and the consistent expression of the viral early genes E6 and E7 (59,60). The same
genes have subsequently been shown to be necessary for immortalization of various
types of human cells (reviewed in 61). E6 as well as E7 genes can immortalize human
cells independently (62–64), although they cooperate efficiently in the immortalization
of a wide spectrum of different human cells (65,66).

E6 and E7 gene expression is also necessary for the proliferative phenotype of cul-
tured cervical carcinoma cells (67–69). Inducible E6/E7 antisense constructs or a hor-
mone-inducible switch-off of HPV revealed that, in the cervical carcinoma cell lines
tested, the expression of at least one of the viral oncogenes is necessary for the prolif-
erative and the malignant phenotype.

The HPV16 E7 protein has been identified as a zinc binding phosphoprotein with
two Cys-X-X-Cys domains composed of 98 amino acids. A similar zinc binding motif
and two Cys-X-X-Cys motifs are also occurring in the E6 protein. This may point to an
evolutionary relationship between the two proteins.

High-risk HPV E7 proteins complex with the retinoblastoma susceptibility protein
pRB (70). The binding affinity of high-risk HPVs E7 for pRB is approx 10-fold
higher than that of low-risk HPVs (71). E7 is also able to cooperate with an activated
ras gene in transformation of rodent and human cells (72,73). pRB-binding, however,
does not emerge as a general precondition for immortalization (74,75), pointing to
additional functions of the E7 protein. E7/pRB binding releases the transcription fac-
tor E2F from pRB complexes, thus activating transcription of genes regulating cell
proliferation (76).

Besides binding pRB high-risk HPV E7 proteins associate with related proteins,
such as p107 and p130, and with the protein kinase p33cdk2 and with cyclin A (77,78).
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E7 expression in NIH3T3 cells results in a constitutive expression of cyclin E and
cyclin A genes in the absence of external growth factors (79).

High-risk E7 proteins, to a lesser extent than E6 proteins, can override DNA-damage
p53-induced G1 growth arrest (80–83). This is considered as a potential mechanism for
the reported E7 induction of chromosomal aberrations (84).

A number of additional interactions of the E7 protein with host cell proteins have
been revealed recently. E7 inactivates two cyclin-dependent kinase inhibitors, p21CIP-1

and p27KIP-1 (85–87). It is possible that this inhibitory interaction is reciprocal and
depends on the quantity of expressed E7 protein. In addition, a modulation of type M2
pyruvate kinase activity has been reported by the HPV16 E7 oncoprotein (88), which
seems to point to an important interference of viral oncoproteins with the carbohydrate
metabolism of the infected cell.

The E6 protein binds p53 and abolishes its tumorsuppressive and transcriptional
activation properties (89). It promotes ubiquination of p53 and its subsequent proteoly-
sis through interaction with the E6AP ubiquitin-protein ligase (90,91). E6 and E7 are
able to immortalize human keratinocytes independently, although both genes cooperate
effectively in immortalization events. As observed for E7, E6 also targets other pro-
teins: the focal adhesion protein paxillin (92) and the interferon regulatory factor 3
(IRF-3), blocking the induction of interferon-β mRNA after viral infection (93). These
data indicate the multifunctionality of viral oncoproteins, modifying a multitude of cel-
lular functions.

The low efficiency of HPV immortalization, but even more so the recessive nature of
immortalized cells, frequently complementing each other to senescence when cells of
different clones are subjected to somatic cell hybridization (94,95), strongly suggests
that E6/E7 gene expression is necessary but not sufficient for immortalization. The
same accounts for malignant conversion: as previously discussed, viral oncogene
expression appears to be necessary for the malignant phenotype of HPV-positive cells.
Yet, somatic cell hybridization of cells from different HPV-positive lines reveals three
possible modes of outcome (96): besides the failure to complement as seen for some
lines (e.g., the HPV-18-positive HeLa and SW 756 cells), some complement each other
for senescence (Rösl and zur Hausen, unpublished data), and still others complement
each other for a nonmalignant phenotype (e.g., HeLa cells and the HPV 16-positive
Caski line). Complementation to senescence on the one hand and complementation of
malignant cells to immortalization on the other suggest that besides HPV gene expres-
sion at least two additional cellular signaling cascades need to be modified to permit
malignant conversion.

HOST CELL FACTORS CONTROLLING HPV INFECTIONS: 
THE CIF CONCEPT

In most but not all cervical cancers viral DNA persists in an integrated state,
whereas premalignant clinical lesions commonly contain exclusively episomal DNA
(97). Integration of the viral episome usually destroys its structural integrity, resulting
in a partial dysregulation of viral oncogene transcription that results in part from
upstream cellular enhancers, in part also from increased longevity of chimeric tran-
scripts, encoding E6 and E7, but also flanking cellular sequences (59,98). Integration
seems to occur during the transition to high-grade lesions and seems to be partially
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responsible for the advanced dysplastic phenotype. Yet, it is clearly not sufficient, nei-
ther for the immortalized nor for the malignant phenotype of the cells. This can be
judged from the analysis of somatic cell hybrids between different HPV-positive carci-
noma cells or between different HPV-immortalized cells. In either instance these cells
may complement each other to senescence, in spite of the exclusive presence of inte-
grated viral DNA (95). Some integration sites have been identified that correspond to
fragile regions of the chromosomes (99–103).

Mounting evidence points today to specific chromosomal aberrations in either HPV-
immortalized or malignantly transformed human cells. Although numerous aberrations
have been demonstrated during the past 10 yr, some occur at higher frequency: they
involve the chromosomal regions 3p14.2 and 3p21 (104–106), 11p15 and 11q23
(106–109), and 17p13.3 (110). Besides these additional apparently nonrandom modifi-
cations have been found in chromosomes 4p16, 4q21–35, 5p13–15, 6p21.3–22, and
18q12.2-22 (107,111,112).

The chromosome region 3p14.2 harbors the Fragile Histidine Triad or FHIT gene
(113 and recently reviewed in 114). This exceptionally large locus is very frequently
altered in common human cancers including cancer of the cervix. The gene seems to
play a role as tumor suppressor gene, as replacement of FHIT expression in the respec-
tive cancer cells suppresses their tumorigenicity.

On a first glance the emergence of relatively specific chromosomal aberrations in a
clearly virus-linked human cancer could be perplexing and may pose questions con-
cerning the role of the persisting viral DNA. As previously pointed out, however, there
exists ample evidence that viral oncogene expression is necessary for initiation and
maintenance of the proliferative phenotype of HPV immortalized cells, but also for
those HPV-positive cervical carcinomas cell lines that could be subjected to experi-
mental analysis. As discussed previously, the viral oncoproteins are obviously neces-
sary but not sufficient for the immortalized and for the malignant phenotype of
HPV-infected cells.

Early attempts to analyze a possible interaction between cellular functions and
potential tumorviruses resulted in the postulation of a cellular interference factor (CIF),
suppressing in normal cells transcription of viral oncogenes or their intracellular func-
tions (115,116). Data obtained later on revealed the existence of a network of CIFs
adapted to the control of persisting high-risk HPV RNA transcription and the function
of viral oncoproteins and resulted in a CIF-cascade concept (24,117).

The transcriptional control is presently better understood than the functional control
of persisting HPV oncogenes. Explanation of human HPV-immortalized cells into
nude mice commonly results in small nodules without further progression and a very
low rate of HPV E6/E7 RNA transcription in a limited number of cells only (118). This
corresponds to observations made in proliferating layers of low-grade lesions of the
cervix containing high-grade HPV (36,37). Speculations that signals from the sur-
rounding tissue mediate the suppression of HPV transcription led to experiments to
expose HPV-immortalized and malignant cells to human macrophages under tissue
culture conditions (119–121). The data revealed that macrophages suppress selectively
HPV transcription in immortalized, but not in malignant cells. Tumor necrosis factor-α
(TNF-α) seems to play a prime role in the suppressing effect, as noted also in other
systems (122–124). Other cytokines had been shown previously to suppress preferen-
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tially HPV transcription in HPV immortalized cells, such as transforming growth fac-
tor-β (TGF-β) (125,126), interleukin-1 (123,127), and interleukin-6 (128). The proxi-
mal target of the TNF-α interaction appears to be the AP-1 complex in the HPV
promoter, which upon TNF-α treatment of immortalized cells, but not of malignant
cells, changes its composition from preferential c-jun/c-jun homodimers to c-jun/Fra-1
heterodimers (121). In most malignant cells the AP-1 complex in the HPV promoter
contains c-jun/c-fos heterodimers. Overexpression of c-fos in immortalized cells results
in a single step to a malignant phenotype (121). The data point to the existence of a
paracrine signaling pathway that blocks the transition of immortalized cells to a malig-
nant phenotype (CIF-II cascade). This pathway is obviously interrupted in malignant
cells.

Putative cellular genes engaged in the transcriptional control are located on the short
arm of chromosome 11, as deletion of this arm upregulates a regulatory component of
protein phosphatase 2A (PP2A), resulting in lowered PP2A activity, and this again in
an upregulation of persisting HPV DNA (129). Similar effects can be achieved with
okadaic acid or SV40 small t-antigen, both known to interfere with PP2A function.
How PP2A affects downstream targets and eventually may modify the composition of
AP-1 dimers is still unknown.

The existence of a functional control of HPV oncoproteins (CIF-I cascade) can be
deduced from several experimental approaches: in part from somatic cell hybridization
studies revealing continued HPV oncogene transcription in senescent hybrid clones of
different immortalized cells (94), in part also from observations revealing a switch-off
of the p16ink4 cyclin-dependent kinase inhibitor in human keratinocytes immortalized
by the high-risk HPV E6 gene only (130, Whitaker and zur Hausen, unpublished data).
In E6- and E7-immortalized cells and in solely E7-immortalized cells the situation is
different. Here commonly an overexpression of p16 is observed, whereas two other
cyclin-dependent kinase inhibitors become inactivated by E7, p21CIP1 and p27Kip1

(85–87). It has some probability that under conditions of low E7 expression p21 and
p27 reciprocally interfere with functions of the viral oncoprotein, although this has not
yet been proven directly. Thus, the cyclin-dependent kinase inhibitors may represent
the most downstream targets for a functional inhibition of viral oncoproteins; their
mode of regulation still needs to be clarified.

Thus, as summarized in Fig. 1, the available data point to the existence of an intra
cellular control interfering with the function of viral oncoproteins (CIF-I cascade),
whose interruption permits the transition of infected cells to an immortalized state and
an intercellular control (CIF-II cascade), triggered by different cell compartments,
whose interruption as a second step mediates the conversion from immortalization to a
malignant phenotype. Unlimited growth in tissue culture is achieved only after inter-
ruption of the CIF-I cascade; in the patient modifications of these pathways may also
occur in the reverse order. It is likely that the observed mutagenicity of high-risk E6
and E7 gene expression (83) even at a low level of expression contributes to modifica-
tions of the host cell genomes, thus permitting high-risk HPVs (by disregarding the
factor time) a role as solitary carcinogens.

Today it becomes more and more evident that vertebrate hosts of evolutionary
ancient viruses are adapted to subimmunologic control mechanisms that interfere intra-
cellularly with functions of the viral genome.
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CONTROL OF HPV INFECTIONS

The identification of papillomaviruses as cancer-inducing agents in humans permits
the development of preventive strategies. The structural features of these viruses
enabled the construction of virus-like particles consisting either of L1 and L2 or solely
of L1 structural proteins (131,132). The use of similar preparations in analogous sys-
tems in dogs (133), cottontail rabbits (134), and cattle (135) provides an excellent base-
line for clinical trials in humans that have been started during the past years.
Theoretically these vaccines could contribute to a measurable reduction of the cancer
load, particularly in women, if applied globally. Besides attempts to develop preventive
vaccines, efforts are also going on to construct therapeutic vaccines, based on modified
E6 or E7 protein preparations or on chimeric particles expressing E7 antigenic epitopes
within the L1 (136). The latter preparations are anticipated to possess preventive and
therapeutic properties.

The value of therapeutic interferences based on these vaccination strategies is
presently difficult to assess and will have to await the outcome of clinical trails. It will
probably be difficult to treat cancer cases by using this regimen. On the other hand
there seems to exist a reasonable possibility of therapeutically vaccinating against early
lesions. It seems that after 20 yr of intensive research on anogenital papillomaviruses
the efforts are finally beginning to pay off and hopefully will result in a global decrease
of cervical cancer, which is still one of the most frequent cancers in women in major
parts of this world.
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15
Anogenital Squamous Cell Cancer and Its

Precursors: Natural History, Diagnosis, 
and Treatment

Joel M. Palefsky

INTRODUCTION

Prior to the introduction of routine cervical cytology screening, the incidence of cer-
vical cancer was 40–50/100,000. Currently the incidence of cervical cancer in the
United States is approx 8/100,000 (1) and much of the reduction is attributed to the
efficacy of cytology screening (Papanicolaou smears) to prevent cervical cancer.
Despite the reduction, these incidence data translate into the death of approx 4500
women each year in the United States of a disease that is preventable. Although some
of the mortality can be attributed to failures in cervical cytology in the form of false-
negative results, the majority of women diagnosed with cervical cancer in the United
States were never screened at all. Thus, much of the mortality is concentrated in popu-
lations of women with inadequate access to health care, particularly minority popula-
tions such as Hispanic and African-American women. Consistent with this, the
incidence of cervical cancer around the world is highest in those countries where there
is no routine cervical cytology screening.

The incidence of anal cancer among human immunodeficiency virus (HIV)-negative
men who have sex with men (MSM) is estimated to be as high as 35/100,000 (2) and
may be twice that among HIV-positive MSM (3). The incidence of anal cancer in these
groups thus resembles that of cervical cancer prior to the introduction of cervical cytol-
ogy screening, an observation that is not surprising, as there currently is no routine
screening for anal cancer or its probable precursor, anal squamous intraepithelial lesion
(ASIL).

Screening and treatment of cervical squamous intraepithelial lesions (CSILs) to pre-
vent cervical cancer is enormously expensive. Fortunately the etiologic association
between cervical cancer and human papillomavirus (HPV) offers new approaches to
the diagnosis of at-risk women to supplement cervical cytology. Other new approaches
to improving diagnosis of SIL based on refinement of preparing cervical cytology
smears and computer-assisted interpretation have recently become available as well.
Prevention of cervical cancer may be achieved in the future through a prophylactic vac-
cine approach to prevent initial HPV infection. Finally, the traditional approach to
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treating anogenital SIL, which is to physically remove the lesion, may yield to
approaches that are more HPV-specific, including therapeutic vaccines designed to
boost immunity against cells bearing HPV antigens.

NATURAL HISTORY OF CERVICAL HPV INFECTION AND CSIL

There are more than 100 anogenital HPV types and these are generally divided into
oncogenic and nononcogenic types by virtue of the frequency of their association with
invasive cervical cancer (see Chapter 14). Of the oncogenic types, HPV-16 is the most
important because it is the most common type found in cervical cancer, followed by
HPV types 18, 31, and 45. HPV 16 alone counts for about 50% of all cervical cancers
worldwide (4). HPV types 18, 31, and 45 are associated with an additional 20% of the
cancers. HPV types 33, 52, 58, 35, 39, 56, 59, and 68 account for most of the remain-
ing cancers, but many other HPV types are associated with small percentages of cervi-
cal cancers and these vary from country to country. There also exist a group of HPV
types in the genital tract that are rarely if ever oncogenic; the most common of these
are types 6, 11, 42, 43, and 44. The molecular mechanisms by which HPV contributes
to the development of anogenital cancer are reviewed in Chapter 15.

For years there was debate about the modes of acquisition of anogenital HPV infec-
tion. There is now a consensus that the great majority of cervical HPV infections are
acquired through sexual transmission (5,6). HPV is one of the most common sexually
transmitted agents, and estimates are that about 75% of the general population aged
15–49 yr acquires at least one genital HPV type during their lifetimes (7).

Epidemiologic studies of cervical HPV infection suggest that the age-related preva-
lence of HPV infection, as determined by polymerase chain reaction (PCR), is highest
among women in their late teens and early 20s (8). These data suggest that that most
women acquire HPV infection relatively early after initiation of sexual activity. The
age-related prevalence of cervical HPV infection declines thereafter, probably through
development of immunity to HPV. HPV infection in these women has either been
cleared or the level of infection may have been reduced to levels that are undetectable
using current technology, perhaps with small foci of latent infection. In addition, low
prevalence among older women may represent a cohort effect given changes in sexual
behaviors that have occurred in the last few decades.

HPV infection is initially established in the basal layer of the anogenital epithelium.
In the cervix, this is usually in the transformation zone (TZ), where the squamous
epithelium of the exocervix meets the columnar epithelium of the endocervix. This
squamocolumnar junction is a relatively thin, highly metabolically active area of
epithelium. Most HPV infections occur here and most HPV-related lesions arise from
this area, including invasive cancer. The significance of basal layer HPV infection is
that this allows the virus to perpetuate itself and persist in the more differentiated cell
layers of the epithelium. The basal and parabasal layers constitute the only dividing
cell layers in the epithelium under normal circumstances. When the basal cells divide,
the HPV genomes replicate as well and are passed to the daughter cells. This allows
HPV to persist both in the cells that generate the remainder of the epithelium and in the
progeny cells that are derived from the basal cells as they differentiate and rise through
the epithelium. It is also possible that HPV may persist for long periods of time, per-
haps indefinitely in latent form in the basal cell layers, where it can remain transcrip-
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tionally inactive and clinically silent. These clinically normal tissues may later develop
into lesions if HPV reactivates. Consequently, treatment and removal of SIL rarely
leads to “cure” of HPV infection.

Consistent with a role for HPV in the pathogenesis of anogenital SIL and invasive
cancer, the epidemiology of these two diseases tracks closely with risk factors associ-
ated with sexual activity. These include a lower frequency of cervical cancer among
nuns, higher risk among women whose husbands had more sexual partners, higher risk
among second wives if the first wife had a diagnosis of cervical cancer, and higher risk
among women whose husbands had penile cancer.

HPV infection of the basal layer may lead to a spectrum of histopathologic changes
in the anogenital epithelium. Although HPV infection is established in the basal cell
layer, the viral DNA replicates to a much higher level and becomes transcriptionally
active in the more differentiated cell layers. Most viral protein expression therefore
occurs in the more differentiated cell layers. At the more benign end of the spectrum of
disease is condyloma and cervical intraepithelial neoplasia (CIN) grade 1, also known
as mild dysplasia (Fig. 1). In the Bethesda system these have been combined into one
diagnostic category, known as low-grade SIL (LSIL) for the purpose of grading cytol-
ogy, and some pathologists combine these categories for histopathologic categorization
as well. LSIL is characterized by relatively little basal cell proliferation and atypia, and
in the case of condyloma, the presence of koilocytes (cells with an irregular, enlarged
nucleus with a clear “halo”) (9). Koilocytosis may represent a direct cytopathic effect
of HPV infection. Another diagnosis used in the Bethesda system is “atypical squa-
mous cells of undetermined significance” (ASCUS), which describes cells that are nei-
ther clearly normal nor clearly dysplastic. In contrast to LSIL, high-grade SIL (HSIL)
is characterized by increasingly severe cellular atypia, abnormal mitotic activity in the
more superficial cell layers, and replacement of the normal epithelium with immature
basaloid cells. In the Bethesda system HSIL includes CIN grades 2 and 3 (moderate
and severe dysplasia, respectively) and carcinoma in situ (CIS).

Historically, precancerous lesions of the cervix were considered to be part of a
continuum beginning with CIN 1, progressing to CIN 2, CIN 3, CIS, and ultimately
invasive cancer. This was based in part on early studies of the natural history of CIN
that showed that a high proportion of CIN 1 lesions progressed to higher grades of
disease (10). Subsequent studies failed to show a high progression rate, and it is now
believed that the result of the Richart study reflected inclusion criteria (three consec-
utive cytology smears that showed CIN 1) biased toward women who were unlikely
to regress spontaneously. Consequently, for most women, current thinking is that CIN
1 has relatively little potential to progress to invasive cancer. Moreover, the schema in
which CIN 1 progresses to CIN 2 and CIN 3 has been questioned in light of studies
showing not only that these grades of lesion can coexist in the same woman simulta-
neously, but also that some CIN 3 lesions may arise without going through a CIN 1
intermediate (11). Moreover, CIN 2–3 lesions can develop early after infection with
an oncogenic HPV type, with some lesions developing in one cohort study within 6
mo of HPV infection (11). Consistent with the higher risk of progression to cancer
from HSIL than LSIL, almost all HSIL lesions contain high- or medium-risk onco-
genic HPV types whereas LSIL lesions may contain a wider range of types from low
risk to high risk (12).
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The incidence of CIS among women aged 15–19 yr appears to have been rising in
the last few decades compared to similarly aged women, perhaps due to changes in
sexual activity during this time and earlier initiation of sexual intercourse (13). The
estimated incidence of CIS among women aged 18–24 yr in Washington state was
196/100,000, which was similar to that of women aged 25–34 yr (212/100,000) (14).
Although the proportion of CIS cases that progress to invasive cervical cancer remains
unknown, some studies report progression in up to 71%. (15). Thus, the clinical signif-
icance of distinguishing LSIL from HSIL is that most cases of LSIL will undergo spon-
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Fig. 1. Schematic presentation of different grades of intraepithelial neoplasia. Cervical or
anal intraepithelial neoplasia grade 1 are characterized by 20–25% replacement of the epithe-
lium with immature cells with high nucleus/cytoplasm ratios. Intraepithelial neoplasia grade 2
is characterized by approx 50% replacement with immature cells, and grade 3 by complete or
nearly complete replacement. Microinvasion, shown at the bottom, occurs when the cells tra-
verse the basement membrane. Although microinvasion can rarely occur in conjunction with
intraepithelial neoplasia grade 1, it is likelier to occur in conjunction with intraepithelial neopla-
sia grade 3, as indicated schematically. Also depicted are hypothetical mechanisms by which
HIV can potentiate development of ASIL. (1) HIV-1 tat can be expressed by cells circulating in
the stroma and be taken up by overlying HPV-infected keratinocytes resulting in upregulation of
HPV E6 and E7 expression; (2) HIV-1 tat could potentiate migration of HPV-infected ker-
atinocytes; (3) aberrant cytokine expression by locally circulating HIV-infected lymphocytes
may modulate local immune response and may modulate HPV gene expression in overlying
keratinocytes; and (4) systemic immune response to HPV-infected keratinocytes may be attenu-
ated if HIV infection leads to loss of HPV-specific effector cells.



taneous regression and do not require treatment to prevent cervical cancer. In contrast,
HSIL requires therapy, as these may progress over time to invasive cancer. The time of
progression of untreated HSIL to invasive cancer varies from individual to individual,
and may take up to several decades. However, because a minority of cases of LSIL can
progress to HSIL, women with LSIL require follow-up to ensure that the lesion has
regressed. In addition, many clinicians recommend treatment of LSIL if it persists with
follow-up as these lesions may be among those that progress to HSIL over time. Some
clinicians also treat women with LSIL if compliance with follow-up is uncertain.

CHANGES IN CERVICAL CANCER INCIDENCE IN THE 
UNITED STATES

Cancer of the cervix is the third most common cancer of the female genital tract, fol-
lowing uterine cancer and ovarian cancer, respectively. From 1950 to 1991, data from
the Surveillance, Epidemiology, and End Results (SEER) Program show that the inci-
dence of cervical cancer declined nearly 77% among Caucasian women. However, a
slight increase in cervical cancer was detected between 1986 and 1991 among women
of all races, rising from 8.0/100,000 between 1981 and 1985 to 8.7/100,000 between
1986 and 1991. It is not clear if this represents a cohort effect reflecting a possible ear-
lier initiation of sexual activity and more sexual partners among American women, or
changes in cytology screening in at-risk populations. In 1995, there were 15,800 inci-
dent cases of cervical cancer in the United States and 4800 deaths from cervical cancer.
For women diagnosed with cervical cancer between 1983 and 1989, the 5-yr survival
rate was nearly 67%, and this rate has remained relatively stable since. The median age
at diagnosis of cervical cancer is 48 yr (16).

The incidence of cervical cancer is not distributed equally among racial groups. In
1992, the incidence of cervical cancer was approx 40% higher among African-Ameri-
can women than Caucasian women, and the greatest disparity was for women over the
age of 50 yr. Mortality was also higher among African-American women. There may
be several reasons for the differences between African-American and Caucasian
women. African-American women have on average less adequate access to health care
and are less likely to undergo routine cervical cytology screening. Consistent with this,
women of lower socioeconomic status have higher rates of cervical cancer regardless
of race (17,18). Less adequate access to health care services may also explain the
higher mortality rate among African-American women and women of lower socioeco-
nomic status, as cervical cancers among African-American women are diagnosed on
average at a later stage. Other factors may also play a role, as mortality among African-
American women remains higher than among Caucasian women even after correction
for stage of disease at the time of diagnosis.

RISK FACTORS FOR ANOGENITAL SIL AND CANCER OTHER THAN
HPV INFECTION

Clearly HPV infection is one of the most important risk factors for anogenital SIL and
cancer, and HPV infection is likely to be necessary for development of almost all of these
lesions. Sexual risk factors such as number of sexual partners, age at first intercourse, and
parity have long been associated with cervical cancer, but these likely reflect risk for
acquisition of HPV infection. However, although the age-related prevalence of cervical
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LSIL parallels that of infection, only a small proportion of women who acquire HPV
infection develop clinically detectable LSIL. An even smaller proportion of these women
develop HSIL or invasive cervical cancer. This reflects the current understanding that
HPV infection may be necessary but insufficient for development of CSIL and cervical
cancer. The paradigm is that HPV infection contributes to carcinogenesis indirectly by
stimulating cellular proliferation and rendering the epithelial cells susceptible to genetic
damage through induction of chromosomal instability (19,20). Consistent with this
hypothesis, chromosomal mutations as shown by studies of loss of heterozygosity may be
found in cervical cancer (21–23). Other events that lead to genetic damage in the cells
may play a more direct role in carcinogenesis.

Cigarette smoking has been shown to be associated with CSIL, and this was pre-
sumed to be mediated by exposure of tobacco-related carcinogens to HPV-infected
epithelium and through attenuation of cervical epithelium Langerhans cell number and
function. In more recent studies, however, in which the data were adjusted for HPV
infection, cigarette smoking was not an independent risk factor (24,25). The associa-
tion between cervical cancer and oral contraceptive use is not clear, with some but not
all studies showing an association. Dietary factors have been proposed and some stud-
ies suggest an association between folate deficiency and CSIL (26,27). However,
dietary supplements of folic acid appear to have little effect on the natural history of
the disease (28,29). In a study of women with CSIL compared to controls without
CSIL, after adjusting for HPV infection and demographic factors there was an inverse
correlation between plasma α-tocopherol and ascorbic acid levels and risk of CSIL
(30), a finding confirmed by a more recent study (31). Further studies are needed to
clarify these findings.

In vitro, several studies show that retinoic acid may stimulate cellular differentiation
and inhibit proliferation of HPV-infected keratinocytes (32–34). In clinical studies, how-
ever, CSIL was not associated with plasma retinol or β-carotene levels (30); and in an
earlier study, the association between increased risk of CSIL and retinol levels did not
reach statistical significance (35). Overall, the relationship between dietary factors and
the incidence or natural history of CSIL remains unclear. In general, in vitro findings
have not been matched by clear in vivo results, reflecting either a limited role for these
factors in vivo or difficulties in precisely quantifying these factors in clinical studies.

Another risk factor of clear importance is that of immunodeficiency. The epidemio-
logic data described previously show that the prevalence of cervical HPV infection and
CSIL decline with age. The presumed mechanism of this decline is a cell-mediated
immune (CMI) response. Examples of loss of immune competence and its association
with increased risk of anogenital and skin malignancies included women undergoing
renal transplant who were iatrogenically immunosuppressed to prevent graft rejection
(36,37), as well as individuals with a rare immune disorder known as epidermodyspla-
sia verruciformis.

More recently, HIV has emerged as the most common cause of immune suppression.
There is a large body of literature that documents an increased risk of detection of HPV
DNA in HIV-positive women, increased risk of CSIL, a slightly increased risk of cervi-
cal cancer, and greater difficulty treating the lesions. In a study from New York, the
prevalence of HPV infection of any type was significantly greater in the 344 HIV-posi-
tive (60%) than the 325 HIV-negative (36%) women (38). In addition, multiple types of

268 Palefsky



HPV were present in 51% of the HIV-positive women compared to 26% of the HIV-
negative women. These findings were confirmed in a more recent, larger study con-
ducted at six Women’s Interagency HIV study (WIHS) sites around the United States,
in which HPV infection was significantly more common among HIV-positive women
than HIV-negative matched controls (39). The strongest risk factors for HPV infection
among HIV-positive women were indicators of more advanced HIV-related disease
such as higher HIV viral load and lower CD4 levels. However, other factors that are
commonly found in studies of HIV-negative women were important in HIV-positive
women as well, including racial/ethnic background, current smoking, and age. Persis-
tence of HPV infection may also be affected by HIV infection. In one study, persistent
HPV infection with “high-risk” types was found in 20% of the HIV-positive women
and 3% of the HIV-negative women (40). The likelihood of persistent infection among
the HIV-positive women was related to the level of immunosuppression. Women with
CD4 counts < 200/mm3 were more than twice as likely to have persistence as women
with CD4 counts > 500/mm3.

Cervical cytology is more often abnormal among HIV-positive women than in
HIV-negative women in earlier studies (41–43). In a study reported from San Fran-
cisco General Hospital (SFGH), CSIL was detected in 9 (20%) of 44 HIV-positive
women compared to 2 (4%) of 52 HIV-negative women (44). In the New York cohort,
20% of the HIV-positive women had CSIL compared to 4% of the HIV-negative
women (45). In a large recent study from the WIHS, cervical cytology was abnormal
in 38% of HIV-infected women and 16% of HIV-negative women (46). Among the
risk factors for abnormal cytology in multivariate analysis in this study were HIV
infection, lower CD4 cell count, higher HIV RNA level and HPV positivity, a prior
history of abnormal cytology, and greater number of male sex partners within 6 mo of
enrollment.

Many questions remain about the anti-HPV CMI response, including the nature of
the effector cells, the HPV antigens to which they are directed, and whether the
immune response leads to complete clearance of HPV infection or suppression of HPV
to a level that is below the level of detection of current HPV DNA detection tests. The
possibility of suppression, rather than clearance, is important because it implies that
HPV could be reactivated at some point in the future by unknown factors, some of
which may include loss of the CMI response that suppressed HPV.

Several lines of evidence point to the role of the CMI response in controlling cervi-
cal disease, but results have been somewhat conflicting. Earlier studies have shown that
women with cervical lesions have decreased cellular proliferative responses to HPV
type 16 E6 and E7 proteins compared to women without lesions (47,48). In contrast
both healthy women and women with CSIL produce T-cell responses to the HPV 16 L1
protein (49–51), and responses to HPV 16 E7 peptides were linked to viral persistence
and disease progression (52). A study of cytotoxic T-cell response showed that fewer
women with cervical lesions had responses to E6 and E7 than women without disease
(53). These results suggest the possibility that expression of E7 may induce T-cell tol-
erance, consistent with results in mouse models (54–56). Again, conflicting results
have been obtained in other studies (57). Although the role of E7-specific CTL
response in clearance of tumors in animal models has been demonstrated (58,59), the
role of these responses in vivo in prospective studies has not yet been determined. Host
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factors such as HLA haplotype have been shown to play a role as well, but these remain
poorly defined (60,61).

MECHANISMS OF INTERACTION BETWEEN HIV AND HPV

The increase in anogenital HPV infection and SIL in HIV-infected patients may be
explained by several interactions between HIV and HPV, which are depicted schemati-
cally in Fig. 1. The observation of increased CSIL in patients who are iatrogenically
immunocompromised or who have HIV infection underscores the role of the immune
response to HPV infection. At the systemic level, it is speculated but not proven that
HIV infection leads to generalized loss of memory T-cell subsets, among which may be
HPV-specific clones. If true, loss of these cells this would partially account for the
increased prevalence of HPV infection and SIL in HIV-infected patients.

At the cellular level a direct interaction between HIV and HPV may occur, but this
has not been proven to be active in vivo. Although HPV infects the epithelium, HIV
may be found in Langerhans’ cells, stromal cells, and infiltrating T cells. The HIV-1 tat
protein has many potentially important biologic activities (62,63). It has been shown to
be secreted by HIV-infected cells and may be taken up by adjacent cells. In vitro it has
been shown to transactivate E6 and E7, leading to increased expression of these onco-
proteins (64). Abnormal secretion of cytokines by HIV-infected lymphocytes that
might activate HPV genes may also potentiate increased HPV-associated neoplasia.
Thus, although HPV and HIV largely exist in two different cellular compartments—
HPV in the epithelium and HIV in the stromal compartment beneath the basement
membrane—there are multiple opportunities for HIV to modulate the expression of
HPV and ultimately the natural history of CSIL.

DIAGNOSIS OF CERVICAL SIL

The goal of cervical cytology screening is to detect cervical cancer precursor lesions
to allow them to be treated before they can progress to invasive cancer. Based on the
data described previously, the primary focus of such as program should be detection of
cervical HSIL. The current approach is to screen women repeatedly, often annually.
The reason for this is the well-documented lack of sensitivity of a single cytology for
the detection of HSIL. Studies show that the sensitivity of cervical cytology varies
widely depending on the clinical setting, but in most studies it is between 50% and
70%. Thus, as a single screening test, cervical cytology smears perform poorly. Their
strength is in their cumulative sensitivity, and the hope is that the progression rate of
CSIL to invasive cancer is sufficiently slow that a cancer can still be prevented if the
lesion is detected at one of the subsequent annual screenings.

The next step in the evaluation of a woman with abnormal cervical cytology is to
visualize the source of the abnormal cells on the smear to allow for a biopsy. As
described below, treatment of CSIL is based strictly on histopathology and not on
cytology, as the grading of cervical smears is unreliable. To visualize the lesions, col-
poscopy is performed, in which a rolling microscope (colposcope) is brought to the
opening of a vaginal speculum. This allows for the detailed inspection of the cervix and
vagina under magnification.

For a colposcopic examination to be considered adequate, the clinician must visual-
ize the squamocolumnar junction and the entire lesion. If part of the junction or lesion
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reside in the endocervical canal the examination is considered to be inadequate or
unsatisfactory. Under these conditions, an endocervical curettage is necessary for com-
pletion of the evaluation. Unsatisfactory colposcopy occurs in 15–20% of women and
increases in frequency with increasing age. Colposcopic criteria to distinguish low-
grade lesions from high-grade lesions are well validated and are used to guide the clin-
ician to biopsy the most severely abnormal-appearing areas (65,66).

Other measures to improve sensitivity of the technique include application of 5%
acetic acid, which leads an HPV-infected lesion to turn white compared to the nonle-
sional surrounding mucosa. A further measure that can be used to distinguish LSIL
from HSIL includes application of Lugol’s solution, in which lesional tissue excludes
the iodine in the solution whereas normal tissue absorbs it and turns a deep brown
color. Finally, a number of colposcopic criteria have been described to aid the clinician
to distinguish LSIL from HSIL on the basis of the appearance of the lesion areas
(65,66) and these include the topography of the lesion and the patterns of the blood
vessels in the lesion. Unfortunately, colposcopy is expensive and can be uncomfortable
for the patient.

Because grading on cervical cytology is not a reliable guide to determining the pres-
ence of HSIL, it is currently the practice to perform colposcopy on all women with
HSIL on cytology and some with LSIL. In addition to its problem with sensitivity, cer-
vical cytology suffers from low specificity and positive predictive value for detection of
HSIL. Many women with LSIL undergo the procedure unnecessarily, and some clini-
cians advocate repeating the cytology in 3 mo and performing colposcopy only if the
cytology is repeatedly positive. This conundrum is even more pronounced for women
with ASCUS on cytology, as the positive predictive value of ASCUS for the detection
of cervical HSIL is even lower than that of LSIL.

EMERGING TECHNOLOGIES TO IMPROVE CERVICAL SIL
DIAGNOSIS

Several technologies have emerged recently that are designed to improve the diag-
nostic sensitivity and positive predictive value of screening. These include cervical cell
suspension methods that permit automated creation of single-cell monolayers such as
the ThinPrep™ method; artifical intelligence methods to allow computerized screening
of cervical smears such as PAPNET™ or AutoPap 300 QC™; and the use of HPV test-
ing as an adjunct to cervical cytology such as the Hybrid Capture™ test.

The principal advantage of the monolayer cytology preparation methods such as
ThinPrep is the consistently superior quality of the smears. Monolayer cytology meth-
ods rely on creation of cervical cell suspensions instead of smearing cervical cells on a
glass slide for subsequent fixation. The cells are collected and suspended in 10 mL of a
methanol-based solution. Specialized equipment is required to create the monolayers
by using a vacuum to bring the cells onto a filter and then to blow the cells onto a glass
slide. Interpreting a cellular monolayer is easier than a conventional smear because
technical limitations such as cell clumping are largely eliminated. Studies have shown
that they are equivalent to or better than routine smears in detecting HSIL or cancers
(67,68). Another advantage of this technology is that the creation of the monolayers
typically uses only a small proportion of the total cellular sample. Several additional
monolayer slides can therefore be made at any time, as the fixative in the suspension
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solution preserves the cells. The remaining sample may also be used for other purposes
such as testing for HPV, as described later in this section. One of the major disadvan-
tages of this technique is the higher cost of the sample collection apparatus and the cost
of the machines used to make the monolayers, when compared to the cost of creating
and interpreting conventional cervical cytology smears.

Another recent addition to the growing number of emerging technologies to improve
detection methods for CSIL is the use of artificial intelligence methods to guide com-
puterized screening of the smears. In one large recent study of more than 20,000
smears comparing PAPNET primary screening to manual primary screening, there was
89.8% agreement between the two methods (69). While the sensitivity of the two meth-
ods was similar for correctly identifying smears as abnormal, PAPNET-assisted screen-
ing showed significantly better specificity (77%) than conventional screening (42%)
for identification of negative smears. In one recent meta-analysis of studies evaluating
PAPNET as a primary screening method, the PAPNET system detected approx 20%
more positive smears than manual screening (70). When used to rescreen known false-
negative slides, the system correctly identified on average only 33% of those slides as
abnormal. Overall, the primary proposed use of this technique is to rescreen negative
conventional cytology findings to reduce the false-negative rate.

The concept behind the addition of HPV testing to cervical cytology depends on the
now accepted belief that most if not all cervical SIL and cancers are associated with
HPV infection. Detection of oncogenic HPV types in a cervical specimen would there-
fore offer an alternative approach to identifying women at risk for high-grade SIL and
cancer. At this time, the only Food and Drug Administration-approved test for detec-
tion of HPV in cervical smears or clinical purposes is the Hybrid Capture™ test
(Digene Corporation, Beltsville, MD). This is a non-DNA amplification based test that
relies on signal amplification to achieve high sensitivity. The currently available ver-
sion of the test does not indicate the presence of specific HPV types, but rather indi-
cates the presence of one or more of the most common oncogenic genital HPV types
using a probe mix. There is also a probe mix for the most common nononcogenic geni-
tal HPV types.

Several studies indicate that the sensitivity of HPV testing alone for the detection of
cervical HSIL is equivalent to or better than cervical cytology smears (71,72), and one
recent study showed that detection of HPV 16 using hybrid capture at two different vis-
its 6 mo apart had better sensitivity for detection of HSIL at colposcopy than repeated
cytology screening (73). Nevertheless, most clinicians advocate using cytology and
HPV testing together, and the clearest indication for the use of HPV testing currently is
as an adjunctive test for women with ASCUS (74). Although many clinicians consider
ASCUS to be low risk for concurrent or future cervical cancer, 39% of HSILs in a rou-
tine screening population were detected in the follow-up to an ASCUS diagnosis (75).
However, although a substantial number of HSIL cases would be detected upon follow-
up of women with ASCUS, the positive predictive value of ASCUS for HSIL is low
(5–10%). The clinical challenge is thus to identify those few individuals at high risk.

Three follow-up options have been proposed for women with ASCUS (76): immedi-
ate colposcopy; accelerated repeat cytology testing; and testing for the presence of HPV.
Immediate colposcopy would theoretically detect all HSILs, but this is an expensive
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approach given the low positive predictive value. Repeat cytology also may not be cost-
effective, because many women with ASCUS eventually require colposcopic evaluation
owing to a high rate of repeat abnormal cytology (77). Testing for HPV in specimens
diagnosed as ASCUS has been proposed as an alternative approach, and the advent of the
ThinPrep method provides a convenient way of performing HPV testing without requir-
ing an additional patient visit. Thus if the laboratory diagnoses a specimen as ASCUS
from a ThinPrep specimen, it can then perform HPV testing on the remaining portion of
the specimen. In this algorithm, women with an oncogenic HPV type on hybrid capture
would undergo colposcopy while women who test negative for one or more of these
HPV types would be appropriately reassured and possibly undergo repeat cervical cytol-
ogy testing. The largest study to date indicated that triage by HPV testing of women with
ASCUS would provide more sensitive detection of HSIL with fewer colposcopy exami-
nations and fewer follow-up visits than current management protocols (74). This
approach also has the advantage of improving the sensitivity of diagnosis of HSIL with-
out increasing the costs of the cervical screening program.

Thus, future directions of cervical cytology screening include: (1) improvement of
diagnostic sensitivity of cytology smears by incorporation of newer technologies such
as monolayer smears and artificial intelligence-based computerized screening of
smears; (2) using technologies such as HPV DNA testing to better rationalize who gets
referred for colposcopy; and (3) development of less aggressive management
approaches that lengthen screening intervals and minimize treatment of lesions such as
LSIL that have little or no malignant potential.

TREATMENT OF CERVICAL SIL

As described previously, the first step in the workup of CSIL is performance of cer-
vical cytology. If an abnormal cytology has been obtained, the two major decision
points in the management algorithm for treatment of CSIL are (1) whether or not to
perform colposcopy and (2) whether or not treat a cervical lesion once it has been biop-
sied and the histopathology of the lesion has been established. A number of different
organizations have published guidelines for cervical cytology screening in women. The
American College of Obstetricians and Gynecologists and the American Cancer Soci-
ety recommend that all women begin yearly Pap tests at age 18 or when they become
sexually active, whichever occurs earlier. If a woman has had three consecutive nega-
tive annual cytology tests, testing may be performed less often at the judgment of a
woman’s health care provider.

Guidelines for management of women with abnormal cervical cytology have been
established by the National Cancer Institute (9). Currently women with ASCUS
undergo repeat cytology every 4–6 mo for 2 yr until there have been three consecutive
normal smears. If ASCUS is found in conjunction with an inflammatory process, then
diagnostic measures to identify and treat concurrent vaginal infections should be initi-
ated before the cytology is repeated. Most clinicians would perform colposcopy if a
second ASCUS cytology is found within that 2-yr period. If LSIL is diagnosed on
cytology, a similar follow-up plan may be initiated, but referral for colposcopy is rec-
ommended for women who may not return for follow-up. All women with HSIL on
cytology should be referred for colposcopy.
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Treatment of CSIL is based on the histology of biopsied lesions (CIN) and not on
cytology (SIL), because of the inaccuracy of cervical cytology for grading lesions.
Although treatment always is based on histology, the terms CIN and SIL often are used
interchangeably. The purpose of performing biopsies is to determine if the lesions are
low-grade or high-grade because the latter would mandate treatment, and to exclude
the presence of invasive cancer, as this would invoke a different management algo-
rithm. Several studies show that most biopsied lesions with mild (CIN 1) to moderate
(CIN 2) dysplasia regress spontaneously with follow-up (78–81). Thus, although treat-
ment of all cases of CIN 2 may not be necessary, it likely does prevent some cases of
cervical cancer particularly among women who may be less likely to return for regular
follow-up. Therefore, CIN 2 usually is combined with CIN 3 for the purposes of initiat-
ing therapy. Until recently it was the practice to treat all cases of CIN, including CIN 1.
However, as the majority of CIN 1 regress spontaneously, many clinicians opt to follow
women with CIN 1 rather than treat automatically.

Once a decision to treat CIN is made and biopsies have excluded invasion, there are
a number of therapeutic options. Because there currently is no specific therapy for
HPV infection, analogous to the use of acyclovir for treatment of herpes simplex virus
infection, current treatment methods rely on ablation or removal of the lesion. The sim-
plest method is local excisional biopsy if the lesion is small enough, but this method is
inadequate if the lesion extends into the endocervical canal. More often other methods
are required such as cryotherapy or large loop excision of the T zone (LLETZ). This
procedure is also known as loop electrosurgical excision procedure (LEEP) (82–84).
This procedure uses a fine wire to diathermically excise a cervical lesion or the entire
transformation zone. The advantages of this procedure are that it preserves margins of
the excised tissue for accurate pathologic assessment and is associated with less mor-
bidity than other treatment methods (85,86). Morbidity is related to the amount of tis-
sue removed and may include bleeding during or after the procedure and, rarely,
cervical stenosis or cervical incompetence, which can lead to preterm delivery and low
birth weight (87).

One of the disadvantages of LLETZ is that it is relatively expensive when compared
to cryosurgery, which involves application of a liquid nitrogen cooled probe to the sur-
face of the cervix (88–90). The probe is typically applied twice for 2–3-min applica-
tions and leads to necrosis of the frozen areas. The advantages of this method are its
low cost, easy applicability in many different clinical settings, low morbidity, and treat-
ment of the entire exocervix. Although reepithelialization of the cervix occurs within
2–3 mo, one of the disadvantages is that scarring may reduce the value of subsequent
cytology and colposcopy, especially if the procedure leads to the recession of the
squamocolumnar junction into the endocervix. The procedure has a higher failure rate
than LLETZ; and it cannot be used if a woman has an inadequate colposcopy, positive
endocervical curettage, or especially large lesions. In this case, the treatment of choice
is LLETZ.

Laser conization using a CO2 laser is another treatment approach (91,92). Performed
under colposcopic guidance, it has the advantage of allowing the clinician to precisely
determine the depth of the lesion excision and leads to minimal damage to surrounding
tissues. The laser coagulates blood vessels, and thus there is a lower risk of bleeding
than with some of the other therapies. Healing typically occurs without the scarring
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associated with cryosurgery, and thus there is usually little difficulty with follow-up
cytology and colposcopy.

Cold-knife conization can be performed with patients in an ambulatory surgery set-
ting and is usually effective if the margins are negative. It is typically performed only if
the patient cannot be treated with LLETZ or laser conization and is associated with a
higher complication rate than the other procedures, including bleeding, stenosis, and
scarring. Finally, hysterectomy can be performed if fertility is not a factor and if other
gynecologic indications are present. Topical therapies such as retinoic acid and 5-fluo-
rouracil have not been shown to be effective.

TREATMENT OF GENITAL WARTS

Like CIN 1, genital warts are low grade in histology, have low potential for progres-
sion to malignancy, and need not be treated to prevent development of cancer. They
usually are associated with HPV-6 or -11. In contrast to cervical LSIL or HSIL, how-
ever, genital warts may be symptomatic and may lead to burning, itching, bleeding, and
psychological discomfort for patients. Relief of these symptoms is an acceptable indi-
cation to treat genital warts, and the diagnosis and treatment of these lesions is well
described in a recent American Medical Association position paper (93,94).

Treatment of genital warts generally falls into two categories: patient-applied or
provider-applied. Among the therapies now available for patients to use at home are
purified podophyllotoxin (Condylox™) and imiquimod (Aldara™). These treatments
have different mechanisms of action. Podophyllotoxin works by inhibiting micro-
tubule formation and cell division; imiquimod is believed to work by stimulating
local interferon production and possible other cytokines as well. These therapies are
approved for therapy of external genital warts and have roughly equivalent efficacy
and safety profiles. Their advantage is that patients can apply the treatment them-
selves, but this also may prove to be a disadvantage if the lesions are too small to be
seen by the patient. Therapy with these modalities may require several weeks of
application.

Clinician-applied therapies include 80% trichloroacetic acid, liquid nitrogen, elec-
trocautery, thermocoagulation, and laser. These are best reserved for patients whose
lesions are too small to be treated by themselves or for lesions that are too large or
widespread for home therapy. Most require more than one application of treatment.
Each of these modalities, including patient-applied therapies, is associated with lesion
recurrences. Patients therefore need to be followed closely after therapy and may
require several treatment modalities before complete control is achieved. Counseling is
also a critical part of the therapeutic approach to the patient.

DETECTION OF CSIL AND TREATMENT OF CIN IN 
HIV-POSITIVE WOMEN

HIV-positive women are advised to have a comprehensive gynecologic examination
including a cervical cytology smear as part of their initial medical evaluation. If initial
results are normal, at least one additional smear should be obtained in 6 mo to exclude
a false-negative result on the initial cytology. If the second smear is normal, HIV-
infected women should be advised to have an annual smear, similar to HIV-negative
women. If the initial or follow-up cytology shows ASCUS or CSIL, the woman should
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be referred for a colposcopy. Although there was concern initially that cervical cytol-
ogy may have an unusually high false-negative rate in HIV-positive women, this was
not confirmed in subsequent studies. Thus, HIV infection alone does not constitute an
indication for colposcopy.

Several studies suggest that HIV-positive women do not respond as well to standard
therapy of CIN as HIV-negative women (95,96). The natural history of CIN may be
accelerated in HIV-positive women (97). And, if cervical cancer does develop, treat-
ment may be more difficult. Consequently, HIV-positive women with CIN should be
followed very closely after therapy for recurrence and multiple treatment modalities
may be needed (98).

EMERGING APPROACHES TO PREVENTION AND TREATMENT OF
HPV INFECTION

At this time, HPV infection cannot be prevented other than through sexual absti-
nence. There is no evidence to suggest that condoms effectively prevent HPV acquisi-
tion. This is because condoms probably do not completely cover all areas that may
harbor HPV-associated lesions such as the base of the penis. However, efforts are now
underway to prevent initial HPV infection through a vaccine-based approach, and it is
assumed that induction of mucosal humoral immunity is the necessary protective
effect. Most work on a prophylactic vaccine to date has focused on the use of recom-
binant L1 protein as a vaccine candidate. The L1 protein is the major capsid protein
of the HPV virion. When expressed in vitro, it autoassembles into a structure that
closely resembles native HPV virions (99). These structures, termed “virus-like parti-
cles” (VLPs), have been shown to induce high titer neutralizing antibodies in animals
(100–102) and in human Phase 1 trials (103) and to prevent lesion development in
animal models (104). Data thus far also indicate that the L1 vaccines are safe and
well tolerated (103). Trials to determine efficacy to prevent HPV infection are in
progress. To date the data suggest that the antibodies raised against VLPs of specific
viral types such as HPV-16 are relatively type-specific. Thus, it seems likely that a
cocktail consisting of VLPs of several HPV types, for example, HPV-16,-18,-31, and
-45, will be needed to prevent infection with the most common oncogenic HPV types.
Efforts are also underway to determine if vaccine efficacy may be improved by genet-
ically engineering early region HPV proteins such as E7 into the VLPs (105).

In contrast to the attempt to use VLPs to induce prophylactic humoral immunity, it is
assumed that a therapeutic response to a preexisting lesion requires induction of CMI
response. Consequently, there is also an effort to develop therapeutic vaccines for indi-
viduals with high-grade CIN or cervical cancer as a primary mode of therapy or
adjunctive to more standard therapeutic modalities. Unlike the VLPs which contain the
L1 capsid protein, therapeutic vaccines typically target the E6 or E7 proteins, which
are believed to be expressed continuously in high-grade lesions. In vitro animal data
from several studies suggest that induction of a CMI response against these proteins
may lead to resolution of tumors (58,59). Phase 1 trials of recombinant vaccinia virus
expressing E6 and E7 in patients with advanced cervical cancer demonstrated the
safety of this approach, but relatively little immune response was seen (106). Several
other Phase 1 and Phase 1/2 studies are now underway using other preparations of E7
to determine their safety and efficacy against high-grade CIN.
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ANAL CANCER AND ITS PRECURSORS

Anal cancer has traditionally been considered a rare disease, occurring in women at
about one tenth the incidence of cervical cancer. However, unlike the declining inci-
dence of cervical cancer, the incidence of anal cancer in women has been increasing at
a rate of about 2% per year in the United States and also has been rising in European
countries such as Denmark (107). Anal cancer is more common in women than in men,
but its incidence is highest among men who have practiced receptive anal intercourse,
among whom the incidence of anal cancer was estimated to be as high at 35/100,000
(2). Therefore, the incidence of anal cancer among these men is similar to that of cervi-
cal cancer among women prior to the introduction of routine cervical cytology screen-
ing. Moreover, because the data used to generate this estimate predated the onset of the
HIV epidemic, they presumably reflect the incidence of anal cancer among HIV-nega-
tive men with a history of receptive anal intercourse (hereafter referred to as men who
have sex with men, or MSM). The impact of the HIV epidemic on the incidence of anal
cancer remains unclear. However, recent data suggest that the incidence of anal cancer
among HIV-positive MSM may be about twice that of HIV-negative MSM (2,3).

Biologically, cervical cancer resembles anal cancer in several ways, including simi-
lar histology. Both cervical and anal cancer frequently arise in the transformation zone
(107). In the cervix, this is where the columnar epithelium of the endocervix meets the
squamous epithelium of the exocervix. In the anal canal, the transformation zone is
located at the junction between the columnar epithelium of the rectum and the squa-
mous epithelium of the anus. Cervical and anal cancer also share a strong association
with HPV (108–110). Finally, both cervical and anal and cancer are frequently associ-
ated with overlying HSIL. There are no published studies to date of the natural history
of anal HSIL to demonstrate directly that anal HSIL progresses to invasive anal cancer.
However, it seems likely that anal HSIL represents the true precursor lesion to anal
cancer.

Unlike cervical HPV infection which declines substantially in prevalence after the
age of 30, anal HPV infection is found in a large proportion (61%) of MSM well into
their 30s and 40s (111,112). Anal HPV infection is even more common in HIV-positive
MSM, with nearly all such individuals having one or more HPV types. Infection with
multiple HPV types is common, and the mean number of types increases with HIV
positivity and lower CD4 levels.

Several studies have examined anal HPV infection in women (44,113). Surprisingly,
these studies demonstrate that anal HPV infection is found at a similar or higher rate as
cervical HPV infection, and the spectrum of HPV types is similar in the anal canal and
cervix. Notably, the same HPV types were found in the anus and cervix in only 50% of
the women who were infected at both sites. The mode of acquisition of anal HPV
infection was not clearly linked to receptive anal intercourse in these studies, but a
more recent study of a larger number of women did show an association with receptive
anal intercourse (JM Palefsky, unpublished data). However, insertion of inert objects or
fingers exposed to other HPV-infected tissues of the individual or their sexual partner
may also result in anal HPV infection.

The prevalence and natural history of ASIL in HIV-positive and HIV-negative MSM
have now been well characterized (114–117). Consistent with the HPV infection data,
the prevalence of ASIL was higher in cross-sectional analysis among HIV-positive MSM
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than HIV-negative MSM, particularly among those with lower CD4+ levels (115). LSIL
and HSIL were present in 36% (124/346) of HIV-positive men and 7% (19/262) of HIV-
negative men, and the relative risk of ASIL among HIV-positive men inversely correlated
with CD4 count. In a study in Seattle of MSM who initially had no evidence of ASIL,
HSIL developed in 15% of HIV-positive and 8% of HIV-negative men after an average
of 21 mo (114). Risk factors for development of HSIL included infection with HPV 16
or 18, persistent detection of high levels of HPV DNA, and increased immunosuppres-
sion as reflected by a CD4 level < 500/mm3. In a more recent study performed in San
Francisco, HSIL developed in 49% of the HIV-positive men and 17% of the HIV-nega-
tive men over a 4-yr period (117). The higher incidence in this study than the Seattle
study likely reflects two factors: the longer follow-up time and the inclusion of subjects
in the analysis who had LSIL or ASCUS at baseline as well as those with no signs of
anal disease. Risk factors for progression to HSIL were similar among HIV-positive and
HIV-negative men and included infection with multiple HPV types, persistent anal infec-
tion, and high level infection with oncogenic HPV types.

The incidence of anal cancer among HIV-positive women is not known. However,
anal cytologic abnormalities are more common among HIV-positive women than
among high-risk HIV-negative women (44,113). Among the HIV-positive women, anal
cytologic abnormalities were at least as common as cervical abnormalities although the
severity of the anal lesions was less marked than those of the cervix. Fourteen percent
of HIV-positive women had abnormal anal cytology; and, consistent with data obtained
in studies of men, anal cytologic changes were associated with HIV infection and
lower CD4 counts (44). The natural history of ASIL in HIV-positive women is not yet
known. Anal cytologic abnormalities also have been detected in 4% of adolescent
women. As in the HIV-positive women, anal HPV infection and receptive anal inter-
course were independent risk factors (118). Interestingly, history of CSIL was also an
independent risk factor in this population, underscoring the concept of HPV infection
as a “field” infection” of the entire anogenital region. Other risk factors for ASIL in
women include concurrent cervical HSIL or vulvar cancer and history of renal allograft
(119–121).

SCREENING AND TREATMENT ALGORITHMS FOR ANAL HSIL

The data presented here indicate a high prevalence of ASIL among both HIV-posi-
tive and HIV-negative MSM, as well as a high incidence of HSIL and a high incidence
of anal cancer among both HIV-positive and HIV-negative MSM. Given the similarity
between cervical and anal cancer, it is possible that an anal cytology screening program
in high-risk populations may reduce the incidence of anal cancer, similar to the reduc-
tion in cervical cancer associated with implementation of cervical cytology screening.
As proposed, screening would be considered for the men and women at highest risk,
that is, those with a history of receptive anal intercourse. Sexually active women, par-
ticularly those who are HIV-positive or who have a history of cervical HSIL or vulvar
cancer, also appear to be at increased risk of anal HPV infection and ASIL. Thus, other
risk groups that could be considered for screening include all HIV-positive women,
regardless of whether or not they have engaged in anal intercourse, and all women with
high-grade cervical or vulvar lesions and cancer. However, few data exist at this time to
support screening in the latter groups.
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The elements of an anal screening program would likely closely resemble that of
the cervix. Anal cytology and high-resolution anoscopy would be performed as
described previously (107). In the author’s opinion, all patients with abnormal anal
cytology, including those with ASCUS, should be referred for high-resolution
anoscopy. Areas that appear suspicious for HSIL should be biopsied as described pre-
viously (122). There is currently no accepted standard of care for treatment of ASIL,
and the medical literature is very limited on this subject. As with cervical lesions, only
patients with HSIL should be routinely recommended for treatment, particularly those
with the most advanced forms such as severe dysplasia. We do not routinely recom-
mend treatment of low-grade lesions because of the high likelihood of pain associated
with the treatment, high recurrence rate, and low risk of progression to cancer. How-
ever, many patients do opt for therapy to relieve symptoms associated with the lesions
such as itching, burning, or psychological discomfort. The treatment of low-grade
lesions is similar to that of high-grade lesions. For HIV-positive patients who have a
reasonable life expectancy and good functional status, surgical excision or ablation is
the primary form of treatment. Occasionally lesions may be small enough that they
might respond to local application of 80% trichloroacetic acid in the office setting.
Most lesions will require multiple applications over time for complete resolution, typ-
ically at intervals of 1–2 wk.

COST-EFFECTIVENESS OF ANAL CYTOLOGY SCREENING

To assess the clinical and cost-effectiveness of such an anal cytology screening pro-
gram, Goldie and colleagues have been modeling anal cytology screening under a vari-
ety of conditions (123). They used a combination of data from the literature and a range
of assumptions in areas for which there are no data in the literature, such as the rate of
progression from HSIL to invasive cancer and efficacy of treatment of HSIL to prevent
anal cancer. The screening strategies considered included no screening, annual or semi-
annual anal cytology, and annual or semiannual anoscopies as screening tests. Overall,
annual anal screening was found to be cost-effective for all HIV-positive MSM regard-
less of CD4 level (123). Anal cytology was equivalent in cost-effectiveness to some of
the most widely used practices in HIV-positive men, such as use of trimethoprim-sul-
famethoxazole to prevent Pneumocystis carinii pneumonia. Using a similar model for
HIV-negative MSM, anal cytology screening every 2–3 yr was found to be cost-effec-
tive (S. Goldie, submitted for publication).

SUMMARY

Cervical cancer remains one of the most common causes of mortality among young
women worldwide. Associated with the sexually transmitted agent HPV, it is the most
common source of cancer mortality due to viral infections. Cervical cancer is preceded
by a series of precancerous changes known as SILs, and if these are detected through
cytology screening and treated development of cancer is usually prevented. Thus, cer-
vical cancer is also one of the most preventable cancers. Unfortunately routine cervical
cytology screening is not available in many parts of the world where the incidence of
cervical cancer remains high. Future efforts to reduce the incidence of cervical cancer
are therefore largely being focused on development of vaccines to prevent initial infec-
tion with oncogenic HPV types. The advent of the HIV epidemic has also brought new
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challenges to clinicians treating SIL and cancer. CSIL is more common among HIV-
positive women than among HIV-negative women and is more difficult to treat in this
setting. Like cervical cancer, anal cancer is associated with HPV, and its current inci-
dence among at-risk individuals, that is, those with a history of receptive anal inter-
course, is similar to that of cervical cancer in the United States prior to the introduction
of routine cervical cytology screening. Like CSIL, ASIL is more common among HIV-
positive MSM than among HIV-negative MSM, and recent data suggest that routine
anal cytology screening of at-risk individuals may be cost-effective to prevent anal can-
cer. Women with a history of receptive anal intercourse may also be at increased risk of
anal HPV infection, ASIL, and anal cancer. Like vaccines to prevent initial infection
with HPV, therapeutic vaccines targeted to HPV antigens are under development to
treat anogenital SIL and, together with advances in diagnostic techniques for SIL, offer
new promise in the control of HPV-associated lesions.

CONCLUSIONS

Prevention of cervical cancer through cervical cytology screening depends on iden-
tification and treatment of cervical HSIL before it progresses to cancer. Several meth-
ods such as monolayer cervical cytology, computerized screening of cervical smears,
and adjunctive HPV testing will likely improve the diagnostic sensitivity and speci-
ficity of cervical cytology screening in a cost-effective manner. Advances in therapy for
HPV-associated lesions have been slower in coming, but promising new HPV-specific
approaches include therapeutic vaccines targeted at HPV antigens. Patients coinfected
with HPV and HIV infection present a special challenge to the clinician owing to
higher prevalence of CSIL and lower success rates with standard therapy. The HIV epi-
demic has also brought increased attention to the clinical problem of ASIL and anal
cancer. Although the risk of these lesions is highest among MSM, women are also at
risk, particularly those with a history of receptive anal intercourse and HIV infection.
As with the cervical cytology screening program, anal cytology screening program for
those at risk is proposed and has been projected to be cost-effective.

Like herpes simplex virus, HPV may result in chronic infections at multiple anogen-
ital sites, and may be difficult to treat. Although advances in diagnosis and therapy are
encouraging, it is clear that the ultimate solution to the problems posed by HPV will be
vaccine-based prevention of initial infection. Initial efforts in this direction appear to be
very promising, and over the next few years studies examining the efficacy of this
approach will be of great interest.
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Human Papilloma Viruses and Cancers 

of the Skin and Oral Mucosae

I. M. Leigh, J. A. Breuer, J. A. G. Buchanan, C. A. Harwood, S.
Jackson, J. M. McGregor, C. M. Proby, and A. J. Storey

INTRODUCTION

The major cellular component of skin and orogenital mucosa is the keratinocyte,
which is characteristic of all stratified squamous epithelia. The keratinocyte is the tar-
get cell of the family of human papilloma viruses (HPVs), which may result in the
development of benign “warts” (episomal infection) or the development of tumors
(transformation of the tissue following viral integration). HPVs have an established
role in anogenital carcinogenesis but their role in nonanogenital cancers of the skin
(nonmelanoma skin cancer [NMSC]) or oral mucosa (oral squamous cell carcinomas
[OSCC]) is less clear. Improving techniques of detection of HPV DNA have given rise
to an increased understanding of the HPVs found in mucocutaneous sites and the
viral–keratinocyte interactions. Thus we focus particularly on investigation of the
expression and cellular functions of the subfamily of HPVs associated with epider-
modysplasia verruciformis (EV HPVs).

KERATINOCYTE-DERIVED TUMORS: SKIN AND ORAL MUCOSA

Nonmelanoma skin cancers (NMSCs) are the most prevalent malignancies in fair-
skinned populations worldwide (1). Epidemiologic and molecular data implicate ultra-
violet (UV) radiation as an important etiologic factor, but other agents including the
immune response, genetic predisposition, and viral infection may also be involved. A
number of viruses have been proposed in the development of NMSC, but the most
plausible evidence to date is that for HPV (2,3).

HPV is increasingly recognized as an important human carcinogen. In the estab-
lished association with the “so-called” high-risk mucosal HPV types 16 and 18 with
anogenital cancer, HPV is believed to act as a solitary carcinogen (3). HPV may also
play a role in cutaneous malignancy, most prominantly in the rare inherited condition
epidermodysplasia verruciformis (EV) which is characterized by a predisposition to
HPV infection and the development of cutaneous squamous cell carcinomas (SCCs) on
sun-exposed sites (4). Tumor suppressor proteins p53 and pRb are important cellular
targets for the viral oncoproteins E6 and E7, respectively, in anogenital cancer, but the
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putative mechanisms of HPV in EV-associated skin malignancies are uncertain, with
an almost invariable additional requirement for UV radiation (4).

An association between HPV and skin cancer has also been proposed in renal trans-
plant recipients (5,6). Transplant patients have a 50–100-fold increased risk of NMSC,
particularly squamous cell cancers, which occur predominantly on sun-exposed sites,
often in close proximity to virus warts (7,8). Histopathologic examination of squamous
cell neoplasms in transplant recipients may show a spectrum of pathology, sometimes
within single lesions, from benign wart, through increasing dysplasia, to frankly inva-
sive squamous cell carcinoma (9). HPV is also considered a possible cofactor in the
development of sporadic skin cancers in the general population.

Oral squamous cell carcinoma (OSCC) accounts for in excess of 90% of all oral
malignancies. In the United States some 30,000 new cases are diagnosed per year, with
approx 8000 deaths (10). The incidence may be increasing among black males in the
United States in whom oral cancer is the fourth most common cancer (11). Intraoral
cancer has one of the lowest survival rates of any of the major cancer sites owing to late
diagnosis (12), with 5-yr survival rates of only 20–40% reported for nonlocalized
oropharyngeal cancers (13). A heterogeneous multifactorial, multistage etiology is
envisaged. Suggested factors are included in Table 1 but in many cases the extent of
their contribution to oral carcinogenesis is uncertain and will vary between populations
and from individual to individual. Together smoking and alcohol have been suggested
to cause 75% of all OSCCs (14) and the two may act synergistically (15,16). Strong
evidence also links chewing tobacco in its various forms, particularly with lime and as
betel quid or paan in the Asian subcontinent (17–19), where OSCC accounts for in
excess of 40% of all malignancies (20–23). Only a relatively small proportion of peo-
ple who use tobacco, alcohol, or betel quid develop OSCC (24). There is an emerging
population of patients with oral cancer who have not had obvious exposure to these
agents (25), and additional factors are likely to be involved. The integral role that HPV
plays in anogenital carcinoma has suggested a possible role in oral carcinogenesis (26).

HPVs: General Introduction (27)

Papillomaviruses, together with the polyomaviruses, are members of the papo-
vavirus family. The family is characterized by its small (55 nm diameter in the case of
papillomaviruses) nonenveloped virion, icosahedral capsid, and circular double-
stranded DNA genome (of approx 8000 nucleotide bases in papillomaviruses). The
general organization of the genome is the same for different HPV types and consists of
three main regions: the early (E) region encoding viral regulatory, transforming, and
replication proteins; the late (L) region encoding the structural capsid proteins L1 and
L2; and the noncoding or upstream regulatory region. The HPV-encoded early genes
appear to have multiple functions including (E1) ATPase and helicase activity neces-
sary for initiating viral replication, (E2) regulation of viral transcription and replica-
tion, and (E4) proteins involved in maturation and release of viral particles. E5 has
some transforming potential but this is not fully characterized, whereas E6 and E7 are
the major transforming proteins of genital HPVs. HPV infects basal epithelial cells
stimulating epithelial proliferation. In benign viral warts it is present as episomal DNA
with low level replication of viral episome within basal keratinocytes maintained by E1
and E2 expression. The full vegetative life cycle of HPV is tightly linked to ker-
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atinocyte differentiation, and other viral early genes are not switched on until the
infected keratinocyte leaves the basal layer. Late gene expression with production of
virus particles can take place only in highly differentiated keratinocytes.

The Relationship of EV-HPVs to a Phylogenetic Analysis of HPV

Improvements in HPV detection techniques have resulted from the advent of recom-
binant DNA technology. Distinguished originally by its restriction enzyme map, a
papillomavirus isolate is now classified exclusively by characterization of its genome.
A new type is one in which the nucleotide sequence of the most highly conserved part
of the HPV genome, the L1 open reading frame (ORF), is shown to share < 90% iden-
tity to the homologous sequences of established prototypes (28). Based upon this defi-
nition, 80 distinct HPV genotypes have now been described, and several groups have
identified and partially characterized novel sequences predicting the existence of many
more (3).

Papillomaviruses show a marked host and epithelial cell specificity for infection and
historically they have been grouped according to the location and clinical context from
which they were initially isolated, hence the terminology cutaneous, mucosal, and EV
types. Subsequent phylogenetic analyses based on sequence information have broadly
justified this clinical classification (29). Based on phylogenetic analysis of the L1 gene,
four groups of EV-related HPV have been described: A to D. Viruses from all four
groups appear to induce the characteristic EV macular lesions in sun-exposed sites and
have been detected in NMSC occurring in EV patients or renal transplant recipients.
The genomic diversity of the many different HPVs poses a considerable challenge to
HPV detection and genotyping. Methods based upon DNA hybridization to specific
HPV probes (Southern blot, slot blot, in situ hybridization) have now largely been
superseded by polymerase chain reaction (PCR)-based techniques using degenerate
and nested primers to increase sensitivity and specificity. This has revealed a diverse
range of HPVs in skin and mucosal tissue including many HPV sequences that proba-
bly represent new, as yet uncharacterized EV-associated types (27,30–33).

HPVs and Cancers of Skin and Oral Mucosa 291

Table 1
Etiologic Factors in OSCC

Tobacco smoking, e.g., pipes, cigars, cigarettes, bidis, reverse smoking; smokeless tobacco,
e.g., chewing tobacco, tobacco sachets

Betel quid chewing

Alcohol, eg., spirits, wine, and beer

Nutritional deficiencies, e.g., iron deficiency as Plummer–Vinson syndrome; diets deficient in
fruit, vitamins A and C

Chronic oral conditions, e.g., lichen planus, lupus erythematosus, submucous fibrosis

Mechanical irritation from dental factors, e.g., rough restorations

Ultraviolet light

Immunosuppression, e.g., in patients with organ transplants or possibly HIV infection

Chronic infections, e.g. candidosis, syphilis, herpes simplex virus, and human papilloma virus



The complete genome sequence has been determined for more than 11 of the EV-
related viruses (34–38). Two features of the genome organization appear to be specific
for this group. First the noncoding region of the genome is much shorter than in all
other HPVs (460 bp vs 1037 in HPV-1). Second, there is no equivalent of an ORF E5 in
the 3′ part of the early region. The genome sizes of the EV-associated HPV fall into
two classes, those of 7.7 kb (HPV-5,-8,-12,-14,-19,-20,-21,-24,-25,-47, and -50) and
7.4 kb (HPV-9,-15,-17,-22, and -23) (38,39). The second class appears to have shorter
NCRs (40) and E2 ORFs (100 and 200 bp, respectively). The small size of the EV-
associated NCRs may explain why some of the replication control elements identified
in prototypic viruses are located in the ORF L1 upstream or in the ORF E6 down-
stream. This contrasts with the situation in non-EV-associated HPVs.

EV-Related HPVs—Transcriptional Regulation

The EV-associated viruses appear to be transcriptionally active in both benign and
malignant lesions from patients with EV. There appear to be at least two promoters in
EV-associated HPVs, which generate both early and late region transcripts (41). The
late transcripts, L1 and L2, and the NCR exon are detected only in terminally differen-
tiated epithelial layers (42). However, signals for the 5′ early region exon and the E4
exon are detectable throughout the epithelium. These differences underline the cell-dif-
ferentiation-dependent nature of EV-associated HPV replication (43).

Several of the mechanisms controlling the replication of EV-associated HPV are
unique to this group. As in all HPVs, the main cis-acting responsive elements are
located within the NCR of the genome. In addition to those regulatory elements com-
mon to all HPVs, EV types have been noted to encode certain unique elements within
the (35,40,44). These are:

• four E2-binding palindromes P1–P4
• a cluster of sites between P2 and P3 that bind the NF1 protein
• a partially conserved motif of 33 nucleotides (M33 motif) followed by an AP1 binding

site between P1 and P2.

Group A viruses (types 5, 8, 12, 36, 47, 14, 19, 20, 21, and 25) also share a con-
served run of 29 nucleotides in their E6 proximal parts (M29), as well as a unique 50-
base AT-rich region nearby and an E2 binding site in L1. These motifs are lacking in
group B EV viruses, although two of them, HPV 9 and 17, contain an E2 palindrome in
the E6 proximal part of the NCR, termed P5.

The regulation of transcription in the EV types has been most closely studied using
HPV-8 as a prototype. HPV-8 has been described as having two promoters within the
NCR, P175, which probably acts on E6 transcription, and P7535, which mediates
expression of the LI protein and E2 (45). P7535 closely resembles other late gene pro-
moters characterized in skin-specific HPVs. P7535 can also bind E2, suggesting a reg-
ulatory feedback circuit controlling its activity. Activation of the P2 E2-binding site
appears to strongly repress the action of P7535, whereas the four distal E2 target
sequences appear to transactivate the promoter.

EV NCRs can also act as transcriptional enhancers in C127 mouse fibroblasts
(46,47). In group A viruses this is dependent on E2 transactivation, whereas group B
EV viruses 9 and 17 appear to show constitutive activity in the same system. In this set-
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ting the major enhancing region within the HPV-8 NCR has been shown to be the M33
motif combined with the AP1 binding site (48). Together with the AP1 complex and
two other epithelial cell nuclear proteins these enhancer elements transcriptionally
enhance the P7535 promoter. A 38-bp negative regulatory element located at the
boundary of L1 ORF and the NCR and containing the E2 binding element P1 acts to
downregulate P7535 (49). It is possible therefore that the negative regulatory element
can act as transcriptional enhancer or repressor depending on the level of E2. This may
have important implications for the control of replication of EV-associated viruses.

Finally, the HPV-8 NCR, together with the proximal part of E6, encodes four sites
that bind the negative cellular regulatory factor yin-yang 1 (YY1). These appear to
mediate strong repression of both promoters P175 and P7535 (50).

The State of Virus in EV-Associated Malignancies

In contrast to HPV-positive cervical cancers, integration of viral DNA into the cellu-
lar genome has been reported only with HPV-5 and -14 in two tumors occurring in EV
patients (51,52). Generally in EV patients, 100–300 copies per cell of episomal viral
genome may be detected as well as variable numbers of oligomeric forms, or genomes
with deletions (51) or duplications.

Does Human Papillomavirus Infection Play a Role in the Development 
of NMSC?

The study of HPV-associated skin carcinogenesis has been fraught with technical
difficulties and, as a consequence, much of the literature in this area is inconsistent and
confusing. The development of recombinant technology in the 1970s facilitated the
detection, characterization, and examination of HPV in the skin, but until very recently
even this was hampered by the diversity of HPV types now known to exist in keratiniz-
ing epithelia.

In early studies, detection of HPV DNA varied both in overall prevalence, from zero
to 64%, and in the HPV types detected (reviewed in [2]). These discrepancies largely
reflect the detection methods used; DNA-hybridization-based techniques were gener-
ally employed using a limited number of HPV probes that were not informative for the
majority of HPV types. As a consequence, the true prevalence of HPV in cutaneous
lesions was considerably underestimated. With PCR, which increased sensitivity, early
studies used type-specific primers capable of detecting only a limited range of HPV
(53–55). This was frequently compounded by the use of paraffin-embedded material
that yields suboptimal results compared with fresh frozen tissue (56–58). Recently
attempts have been made in several laboratories, including our own, to optimize condi-
tions for HPV detection in the skin by employing frozen tissue and developing degen-
erate and nested PCR primers (27,31–33,59). Using a combination of these primers, a
comprehensive analysis of all known HPV types is now possible, including detection
of mucosal, cutaneous, and EV types with high sensitivity and specificity (60).

Detection of HPV DNA in NMSC in Organ Transplant Recipients

Risk factors for skin cancer in organ transplant recipients include fair skin (phototypes
I–III), high cumulative sun exposure, older age, and longer duration of immunosuppres-
sion (61). The role of HPV is unknown but the high prevalence of HPV DNA detection
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in skin cancers from immunosuppressed individuals suggests it may be important. Early
reports conflict but recent studies from several independent laboratories have consis-
tently found HPV DNA in approx 60–80% of premalignant keratotic lesions and basal
and squamous cell carcinomas from renal transplant (32,33,60). There is some variation
in HPV types reported by different groups, depending on the sensitivity and specificity
of the primer combinations employed, but the overall consensus is that transplant-associ-
ated skin cancers contain a diverse range of HPV types, with no single HPV type pre-
dominating. In particular, HPV types 5 and 8, which are reported to be present in
EV-associated skin cancers (4), and HPV types 16 and 18, found in cervical and anogen-
ital malignancies (3), are not overrepresented here. In approx 80% of all lesions across
several recent studies, EV-associated HPV types have been identified. In one study (33)
just five HPV types (20, 23, 38, DL40, and DL267) were present in 73% of the cancers
examined, but this is not the general experience. For example, in 82% of 40 transplant-
associated SCCs we examined, a more diverse range of HPV types was found, including
24 different EV and EV-related HPV types (HPV-5, -14, -19, -20, -22, -23, -24, -25, -36,
-37, -38, -49, -75, -RTRX1, -RTRX2, -RTRX5, RTRX32, -vs20-4, -vs42-1, -vs73-1,-
vs92-1, Z95963). Seven cutaneous HPV types (10, 27, 2, 1, 3, 77, 28) and three mucosal
types (HPV-11, -16, and -66) were also identified in several tumor specimens. Mixed
infection with up to four different HPV types was found in approx 60% of lesions. We
detected a similarly diverse range of HPVs in 75% of 24 BCCs and in 88% of 17 carci-
noma in situ (CIS). Whatever the minor discrepancies between groups, the majority of
transplant-associated skin lesions in all recent studies has consistently shown a high
prevalence of HPV DNA, usually mixed infection with EV, and cutaneous or, less com-
monly, EV and mucosal HPV types.

Detection of HPV DNA in NMSC in the General Population

Technical difficulties confused the literature on HPV and skin cancer in immuno-
competent individuals for many years, just as in the transplant group. However, the use
of a degenerate and nested PCR approach in the analysis of sporadic skin cancers has
now, as for the transplant group, produced consistent results from several independent
laboratories (31,60). Detection rates are lower in all equivalent skin lesions in immuno-
competent compared with immunosuppressed patients, with HPV DNA being found in
approx 20–40% of actinic keratoses and basal and squamous cell carcinomas in the
general population. Once again, no HPV type has been found to predominate, and
HPV-5 and -8 are rarely detected. Instead all skin lesions contain diverse HPVs includ-
ing EV-associated, cutaneous or, more rarely, “low-risk” mucosal types. Unlike trans-
plant-associated skin lesions, however, skin cancers and premalignant lesions from
immunocompetent individuals rarely show mixed infection. We found several differ-
ences in the prevalence of HPV DNA in skin cancers from immunocompetent patients
compared with renal transplant recipients. The overall prevalence of HPV DNA was
significantly lower for all lesions (SCC, BCC, and CIS: p < .05) in immunocompetent
patients. The spectrum of types detected also differed. The HPV-positive lesions from
immunocompetent patients most often had EV HPV types (19 of 23 [83%]), but these
lesions infrequently had cutaneous HPV types (3 of 23 [13%]) or multiple HPV types
(3 of 23 [13%]) compared with 39 of 66 (59%) of HPV-positive lesions from renal
transplant recipients (p < 0.001).
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Detection of HPV DNA in Normal Skin from Both Immunosuppressed and
Immunocompetent Patients

The high prevalence of HPV DNA in premalignant and malignant skin lesions
should be interpreted in the context of the HPV status of normal skin in a matched con-
trol population without skin cancer. The present technology is sensitive enough to
detect HPV DNA in normal skin, presumably present as subclinical or latent infection,
but few studies have addressed this. Preliminary data indicate that HPV DNA is present
in normal skin of both immunocompetent and immunocompromised patients. Astori et
al. (62) found EV-associated HPV types in 50% of six normal perilesional skin sam-
ples, adjacent to actinic keratoses, basal cell carcinomas, and benign nevi. Seven (35%)
of 20 normal skin samples obtained during cosmetic surgery were also positive for
HPV DNA in this study. We also reported HPV DNA in 4 (33%) of 12 normal skin
samples from patients who had undergone PUVA therapy for psoriasis (63) and have
more recently found HPV DNA in approx 50% of 36 normal skin biopsies from 18
immunocompetent patients and 88% of 67 normal skin samples from 38 renal trans-
plant recipients (60). An earlier report from a separate group (64) found that plucked
hair samples from 45% of 22 healthy volunteers and 100% of 26 transplant patients
were positive for EV-associated HPV DNA, indicating a very large potential reservoir
of latent HPV in the population.

Is There a Role for HPVs in the Etiology of OSCC?

Our understanding of the natural history and biology of oral HPV infection is incom-
plete (65,66). Acquisition may occur during birth from the mother’s genital tract (67), by
autoinoculation from a genital or cutaneous site, or during orogenital contact between
sexual partners (68). More commonly identified HPV DNA genotypes in oral mucosal
lesions include types 2, 3, 6, 7, 11, 13, 16, 18, 31, 32, 33, 35, 55, 57, and 59. Types 1, 3,
10, 52, 69, 72, and 73 are more rarely isolated. A number of these types are associated
with benign oral lesions such as squamous papilloma (mainly 6, 11, and 16), verruca vul-
garis (2, 4, 6, 11, and 57), and focal epithelial hyperplasia (13 and 32). HPV may persist
in the oral cavity in a latent form, perhaps acting as a reservoir for infection or activation
subsequent to trauma or immunosuppression, and types 6, 7, 11, 16, 18, 31, and 33 have
been detected on apparently healthy oral mucosa (26, 65, 66). HPV types 16, 18, 31, and
33 have been classified as high risk in anogenital cancer (69). Using PCR, a mean HPV
infection prevalence of 25.4% of normal mucosa has been deduced (26).

A role for high-risk HPV-16 and -18 in the development of OSCC is suggested by a
number of studies demonstrating that these HPVs can immortalize oral keratinocytes in
vitro (70,71) and molecular epidemiologic studies demonstrating an association of
HPV with oral premalignant lesions and SCC.

Detection of HPV DNA in OSCC

The reported HPV prevalence rates of OSCCs has varied from zero to 100% (72),
but studies need to be interpreted with caution. Many of these studies involved small,
locally gathered samples, lacked unaffected controls, and were interpreted in the
absence of information on contributory risk factors such as smoking and alcohol intake
(73). A large number of technical and biologic factors may also have contributed to the
disparate findings including (68,74):
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1. The use of detection assays of differing sensitivity from the relatively low sensitivity in
situ hybridization to the high-sensitivity PCR technique

2. The restriction of HPV to a limited subpopulation of cells at a low copy number in
OSCC

3. Variable sampling techniques that may have excluded epithelial layers more likely to
harbor HPV

4. Different methods of specimen storage studies (fresh or frozen specimens as opposed
to paraffin-embedded tissue have higher HPV DNA detection rates)

5. The use of early gene primers in PCR which are two to three times more efficient than
late gene primers at detecting HPV DNA in SCC (26).

Interpretation of studies is thus difficult. However, HPV has been detected in up to
33% of premalignant lesions (75) and 42% of dysplastic lesions by various PCR tech-
niques (26). The mean rate of HPV detection in oral SCC by PCR has been reported as
36.6%, but when all methods are considered a mean prevalence of 26.2% has been
reported (26). High-risk HPV types 16 and 18 are more frequently detected in HPV-
positive specimens (26). Recent reviews found that among specimens HPV positive by
PCR, 40% contained HPV-16, 11.9% contained HPV-18, whereas 7.0% contained
HPV-16 and -18. It was found that 3.8% of OSCCs contained HPV-6, 7.4% contained
HPV-11, and 10.9% contained HPV-6 and -11 (74). There is some evidence for HPV-
16 and -18 being associated with lesion aggressiveness: they are more likely to be
detected in OSCC (up to 80%) as opposed to the less aggressive verrucous carcinomas
(35.3%) (26). In two studies, HPV infection with two high-risk types was associated
with OSCC occurring 12.7 (76) and 9.6 yrs (77) earlier than carcinomas associated
with one or no high-risk HPV types.

OSCC, in contrast to cervical carcinoma, seldom has HPV integrated into the host
genome. Likewise, other high-risk HPV types 31, 33, and 39 (68,69) are rarely
detected in OSCC, and the frequency of detection of HPV in OSCC is considerably
less than that reported in cervical carcinoma (85–90%) (3). These differences do not
exclude a role for HPV in OSCC but may reflect the multifactorial etiology of oral
SCC or a role in only a limited number of OSCCs. HPV types as yet undiscovered may
be involved. The scattered distribution of HPV in OSCC evident in in situ PCR studies
(78), a reported more frequent association of HPV in younger OSCC patients (79), and
the loss of HPV-16 DNA sequences in OSCC cell lines during prolonged passage (80)
have led to a hit-and-run hypothesis to explain the role of HPV in oral carcinogenesis
(68), with HPV’s involvement being transitory, perhaps only during initiation. Interac-
tion with other risk factors is suggested by the finding that oral keratinocytes immortal-
ized by high-risk HPVs required exposure to tobacco-associated carcinogens prior to
full malignant transformation (81), a case-control study suggesting HPV-16 involve-
ment in a small number of OSCCs in combination with cigarette smoking (82) and
reports of HPV-associated epithelial atypia in oral warts in HIV-positive patients (83),
although OSCC development in them has not so far been described.

FUNCTIONAL INTERACTIONS BETWEEN HPVS AND
KERATINOCYTES

As previously described, HPVs are small DNA tumor viruses that display strict
epitheliotropism by infecting stratified squamous epithelia at different body sites, as
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reviewed previously (28,84). For stable viral maintenance to be achieved that would
allow a productive viral infection to occur, the virus is presumed to infect cells of the
basal layer. A candidate receptor for all HPV types, α-6 integrin, has recently been
identified and is expressed on basal keratinocytes(85). However, given the association
between specific viral types at particular body sites, it would appear that other factors
peculiar to the host cell at that site, in addition to its epithelial origin, must also be
important.

Viral Gene Regulation

A clue to the viral tropism is suggested by analysis of the different viral DNA
sequences, in particular the upstream regulatory region. This region of the viral
genome, which can be up to about 1 kb in length, does not code for any structural pro-
teins, but instead contains binding sites for cellular transcription factors that are impor-
tant in directing expression of the viral genes in both basal and suprabasal
differentiated cell layers. Indeed virus replication is intimately linked to and dependent
upon keratinocyte differentiation. Portions of the upstream regulatory region critical
for epithelial specific gene expression are termed the core enhancer, usually containing
binding sites for transcription factors such as AP1 and TEF-1 (86–92). It is most
notable that divergent groups of HPVs have solved their individual requirements for
host cell factors in different ways. Both the number and location of host transcription
factor binding sites are markedly different between individual cutaneous or mucosal
viruses, and individual viral types may also possess binding sites unique to that virus
(93–95). In those types that are commonly found in epidermodysplasia verruciformis
(EV HPV types) such as HPV-5, the upstream regulatory region contains two specific
DNA motifs, termed M29 and M33, which are found only in these HPV types. In con-
trast, in anogential viruses such as HPV-16, this region contains elements that enable to
virus to respond to glucocorticoids and progesterones (96,97). These are specific adap-
tations that may enable divergent viral types to survive in different epithelia.

Virally Encoded Oncogenes

Much of the recent work regarding the functions of virally encoded proteins has cen-
tered around anogenital HPV types most closely associated with the development of
cervical carcinoma. In particular, much attention has focused on the E6 and E7 proteins
of HPV-16 and -18 and the mechanisms by which they bring about cell transformation
(98–104). In contrast, comparatively little is known about the functions of the equiva-
lent proteins of cutaneous HPVs. Dissection of the HPV-16 viral genome revealed that
both E6 and E7 were powerful oncogenes able to transform cells in culture. Subsequent
functional studies showed that the E6 and E7 proteins inactivate two important tumor
suppressor proteins, p53 and the retinoblastoma gene product, pRb, respectively
(105–107). Studies on cutaneous HPV types have recapitulated these studies with dif-
fering results and have largely centered around HPV-5 and -8, which are associated
with tumors in EV patients. Mutational studies revealed that the association of HPV-16
E7 with pRb hinged on the integrity of the LXCXE motif, and this motif also was
required for the transforming activity of the protein (108). Although the majority of E7
proteins of cutaneous viruses contain this motif, many associate with pRb weakly if at
all and have a low transforming potential. This association with pRb is not, however,
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indicative of a transforming potential of the protein, as the HPV-1 E7 protein tightly
associates with pRb but fails to transform cells in culture (109). The HPV-10 E7 pro-
tein lacks this pRb binding motif entirely, suggesting that the virus uses other mecha-
nisms to overcome this growth suppressive pathway. Furthermore, in contrast to the
HPV-16 E7 protein, the E7 proteins of HPV types 8 and 47 fail to transform rodent
cells (110,111). Yet, in cooperation with activated Ha-ras the HPV-5 and -8 E7 genes
are able to give rise to transformed colonies, and the HPV-1 E7 gene can fully trans-
form mouse C127 cells (112). The HPV-16 E7 protein has also been shown to associate
with the p21 protein (113,114), a cyclin-dependent kinase inhibitor, whose expression
is induced by p53 in response to DNA damage and in a p53-independent manner in
keratinocyte differentiation. Cells expressing the HPV-16 E7 protein show altered dif-
ferentiation and an inhibition of PCNA and cyclin A/E-associated kinase activity
(113,114). There also is evidence that HPV-16 E6 and E7 proteins abrogate a mitotic
spindle checkpoint through a p53-independent mechanism (115). Whether cutaneous
E6 and E7 proteins share this ability is worthy of future investigation. Close to the pRb
binding domain in the HPV-16 E7 protein is a motif that is phosphorylated by casein
kinase II (CKII). Phosphorylation of E7 at this site increases the affinity of the protein
for TBP, a protein component of the basal gene transcription machinery (116).
Although most cutaneous virus E7 proteins lack this phosphorylation site, it appears to
be conserved in HPV-77, a novel type isolated from warts and SCCs of immunocom-
promised individuals, suggesting a conservation of E7 function in this virus (117). It
appears then that the degree of morphologic transformation induced by cutaneous E7
proteins correlates poorly with the risk of malignant conversion in vivo. In difference
to the combined immortalizing capacity of the HPV-16 E6/E7 genes in human ker-
atinocytes, such immortalization studies using cutaneous HPVs have been unsuccess-
ful to date.

In contrast to the E6 gene of anogenital viruses, the E6 gene of EV HPV types 5 and
8 appears to encode the major transforming activity. In rodent cell lines, EV E6 pro-
teins are able to induce both morphologic transformation and anchorage-independent
growth which, unlike the E7 gene, is reflective of their association with carcinomas.
The association of the HPV-16 E6 protein with p53 leads to the rapid degradation of
the protein. This is mediated by the binding of E6 to a cellular protein, E6-AP, leading
to the ubiquitination of p53 followed by its rapid degradation by the ubiquitin-depen-
dent proteolysis system(118). Although this function of E6 is believed to be important
in cellular transformation, E6 also has other p53-independent transforming activities
(119,120). This is highlighted by the cutaneous E6 proteins that function in transforma-
tion assays without associating with p53 or promoting its degradation (121). These
combined observations point toward as yet unidentified cellular targets of the cuta-
neous E6 and E7 proteins. Preliminary evidence also points toward a transforming
activity encoded by the HPV-8 E2 protein (110).

UV- and HPV-Associated Malignancy

In both EV and immunocompromised patients, HPV-containing tumors arise pre-
dominantly at body sites exposed to sunlight, indicating a fundamental role for UV as a
cofactor in HPV-induced carcinogenesis, as well as its recognized role in skin cancer
development in general (122). UV leads to a strong induction of p53 in the skin (123),
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playing an important role in protecting the integrity of the genome, either by inducing
growth arrest allowing the repair of UV-induced DNA damage or by promoting apop-
tosis (124). As noted previously, cutaneous E6 proteins fail to abrogate p53 function by
degradation, yet their presence in lesions at UV-exposed sites implies that p53
responses to DNA damage have been overcome by other mechanisms. An anti-apop-
totic activity of the E6 protein of anogenital HPV types has been noted (125), and such
an activity encoded by cutaneous E6 may aid the survival of virally infected cells
exposed to UV which in turn may facilitate the accumulation of UV-induced genetic
changes.

Models of HPV Infection and Disease

The HPV viral life cycle in its natural host cell is intimately linked to and dependent
upon the normal differentiation process. In basal layers, virus is maintained at low copy
number in basal layers, which rises as vegetative viral DNA replication taking place in
upper spinous layers. Concomitant with increased DNA replication, differential pro-
moter usage coupled to the expression of viral genes has been detected in differentiating
epidermis. The dependency of the virus upon host cell differentiation, coupled with the
previous lack of an in vitro model of epidermal regeneration, has in the past proved a
major obstacle in designing model systems to investigate HPV gene function under more
physiologically relevant conditions. However, advances in keratinocyte biology coupled
with the emergence of animal systems have gone a long way to fulfilling the necessary
criteria. Much of the developmental work in the designing and testing of HPV model
systems has been done using anogenital HPVs. The paucity of experimental data using
cutaneous HPVs may stem from the lack of a keratinocyte immortalization assay.

Transformation of human skin was first demonstrated for HPV-11, a condylomata
acuminata associated HPV type. HPV-11 viral particles were used to infect human skin
that then was grafted beneath the renal capsule of athymic mice (126,127). This
resulted in production of viral particles and the development of condyloma similar to
those seen in patients (128). Such xenograft models were subsequently improved by
the use of severe combined immunodeficiency (SCID) mice, producing larger
xenografts that showed an increased rate of HPV-11 positivity (129). This work was
extended to include engraftment of HPV-16-infected foreskin keratinocytes were
grafted onto the skin of SCID mice. The grafted skin expressed involucrin in differenti-
ating keratinocytes and displayed features of HPV infection including koilocytosis and
production of capsid antigen (130). Direct grafting of HPV-6 or -11-containing lesions
onto the skin of SCID mice also resulted in the formation of a macroscopic papillo-
mata(131). The first experimental system permitting the completion of the HPV-16 life
cycle was achieved by grafting an immortal HPV-16 cell line isolated from a low-grade
lesion onto a vascularized granulation bed on the flanks of nude mice (132). Similar
experiments using skin fragments from benign early premalignant EV lesions
implanted under the kidney capsule of athymic mice led to the production of epidermal
cysts displaying numerous mitoses and EV HPV DNA (133,134).

Organotypic Cell Culture Systems and Drug Effects In Vitro

Although the mouse model xenograft systems have proved useful in studying HPV
infected lesions, they are technically difficult and time consuming. Changes in HPV
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gene expression and induction of DNA replication can be induced by suspending ker-
atinocytes harbouring episomal HPV DNA in semisolid medium (135). Programmed
differentiation of keratinocytes in vitro can be achieved by the use of organotypic cell
cultures (rafts) (136,137). In this system keratinocytes are seeded onto a dermal substi-
tute and then raised to the air–liquid interface, allowing stratification and differentia-
tion to occur. A variety of dermal substrates have been used, including collagen and
deepidermalized human dermis. Grafting of HPV-16 immortalized keratinocytes in raft
cultures leads to the reformation of epithelium; however, the epithelium exhibits
parabasal crowding, enlarged nuclei in the upper layers, and features of a premalignant
HPV-induced lesion (138). These features included abnormal differentiation, mitotic
figures, and abnormal mitoses in upper cell layers (139,140). Biosynthesis of HPV-31
viral particles was first demonstrated by seeding onto collagen gels a cell line derived
from a low-grade cervical intraepithelial neoplasia (CIN), that maintains episomal viral
DNA (141,142). Such organotypic systems are most useful in studying the effects of
viral genes on epithelial proliferation and differentiation, and the relative contribution
of transcription factor binding sites in the upstream regulatory region to altered HPV
gene expression in stratified epithelia (143). They can also be used to evaluate the
effects of agents that may be important in modulating HPV gene function, such as
tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ) (144), UV, hormones, and
retinoids. Although the lack of suitable cell lines harboring cutaneous HPVs has pre-
vented similar studies from being undertaken to date, high-efficiency gene transfer into
keratinocytes can be achieved using retroviruses. Recent advances in retroviral design
now allow a high transduction efficiency coupled with a sustained expression of trans-
genes in regenerated epithelium (145–147). The ability to use primary rather than
immortalized cells for such assays has distinct advantages that will prove useful in
studying HPV types with little or no inherent immortalizing potential.

Transgenic Animal Models

The use of transgenic mice is proving to be a powerful tool in studying tumor pro-
gression and dissecting the molecular events important in the multistage process of
skin carcinogenesis. Although mouse skin has long been used to study tumor develop-
ment and those changes important for the development of malignancy, the use of trans-
genic animals offers the ability to examine in greater detail the consequences of
expression of specific viral genes (for reviews see 148–150). Transgenic animals
expressing one or more wild type or mutated HPV genes allows the contribution of that
gene to be evaluated for its contribution towards papilloma or tumour development. For
example, crossing of HPV transgenics with mice knockouts for p21 or p53 would
allow the contribution of the E6 and E7 genes to perturbation of differentiation and
normal cell cycle control to be tested and compared to organotypic cultures
(113,151,152). HPV gene expression has been successfully targeted to the developing
lens using the α-A crystallin promoter and to the epidermis using human keratin gene
promoters such as K1 and K14 and bovine K10. K14-HPV-16 transgenic mice have
been generated by a number of different groups (148,150,153,154). The mice show
progressive squamous epithelial neoplasias that can arise at many different anatomical
sites including ears, skin, anus, cervix, and vagina, perhaps modulated by autocrine
factors such as TGF-α or hormones such as progesterone acting through regulatory ele-

300 Leigh et al.



ments in the upstream regulatory region (155–157). Mice transgenic for either E6 or E7
revealed the anti-apoptotic activity of the E6 protein in vivo and the proliferation-
induced stimulation of apoptosis by E7 (158,159). Mutations in the E7 gene revealed
the importance of specific regions, including the pRb binding domain, in the induction
of epidermal hyperplasia (151). Karyotyping of primary tumors induced by bovine
papillomavirus type 1 shows consistent changes on chromosomes 8 and 14 (160). This
suggests that papillomavirus transgenics may be useful to study the roles of cytoge-
netic changes in tumorigenesis and may also provide a model that will be helpful in
evaluating potential anti-HPV agents (161). This approach will also be useful in pre-
senting viral antigens to the immune system in a way that can be modeled to the natural
infection. Such immunologic studies on HPV-16 E6/E7 transgenic mice allow
immunologic responses including antibody production, induction of cytotoxic T lym-
phocytes against viral proteins and tolerance to be evaluated on different MCH genetic
backgrounds.

THE ROLE OF HPV IN NMSC AND ORAL CANCER: CONCLUSIONS

The role of HPV in the development of skin cancer is still not clear. The viral epi-
demiology suggests that there is a large reservoir of latent HPV infection in the normal
skin of the general population and in immunocompromised individuals. Preliminary
evidence suggests that increased exposure, as in the transplant population, is associated
with an increased risk of skin cancer but this needs to be confirmed in prospective stud-
ies. Malignant skin lesions in both immunocompetent and immunosuppressed patients
frequently contain HPV DNA, and it is tempting to ascribe them a functional role.
However, no particular HPV type predominates and it remains a possibility that HPV is
merely a “passenger,” present but not active in the development of skin cancer. The
technology is now in place to address this, to determine the molecular epidemiology of
HPV infection in keratinizing epithelia and to examine its role in skin carcinogenesis.

Similarly, because the association of HPV in oral squamous cell carcinoma is anecdo-
tal at present, well designed, adequately controlled molecular epidemiologic studies are
required to what if any role HPVs play. The epidemiologic association of HPV with
OSCC and in vitro evidence of oral keratinocyte immortalization combined with growing
knowledge of HPV oncogenes suggests a possible role for them in the etiology of OSCC.
This putative role is not as clearcut as HPV’s role appears to be in cervical carcinogenesis.

Functional studies of interactions between HPV oncogenes and keratinocytes do
show that the EV HPVs transforming activity does not lie in the association of EV-
HPV E6 with p53. Elucidation of the cellular targets of EV-HPVs will further add to
understanding the role of these viruses in keratinocyte-derived cancers, as well as
potential strategies for their eradication or prevention.
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Overview of Hepatitis B and C Viruses
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common and devastating malig-
nant tumors in the world, particularly in Asia and Africa (1). With the estimated 1 mil-
lion cases per year worldwide, HCC is the seventh most common cancer in men and
the ninth most common in women. In high prevalence areas such as Southeast Asia, the
Far East including Taiwan, and sub-Saharan Africa, the annual incidence of HCC
reaches 30 cases per 100,000 population; this contrasts with an annual incidence of
fewer than 2 cases per 100,000 population in low-risk areas such as the United States
and most of Europe. Symptomatic HCCs usually run a rapidly progressive course with
low rate of resectability and poor response to nonsurgical therapy and thus has a very
poor prognosis (2). The risk factors associated with the development of HCC include
chronic infection with either hepatitis B virus (HBV) or hepatitis C virus (HCV), the
presence of liver cirrhosis, carcinogen exposure especially alfatoxin B1, alcohol abuse,
genetic factors, male gender, cigare smoking, and advanced age. Among these risk fac-
tors, chronic hepatitis virus infections, particularly those occurring in the presence of
cirrhosis, show the strongest association with the development of HCC (2,3). This
chapter reviews the virologic characteristics, animal models, and molecular pathogene-
sis of both HBV and HCV.

HEPATITIS B VIRUS

Discovery

HBV is the first human hepatitis virus from which the proteins and genome could be
identified and characterized. Before discovery of the viruses, two types of hepatitis
(hepatitis A for infectious hepatitis and hepatitis B for serum hepatitis) were differenti-
ated on the basis of transmission routes and other epidemiologic characteristics (4).
Hepatitis A virus (HAV) was transmitted by the fecal–oral route, whereas hepatitis B
virus (HBV) was transmitted parenterally. In 1963, Blumberg et al. Studied genetic
polymorphisms of serum proteins, and discovered a previously unknown antigen that
formed a precipitin line with the serum of a multiply transfused hemophiliac in the
blood of an Australian aborigine (Australia antigen) (5). The significance of Australia
antigen was soon recognized by its specific association with hepatitis B. By using
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immune electron microscopic methods, Dane and colleagues in 1970 first described the
42-nm particles that came to be known later as “Dane particles” (6) and are actually
hepatitis B virions. The term Australia antigen was then replaced with hepatitis B sur-
face antigen (HBsAg) to denote its association with the envelope of HBV. In 1973 the
viral nature of Dane particles was confirmed by the detection of an endogenous DNA-
dependent DNA polymerase within their core (7). Subsequently, the HBV genome was
found to be a small, circular DNA that was partially double-stranded (8,9).

HBV Taxonomy

HBV is the prototype of a new family of closely related hepatotropic DNA viruses
called hepadnavirus (10). Included in this family are the woodchuck hepatitis virus
(WHV), the ground squirrel hepatitis virus (GSHV), the duck hepatitis B virus
(DHBV), as well as several other avian and mammalian variants. As is in the situation
of human HBV infection, chronic hepatitis and HCC are commonly observed in persis-
tently infected woodchucks and less frequently in infected ground squirrels and ducks
(10). All the hepadnaviruses have similar hepatotropism and life cycles in their hosts.
They all use the reverse transcription of viral RNA to form DNA within core particles
as the initial step in replication. Thus the hepadnaviruses are also named pararetro-
viruses, in contrast to orthoretroviruses, which have an RNA genome.

Having only 3200 basepairs in its genome, HBV is the smallest known DNA virus
(9). The partially double-stranded circular DNA encodes four overlapping open read-
ing frames (10,11):S for the surface or envelope gene, C for the core gene, P for the
polymerase gene, and X for the X gene (Fig. 1). The S and C genes also have upstream
regions designated pre-S and pre-C. The whole virion, or Dane particle, is a 42-nm
sphere that contains the nucleocapsid. The viral envelope encoded by the S gene con-
tains three distinct components—large, middle, and major (or small) proteins—that are
synthesized by beginning transcription with the pre-S1, pre-S2, or S gene alone, respec-
tively (Fig. 8–1). Of interest, HBV can produce a large excess of surface antigens con-
sisting of both small spheres and rods with an average diameter of 22 nm that can be
found in the circulation. The pre-S1 and pre-S2 proteins are perhaps the more immuno-
genic components of HBsAg. Several specific antigenic determinants including the a
determinant are common to all HBsAg, whereas the d, y, w, and r determinants are
mainly of epidemiologic interest. Hepatitis B core antigen (HBcAg) is the nucleocap-
sid that encloses the viral DNA. When HBcAg-derived peptides are processed and
expressed on the surface of liver cells, a cellular immune response can be induced for
killing infected cells and clearing the virus. Hepatitis B e antigen (HBeAg) is a circu-
lating peptide derived from the core gene, then modified and secreted from liver cells.
It usually serves as a marker of active viral replication. HBeAg can act as a tolerogen to
diminish host immune response against HBV because of its close resemblance to
HBcAg, the putative target of the immune response. The long P gene encodes the DNA
polymerase. However, because viral replication requires RNA intermediates, the poly-
merase also provides the reverse transcription function of HBV. The X gene encodes
two proteins that have transactivation activities on HBV enhancer in aiding viral repli-
cation. These proteins can also transactivate other cellular genes that may play a role in
hepatocarcinogenesis. In addition, several enhancers and promoters are identified
within the whole HBV genome.
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HBV Life Cycle and Viral Replication

The understanding of hepadnaviruses replication derives largely from animal mod-
els (11–13). The process of HBV entry into the liver cell is not well understood
because of the lack of susceptible cell lines for in vitro infection studies. However, cell
membrane proteins may play a role in infection by association with the viral envelope
binding to the cell surface and to facilitate viral penetration either by the fusion with
the viral envelope or by receptor-mediated endocytosis. Following entry into the cell,
the virus core is thought to be transported to the nucleus without processing, and the
relaxed circular viral genome is repaired to form covalently closed circular DNA
(cccDNA), which is thought to serve as the template for the transcription of both the
pregenomic RNA, the precursor for replication, and mRNA from several promoters for
viral protein synthesis. Integration of HBV DNA into the host genome does not occur
during the normal course of replication, as it does with retroviruses. These mRNA
encode the envelope, core, polymerase, and X proteins as previously mentioned. The
3.5-kb pregenomic RNA serves as a template for reverse transcription. Minus-strand
DNA synthesis initiates at the 3′ DR1 with the terminal protein of the polymerase as a
primer, and when synthesis progresses the RNA template is simultaneously degraded
by RNaseH. Plus-strand DNA synthesis initiates at the 3′ end of DR2 and synthesis
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continues until the terminal protein at the 5′ end of the minus strand is passed. This
produces an open circular DNA molecule similar to that of mature HBV. The mature
core particles are then packed into the HBsAg/pre-S in the endoplasmic reticulum and
released from the liver cell. A stable pool of cccDNA molecules is maintained in the
nucleus by transporting the newly synthesized HBV DNA back into the nucleus.
Because HBsAg can inhibit the formation of cccDNA, this may represent a negative
feedback to HBV replication.

Animal Models of HBV

Although the chimpanzee has long served as a surrogate host for humans in modeling
HBV infection (14,15), the chronic liver disease in this model is less severe, and HCC
has not been observed. Since the discovery of WHV in 1978, the virus and its host, the
American eastern woodchuck, have been extensively studied and used as the most suit-
able model for human HBV infection (13). WHV is closely related to the human HBV,
having close similarities in morphology, genome structure and gene products, replica-
tion, epidemiology, the course of infection, and the development of illness including
HCC. The woodchuck is thus used in the development of new vaccines, therapeutic vac-
cination, and antiviral agents. In addition, the woodchuck system is also employed for
testing viral inactivation procedures and for investigation of molecular mechanisms of
the viral life cycle and the mechanisms of carcinogenesis and cell infection.

The molecular mechanism of WHV-related HCC in woodchuck has been reviewed
recently (16). Southern blot analysis of genomic DNA from a large number of wood-
chuck HCCs provides evidence of integrated WHV sequences in about 90%, including
tumors from chronic carriers and from woodchucks that seroconverted and were not
chronic carriers. Contrary to HBV, WHV seems to activate cellular protooncogenes by
integration of viral sequences in the flanking host DNA. A high frequency (50%) of
insertions of WHV DNA adjacent to c-myc and N-myc sequences has been reported
(17–19), and the N-myc mRNA was found to be overexpressed. The activation of N-
myc expression in woodchuck HCC is similar to that caused by the murine leukemia
virus (MuLV). In both cases, insertion of virus sequences occurs in the 3′ noncoding
region of the N-myc locus in the same transcriptional orientation leading to chimeric
RNA. These findings strongly suggest that WHV might act as an insertional mutagen to
activate myc family genes (c-myc or N-myc) and then induce HCC in the animal.

Molecular Pathogenesis

HBV is a major public health problem worldwide. It is estimated that more than 350
million people are chronic HBV carriers (10). Hepatitis B is the leading cause of
chronic liver disease and HCC, accounting for 1 million deaths annually. Extensive
prospective and retrospective studies in many parts of the world have provided a strong
epidemiologic association between chronic HBV infection and HCC (2,3). The
increased risk of developing HCC has been estimated to be 100-fold for HBsAg carri-
ers compared to uninfected populations, placing HBV in the first rank among known
human carcinogens. Meantime, the existence of related animal viruses (such as WHV)
that induce HCC in their hosts (16), the weak oncogenicity of the viral X transcrip-
tional transactivator, the long-term tumorigenic effect of surface glycoprotein, and the
mutagenic action of viral integration into the host genome which may contribute to
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deregulate the normal cell growth control also support the connection between HBV
and HCC (20). The decrease of HCC in Taiwanese children after implementation of
universal vaccination against HBV infection further strengthens the etiologic role of
HBV in causing human HCC (21).

Immunopathogenesis

The mechanisms of hepatocellular injury during HBV infection are predominantly
immune-mediated (22). The host immune attack against HBV is mainly mediated by a
cellular response to small epitopes of HBV proteins, especially HBcAg, presented on
the surface of liver cells. HLA class I-restricted CD8+ cells recognize HBV peptide
fragments derived from intracellular processing and presentation on the liver cell sur-
face by class I molecules (23). This process leads to direct cell killing by the CD8+

cytotoxic T lymphocytes. However, progressive hepatic failure develops in certain
patients, especially those with liver grafts but also occasionally in patients with renal or
bone marrow transplants, due to a peculiar form of fibrosing cholestatic hepatitis
(FCH) (24). Thus, high viral titers in serum and liver tissue may also have a direct cyto-
pathic effect on liver cells in such immunosuppressed patients.

Hepatocarcinogenesis

The mechanisms of HBV-related HCC are not yet clear. Whether HBV acts through
any recognized oncogenic mechanism, either directly or indirectly, represents an
important but unsolved issue. However, it is generally believed that HBV has no direct
oncogenic effect on the infected liver cell (20). Malignant transformation of liver cell
occurs after a long period of chronic hepatitis, frequently associated with liver cirrhosis
(Fig. 2). This fact also indicates that a multistep evolution involving many important
and stagewise genetic changes is required for the development of HCC (3,20), as in
other human cancers. However, unlike the sequential genetic changes of colorectal can-
cers, most of those in hepatocarcinogenesis remain virtually unknown. On the other
hand, the long latency of HCC development after the initial HBV infection may sug-
gest an indirect action of the virus. The host immune response against the infected liver
cells and/or a long-term toxic effect of viral proteins might cause continuous liver cell
necrosis and consequent cellular regeneration, resulting in the accumulation of genetic
changes. In addition, the persistent HBV infection might potentiate the action of
exogenous carcinogens such as aflatoxins and alcohol. Although integration of HBV
DNA into the liver cell genome has been detected in most, but not all, patients with
HBsAg-positive chronic hepatitis or HCC (25,26), this may not contribute directly to
the hepatocarcinogenesis. Integration of viral DNA into the host genome may cause
direct activation of cellular oncogenes or secondary chromosome instability. However,
insertional activation of potential oncogenes has been described only in rare cases
(27,28), and the consequences of genetic instability resulting from viral integration
have not been determined. In contrast, most of the woodchuck HCCs, like the human
counterpart, contain integrated viral DNA with preferential integration sites that acti-
vate myc family genes (c-myc and N-myc) (16). Whether these striking differences are
related to viral determinants or to species-specific factors remains to be determined.

Many interesting relationships have been noted in cytogenetic and subsequent mole-
cular genetic features of HCC in Taiwan. First, amplification and overexpression of
known protooncogenes such as cyclin D1 and c-myc in human HCC have been demon-
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strated (27,29), and activation of c-myc occurs more frequently in young patients hav-
ing elevated serum α-fetoprotein (AFP) levels or HBV infection.

Second, because cytogenetic analysis of HCC cell lines and primary HCC tissues
show chromosome 1p to be the region most commonly affected, genetic abnormalities
of chromosome 1p in HCC were explored by microsatellite polymorphism analysis
(30,31). In half of the HCCs studied, aberrations of chromosome 1p were found (32),
and the abnormalities could be classified into three groups: typical loss of heterozygos-
ity, two- to threefold increase of allelic dosage, and novel microsatellite polymorphism.
These abnormalities clustered at the telomeric (distal) part of chromosome 1p, with a
common region mapped to 1p35–36, which is also the region with frequent loss of het-
erozygosity in neuroblastoma as well as colorectal and breast cancers. Using the same
strategy, allelic loss on chromosomes 4q and 16q was also studied (33). The frequency
of allelic loss on chromosome 16q was 70%, and the common region was mapped to
16q22–23. A similar high frequency (77%) was found on chromosome 4q with the
common region mapped to 4q12–23. Of interest, the allelic loss of chromosome 4q in
HCC was associated with elevated serum AFP levels, whereas the remaining portion
(23%) without the 4q deletion had normal serum AFP (33). These findings suggesting
that further positional cloning may identify putative HCC-relevant tumor suppressor
genes on chromosome 4q and 16q are promising, with one gene on chromosome 4q
perhaps contributing to the AFP expression in HCC.

Third, the tumor-suppressor gene p53 can transactivate the transcription of genes,
with tumors developing when p53 protein is mutated or lost (34). The association
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between p53 gene mutation and hepatocarcinogenesis has been extensively studied
(35–39). In Taiwan, 37% of HCC tissues had mutant p53 protein, 29% had mutations
in the p53 gene, and 13% had specific codon 249 mutations (38). The p53 protein was
overexpressed more frequently in HCC with elevated serum AFP level, in large HCC,
and in invasive HCC (37). Meanwhile, overexpression of p53 protein was closely cor-
related with p53 mRNA overexpression and p53 gene mutation. Clinically, HCCs with
p53 protein expression and those negative for both p53 protein and mRNA expression
had an unfavorable outcome, while HCC with no p53 protein but with p53 mRNA
overexpression had the best outcome; the 4-yr survival was 26.1%, 26.3%, and 62.5%
in the three groups, respectively (37). Thus, the p53 protein and mRNA expression pat-
terns in HCC correlate with p53 gene mutation and tumor behavior. This may serve as
a molecular marker for prognosis. Although a specific hot-spot mutation at codon 249
of the p53 gene has been frequently found in aflatoxin-related HCC, this specific muta-
tion is much less frequently encountered in Taiwan, where contamination of food by
aflatoxin has not been heavy in recent decades (38,39). Mutations of the p53 gene
among Taiwanese HCC cases are widely distributed throughout exons 5–8; a new hot-
spot for point mutations, T/A transversions with an amino acid change from serine to
threonine, was identified in codon 166 of the p53 gene (35). In addition, alterations of
the highly conserved consensus intervening sequences at the splice junctions may also
lead to the inactivation of the p53 gene (36,40).

Therapy of HBV

The currently recommended therapy of chronic hepatitis B is a 4- to 6-mo course of
interferon-α (IFN-α) in doses of 5–10 million units three times a week, a regimen that
results in sustained clearance of HBV DNA and HBeAg from serum in approx 25–40%
of patients, and a loss of HBsAg in 10% of Western patients (41). Long-term follow-up
of patients who respond to IFN-α treatment with clearance of HBeAg indicates that the
majority ultimately clear HBsAg as well and have continued remission of liver disease.
A recent report indicated that the clearance of HBeAg after treatment with IFN-α in
patients with chronic hepatitis B is associated with improved clinical outcomes (42).
However, low levels of HBV DNA can still be detected in liver tissue and better thera-
pies of hepatitis B are still needed. Recently, several oral “second-generation” nucleo-
side analogs such as lamivudine and famciclovir have been developed that have potent
activity against HBV. The best studied is lamivudine (3-thiacytidine), which induced
marked reduction of serum HBV DNA levels and improvement in serum aminotrans-
ferase activities and hepatic histology in the majority of patients (43). When lamivu-
dine was stopped, however, most patients relapsed. Of further concern, long-term
therapy has led to viral resistance in up to 20% of patients within a year and even more
with longer term therapy. Little is known regarding the clinical course of those HBsAg
carriers whose HBV DNA has become resistant to this nucleoside analog. Future
approaches to therapy for hepatitis B should focus on combinations with interferon,
other antiviral nucleoside analogs, or therapeutic vaccines.

Prevention of HBV

The most practical and cost-effective way to prevent HBV-related HCC is vaccina-
tion against HBV. In Taiwan, we have already confirmed that universal vaccination is
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feasible and effective in reducing HBsAg carriers (44). The carrier rate in children
decreased dramatically from 10% to 1.3% 10 yr after the mass immunization (45).
Most importantly, a trend of declining incidence of childhood HCC was observed
recently. The average annual incidence of HCC in children 6–14 yr of age declined
from 0.70 per 100,000 children in 1981–1986 to 0.57 in 1986–1990, and further to 0.36
in 1990–1994 (p < 0.01) (21). These data suggest the effect of HBV mass vaccination
program in controlling HBV-related HCC is starting to be seen in the Taiwanese chil-
dren, and a similar benefit likely will be seen in young adults within a few years. We
anticipate seeing an 80–85% decrease of HCC in all adults within 3–4 decades of HBV
vaccination (44). The decrease of HCC in children after the implementation of univer-
sal vaccination against HBV represents a practical means of preventing a human cancer
by vaccination for the first time in history.

HEPATITIS C VIRUS

Discovery

The term “non-A, non-B hepatitis” (NANBH) was introduced in the mid-1970s to
describe inflammatory liver disease not attributable to infection with HAV or HBV (4).
In 1978, the NANBH agent was shown to be transmissible to chimpanzees, as evi-
denced by the development of liver pathology, including detection of characteristic
cytoplasmic tubular structures by electron microscopy (14). Filtration studies showed
that the NANBH agent(s) was < 80 nm in size and thus likely to be a virus. Sensitivity
to chloroform indicated that the NANBH virus is enveloped. In 1989, Choo et al.
reported the molecular cloning of an NANBH agent from plasma collected from a
well-characterized, chronically infected chimpanzee with a high infectious titer of
NANBH agent (46). The plasma was subjected to extensive ultracentrifugation to pel-
let small viruses, and total nucleic acid was extracted from the pellet. The nucleic acid
was denatured and cDNA was synthesized by reverse transcription to obtain clones of
any viral RNA present. The cDNA was cloned into λgt11, and one million clones were
screened with human NANBH patient serum. A 155-bp clone called 5-1-1 was identi-
fied that did not hybridize to control human DNA or to DNA derived from two chim-
panzees with NANBH. A larger, overlapping, 353-bp clone was then isolated that
hybridized to liver and plasma RNA from the original chimpanzee but not the control
chimpanzee. These data suggest that the clones were derived from an exogenous RNA
molecule associated with NANBH infection. Ribonuclease and hybridization experi-
ments showed that the clones were derived from a single-stranded, plus-sense RNA.
This novel RNA virus was subsequently designated hepatitis C virus (HCV). With the
subsequent development of antibody-based detection systems, HCV was found to be
the major cause of chronic NANBH (47–49).

Taxonomy

HCV has been classified as a separate genus, Hepacivirus, in the family Flaviviridae
based on its similar hydrophobicity patterns and limited sequence homology to the
other two genera, Flavivirus and Pestivirus, of the family (50–53). The flaviviruses
include a number of human viruses transmitted by arthropod vectors such as yellow
fever virus, the dengue viruses, and Japanese encephalitis virus. Pestiviruses of animals
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include bovine viral diarrhea virus, classical swine fever virus, and border disease virus
of sheep. HCV also appears to be related to recently identified tamarin or human
viruses known as GBV-A, GBV-B, and GBV-C or hepatitis G virus (HGV) (54–56).

The RNA genome of HCV is approx 9500 nucleotides and contains highly con-
served untranslated regions (UTRs) at both the 5′ and 3′ termini (5′ UTR and 3′ UTR),
which flank a single, long open reading frame encoding a polyprotein of slightly more
than 3000 amino acids (50,51). The structural proteins are located in the N-terminal
portion, and followed by the nonstructural (NS) proteins (Fig. 3). The HCV polypro-
tein is processed by a combination of host and virus-encoded proteases into at least 10
individual proteins. In order, from the N to C terminus of the polyprotein, these are C,
E1, E2, p7, NS2, NS3, NS4a, NS4b, NS5a, and NS5b. Among these, C, E1, and E2 are
thought to be structural components of the HCV virion. C is a positively charged pro-
tein presumed to form the core structure encapsidating the genomic RNA. E1 and E2
are glycoproteins likely to be integrated into the lipid envelope of the virion. The N-ter-
minal end of the E2 protein contains two hypervariable regions (HVR-1 and HVR-2)
that exhibit significant variation among HCV isolates. The nucleotide and amino acid
sequences in this region vary over time within individuals, suggesting this variation in
the envelope proteins may allow the virus to escape the neutralizing antibodies (57,58).
NS2–NS5 are putative nonstructural components that may participate in replication of
the HCV genome.

HCV isolates cloned from different geographic areas show significant sequence
divergence, classified into six major genotypes (types 1–6) based on phylogenetic tree
analysis of subgenomic regions, with further divisions into subtypes (1a, 1b, 2a, 2b,
etc.) (59). Even within a single infected individual, HCV can exist as a population of
viruses with closely related genomes, which are called quasispecies (50,51,60). The
increased diversity of HCV quasispecies has been linked to longer duration of HCV
infection, older age, higher level of viremia, and HCV genotype 1 infection (60,61).

HCV Life Cycle and Viral Replication

Electron microscopic analysis of HCV particles in serum, liver extracts, or human
B- or T-cell lines infected with HCV in vitro has shown particles of 50–75 nm and
smaller particles of 30–35 or 45–55 nm (62,63). The smaller particles are observed
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after detergent treatment or in high-density sucrose fractions and are presumed to be
the naked core structure, while the larger particles appear to be the intact virions (51).

Because of the lack of an efficient culture cell system for HCV propagation, the
mechanisms of intracellular replication of HCV remain largely speculative (50). Based
on analogy with flaviviruses, the replication strategy of HCV is thought to occur via a
minus-strand intermediate. In brief, the HCV virion probably enters into the liver cell
by receptor-mediated endocytosis. The incoming virus particle uncoats and releases the
genomic plus strand, which is translated to produce a single long polyprotein that is
probably processed co- and posttranslationally to produce individual structural and
nonstructural proteins. The nonstructural proteins presumably form a replication com-
plex that utilizes the viral RNA as a template for the synthesis of minus strands. The
minus strands in turn serve as templates for synthesis of plus strands. The NS5b in the
replication complex provides the RNA-dependent RNA polymerase for the elongation
of the nascent minus-strand RNA, while the viral NS3 helicase provides the unwinding
activity. The full-length plus-strand RNA genome is then assembled with the mature
nucleocapsid to form the viral core, which is then encoated with the viral envelope to
form the mature HCV virion. The core protein is then released to form the viral capsid,
which in conjunction with the viral RNA forms the complete core of the viral particle.
The envelope proteins subsequently mature to form the envelope that coats the viral
core and virus assembly is complete. The HCV particles then bud out of the liver cell
into the extracellular compartment.

Although HCV is essentially hepatotropic, several lines of evidence suggest that this
virus can infect peripheral blood mononuclear cells (PBMCs) in most patients with
chronic HCV infection (53). Our recent study also showed that HCV indeed actively
infects PBMC of patients with chronic hepatitis C. However, HCV infection of PBMC
did not seem to correlate with the pathogenesis of liver cell damage, and PBMC tro-
pism of HCV was not preferentially influenced by viral genotypes (64). Nevertheless,
more specific information is needed to clarify the mechanisms concerning the PBMC
tropism of HCV.

Animal Models of HCV

At present, the chimpanzee is the only animal shown to be consistently infected with
HCV (65). Several features of human HCV infection are recapitulated in the chim-
panzee model. Most importantly, the frequency of persistent infection is high in both
species, and virus replication occurs despite evidence of cellular and humoral immune
responses. A key difference is that necroinflammatory lesions in chronically infected
chimpanzees are almost always mild, whereas in humans the disease spectrum is wide,
ranging from mild to severe hepatitis and end-stage liver disease requiring liver trans-
plantation. However, chimpanzees can indeed develop HCC after long-term HCV
infection, suggesting that cofactors may not be needed for HCV-associated hepatocar-
cinogenesis. In addition, vertical transmission has not yet been identified in chim-
panzees, and cross-challenge experiments have revealed only a limited degree of
immunity after natural infection. Understanding the similarities and differences of
chronic HCV infection in the two species is important for the development of preven-
tive measures and effective therapy for HCV infection.
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Molecular Pathogenesis of HCV

HCV, like HBV, is important globally. The World Health Organization (WHO)
recently estimated that there are 170 million HCV carriers worldwide, and 80% of
patients with acute HCV infection develop chronic hepatitis. Among them, up to 20%
have been estimated to progress to liver cirrhosis, and 1–5% may develop HCC over a
period of 20–30 yr (49).

Immunopathogenesis

Despite advances in our knowledge of the epidemiology and molecular virology of
HCV, the mechanisms of hepatocellular injury in HCV infection are not completely
understood. Studies of the pathogenesis of chronic hepatitis C are difficult because of
the lack of an animal or cell culture model. Indirect evidence suggests that HCV may
be cytopathic at high levels, and this may lead to a unique pattern of rapidly progres-
sive fibrosing cholestatic liver disease in a small proportion of immunosuppressed
patients with very high levels of viremia, as in the situation of chronic HBV infection
(66). However, in most patients with chronic HCV infection, there is a growing body of
evidence that the host immune response plays the major role in controlling HCV infec-
tion and causing hepatocellular damage (67).

Hepatocarcinogenesis

So far, the mechanism of hepatocarcinogenesis of HCV remains unclear. Although
replicative HCV intermediates, such as minus-strand HCV RNA, have been detected in
HCC tissues (68), HCV RNA does not integrate into the cellular genome as does HBV,
and little is known about the biologic activities of HCV proteins. It is more likely that
HCV-related HCC occurs against a background of repeat necroinflammation and regen-
eration, associated with liver injury due to chronic hepatitis, contributing to the complex
multistep process of hepatocarcinogenesis (20). Most, if not all, cases of HCV-related
HCC occur in the presence of cirrhosis, suggesting that it is the underlying liver disease
per se that is the risk factor for HCC rather than HCV infection (Fig. 4).

It is noteworthy, however, that patients with HCV-related HCC but without liver cir-
rhosis have been reported recently (69). Although the absence of liver cirrhosis at the
time of HCC presentation does not exclude the possible role of previous necroinflam-
mation in the development of HCC, these cases may provide evidence for an associa-
tion between HCV and HCC independent of liver cirrhosis. For example, the 5′ half of
the sequence encoding the HCV nonstructural protein NS3 has been shown to have
oncogenic activity and can transform mouse fibroblast cells after transfection (70).
Recently, the transforming potential of the HCV core gene has been investigated by
using primary rat embryo fibroblast (REF) cells that were transfected with or without
cooperative oncogenes (71). Integration of the HCV core gene resulted in expression of
the viral protein in REF-stable transformants. REF cells cotransfected with HCV core
and H-ras genes became transformed and exhibited rapid proliferation, anchor-inde-
pendent growth, and tumor formation in athymic nude mice. These results suggest that
the core protein plays an important role in the regulation of HCV-infected cell growth
and in the transformation to tumorigenic phenotype. In addition, development of HCC
in two independent lines of mice transgenic for the HCV core gene has been demon-
strated. These mice had hepatic steatosis early in life, which is a histologic feature
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associated with chronic hepatitis C (72). After the age of 16 mo, mice of both lines
developed hepatic tumors that first appeared as adenomas containing fat droplets in the
cytoplasm. Subsequently, a more poorly differentiated HCC developed from within the
adenomas, presenting in a “nodule-in-nodule” manner without cytoplasmic fat
droplets. This closely resembles the histopathologic characteristics of the early stage of
HCC in patients with chronic hepatitis C. Their results indicated that the HCV core
protein may have a direct role in the development of HCC. Taken together, these find-
ings suggest that HCV could be directly carcinogenic than acting simply through liver
cirrhosis. On the other hand, p53 gene mutation, consisting of a G to T transition in
codon 249 and a G to T/A to T transversion, have been identified in patients with HCV-
related HCC (73). This suggests that HCV also may affect carcinogenesis via a p53
mechanism. Nevertheless, a better understanding of the biology of HCV infection is
needed to clarify its role in HCC development including promotion, induction, and
malignant cell transformation.

Some reports have found that infection with HCV genotype 1b was associated with a
higher incidence of liver cirrhosis and HCC compared to infection with other genotypes
(74–77). However, this needs to be confirmed in larger series and other populations.

Therapy

The currently recommended 12- to 18-mo course of IFN-α in doses of 3 million
units three times a week for the therapy of chronic hepatitis C can clear HCV RNA and
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normalize serum aminotransferase levels as well as liver histology in approx 20% of
patients (41). Sustained responses have been associated with marked improvements in
hepatic histology, and long-term studies indicate that the majority of patients remain
free of virus in serum and liver, suggesting a “cure” of infection. New approaches to
therapy for hepatitis C include combination therapy with IFN-α and ribavirin, for
which the sustained response rate (40–50%) has been higher than that for interferon
alone (10–20%) (78–80).

It has been suggested that the progression of HCC can be halted or slowed down by
treatment of the underlying HCV infection. A recent study from Japan indicated that
patients with HCV-related liver cirrhosis have a significantly lower risk of HCC if
treated with IFN-α than those who were not treated (81). This decrease of HCC was
noted not only in those who had a good response to interferon but also in those who did
not. Nevertheless, these findings await further confirmation. Although combination
therapy could induce a sustained response rate in 50% of patients, this is not adequate.
Search for other antiviral compounds is in progress, and some new drugs may soon be
available for HCV clinical trials. The current approaches include protease inhibitors,
helicase inhibitors, and long-acting IFN (pegylated IFN). As was true in the search for
the best therapy for human immunodeficiency virus infection, it will be a daunting
challenge to develop the most effective yet least costly combination therapies for HCV
infection. Ultimately, improvements in therapy against HCV infection will depend on
the development of better in vitro cell culture and also on further elucidation of the
molecular biology of HCV infection.

Prevention

The quasispecies nature and variation of amino acid sequences on the envelope pro-
teins of the HCV virion may allow the virus to escape the neutralizing antibodies and
then establish persistent infection (57,58,61). As confirmed in chimpanzee experi-
ments, antibody against E2 after vaccination was found either to confer only transient
protection against HCV infection or to ameliorate the severity of clinical hepatitis, if
animals were infected (82). In addition, the lack of protective immunity against rein-
fection with heterotypic or homotypic HCV infection in an already infected host was
documented in both chimpanzee experiments and human observations (83–86). Taken
together, these findings pose a major obstacle to the design of preventive vaccine as it
does with HBV.

Until effective and safe immunoprophylaxis is available, interruption of transmis-
sion routes such as screening blood donors for anti-HCV: use of disposable medical
instruments, especially needles and syringes: and avoidance of sharing personal tools
remains the mainstay of prevention of HCV infection.
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18
Hepatocellular Carcinoma

Michael C. Kew

INTRODUCTION

Hepatocellular carcinoma (HCC) is regarded as one of the major malignant diseases
in the world today. There are a number of justifications for this view. Although uncom-
mon or even rare in most countries, HCC is the most prevalent, or among the most
prevalent, tumors in many parts of eastern and southeastern Asia and the western
Pacific islands as well as throughout sub-Saharan Africa, regions that are among the
most populous in the world (1,2). At least 310,000 new cases of the tumor are diag-
nosed each year, 140,000 in the People’s Republic of China alone (1). Relative to other
tumors, HCC ranks fifth in overall frequency, fourth in males and seventh in females,
and it accounts for 4–5% of the global cancer burden (1,2). Its often rapid course, diffi-
culty in diagnosis before the disease is advanced, small chance of resection when
symptomatic, high recurrence rate after resection or liver transplantation, and failure to
respond to chemotherapy and irradiation are responsible for a prognosis so grave that
the annual mortality rate is virtually the same as the annual incidence (3). In develop-
ing countries in the Far East and Africa with the highest incidences of HCC, the tumor
has far-reaching socioeconomic consequences, developing as it often does at a rela-
tively young age (50% of Mozabican Shangaans are < 30 yr of age when they present
with HCC [4]) and affecting men predominantly (3). For all these reasons, prevention
of HCC is paramount.

Toward this end, a number of environmental risk factors for HCC have been identi-
fied during recent years, and primary prevention of the more important of these is
already possible or should soon become possible. A start has also been made in unrav-
elling the complex mechanisms of hepatocarcinogenesis, paving the way for strategies
for secondary and tertiary prevention of the tumor to be developed and instituted, and
contributing to our understanding of oncogenesis in general. HCC was one of the first
human tumors to be linked causally with virus infection, and among the principal risk
factors already recognized are two hepatotropic viruses, one of which, hepatitis B virus
(HBV), is now considered to be, with tobacco, the most important environmental car-
cinogens to which humans are exposed.

Before reviewing what is known of the pathogenesis of virally induced HCC, some
aspects of the diagnosis, pathology, and treatment of the tumor are briefly considered.
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DIAGNOSIS

Clinical Recognition

Advanced HCC usually presents with symptoms and signs sufficiently characteristic
to allow the diagnosis to be suspected, especially in populations in which this tumor is
common or when a risk factor is known to be present (3). In its early stages, however,
HCC runs a silent course, making recognition difficult at the only time that the tumor is
likely to be amenable to treatment.

Although HCC often coexists with cirrhosis (5), the influence that the cirrhosis
exerts on the diagnosis of the tumor differs between regions of high and low (or inter-
mediate) incidence of HCC. In the latter (but also in Japan, a country with a high inci-
dence), HCC commonly develops as a late complication of symptomatic cirrhosis
resulting from chronic hepatitis C virus (HCV) infection or alcohol abuse, or both
(3,6). The patient has few, if any, symptoms attributable to the tumor. If, in addition,
the tumor is small (as it often is in a cirrhotic liver in these regions) it is seldom obvi-
ous in the presence of advanced cirrhosis and is discovered only on hepatic imaging,
during liver transplantation or other surgical intervention, or at necropsy. The onset of
unexplained abdominal pain, weight loss, ascites, or liver enlargement in a patient
known to have cirrhosis should alert the clinician to the possibility that HCC has super-
vened. In contrast, in ethnic Chinese and black African populations the associated cir-
rhosis either produces no symptoms or the symptoms are overshadowed by those
ascribed to the tumor (3,6). Consequently, the cirrhosis is uncovered only during the
diagnostic workup or at necropsy. In addition, HCCs in these populations are typically
appreciably larger than in those with low or intermediate incidences. Right hypochon-
drial or upper abdominal pain, weight loss, and weakness are the most common symp-
toms, and the patient may also be aware of a mass in the upper abdomen (3,6). The
liver is almost always enlarged, sometimes massively so, and tender with an irregular
or smooth surface. An arterial bruit, or rarely a friction rub, may be heard over the
tumorous liver. Overt jaundice is uncommon when the patient is first seen.

HCC may present in a number of atypical ways (6). These include presentations
with obstructive jaundice, hypoglycemia, hypercalcemia, acute hemoperitoneum,
Budd–Chiari syndrome, inferior vena caval obstruction, superior mediastinal syn-
drome, bone pain, Virchow–Trossier node, fever of unknown origin, arterial hyperten-
sion, feminization, or skin rashes. Although none is common, an awareness of these
presentations may prevent the diagnosis being delayed or even missed.

Tumor Markers

A sensitive and specific serum marker for HCC would greatly facilitate its diagnosis,
and a large number of candidates have been advocated over the years (7). None, how-
ever, is more useful than the one first described, α-fetoprotein (α-FP).

α-Fetoprotein

Serum concentrations of this glycoprotein are raised in most patients with HCC (7).
In countries with a high incidence of the tumor, levels are elevated in as many as 90%
of patients and very high concentrations are often attained (the mean value is of the
order of 70,000 ng/mL, normal < 20 ng/mL). Serum concentrations are less often
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raised in countries with a low or intermediate incidence of HCC and the level reached
is generally lower (mean of the order of 8000 ng/mL). α-FP production by HCC is age
related, younger patients being more likely to have raised levels and to attain very high
concentrations (8). The differences between countries may therefore be explained in
part by the younger ages of many of the patients in high-risk black African and ethnic
Chinese populations. No differences in α-FP concentrations exist between the sexes.
Nor is there an obvious correlation between serum α-FP levels and any clinical or bio-
chemical indices or with survival time of the patients. In countries with a low incidence
of HCC, α-FP concentrations are generally higher when the tumor coexists with cir-
rhosis or in patients with current HBV infection, but this is not so in countries where
the tumor is common. Although synthesis of α-FP in mice with chemically induced
HCC correlates with the degree of differentiation of the tumor, the evidence in this
regard in human HCC is conflicting.

As useful as α-FP undoubtedly is in the diagnosis of HCC, it falls short of being an
ideal serum marker for the tumor. In addition to the false-negative results already men-
tioned, several diseases give false-positive results (7). These include a variety of benign
hepatic diseases, especially acute and chronic hepatitis and cirrhosis. Serum concentra-
tions of α-FP are usually only slightly raised in these conditions, but moderately or
even markedly elevated values are sometimes present. Raised levels also occur in
approximately one-third of patients with undifferentiated teratocarcinoma or embry-
onal cell carcinoma of the ovary or testis, and in about 10% of patients with tumors of
endodermal origin. If the threshold concentration of α-FP for the diagnosis of HCC is
raised to 400 ng/mL (or 500 ng/mL in some laboratories), most false-positive results
can be eliminated while still retaining a 70–75% positivity rate in high incidence coun-
tries. Inevitably, however, the positivity rate in low incidence regions falls below 50%.

α-FP is heterogeneous in structure. The microheterogeneity results from differences
in the asparagine-linked biantenary oligosaccharide side chain of the molecule, and is
the reason for the differential affinity of this glycoprotein for lectins. Reactivity with
lens culinaris agglutinin A is helpful in differentiating HCC from benign hepatic dis-
eases, and, to a lesser extent, reactivity with concanavalin A in distinguishing between
HCC and other α-FP-producing tumors (7). Differential lectin reactivity is particularly
useful in differentiating HCC from benign hepatic diseases when the serum α-FP level
is only slightly raised. Small asymptomatic HCCs are usually associated with only
modestly elevated α-FP levels, and a number of small benign hepatic masses may
mimic HCC on hepatic imaging. Accordingly, reactivity with Lens culinaris agglutinin
A can profitably be used in the surveillance of individuals at high risk of developing
HCC. The drawback of the method is the cost, especially because the greatest numbers
of patients with HCC occur in countries with the least resources.

Des-Γ-Carboxy Prothrombin

Des-Γ-carboxy prothrombin (also known as “protein induced by vitamin K absence
or antagonism” [PIVKA-II]) is a precursor of vitamin K that has been used as a serum
marker for HCC (7). The explanation for the production of des-Γ-carboxy prothrombin
by the tumor is uncertain. Among the suggested causes are a failure of HCC to express
the prothrombin Γ-glutamyl carboxylase gene and abnormal uptake of vitamin K by
malignant hepatocytes (9). As a result, the precursor protein accumulates in the tumor
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and subsequently leaks into the bloodstream. In most populations des-Γ-carboxy pro-
thrombin is less useful than α-FP as a serum marker of HCC, although the two markers
can be used together to increase the sensitivity and specificity of diagnosis (7).

None of the many other candidate serum markers for HCC can match α-FP for sen-
sitivity and specificity and accordingly they are not used in clinical practice.

Imaging

Hepatic imaging plays a central role in the diagnosis both of symptomatic HCCs and
of small HCCs during surveillance programs aimed at the early detection of subclinical
tumors in high-risk individuals. Nevertheless, with none of the imaging modalities now
available is the picture obtained pathognomonic of HCC and definitive diagnosis still
depends on histologic examination of the tissue.

Ultrasonography

Ultrasonography is commonly used to confirm the presence of hepatic masses in
symptomatic patients (10). It is widely available, not invasive, relatively inexpensive,
easy to perform, and detects almost all symptomatic and presymptomatic HCCs. Large
tumors usually have a mixed echogenic/echolucent appearance and an ill-defined mar-
gin. Apart from delineating the number, size, and distribution of the lesions, ultra-
sonography is helpful in evaluating operability of the tumor because of its ability to
detect invasion of the portal and hepatic venous systems and the biliary system. In the
few symptomatic HCCs invisible on ultrasonography, computed tomography will
almost always show the lesion.

Ultrasonography is also the modality of choice for screening the liver during long-
term surveillance of individuals at high risk of HCC (10,11). In addition to the advan-
tages already mentioned, ultrasonography can be used repeatedly and is highly sensitive,
allowing tumors < 2 cm in diameter and even smaller (which have a better prognosis
than larger lesions) to be detected by skilled operators. Moreover, the machine is
portable. With very small tumor nodules the ultrasonographic pattern is usually hypoe-
choic, but about one-third are hyperechoic, reflecting the presence of fatty metamorpho-
sis or clear cells. Some may be isoechoic. A mosaic pattern with septum formation, a
peripheral halo, and posterior echo enhancement is a typical appearance.

Two recent refinements to ultrasonography have added new dimensions to its diag-
nostic capabilities. Dynamic contrast-enhanced ultrasonography with intraarterial infu-
sion of CO2 microbubbles provides information on the vascularity of small tumors that
are undetectable angiographically, and can be used to differentiate HCC from adeno-
matous hyperplasia, small hemangiomas, metastases, and focal nodular hyperplasia
(10). Color Doppler ultrasonography has advantages over pulsed Doppler ultrasonogra-
phy and may be useful in differentiating a small HCC from focal nodular hyperplasia
(10). A further refinement is intravenous contrast-enhanced color Doppler ultrasonog-
raphy, which is expected to further improve the detection of subclinical HCCs and to
aid in the choice of treatment of the tumor (10).

Computed Tomography and Hepatic Angiography

Computed tomography is used in visualizing both symptomatic and small HCCs
when ultrasonography is unhelpful, as well as in evaluating operability of the tumor
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and in planning resection (12). A difference of at least 10 Hounsfield numbers between
normal and abnormal areas of the liver is generally needed for accurate detection of
liver tumors. Intravenous contrast material infused in conjunction with computed
tomography enhances normal liver tissue to a greater degree than most neoplastic tis-
sues and may reveal the pattern of tumor perfusion. It also shows the course, caliber,
and patency of blood vessels. Contrast computed tomography may thus facilitate char-
acterization of the tumor. Spiral (helical) computed tomography has the advantage of
rapid scanning and allows the peak hepatic enhancement (which occurs 70–120 s after
intravenous injection) to be scanned. Tumor enhancement with this method approaches
that achieved with arteriography (12,13).

The use of hepatic arteriography in combination with computed tomography further
increases the diagnostic capabilities of tomography (12,13). Because HCCs obtain
their blood supply from the hepatic artery, computed tomography/ arteriography pro-
duces a high attenuation blush of the tumor. In computed tomography/portography
injection of contrast material into the superior mesenteric vein causes dense enhance-
ment of portal venous blood and highlights the tumor as a negative image (12,13).
Because iodized poppy seed (Lipiodol) is concentrated and retained in tumor tissue,
the injection of this material at the end of hepatic arteriography can be used to detect
very small HCCs using computed tomography performed after a suitable delay (12,13).

Magnetic Resonance Imaging

This form of imaging is seldom needed for the diagnosis of HCC. Contrast-
enhanced magnetic resonance imaging with gadopenetate dimeglumine and fast
images with gradient echo sequences or the use of the tissue-specific contrast medium
superparamagnetic iron oxide is, however, one of the most accurate ways of differenti-
ating between small HCCs and hemangiomas in the liver (14).

PATHOLOGY

Advanced HCC is classified on visual inspection into expanding (massive), nodular,
and diffuse types (15,16). The expanding type consists of a large single tumor
(although it may be accompanied by a few small satellite nodules): the nodular type of
multiple nodules of different sizes, some of which may be confluent: and the diffuse
type of multiple small, ill-defined tumors throughout the liver. The expanding type usu-
ally arises in an otherwise normal liver, whereas the diffuse type is typically found in
the presence of cirrhosis. In Japan, in particular, the expanding type may be surrounded
by a thick fibrous capsule. Early (small) HCCs are divided into distinct nodular and
indistinct nodular varieties.

The majority of HCCs in all geographic regions arise in a cirrhotic liver. The mor-
phologic features of HBV-induced cirrhosis differ from those of HCV-induced cirrho-
sis. In type B cirrhosis, the regenerative nodules are larger than those of type C
cirrhosis, the fibrous septa are thin and regular, and active inflammation is infrequent.
In type C cirrhosis the nodules are smaller, the fibrous septa are broad and irregular,
and active inflammation is common. Cirrhosis resulting from alcohol abuse is typically
micronodular, with features generally similar to those seen in type C cirrhosis but with
additional specific findings such as pericellular fibrosis, giant mitochondria, and alco-
holic hyaline.
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HCC is classified according to histologic grade into well-differentiated, moderately
differentiated, poorly differentiated, and undifferentiated tumors, and according to his-
tologic pattern into trabecular, acinar (pseudoglandular), compact, scirrhous, and fibro-
lamellar varieties (15,16). All grades and patterns are seen in advanced HCC, whereas
early HCCs are usually well differentiated with a trabecular or acinar pattern. Pleomor-
phic, clear cell, oncocyte-like, and spindle cell variants may be seen on cytologic as
well histologic examination.

TREATMENT

The treatment of HCC is determined by the extent of the tumor burden, the presence
or absence of cirrhosis, and the degree of hepatic dysfunction.

Surgical resection offers the best chance of cure (17). A significant proportion of
tumors uncovered during screening of high-risk individuals or populations are
resectable, but symptomatic HCCs are seldom amenable to resection. Tumor recur-
rence, both intrahepatic and extrahepatic, is frequent (18).

Liver transplantation may be performed for those tumors that are not resectable
but have not spread beyond the liver (17,19). Tumor recurrence is, however, common.

Alcohol injection may be used to eradicate small HCCs that are not suitable for
resection because of their number or position, because liver function is poor, or
because the patient refuses surgery (20).

Embolization or chemoembolization has been used in selected patients to reduce
the tumor bulk before surgery, but it has yet to be shown that the advantage gained off-
sets the disadvantages (21).

Chemotherapy has never produced a predictable response rate of > 20% and is
therefore used for palliation only (22). Biologic response modifiers have not, to date,
been proven to be of value, although the patients treated have always had advanced dis-
ease.

Because of the disappointing results of treating symptomatic HCC, much attention
has been focussed on detecting the tumor at a presymptomatic stage when it is likely to
be small and amenable to surgical or other invasive treatments. Detection of subclinical
HCC has taken two forms: mass population screening and long-term surveillance of
individuals at high risk of developing HCC (11). Population screening can be contem-
plated only in those populations having the highest incidences of HCC, and even then
the enormity of the task is daunting. The programs undertaken to date have been based
solely on measuring serum α-FP concentrations. Because only about 45% of presymp-
tomatic HCCs produce a diagnostic α-FP level, a substantial number of small tumors
are overlooked in screening programs of this sort. Monitoring of high-risk individuals
(mainly those with persistent HBV or HCV infection) is more feasible and is probably
cost effective. It involves periodic imaging of the liver, using ultrasonography in the
first instance, and measurement of serum α-FP concentrations.

VIRUS-INDUCED HEPATOCELLULAR CARCINOMA

HCC is multifactorial in etiology, and its pathogenesis, like that of other carcinomas,
is a complex process that involves a number of sequential steps and evolves over sev-
eral or many years. Among the causal associations now identified, two hepatitis
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viruses, HBV and HCV, predominate. There are some 360 million carriers of HBV in
the world today and a further 170 million people are chronically infected with HCV,
and all of these are at greatly increased risk for developing HCC. Between them, the
two viruses contribute to the etiology of about 80% of global HCC. They do not act
alone, however, but in conjunction with other environmental carcinogens and a variety
of host factors. Of the other hepatotropic viruses, hepatitis A and E never produce long-
term pathologic sequelae, and there is no compelling evidence that hepatitis D virus,
which always occurs together with HBV, increases the oncogenic potential of that
virus. Hepatitis G virus probably does not cause liver disease of any sort, including
HCC, and no data are yet available on the carcinogenic effects of the most recently rec-
ognized transfusion-transmitted virus (TTV).

The cellular and molecular basis for virally induced HCC has yet to be fully eluci-
dated. Nevertheless, evidence continues to accumulate that HBV and HCV contribute
to hepatocarcinogenesis both indirectly, by causing chronic necroinflammatory hepatic
disease, and directly.

HBV AS A HEPATOCARCINOGEN

HBV, a partially double-stranded DNA virus belonging to the Hepadnaviridae, is the
single most important risk factor for HCC. Approximately 25% of chronic carriers of
the virus develop the tumor (23). In ethnic Chinese and black African populations,
which have the highest incidences of HCC, the carrier rates may be as high as 15%
(23–25). In these populations HBV infection is acquired predominantly very early in
life, as a result of either perinatal transmission from HBV e antigen-positive carrier
mothers (23) or horizontal infection from recently infected and hence highly infectious
young siblings or playmates (26). About 90% of HBV infections contracted during the
neonatal period or early in childhood become chronic, and it is these early-onset carri-
ers that have a lifetime relative risk of developing HCC of > 100 (27). HBV carriage
has almost always been present for many years before HCC develops, an interval con-
sistent with a cause-and-effect relationship. With increasing duration of infection the
chance of tumor formation rises progressively (23,28). In contrast, HBV infection
acquired in adulthood seldom becomes chronic, and when it does it is rarely compli-
cated by tumor formation (29).

In those populations with a very high incidence of HBV carriage and HCC in which
universal immunization of infants against the virus has been included in the Expanded
Program of Immunization for a sufficient length of time, there has already been a
decrease in the carrier rate of the virus and the incidence of HCC (30), providing fur-
ther proof, if any was needed, of the pivotal role of chronic HBV infection in the gene-
sis of HCC in these populations.

Direct Carcinogenicity by Integration

Circumstantial evidence that HBV is directly carcinogenic comes from three
sources. Although most HBV-related HCCs coexist with cirrhosis, supporting the
belief that virally induced chronic necroinflammatory hepatic disease plays an impor-
tant part in the pathogenesis of HCC (31,32), the remaining tumors arise in an other-
wise normal liver. Moreover, in populations with a high incidence of HBV-related
HCC, markers of current infection with the virus are present as often in serum and liver
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and tumor tissue of HCC patients without cirrhosis as in those of those with cirrhosis
(33,34). The demonstration that HBV DNA is integrated into cellular DNA in the great
majority of these tumors provides further support for a direct oncogenic effect of the
virus (35). Insertion of HBV DNA into chromosomal DNA precedes the development
of HCC, and the presence of discrete hybridization bands in individual tumors indi-
cates clonal expansion of cells with integrants. Nevertheless, integration of HBV DNA
has not been proved to be indispensable to the pathogenesis of virally induced HCC.
Additional circumstantial evidence comes from the observation that in animals chroni-
cally infected with certain Hepadnaviridae (36) and in transgenic mice into which the
HBV X gene together with its regulatory sequences have been introduced (37), HCC
develops in the absence of chronic necroinflammatory hepatic disease.

A number of putative mechanisms for direct oncogenicity of HBV are supported by
experimental evidence. The finding of HBV DNA integrants in chromosomal DNA in
HCC is consistent with insertionalse mutagenesis, a mechanism of oncogenesis
described with nonacutely transforming viruses. Viral DNA integration in HCC
appears, however, to occur at random sites (although some chromosomes are affected
more often than others) (38), which argues against insertion in or near protooncogenes,
growth regulatory genes, or tumor suppressor genes, or their regulatory elements,
being a numerically important mechanism for initiating carcinogenesis. Indeed, in only
a few human HCCs have integrants been detected in relation to a protooncogene or
growth regulatory gene and in none in or near a tumor suppressor gene (39,40). In con-
trast, 41% of HCCs in woodchucks infected with woodchuck hepatitis virus (WHV)
(another member of the Hepadnaviridae contain rearrangements of N-myc loci sec-
ondary to viral integration that activate expression of the gene (41). On the other hand,
only 6% of ground squirrels infected with ground squirrel hepatitis virus (GSHV) have
a rearranged N-myc allele, and gene amplification is responsible for overexpression of
c-myc (41). Moreover, transgenic mice develop HCC after wild-type woodchuck c-myc
gene together with upstream WHV DNA has been incorporated into the germline (42).
Although c-myc, N-ras, and c-fos overexpression has been described in human HCC,
expression of these genes is known to be increased during hepatic regeneration, and
these findings may be the result rather than the cause of the increased cell proliferation
in the tumors (43). Loss or disruption (inversion, duplication, or translocation) of chro-
mosomal DNA in the sequences flanking integrated HBV DNA is a frequent finding in
human HCC (38). These changes could promote genomic instability by deleting tumor
suppressor genes, or, by altering the physical relation between protooncogenes or
tumor suppressor genes and their regulatory elements, may perturb the expression of
these genes.

Direct Carcinogenicity—HBV X, Other Viral and Host Genes

HBV DNA integrants may induce malignant transformation in another way. Integra-
tion of viral DNA at random sites in host DNA is compatible with activation of tran-
scription in trans. The HBV genome is known to contain two trans-activators. The
HBV X gene encodes a 17-kDa protein that is a potent trans-activator of a number of
cellular promoters, including some that regulate cell proliferation and differentiation,
and apoptosis (44). Evidence for an oncogenic role for HBV X is mounting. This gene
is highly conserved among different viral isolates and, because of its proximity to the
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preferred integration sites in the viral genome, is the region of HBV DNA most often
included in integrants (45,46). Integrated HBV X, even when truncated, frequently
encodes functionally active trans-activator proteins and may overexpress X protein,
which could perturb signal transduction pathways important for the regulation of cell
growth during hepatocyte regeneration (47). HB X protein transforms mouse fibrob-
lasts in vitro and converts immortalized fetal hepatocytes into a fully malignant pheno-
type (48). Furthermore, NIH 3T3 cells stably transfected with an HBV X expression
plasmid are carcinogenic in nude mice (49). Further evidence that X protein can induce
malignant transformation is provided by the transgenic mouse model created with the
HBV X gene together with its regulatory elements (34). The progeny frequently
develop HCC, and are also more susceptible to the hepatocarcinogenic effects of
diethylnitrosamine (49). Finally, other oncogenic hepadnaviruses, namely, WHV and
GSHV, have a discrete X gene, whereas duck hepatitis B virus, which does not cause
HCC, does not (50).

One of the growth regulatory proteins whose function is affected by HB X protein is
that expressed by the tumor suppressor gene, p53. This gene has pleiotropic functions
including monitoring the integrity of the cellular genome, modulating DNA repair, and
promoting cell senescence (51,52). Among its actions are arrest of the cell cycle in G1,
regulation of the DNA damage-control response, and induction of apoptosis (51,52).
The nuclear protein encoded by p53 modulates transcription of a number of genes by
binding to specific DNA sequences and to other cellular factors such as MDM2, TBP,
and WT-1. There is evidence that HB X protein complexes with the c-terminal end of
p53 protein, preventing its DNA consensus binding and transcriptional trans-activator
functions (53–55). Binding takes place in the cytoplasm, and blocks entry of p53 pro-
tein into the nucleus. HB X protein also inhibits binding of XBP, a DNA repair protein,
to p53 protein (56). By preventing the p53-dependent checkpoint function of the cell
cycle, surveillance of DNA damage, and apoptosis, HB X protein may allow the accu-
mulation of cells with abnormal DNA from which clones with a survival advantage
could be selected, thereby playing a role in the genesis of HCC.

HB X protein may interfere with DNA repair in at least two other ways. It com-
plexes with XAP-1, which normally binds to damaged DNA in the first step in
nucleotide excision-repair, thereby preventing the cell from efficiently repairing dam-
aged DNA (57). Cells that express HB X protein have been shown to be more suscepti-
ble to the lethal effects of low does ultraviolet irradiation (58). Moreover, this protein
binds preferentially to ultraviolet-irradiated DNA through an association with nuclear
proteins. HB X protein may thus interfere with cellular DNA repair by binding to dam-
aged DNA. These two mechanisms would allow DNA mutations to accumulate,
impairing genetic stability, and resulting eventually in cancer formation.

No obvious correlation has been shown between the presence of integrated HB X
gene in HCCs and the inactivating guanine to thymine transversion at the third base of
codon 249 of p53 gene that results from heavy dietary exposure to the fungal toxin,
aflatoxin B1 (45). Epidemiologic evidence from parts of Africa and the Far East indi-
cates that repeated ingestion of aflatoxin B1 is a major risk factor for HCC in these
countries (59). Because these populations also have high HBV carrier rates the two risk
factors often occur together, although there is no clear evidence that integrated HBV
DNA and the specific codon 249 mutation have a synergistic carcinogenic effect (45).
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Nevertheless, in these individuals the tumor suppressor effects of the p53 protein could
be entirely or almost entirely abrogated, either by interaction between HB X gene pro-
tein and wild-type p53 protein or by an inactivating mutation of the p53 gene induced
by heavy dietary exposure to aflatoxin B1.

Mutations of p53 at various sites within the p53 gene have been found in association
with mutation of the retinoblastoma (Rb) tumor suppressor gene, and these together
might contribute to malignant transformation of hepatocytes (60). No correlation has
been demonstrated between HBV DNA integration and these mutations in combina-
tion.

The HBV pre-S2/S gene, when 3′ truncated, also has trans-activating properties
(61). This region of the genome is often included in HBV DNA integrants and 3′ trun-
cation is commonly present. Moreover, there is evidence that pre-S2/S cooperates with
c-Ha-ras in cell transformation (61).

Mutations in the HBV genome might also play a part in the pathogenesis of HCC,
perhaps by increasing the likelihood of HBV persistence and integration. The basic
core promoter region of the genome overlaps the X gene. In one study, nucleic acid and
amino acid divergences in this region were shown to be more frequent in patients with
HCC than in asymptomatic carriers of the virus. Paired 1762 adenine to thymine and
1764 guanine to adenine missense mutations were particularly common (62). Deletions
or insertions in this region were found in a second study (63). Missense mutations of
the bulge of the RNA encapsidation signal, a region that plays a pivotal role in HBV
replication, have also been reported in patients with HCC (64).

Transforming growth factor (TGF) -α, an autocrine regulator of cell growth and
regeneration, can be detected in HCC and surrounding liver tissue (65). In the latter,
TGF-α has been shown to be overexpressed in hepatocytes in which HBsAg is
detected, and there is some evidence that it may also be overexpressed in malignant
cells containing HBV DNA integrants (66). These findings suggest that an interaction
between HBV and TGF-α in regenerating liver tissue may play a role in hepatocarcino-
genesis.

Indirect Carcinogenicity

The observations that the majority of HCCs coexist with cirrhosis (5) (a few coexist
with chronic hepatitis) and that not all HBV-related HCCs contain viral integrants
(67,68) support the hypothesis that this virus may also cause malignant transformation
indirectly by inducing chronic necroinflammatory hepatic disease. Further support is
provided by the findings in transgenic mice that are created with the HBV pre-S/S
gene. These mice overproduce large envelope (pre-S1) protein that accumulates in the
endoplasmic reticulum of hepatocytes, producing severe and persistent injury to these
cells with inflammation, regenerative hyperplasia, and transcriptional deregulation, and
progressing ultimately to neoplasia (69). These findings imply that severe and pro-
longed hepatocyte injury per se may lead to unrestrained cell growth.

Malignant transformation developing in the presence of chronic necroinflammatory
hepatic disease, whatever the cause of the latter, is probably related to continuous or
recurring cycles of hepatocyte necrosis followed by regeneration (31). The resulting
accelerated cell turnover rate may act as a tumor promoter. It increases the probability
of integration of HBV DNA, both because single-stranded DNA is more susceptible to
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viral insertion and because the increased intracellular topoisomerase I activity gener-
ated results in cleavage of viral DNA at specific motifs, linearizing the circular DNA,
and promoting its integration (70). In addition, the likelihood both of spontaneous
mutation and of damage to DNA by exogenous mutagens is increased. The accelerated
rate of cell division also allows less time for altered DNA to be repaired before the cell
divides again, there “fixing” the abnormal DNA in the daughter cells. This facilitates
the accumulation of a number of mutations, which are required for the multistep
process of carcinogenesis. In addition, an increased hepatocyte turnover rate provides
an opportunity for the selective growth advantage of initiated cells to be exercised.

Other mechanisms are also possible. Inflammation per se leads to the generation of
oxygen reactive species in the affected tissue and these may be mutagenic (71). N-
nitroso compounds are produced endogenously in hepatitis virus-infected hepatocytes
and cause the promutagenic and cytotoxic DNA lesion, O6-alkylguanine (72). Seques-
tration of the enzyme O6-alkylguanine-DNA-alkyltransferase, which is responsible for
the repair of O6-alkylguanine, in the cytoplasm of these cells (and away from its site of
action in the nucleus) in hepatitis B cirrhosis may impair DNA repair (72). Because HB
X modulates HBV replication (73), its protein may contribute indirectly to hepatocar-
cinogenesis by maintaining the viral carrier state, thereby predisposing to the develop-
ment of chronic hepatitis, cirrhosis, and ultimately HCC.

Hepatocarcinogenesis is a complex process that involves several or many cumulative
genetic events. These could perturb the function of a variety of cellular genes including
protooncogenes, growth factor genes, and tumor suppressor genes, altering growth reg-
ulatory pathways. Different events in HCC induction by viruses, direct or indirect,
probably operate at different stages in the genesis of a particular tumor and in different
ways in different tumors. Indeed, direct and indirect effects of the virus acting in con-
cert are probably responsible for most HCCs caused by hepatitis viruses.

HCV AS A HEPATOCARCINOGEN

Evidence for a causal role for HCV, a single-stranded RNA virus belonging to the
Flaviviridae, in HCC is more recent but almost equally compelling. In common with
HBV infection, the importance of chronic HCV infection as a risk factor for the tumor
differs between developed and developing countries (74,75). In the former, whatever
the incidence of HCC, HCV is a more important causal association of the tumor than is
HBV, and in Japan, Italy, and Spain the virus accounts for as much as 80% of HCCs
(74,75). For patients in these countries who have been referred to a hepatology clinic
with chronic HCV infection, the annual risk of developing HCC ranges from 1.0% to
8.9%, with the risk being greater both in countries with higher incidences of the tumor
and in patients with cirrhosis than in those with chronic hepatitis. Persistent HCV
infection and alcohol abuse often (and chronic HBV infection and alcohol abuse less
often) coexist as causal associations of HCC in developed countries (74,75). HCV
plays a secondary role in the genesis of HCC in ethnic Chinese and black African pop-
ulations, in which HBV is the dominant risk factor.

Patients with HCV-related HCC are generally older than those with HBV-induced
tumors, especially in developing countries where the difference in mean age may be as
much as 20 yr (74,75). The interval between initial infection with the virus and the
diagnosis of HCC is generally 25–30 yr, although a few patients present in as short a
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time as 5–10 yr. Controversy exists over whether HCV genotype 1b is more closely
associated with HCC than the other genotypes and whether treatment of chronic
hepatitis C infections with interferon-α lessens the risk of neoplastic supervention (75).

Mechanisms of Carcinogenicity

Almost all HCV-related HCCs arise in cirrhotic livers and most of the remainder
develop against a background of chronic hepatitis, an observation that strongly suggests
that chronic necroinflammatory hepatic disease is an important contributor to the devel-
opment of the tumor (74,75). HCV replicative intermediates do not integrate into chro-
mosomal DNA, but apart from this the mechanisms whereby an increased hepatocyte
turnover rate may act as a tumor promoter already mentioned in respect to HBV would
apply equally or to an even greater extent to HCV. An important pathogenetic role for
chronic necroinflammatory hepatic disease offers one explanation for the frequent coex-
istence of HCV infection and alcohol abuse in patients with HCC, the two factors com-
bining to induce more severe degrees of hepatocyte necrosis and regeneration.

The possibility that HCV could also be directly carcinogenic was initially suggested
by the observation that a few HCV-related tumors arose in normal or near normal livers
(76). More convincing evidence was provided by the recent report that transgenic mice
in which the core gene together with its regulatory sequences have been introduced
develop HCC (77). HCV would have to exert its direct carcinogenic effect from an
extrachrosomal position, and possible mechanisms have been proposed. The deduced
amino acid sequence of the HCV core protein shows it to be a basic protein that con-
tains a putative DNA binding motif, as well as triplicate nuclear localization signals
and several putative protein kinase A and C recognition sites (78,79). These character-
istics imply that the protein could function as a gene-regulatory protein. The nonstruc-
tural NS3 protein has both proteinase and helicase activity. NIH 3T3 cells transfected
with the 5′ half of the HCV sequence encoding NS3 proliferated rapidly, lost contact
inhibition, grew anchorage-independently in soft agar, and formed tumors in nude mice
(80). HCV replication may mediate the coexpression of TGF-α and insulin-like growth
factor II, resulting in uncontrolled cell proliferation (81).

A positive interaction between the carcinogenic effects of HBV and HCV has been
demonstrated in the majority but not all populations that have been studied (82). This
interaction has usually taken the from of a multiplicative effect. An interactive effect
between excessive iron and persistent HCV infection has also been suggested. In the
only study addressing this question, however, no correlation could be demonstrated
between tissue iron and HCV (or HBV) infection (83).

GENETIC ASPECTS

The geographic distribution of HCC, at both global and local levels, as well as time
trends in its incidence and the effects of migration on its occurrence, imply a predomi-
nant role for environmental agents in the causation of this tumor. Evidence supporting
an inherited component to the risk of HCC in humans is limited. Studies of histocom-
patibility antigens in patients with HCC have not shown a genetic predisposition to the
tumor, although the published analyses have not included a full range of antigens
(84,85). HCC has been reported to have a familial occurrence, although in at least some
of these studies the familial occurrence could be explained by several members of the
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family being infected with HBV. Nevertheless, in studies in Alaska and China a famil-
ial occurrence has remained even when chronic HBV infection has been excluded as a
confounding factor (86,87). Genetic factors may contribute indirectly to HBV-induced
HCC because the immunologic basis for the development of persistent HBV infection
may have an inherited component. The same may be true of HCV-induced HCC.

Further possible evidence for a role for genetic factors is suggested by the occur-
rence of HCC in a number of inherited metabolic diseases, including hereditary
hemochromatosis, α1-antitrypsin deficiency, hereditary tyrosinemia, glycogen storage
disease (type I), and hypercitrullinemia (88). Some of these conditions are complicated
by the development of cirrhosis in addition to HCC, and chronic necroinflammatory
hepatic disease may contribute to the neoplastic process. In others the genetic defect
results in the accumulation of chemicals that are mutagenic. The latter is best illus-
trated by hereditary hemochromatosis, in which excessive amounts of iron accumulate
in the tissues (88). Excess hepatic iron is known to be mutagenic (89).

Genetic variation may influence the carcinogenic potential of aflatoxin B1. This
mycotoxin is harmless before its metabolic activation in the phase I detoxification
pathway in hepatocytes to aflatoxin 8,9-epoxide. The reactive epoxide is then rendered
innocuous by phase II detoxification, in which glutathione-S-transferase M1 conju-
gates it to glutathione and epoxide hydrolase converts it into 1,2-dihydrodiol. If not
detoxified, the epoxide can bind to DNA at the N7 guanine residue. Mutant alleles of
epoxide hydrolase have been shown to be overrepresented in Chinese and Ghanaian
patients with HCC (90). Furthermore, HBV carriers with high-risk genotypes are at an
even greater risk of HCC than those with wild-type genotypes (90).
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Hepatitis C Virus, B-Cell Disorders, and 

Non-Hodgkin’s Lymphoma

Clodoveo Ferri, Stefano Pileri, and Anna Linda Zignego

HEPATITIS C VIRUS INFECTION

Since its identification in 1989 (1,2), hepatitis C virus (HCV) has been recognized as
the major causative agent of posttransfusion and sporadic parenterally transmitted non-
A–non-B hepatitis (3). HCV is a single-stranded, positive-sense RNA virus showing
significant similarities of genomic organization with pestiviruses. The introduction of
second- and third-generation enzyme-linked immunosorbent assay (ELISA) and RIBA
tests significantly improved the diagnostic procedures for the detection of HCV-related
antibodies (anti-HCV). Unlike many other viral infections, the detection of serum IgG
class antibodies often suggests active HCV infection. However, anti-HCV may persist
long after viral clearance. Thus, detection of viral RNA sequences using polymerase
chain reaction (PCR) or other amplification methods is required to demonstrate infec-
tous HCV (4). In patients with non-A–non-B hepatitis there is generally a good concor-
dance between anti-HCV and PCR results. The detection of HCV RNA sequences in
tissue specimens by in situ hybridization could be usefully employed mainly for
etiopathogenetic investigations, although this methodology still requires a proper vali-
dation (5).

HCV genotypes have been defined by means of nucleotide and amino acid sequence
analyses. There is an increasing number of HCV types and subtypes; at least 6 major
HCV genotypes with 11 subtypes have been demonstrated in patient populations from
different geographic areas (6). The presence of different HCV genotypes seems to be
relevant for both pathogenetic and therapeutic implications, as suggested by the
increased prevalence of genotype 1b in subjects with low response to interferon treat-
ment and genotype 2a/c in lymphoproliferative disorders (3–8). Although some HCV
genotypes are prevalent in particular geographic areas, a large variety of types and sub-
types appears in a given country. In addition, HCV shows marked genetic variability.
The viral genome is a mixture of heterogeneous HCV RNA molecules, often desig-
nated as quasispecies (9). The coexistence of multiple mutants provides an efficient
and rapid mechanism for the virus to escape the immune response and therefore to per-
sist in the host. The large majority of infected individuals develop chronic HCV infec-
tion (3,10), with about 70% showing chronic hepatitis.
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HCV infects not only liver cells, but also lymphoid tissues as suggested by the pres-
ence of active (minus-strand HCV RNA-positive) or latent viral replication (minus-
strand HCV RNA in only mitogen-stimulated cells) in the peripheral lymphocytes of
HCV seropositives (11,12). The infection of the lymphoid tissues could represent an
HCV reservoir that contributes significantly to viral persistence. On the whole, the
hepato-and lymphotropism of HCV may explain the appearance of a constellation of
both hepatic and extrahepatic disorders (10,13), specifically chronic hepatitis, cirrho-
sis, autoimmune hepatitis, hepatocellular carcinoma, autoimmune thyroiditis, glomeru-
lonephritis, porphyria cutanea tarda, lung fibrosis, mixed cryoglobulinemia, and B-cell
lymphoma (10,13).

MIXED CRYOGLOBULINEMIA

Mixed cryoglobulinemia (MC) is a multifaceted disease that represents an intersec-
tion of several autoimmune and lymphoproliferative disorders (14,15). The term cryo-
globulinemia refers to the presence in the serum of one or more immunoglobulins that
precipitate reversibly at temperatures below 37° (16). Circulating cryoglobulins are
detectable in a wide number of infectious, immunologic, and hematologic disorders
(14,16,17).

According to Brouet et al. (16), cryoglobulinemia is classified into three main sub-
groups. Type I is composed of one monoclonal immunoglobulin, generally an IgM.
Type II (mixed) is composed of polyclonal IgG and monoclonal IgM, and type III
(mixed) is composed of both polyclonal IgG and IgM components. The IgM is an
autoantibody with rheumatoid factor (RF) activity. Moreover, IgG–IgM circulating
immune complexes may include trace amounts of IgA, fibrinogen, complement, and
antigens including viral particles.

The prevalence of MC is highly variable among different countries. It is more fre-
quent in southern Europe than in northern Europe or North America (14–18). On the
whole, it is considered to be a relatively rare disorder, but it may be underestimated
because of its heterogeneity. Cryoglobulinemia type I is generally found in patients
with lymphoproliferative disorders, such as Waldenstrom’s macroglobulinemia or mul-
tiple myeloma. In contrast, MC (types II–III) can be detected in various chronic infec-
tious or immune-mediated diseases (14–17). Since its first description in 1966 (17),
so-called “essential” MC was considered to be a distinct entity when other systemic,
infectious, or neoplastic disorders were excluded on the basis of a wide clinicosero-
logic workup. MC is characterized by a typical clinical triad—purpura, weakness,
arthralgias—and by involvement of one or more organ systems manifesting as chronic
hepatitis (70%), glomerulonephritis (30%), peripheral neuropathy (30–40%), skin
ulcers (10–20%), diffuse vasculitis (15%), or less frequently lymphatic (10%) and
hepatic (3%) malignancies (13–17). Moreover, circulating mixed cryoglobulins with
RF activity as well as reduced hemolytic complement activity with low C4 component
are the typical serologic findings of the disease (14–17). There are no differences
between type II and type III MC in terms of clinical manifestations and prognosis (15).
It has been hypothesized, but never fully demonstrated, that polyclonal type III MC,
often associated with chronic hepatitis, represents a precondition of the oligomono-
clonal type II MC, occasionally complicated by B-cell non-Hodgin’s lymphoma
(NHL).
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Other epidemiologic evaluations indirectly support the possible role of HCV in
NHL together with the multifactorial origin of the lymphomagenesis. First, a signifi-
cantly increased risk of developing NHL has been reported, but not uniformly con-
firmed, in population-based studies of individuals with a history of previous
transfusion (62). Interestingly, in a Swedish survey this risk was lower for subjects who
received leukocyte-depleted transfusions (63). This finding can speculatively be corre-
lated with the observation that HCV RNA may be detectable more frequently in
peripheral blood mononuclear cells than in sera of infected individuals (12). Moreover,
NHL is one of the most commonly diagnosed malignancies worldwide, and its inci-
dence has increased markedly in recent decades (30). Concomitantly, HCV is emerging
as a common and insidiously progressive disease (10). In this scenario, HCV could be
regarded as one of the most important exogenous triggering agents potentially involved
in lymphomagenesis.

Finally, the oncogenetic potential of HCV could be supported indirectly by the
results of an epidemiologic study of 592 Japanese NHL patients, among whom an
increased risk of developing hepatocellular carcinoma was noticed. Interestingly, HCV
seropositivity was detectable in the majority (88%) of patients with complicating liver
cancer (64). Chronic hepatitis and/or cirrhosis was found in about 80% of patients with
NHL following type II MC (28), whereas in HCV-associated NHL without cryoglobu-
linemic syndrome the rate of liver involvement ranged from 16% to 50% of cases
(32–46). It is likely that the prevalence of liver involvement in HCV-associated NHL is
underestimated owing to both the insidious, often subclinical course of type C hepati-
tis, and the lack of thorough histologic evaluation in the published studies. Similarly,
the incidence of hepatocellular carcinoma in HCV-associated NHL has not been ade-
quately investigated, although in MC patients the incidence of liver cancer is probably
lower than that observed in the general population of HCV-infected individuals.

PATHOLOGIC FEATURES OF HCV-ASSOCIATED LYMPHOMA

On diagnostic grounds, clonal lymphoid proliferation in HCV-positive patients can
be divided into two main groups, monotypic lymphoproliferative disorders of undeter-
mined significance (MLDUS) and overt lymphomas (27,28,32,65). The former cannot
be recognized without clinical data, as their histopathologic picture is basically indis-
tinguishable from that of some lymphoid tumors, which are indolent but nevertheless
invariably fatal. In this section, we use the concepts and terminology of the Revised
European–American–Lymphoma (REAL) Classification (66), which recently has been
validated in a study sponsored by the National Cancer institute (NCI) of the United
States (67) and has been adopted as operational guidelines by the World Health Organi-
zation (68). MLDUS occur in HCV-positive patients, who often show the clinical and
laboratory pattern of type II MC (21,22,27,65,69). Histologically (Fig. 1), they have
lymphoid infiltrates in the bone marrow and liver that resemble peripheral B-cell lym-
phomas of the small cell/B-chronic lymphocytic leukemia (CLL) type or, more rarely,
immunocytoma/lymphoplasmacytic lymphoma (lc). The main morphologic, pheno-
typic, and genotypic findings are summarized in Table 2.

Some groups have reported that MLDUS show immunocytic morphology
(35,36,46,51,70,72,73). This does not correspond to our experience, perhaps owing to
differences in terminology between the Updated Kiel Classification (UKC) (73) and
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Leukocytoclastic vasculitis is the histologic hallmark of cutaneous manifestations of
MC (14–17). Cryoglobulinemic vasculitis is secondary to the deposition of circulating
immune complexes, mainly the cryoglobulins as well as complement, in the small
blood vessels and, less frequently, in medium-sized arteries. Moreover, various organ
involvement with diffuse or nodular lymphoid aggregates in the liver, bone marrow,
and spleen is the expression of an underlying lymphoproliferative disorder (14,15).
Mono- or polyclonal B-lymphocyte expansion (19) is related to the production of
immune complexes responsible for systemic vasculitis.

With chronic hepatitis in more than two-thirds of MC patients (15–18), a possible
role of hepatotropic viruses in the etiopathogenesis of the disease has long been sug-
gested. Hepatitis B virus infection appears to be the etiologic factor of MC in only a
few (<5%) patients (15). On the contrary, HCV infection has been demonstrated in the
large majority of cases (20–24; Table 1). Support for an etiopathogenetic role of HCV
in this disease came from virologic studies demonstrating that HCV infects peripheral
blood mononuclear cells, as well as lymphoid tissues in MC patients (12,25,26).
Chronic HCV infection is responsible for both the chronic hepatitis and the B-cell
expansion that characterize the cryoglobulinemic syndrome (3,12,19,25,26).

Circulating immune complexes and various autoantibodies, often associated with
autoimmune manifestations, have been observed in many patients with B-cell neo-
plasias, including monoclonal gammopathies, chronic lymphocytic leukemia, and low-
grade NHL (14). In these lymphoproliferative disorders, serum monoclonal (IgMk)
RFs also have been detected. Like natural autoantibodies, monoclonal RFs share a
major complementary determining region named Wa, and they invariably express a Vk
light chain derived from a single germinal gene, the human Kv 325 (14,22). A large
body of clinicopathologic investigations indicate that autoimmune and B-cell lympho-
proliferative disorders often are closely related (14,15). MC, characterized by a large
amount of circulating immune complexes, also can be regarded as a “benign” B-cell
neoplasm. The presence in the serum of Wa RF (14,22), and the clonal expansion of
IgMk-bearing B-cells (19), together with lymphocyte and plasmacytoid cell infiltrates
in the bone marrow, suggest that low-grade or in situ NHL is the underlying disorder of
MC (27). More interestingly, this lymphoproliferation can switch to frank, malignant
B-cell NHL (28,29), generally after a long follow-up period. These clinicoserologic
and pathologic observations indicate that there is a continuum among some autoim-
mune disorders, MC, and B-cell neoplasias (13–15). In this scenario, MC represents an
interesting example of coexistence of autoimmune and lymphoproliferative disorders,
for which HCV infection can be a common triggering factor.

EPIDEMIOLOGY OF HCV-ASSOCIATED LYMPHOMA

The etiology of NHL is poorly understood but of considerable interest because of
the increasing incidence of these malignancies worldwide (30). A possible causative
link between hepatotropic viruses and malignant lymphomas had been hypothesized
since 1971, when an autopsy study of 814 Belgian patients with neoplastic diseases
reported a significant association between cirrhosis and lymphoproliferative disorders
(31). With the identification of HCV as a triggering factor of MC (20–24), its potential
role in NHL was suspected (12). In 1994, HCV infection was first demonstrated in a
significant percentage of Italian patients with unselected B-cell NHL, regardless of the
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Table 1
Hepatitis C Virus (HCV) Infection and Lymphoproliferative Disorders (LPDs)

Prevalence of HCV infection in LPDa

Authors (ref. no.) Country Diagnosis No. of Patients % HCV+

Ferri C et al., 1994 (32) Italy B-NHL 50 34b

Cavanna L et al., 1995 (33) Italy B-NHL 150 25b

Luppi M et al., 1996 (34) Italy B-NHL 69 42b

Silvestri F et al., 1996 (35) Italy B-NHL 311 9b

Luppi M et al., 1996 (43) Italy B-NHL MALT 27 50b

type
Ferri C et al., 1996 (42) Italy B-NHL 100 25b

Mazzaro C et al., 1996 (36) Italy B-NHL 199 28b

Musto P et al., 1996 (46) Italy B-NHL 150 26.6b

Musolino C et al., (37) Italy B-NHL 24 21b

Hanley J et al., 1996 (47) UKc B-NHL 38 0
Brind AM et al., 1996 (48) UKc B-NHL 63 0
McColl MD et al., 1997 (49) UKc B-NHL 72 0
Izumi T et al., 1996 (52) Japan B-NHL 54 22b

Zignego AL et al., (38) Italy B-NHL 150 25b

Zuckerman E et al., 1997 (39) USAd B-NHL 120 22b

De Rosa G et al., 1997 (44) Italy B-NHL 91 23b

King PD et al., 1998 (50) USAe B-NHL 73 1.4
Ellenrieder V et al., 1998 (45) Germany B-NHL 69 4.3
Ohsawa M et al., 1998 (41) Japanf Primary 9 100b

hepatic B-NHL
Ferri C et al., 1991 (20) Italy MC 42 90b

Disdier et al., 1991 (24) France MC 30 70b

Agnello et al., 1992 (23) USA MC 19 84b

Cavanna L et al., 1995 (33) Italy CLL 40 5
Mussini C et al., 1995 (51) Italy MGUS,MM,WM 70, 21, 12 14b, 14b, 8b

Ferri C et al., 1996 (42) Italy CLL 25 12b

Musto P et al., 1996 (46) Italy MM,MGUS, 90, 47, 41, 13 11b, 13b, 20b, 23b

CLL,WM
Silvestri F et al., 1996 (35) Italy MM 78 4
Hanley J et al., 1996 (47) UK MM,MGUS 24, 10 0, 0
McColl MD et al., 1997 (49) UK CLL 38 0
Izumi T et al., 1997 (52) Japan WM, MM 4, 21 25, 14b

De Rosa G et al., 1997 (44) Italy MM, MGUS, 56, 48, 48, 13 16b, 23b, 17b, 61b

CLL, WM

Prevalence of LPD in patients with HCV infection

LPD (%)

Ferri C et al., 1995 (53) Italy HCV+ 500 B-NHL (2.8)
Brind AM et al., 1996 (54) UK HCV+ 25 B-NHL (4)
Sikuler E et al., 1997 (55) Israel HCV+ 103 B-NHL (3.9)
Andreone P et al., 1998 (8) Italy HCV+ 239 MC (10), MG (11)
Hausfater P et al., 1998 (57) France HCV+ 1800 B-NHL,

CLL,WM,MM,
MALT (2.5)

a Presence of anti-HCV antibodies and/or HCV RNA.
b Significant association if compared to HCV infection in other hematologic malignancies and/or healthy controls.
c Studies from the same geographic area of Scotland.
d Studies from Southern California (78% Hispanic ethnicity).
e Studies from midwestern United States (Columbia).
f HCV detection by in situ hybridization technique.

CLL, chronic lymphocytic leukemia; MGUS, monoclonal gammopathies of uncertain significance; MM, multiple mieloma;
WM, Waldenstrom’s disease; MC, mixed cryoglobulinemia; MG, monoclonal gammopathies.



grade of malignancy (32). The prevalence of HCV-related markers (anti-HCV and
HCV RNA) in 34% of NHL was particularly significant as compared to Hodgkin’s
lymphomas (3%) and healthy controls (1.5%). This association subsequently was con-
firmed in other series of B-cell NHL from Italy and other countries (33–46; Table 1).
Apart from some important exceptions (47–50), numerous clinicoepidemiologic stud-
ies reported an increased prevalence of HCV infection in B-cell NHL.

The association of HCV with B-cell NHL seems not to be fortuitous or artifactual,
considering that no increased risk factors for HCV exposure were recorded in HCV-
seropositive NHL compared to seronegatives and that the prevalence of HCV infection
in B-cell NHL was statistically higher than in the general population and control
groups of other hematologic malignancies (32–46). A surprisingly high prevalence of
HCV infection has been detected in two series of mucosa-associated lymphoid tissue
(MALT) type and primary hepatic NHL, from Italy and Japan, respectively (4,43;
Table 1). A significant association with HCV also has been observed, though to a lesser
extent, for other benign and malignant B-cell neoplasias, including Waldenstrom’s
macroglobulinemia, monoclonal gammopathies of uncertain significance, chronic lym-
phocytic leukemia, and multiple myeloma (33,35,42,44,46,51,52; Table 1). Moreover,
the above findings were mirrored by the increased incidence of lymphoproliferative
disorders, including B-cell NHL, in large series of unselected patients with chronic
HCV infection (8,53–57; Table 1).

A decisive contribution for direct involvement of HCV in lymphomagenesis came
from investigations showing the presence of HCV-related proteins and/or HCV replica-
tion intermediates in peripheral lymphocytes and tissue biopsy specimens of NHL
patients by means of immunohistochemistry, reverse transcriptase-polymerase chain
reaction (RT-PCR), or in situ hybridization studies (53,58–60). Although limited by the
use of controversial methods (5), HCV-related antigens and HCV RNA have been
demonstrated in both neoplastic infiltrates of bone marrow, lymph nodes, salivary
glands, and liver in HCV-associated B-cell NHL patients with or without MC
(26,53,58–61).

Epidemiologic studies suggest geographic and racial heterogeneity in the involve-
ment of HCV in B-cell lymphomas (Table 1). There seems to be a gradient from north-
ern to southern Europe—strongest in Italy (32–38,44,46), intermediate in France (57),
but weak in the United Kingdom, particularly in Scotland (47–49,54). Studies from the
United States suggest a similar discrepancy. Among patients with NHL in Southern
California, many of whom were Hispanic, the prevalence of HCV infection (22%) was
significantly higher as compared to patients with hematologic malignancies other than
B-cell NHL (4.5%) or with benign hematologic disorders (5%) (39). This association
was not confirmed in NHL patients from the midwestern United States (50). As the
prevalence of HCV infection is quite homogeneous among Western countries, the vari-
able distribution of HCV-associated NHL suggests that HCV per se is not sufficient,
but that genetic and/or environmental cofactors are necessary for the full expression of
malignancy. A confounding factor, which does vary geographically, is the distribution
of HCV genotypes among different patient populations. Genotype 2a/c is found more
frequently in subjects with MC and other benign or malignant lymphoproliferative dis-
orders complicating type C hepatitis (7,8,53).
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Fig. 1. Main histopathologic patterns of HCV-related MLDUS and overt lymphomas. 1: B-
CLL-like MLDUS: nodular infiltrate in the bone marrow showing vaguely defined borders and
consisting of small lymphocytes, prolymphocytes, and paraimmunoblasts (Giemsa, ×250). 2:
B-CLL-like MLDUS: liver portal tract infiltrated by the same lymphoid population as in 1; note
the mild activity of the infiltrate (Giemsa, ×200). 3: B-CLL-like MLDUS; cytological details of
the infiltrate at higher magnification. Medium-sized prolymphocytes and large paraim-
munoblasts are easily seen (Giemsa, ×600). 4: B-CLL-like MLDUS: positivity at the determi-
nation of κ Ig-light chain (Immunohistochemistry, APAAP technique, specific polyclonal
antibody, provided by Dako, Denmark, Gill’s hematoxylin nuclear counterstain; ×150). 5: B-
CLL-like MLDUS: negativity at the determination of λ Ig-light chain (Immunohistochemistry,
APAAP technique, specific polyclonal antibody, purchased by Dako, Denmark, Gill’s hema-
toxylin nuclear counterstain; ×150). 6: Ic-like MLDUS: the lymphoid infiltrate consists of small
lymphocytes, lymphoplasmacytoid elements and mature plasma cells (Giemsa, ×600). 7: MZL:
neoplastic cells show centrocyte-like morphology; some of them infiltrate a gastric gland pro-
ducing a lymphoepithelial lesion (Giemsa, ×600). 8: FCL: the lymphoid population within a
neoplastic follicle consists of centrocytes and a few centroblasts (Giemsa, ×600). 9: DLBCL:
the neoplastic population consists of variably shaped large elements (Giemsa, ×600).
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Table 2
Histopathology of HCV-Related MLDUS and Overt Lymphomas according to the
REAL Classification

MLDUS
B-chronic lymphocytic leukemia (B-CLL)-like

Morphology: In liver and bone marrow, lymphoid infiltrates consist of a mixture of small
lymphocytes, prolymphocytes, and paraimmunoblasts; the latter two cell types can
form pseudofollicles with numerous mitoses; bone marrow infiltrates are nodular or
paratrabecular; liver infiltrates are in portal tracts and show minimal/mild activity.

Phenotype: Lymphoid elements carry B-cell markers (CD19, CD20, CD22, CD79a), CD5,
CD23, and monotypic surface Ig (IgM/k), as typically observed in B-CLL; bcl-2
expression is rather strong; Ki-67 marking is low; numerous T cells are comprised
within liver infiltrates.

Genotype: Preliminary studies by microdissection-PCR show the presence of oligoclonality
in portal lymphoid infiltrates (2); thus, the monotypic pattern seen at immunohisto-
chemistry seems actually sustained by more than one clone.

Immunocytoma (Ic)-like
Morphology: In liver and bone marrow, infiltrates consist of small lymphocytes, lympho-

plasmacytoid elements, and plasma cells, with occasional blasts; neither prolympho-
cytes nor pseudofollicles are seen; the infiltrates show the same location as in
B-CLL-like MLDUS.

Phenotype: Lymphoid elements carry B-cell markers (CD19, CD20, CD22, CD79a) and
monotypic surface and cytoplasmic Ig (IgM/k), but are negative for CD5 and CD23;
bcl-2 expression is moderate; Ki-67 marking is low.

Genotype: There are no extensive reports on the topic.

Overt lymphomas
B-CLL

Morphology: Cytology corresponds to the one described in MLDUS; the lymph node struc-
ture is diffusely effaced with infiltration of the capsule and obliteration of the sinuses;
in the spleen, there is involvement of both the white and red pulp.

Phenotype: See B-CLL MLDUS.
Genotype: Molecular studies regularly show clonal rearrangements of Ig encoding genes.

Ic
Morphology: Cytology is the same as in Ic-like MLDUS; the lymph node structure is dif-

fusely effaced with preservation and partial dilatation of the sinuses; in the spleen, there
is involvement of the white pulp.

Phenotype: See Ic-like MLDUS; cases with a or g heavy-chain Ig expression are seen.
Genotype: Molecular studies regularly show clonal rearrangements of Ig encoding genes.

(continues)
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Table 2 (continued)

Marginal zone lymphoma (MZL)
Morphology: Neoplastic cells of small size show centrocyte-like or monocytoid profile and

variable degrees of plasmacellular differentiation; when aggregates of 10–15 blasts are
seen, possible transformation into a more aggressive form should be suspected; mar-
ginal zone derivation of blastic tumors can be accepted only in the presence of a small-
cell component (3). MALT-derived MZL shows: (1) multifocal distribution within the
organ of origin, (2) tendency to colonize preexisting follicles, (3) infiltration of epithe-
lial mucosal structures with formation of lymphoepithelial lesions, and (4) tendency to
infiltrate the sinuses and marginal zone of regional lymph nodes.
Primary nodal MZL: The tumor infiltrates the sinuses and marginal zone.
Primary splenic MZL: The neoplasm diffuses through sinuses and infiltrates the mar-
ginal zone of Malpighi’s corpuscles producing their progressive obliteration.

Phenotype: Neoplastic cells express B-cell markers (CD19, CD20, CD22, CD79a), surface
and cytoplasmic monotypic Ig (IgM+/IgD–, IgM+/IgD+ only for the splenic type) and—
variably—CD43, CD68, DBA.44, and Ki-B3/CD45R; CD5, PRAD1, and CD10 are
negative; bcl-2 is weakly expressed; Ki-67 marking is low.

Genotype: Molecular studies have mainly focused on gastric MALT lymphoma, because of
its frequency and response to HP eradication (3); HCV has been proposed as the HP
equivalent in the genesis of extragastric MZLs (4); in particular, a chronic inflammatory
stimulus might facilitate the onset of clones incapable of DNA repair (i.e., with RER
phenotype); some of these clones carrying abnormalities such as t(11;18) might take
advantage over the others, producing an early lymphoma, which still needs the infective
stimulus and T-cell cooperation; further genomic aberrations, such as t(1;14) or +3,
might make the growth independent of the microenvironment; finally, p53 point muta-
tions or loss of homozygosity, p16 deletion or c-myc rearrangements might produce the
switch of the growth from low-grade to high-grade histology.

Follicle center lymphoma (FCL)
Morphology: Neoplastic cells resemble centrocytes and centroblasts of normal germinal cen-

ters and show a follicular growth pattern in most cases; three cytological grades are dis-
tinguished: 1 (centroblasts cover <25% of follicular areas), 2 (centroblasts cover from
25% to 50% of follicular areas), and 3 (centroblasts cover more than 50% of follicular
areas).

Phenotype: Lymphomatous elements express B-cell markers (CD19, CD20, CD22, and more
weakly CD79a), CD10 and the bcl-6 gene product, but are negative for CD5; mono-
typic Ig are often detected on the cell surface and more rarely in the cytoplasm; bcl-2 is
overexpressed in >95% of cases; Ki-67 marking varies from case to case and even
within the same case: it usually parallels the content of centroblasts; antibodies against
CD21, CD23, and CD35 show a more or less tight meshwork of follicular dendritic
cells.

Genotype: In a randomly selected population, about 70% of cases show a translocation
[t(14;18), t(2;18) or t(18;22)], which causes bcl-2 gene rearrangement and overexpres-
sion of its product, which is a potent antiapoptotic agent; clonal rearrangements of the
Ig encoding genes are regularly encountered.

(continues)



the REAL Classification (66). With a critical review of the literature, of the immunocy-
toma-like proliferation described by others do not satisfy the criteria of the REAL
Classification (66). In subtypes of MLDUS, repeated biopsies do not usually show
expansion of the monotypic B-cell infiltrates in the bone marrow (65), while in the
liver these can even undergo histologic regression, such as cirrhotic evolution reported
by Monteverde et al. in 14 patients with MLDUS and type II MC (69). Interestingly
enough, in a few patients with MLDUS who received repeated bone marrow biopsies
before and after interferon administration, regression of the lymphoid infiltrates was
observed in conjunction with the clearance of HCV (74,75).

Monoclonal gammopathy of undetermined significance (MGUS) was diagnosed in
many (11%) HCV-positive patients without cryoglobulinemia (8). These cases were
characterized by discrete interstitial infiltrates of the bone marrow by typical plasma
cells, which did not always show clear-cut monotypia by immunohistochemistry. It is
likely that the clone responsible for the M-spike in the serum was too small to modify
the normal 2:1 or 3:1 ratio between k- and l-producing plasma cells. In a few cases, the
monoclonal component was reflected by an overt myeloma. These MGUS cases in
HCV-positive patients differ from the MLDUS mentioned in the preceding by histo-
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Table 2 (continued)

Diffuse large B-cell lymphoma (DLBCL)
Morphology: Neoplastic cells of large size display variably shaped nuclei, numerous distinct

nucleoli, and a rim of basophilic cytoplasm; tumors with homogeneous cytology (cen-
troblastic, immunoblastic, multilobated, or anaplastic) can be seen; mitotic figures are
numerous; the content of apoptotic bodies varies from case to case; T-cell-rich B-cell
lymphoma represents a peculiar variant of the tumor, characterized by a high content of
T-lymphocytes: immunohistochemistry is mandatory for its diagnosis, as it can easily
be misdiagnosed as peripheral T-cell lymphoma or mixed cellularity Hodgkin’s disease
on morphology alone.

Phenotype: Lymphomatous elements express CD19, CD20, CD22, and—more variably—
CD79a and CD10; CD30 is regularly found in the anaplastic subtype; detection of sur-
face and cytoplasmic Ig is inconstant; a proportion of cases is positive for bcl-2 and
bcl-6: however, the expression of these molecules is not indicative of specific gene
rearrangements; Ki-67 marking is high.

Genotype: In a randomly selected population, about 40% of DLBCLs carry rearrangements
of the bcl-6 gene (located at 3q27): this finding is associated with a very good response
to chemotherapy; about 30% of DLBCLs display bcl-2 gene rearrangements: this might
be indicative of their derivation from a preexisting FCL and heralds a poor clinical
course (5); clonal rearrangements of Ig encoding genes are regularly encountered.

Multiple myeloma
Morphology: In HCV-positive patients, the tumor more often shows low-grade cytology,

interstitial infiltration, and pathological stage 1 (6).
Phenotype: Neoplastic cells express monotypic Ig, EMA, and in half the cases CD79a, while

they are negative at the determination of both CD45 and most B-cell markers; occa-
sional dotlike positivity for cytokeratin 8 can be seen in the Golgi area (7).

Genotype: clonal rearrangements of Ig encoding genes are regularly found.



logic pattern, the frequent absence of cryoglobulinemia, and the type of M-component
in the serum.

Most overt malignant lymphomas do not develop in patients with a previous history
of MLDUS. This finding strengthens the concept that NHL does not necessarily
stem from a preexisting HCV-associated “benign” lymphoproliferation, but rather that
virus might be indirectly involved in the pathogenesis of these malignancies
(32,34,72,76–79). Both small lymphocytic lymphoma/B-CLL and immunocytoma (lc)
can be encountered in HCV-positive patients (Fig. 1), although our files and those of
other groups they do not represent the most common histologies (78).

Malignant lymphomas can arise from the marginal zone of lymphoid follicles both
in the nodes and at extranodal sites. In our experience, all three varieties of marginal
zone lymphoma (MALT-derived, nodal, and splenic) can be observed in HCV-positive
patients. Marginal zone lymphoma (Fig. 1) is one of the most common types of lym-
phoid tumor observed in HCV-positive patients. It has been suggested that in cases
occurring in lymph nodes or at extranodal sites other than the stomach, HCV might
play the same pathogenetic role as Helicobacter pylori in the development of gastric
marginal zone (MALT) lymphoma (see Chapter ##) (43,61,78). The two agents, how-
ever, do not seem to be mutually exclusive as some cases have been infected with both
HCV and Helicobacter pylori (43).

Follicular center lymphoma (Fig. 1) is the most common variety of malignant lym-
phoma encountered in HCV-positive patients (78). In the same patient population, dif-
fuse large B-cell lymphoma also has been reported rather frequently (78). Recently, in
Japan (40) and the United States (80), a new clinicopathologic variant of diffuse large B-
cell lymphoma (DLBCL) has been described, which primarily presents in the liver and
sometimes the spleen and is associated in 71% of cases with HCV infection (Fig. 1).

Finally, in a number of HCV-positive patients, the M-component actually reflected
multiple myeloma (8). In our experience, these are usually low-grade, pathologic stage
1 tumors with prevalent interstitial infiltration (81). As the amount of neoplastic plasma
cells can be modest, immunohistochemical tests in paraffin sections are useful to assess
the monotypic nature of the infiltrate and thus to allow its differentiation from a florid
reactive plasmacytosis, which is polytypic by the determination of lg light chains (81).

HCV AND LYMPHOMAGENESIS

A causative role of viral agents in malignant lymphomas has been established for at
least two viruses, namely, Epstein–Barr virus (EBV) and human T-cell leukemia/lym-
phoma virus I (HTLV-l). EBV is involved in lymphomas complicating immunocom-
promised patients and in 30% of non-African Burkitt’s lymphoma, while HTLV-l is
responsible for the adult T-cell leukemia/lymphoma syndrome in some geographic
areas (13) (see Chapters ## and ##, respectively). Since EBV has been ubiquitous for
years and the role of HTLV-1 is limited to particular patient populations, they cannot
explain the increasing incidence of NHL in all parts of the world (30). HCV-associated
lymphomas may represent a new model for virus-induced cancer in humans.

In asymptomatic or symptomatic HCV chronically infected individuals, the intimate
mechanism(s) responsible for the appearance of malignancy remains still largely
obscure. A variable combination of co-factors in the development of hepatic and/or
lymphatic disorders in HCV-positive individuals should be considered. The presence of
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specific HCV mutants, possibly with higher oncogenetic potential, other infectious or
environmental agents, and a genetically driven host reactivity may affect the clinical
expression of HCV infection, including chronic hepatitis, systemic autoimmune disor-
ders, and cancer (10,13,15,21,22). HCV infection may lead to hepatocellular carci-
noma and B-cell neoplasia through a network of events (Figure 20-2). On the basis of
clinico-epidemiological observations, cancer may directly develop after a long lasting
HCV infection (32–39), (82) or through intermediate steps of “benign” disorders
(13,28,29). The observation in the same subject of autoimmune and neoplastic dis-
eases, concomitantly or sequentially, indicates that HCV-related disorders could be the
result of a multifactorial and multistep process. In this respect, the example of MC
described earlier, a condition with a mixture of different clinical features characterized
by a generally benign clinical course, is particularly illuminating (15–17,21,27).

Chronic HCV infection is the most frequent condition predisposing to hepatocellu-
lar carcinoma, regardless of cirrhosis, alcohol abuse, age, gender, or hepatitis B virus
coinfection (3,13,82). NHL may develop in patients with both immune suppression and
immune stimulation conditions, such as acquired immunodeficiency syndrome (AIDS)
or Sjögren’s syndrome and rheumatoid arthritis, respectively (13). Lymphotropism is a
well recognized biologic characteristic of HCV (11,12,25,26), and the mono- or poly-
clonal B-lymphocyte proliferation observed in chronically infected individuals may
play an important pathogenetic role in HCV-associated disorders (10,13). HCV is a
positive, single-stranded RNA virus without a DNA intermediate in its replicative
cycle, so that viral nucleic acid sequences cannot be integrated into the host genome.
Thus, HCV-related NHL may be the product of complex oncogenetic mechanisms for
which this virus could be only a triggering factor. First, HCV might reactivate a latent
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Fig. 2. Possible role of HCV infection in oncogenesis: HCV may be involved in the patho-
geneis of hepatocellular carcinoma and/or B-cell lymphomas directly (13,32–39,82) or through
liver and/or immune system disorders; namely, chronic hepatitis (±cirrhosis) and mixed cryo-
globulinemia (3,13,28,29,53,55–57). Both hepatocellular carcinoma and B-cell lymphoma may
develop during the natural course of HCV chronic infection (64). (Modified from ref. 13.)



infection of lymphocytes by a DNA virus, such as EBV or other human herpesviruses
(HHV-6, HHV-7, HHV-8), which have been correlated with lymphomagenesis (13,83).
However, a preliminary observation on a small patient series indicates that coinfection
with lymphotropic viruses is uncommon in HCV-associated NHL patients (84). Possi-
ble cooperation between HCV and other RNA hepatitis viruses, such as hepatitis G
virus (HGV), has been investigated in HCV-related MC (85,86), but the possible con-
tribution of HGV or other RNA viruses to lymphoproliferation remains unknown.
Finally, a potential association between chronic HCV infection and the development of
AIDS-related lymphoma seems to be excluded by recent clinicoepidemiologic obser-
vations (see Chapter ##) (87).

The quasispecies nature of HCV (9) permits it to escape immune surveillance and
favors the persistence of infection in the host. During long-lasting, asymptomatic HCV
infection, viral antigens and/or HCV-induced autoantigens may exert a chronic stimulus
to the immune system with consequent abnormally active lymphocyte proliferation. This
condition per se could predispose to further cell alterations. Moreover, a mechanism of
molecular mimicry between epitopes of virus and host may play an important patho-
genetic role, as suggested by the frequent detection of anti-GOR antibodies in HCV
seropositives (13,88). These antibodies are specific for both HCV core and a host nuclear
antigen termed GOR, which is detected only in the nuclei of cancer cells, in which it is
probably overexpressed. On this basis, it has been hypothesized that GOR gene may be an
oncogene (88). Although not definitely demonstrated, such an immune-mediated process
could be involved in the first steps of HCV-related oncogenesis.

In a single patient with type II MC, a monoclonal B-cell expansion has been corre-
lated with genetic aberrations involving, in sequence, bcl-2 and c-myc oncogenes (89).
An increased expression of bcl-2 protein has been observed in liver and bone marrow
sections in patients with type II MC (65). More interestingly, bcl-2 recombination
[t(14;18)] has been documented in the peripheral blood lymphocytes of HCV-infected
individuals, with or without MC or B-cell lymphoma (90). T (14;18) translocation is
frequently involved in NHL (91). The bcl-2 protooncogene codes for the bcl-2 protein
that is able to inhibit apoptosis (92). Dysfunction of bcl-2 leads to extended cell sur-
vival that allows other genetic aberrations, such as translocation of the myc oncogene,
perhaps inducing more malignant characteristics, as observed in high-grade lym-
phomas (93).

A beneficial effect of antiviral treatment by α-interferon in MC patients, including
regression of low-grade lymphomatous infiltrates in the bone marrow (75), has been
observed (94). This may indirectly support the hypothesis that viral factors can be
involved in lymphoproliferation and probably in its maintenance, at least during the
early stages of the disease. Another model of infectious antigen-driven lymphoma has
been proposed in patients with Helicobacter pylori gastric infection, among whom a
MALT type B-cell lymphoma may evolve from gastritis to frank lymphoma through a
reactive lymphoid hyperplasia (95) (see also Chapter ##). Gene rearrangement studies
suggested that multiple genetic aberrations, in a stepwise fashion, are involved in the
clonal B-cell expansion preceding the overt lymphoma. This lymphoma may be
responsive to Helicobacter pylori eradication (96). There are clear analogies between
Helicobacter pylori and HCV-associated lymphomagenesis, in particular MLDUS. The
monotypic/oligoclonal lymphoproliferation observed in HCV-positive patients might
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arise within the context of an inflammatory process that fosters some clones over oth-
ers through genetic alterations. As postulated to explain the sensitivity of gastric
MALT lymphoma to Helicobacter pylori-eradicating therapy (96), maintenance of
these selected clones might require the persistence of the microbial stimulus and T-cell
cooperation. Thus, eradication of the microbe might produce regression of the lym-
phoid clone. Further molecular studies are needed to test this hypothesis and to under-
stand whether the frank lymphomas developing in about 10% of patients with MLDUS
are clonally related to the preexisting lymphoproliferation (79). At this time, there is no
definitive proof that this relationship does indeed exist. Finally, the study of NHL
patients with Helicobacter pylori and HCV coinfection might give us new interesting
pathogenetic insights (43).

Among numerous agents so far proposed, HCV infection could represent a novel
etiologic factor of B-cell NHL. These are a heterogeneouss group of malignancies with
regard to their etiopathogenesis and clinicoepidemiologic characteristics. Therefore, it
is not surprising that the role of HCV varies greatly among patient populations from
different geographical areas (13). Larger studies, with intensive molecular biology and
virology, are needed to clarify the clinical relevance and the pathogenesis of HCV-
associated lymphomas.

TREATMENT OF HCV-ASSOCIATED LYMPHOMA

The treatment of HCV-associated lymphomas does not differ substantially from that
of “idiopathic” B-cell NHL (97). However, the occurrence in the same subject of
chronic viral infection and cancer and, in some cases, of other HCV-related disorders
may be a conditioning factor for an optimal therapeutic strategy (Fig. 3). In all patients
with B-cell NHL the detection of HCV-related markers (anti-HCV and HCV RNA) is
obviously mandatory, together with histologic classification and staging of the disease.
Before the treatment and during the patient’s clinical follow-up, in HCV-positive NHL
patients should be carefully evaluated for chronic hepatitis, cirrhosis, hepatocellular
carcinoma, mixed cryoglobulinemia syndrome, and other HCV-related disorders, such
as thyroiditis and glomerulonephritis. To date, there is not sufficient information on
specific complications of cancer chemotherapy in HCV-positive NHL. In a series of
patients with lymphoplasmocytoid lymphoma/immunocytoma, the presence or absence
of HCV infection did not affect the overall survival of the disease, although the quality
of life was significantly worse in HCV-positive individuals regardless the therapeutic
interventions (72,78). These differences were mainly related to one or more manifesta-
tions of to HCV infection, such as chronic hepatitis, glomerulonephritis, or cryoglobu-
linemic vasculitis.

For isolated B-cell NHL, a standard treatment can be followed according to clinical
and pathologic assessment of the disease (97). In the presence of severe liver and/or
renal impairment, some precautions should be followed to tailor the treatment for the
individual patient. In patients with MC complicated by B-cell NHL, but without severe
visceral organ involvement, chemotherapy is usually well tolerated and an improve-
ment of cryoglobulinemic syndrome may also be observed. In MC with low-grade
NHL, cycles of single-agent (cyclophosphamide) therapy are often sufficient for a
complete remission. In HCV-infected individuals, with or without MC, a low-grade
NHL can be observed at bone marrow biopsy examination. This is often a clinically
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asymptomatic, nonprogressive lymphoma that may not require any specific treatment
(Fig. 3).

Following the positive results observed in HCV-related chronic hepatitis (98), an
attempt for HCV eradication with combined α-interferon and ribavirin treatment might
also be tried in HCV-associated NHL, particularly with low-grade lymphomas (Fig. 3).

With the rapid growth of molecular biology we can hopefully try new and more effi-
cient therapeutic strategies. The recent identification of the interaction between HCV
envelope protein E2 and CD81 on both hepatocytes and lymphocytes (99) suggests the
possibility of interfering with HCV binding to target cells. A vaccine-based therapy
with recombinant HCV proteins may be able to prevent the evolution from viral infec-
tion to life-threatening clinical complications.
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Overview of Helicobacter pylori

James G. Fox and Timothy C. Wang

DISCOVERY AND TAXONOMY

Discovery

Although diseases such as peptic ulcer disease and gastric cancer have been recog-
nized for centuries, an infectious cause was not actively pursued until the latter part of
the 20th century. Prior to 1982, peptic ulcer disease was attributed to excessive acid or
stress, while gastric cancer was linked to a number of dietary factors suggested by
extensive epidemiologic surveys. Both were known to be associated with chronic
inflammation (gastritis) of the stomach, but this association remained unexplained.
Nevertheless, the existence of gastric bacteria and a possible association with ulcer dis-
ease had been reported by investigators dating as far back as the 19th century. For
example, in 1875, Bottcher and Letulle were able to demonstrate the presence of bacte-
ria within the floor and margins of ulcers (1), and Jaworski in 1889 described the pres-
ence of spiral organisms in the sediment of gastric washings. In 1924, Luck detected
the presence of urease activity within the gastric mucosa. His work on gastric urease
was confirmed by Conway and Fitzgerald, who also concluded that urease was endoge-
nously produced by gastric epithelial cells and probably functioned as a mucosal pro-
tective agent to neutralize gastric acid (2).

In 1938, Doenges studied 242 human gastric autopsy specimens, and found
“spirochaetes” in 43% of these specimens, but was unable to reach any conclusions
because of the presence of significant autolysis (3). However, this observation led to a
study in 1941 by Freedburg and Barron of 35 partial gastrectomy specimens, in which
they detected “spirochaetes” in 37% of the samples analyzed (4). Even with the aid of
silver staining methodologies, these investigators found the organism extremely diffi-
cult to detect; nevertheless, they noted that the bacteria were more often associated
with ulcers, both benign and malignant. Finally, in the early 1950s, Palmer conducted
an extensive survey of 1140 gastric biopsy specimens that were examined histologi-
cally (although without silver stains); not surprisingly, without the aid of silver stains,
he reported the finding that “no structure which could reasonably be considered to be
of a spirochaetal nature” (5). Consequently, the previous reports of spiral bacteria were
interpreted as oral contaminants that multiplied in the postmortem setting. In the
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1950s, the principle was established that because of its low pH the stomach was for the
most part sterile and bacteria could not survive.

In the 1970s, upper endoscopy became established at many centers, leading to more
frequent mucosal sampling of the gastric epithelium through endoscopic biopsy. In
1975, Steer and Colin-Jones reported the finding of bacteria closely related to the gas-
tric mucosa in association with biopsy specimens showing gastritis but not in biopsies
from normal stomachs (6,7). The bacteria in their samples appeared to be under the
mucous layer and in close contact with surface mucous cells. They observed the pres-
ence of flagellae—”at least one filum projecting from one end of the bacterium”—and
their ultrastructural studies actually revealed that the bacteria were spiral, although this
was not highlighted in their reports. They hypothesized that the polymorphonuclear
leukocytes present in the mucosa may have migrated in response to the presence of
these bacteria, and believed that they were not contaminants. Steer attempted to isolate
and culture the organisms, but was able to grow only Pseudomonas aeruginosa which
was almost certainly a contaminant (8).

However, the observation that spiral bacteria were present in the gastric mucosa was
concurrently pursued in Western Australia by a pathologist, Dr. J. Robin Warren, at the
Royal Perth Hospital. Warren had observed for many years the presence of bacteria in
the stomachs of gastritis patients, and in 1980 began compiling a series of cases in
which he carried out both H&E and silver staining. In 1982, he was joined in his stud-
ies by a gastroenterology fellow, Barry Marshall. In 1983, Warren reported that
“unidentified curved bacilli” were present in about half of all routine gastric biopsies
and were strongly associated with the presence of “active, chronic gastritis” (9). He
stated his belief that “these organisms should be recognized and their significance
investigated.” In an accompanying letter in the same issue of The Lancet, Marshall
reported that he was able (after 34 previous failures) to culture the organisms on choco-
late agar using Campylobacter isolation techniques and that he identified spiral bacte-
ria about 2.5 µm in length with up to five sheathed flagellae that bore some
resemblance to Campylobacter species (10). Although his initial studies did not
address the possible pathogenic role of these bacteria, he concluded that “…they may
have a part to play in other poorly understood, gastritis associated diseases (i.e., peptic
ulcer and gastric cancer).”

Marshall and Warren, in 1984, published a subsequent paper in which they tested
(through Warthin-Starry silver stains) for the presence of bacteria in 100 consecutive
patients undergoing gastroscopy (11). In this prospective study, they found spiral or
curved bacteria in 58 of 100 patients, and they cultured bacteria from 11 of these
patients. They characterized the bacteria more definitively as Gram-negative, flagellate,
microaerophilic, and named the bacteria Campylobacter pyloridis. They found the bac-
teria in “…almost all patients with active chronic gastritis, duodenal ulcer, or gastric
ulcer,” suggesting a possible etiologic role in these diseases. Over the next several
years, the bacteria were isolated and cultured in a number of different countries (United
Kingdom, Holland, Germany, the United States, Canada, Japan, and Peru), and the bac-
teria were characterized in much greater detail.

To demonstrate more convincingly that C. pyloridis could directly produce gastritis
and/or symptoms (and thus fulfill Koch’s postulates), Marshall ingested orally an iso-
late obtained from a 66-yr-old man with nonulcer dyspepsia (12). Prior to self-inocula-
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tion, he underwent upper endoscopy with biopsy which revealed no ulceration or gas-
tritis or evidence of infection. After premedication with cimetidine, Marshall swal-
lowed ~109 colony-forming units (cfu). Over the next several weeks, he developed a
mild illness, characterized by symptoms of indigestion, bloating, nausea, vomiting,
headache, irritability, and breath that was “putrid.” At 10 d post-inoculation, gas-
troscopy revealed active gastritis. Surprisingly, at 14 d post-inoculation, symptoms
resolved, and gastroscopy showed resolution of gastritis. This experiment was repeated
by another investigator, Arthur Morris, in New Zealand. Morris ingested a different iso-
late (3 × 105 cfu) obtained from a 69-yr-old woman with dyspepsia and chronic gastri-
tis; following which he developed moderate to severe attacks of epigastric pain, acute
achlorhydria, and evidence of histologic gastritis (13). Morris’ symptoms evolved into
a chronic dyspepsia that persisted through three courses of antibiotics, but they eventu-
ally resolved 3 yr later after a course of triple therapy with bismuth, metronidazole, and
tetracycline (14).

Taxonomy

The organism identified by Marshall and Warren initially was named Campylobac-
ter pyloridis, and at first glance the organism appeared to be quite similar to other
Campylobacter species. The gastric organisms were observed to be microaerophilic,
Gram-negative, spiral shaped bacteria that morphologically closely resembled bacteria
of the Campylobacter genus. Given this similarity, these “campylobacter-like organ-
isms” achieved official recognition in 1985 as Campylobacter pyloridis (15), and in
1987 the name was officially changed to Campylobacter pylori. From the beginning,
however, it was recognized that the organisms had a flagellar morphology that was dis-
tinct from organisms belonging to the Campylobacter genus (11). Whereas members of
the Campylobacter genus possessed a single unsheathed flagellum, the organism iso-
lated by Marshall and Warren was characterized by four sheathed flagella at one end. In
addition, the DNA base composition and the cell wall components of Marshall’s bac-
terium differed substantially from those of other species of the Campylobacter genus.
Finally, antibodies to Marshall’s gastric bacterium showed little cross-reactivity with
C. jejuni and other pathogenic Campylobacter species, indicating significant antigenic
diversity. Thus, in 1989, Marshall’s bacterium was recognized as belonging to a sepa-
rate genus, and the organism was renamed Helicobacter pylori (16).

Part of the decision to rename the Marshall’s organism was related to the discovery
of a second species that appeared to belong to the same genus. This second species,
Helicobacter mustelae, was a small, rod-shaped bacterium that colonized primarily the
antrum of ferrets and was first cultured by Fox et al. (17). Over the last 10 yr, many
additional members of the Helicobacter genus have been identified, which have
included both gastric and nongastric Helicobacter species. All together, more than 18
distinct organisms have been identified and assigned to the Helicobacter genus, mainly
on the basis of 16S ribosomal RNA sequencing data (18,19). Ribosomal RNA codes
for proteins that facilitate protein synthesis, and these sequences have been highly con-
served over the course of bacterial evolution. The degree of 16S ribosomal RNA
sequence similarity is thought to correlate closely with the ancestry of bacterial
species, and bacteria with sequences that are >90% homologous to H. pylori have been
assigned to the genus Helicobacter.
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Helicobacter species have been found to colonize commonly the gastrointestinal
tracts of mammals and birds, and some may be responsible for several types of gas-
trointestinal disease. In terms of gastric helicobacters, Helicobacter felis, the third
species in the genus isolated, was found to be a spiral bacterium that naturally colo-
nizes the gastric mucosa of both cats and dogs (20). Gastrospirillum hominis, which
has been renamed Helicobacter heilmannii, has been observed to have a wide distribu-
tion and can be found in a large number of different hosts, including cats, dogs, pigs,
cheetahs, nonhuman primates, and humans. H. heilmannii has been observed in associ-
ation with mild gastric inflammation in humans, and thus is the only other helicobacter
(except for isolated case reports of H. felis) that may be associated with stomach dis-
eases in human patients (18,21,22). Several other gastric helicobacters—H. nemenstri-
nae and H. acinonyx—isolated from the stomachs of nonhuman primates and cheetahs,
respectively, appear to be the most similar morphologically to H. pylori (18,21).

In addition to gastric helicobacters, a large number of bacteria have been identified
that can be classified as nongastric helicobacters (18). Helicobacter muridarum was
isolated initially from the ileum of rats and mice. It naturally colonizes both the small
and large bowel of rodents, but also was found to be able to colonize the stomachs of
mice, particularly elderly mice. Other lower bowel helicobacters were isolated and
included H. cinaedi, H. fennelliae, H. canis, H. hepaticus, H. pametensis, H. pullorum,
H. rappini, and H. bilis. Although most of the organisms appear to colonize primarily
the intestine of the host, a number of these organisms also have been found in the hepa-
tobiliary tract. For example, H. hepaticus was observed to be an efficient colonizer of
the intestinal tract but also elicited a persistent hepatitis in some strains of mice. In
A/JCr mice, H. hepaticus is associated with hepatoma and hepatocellular cancer (23).
More recently, a number of Helicobacter species have been detected in the gallbladders
of Chilean patients with chronic cholecystitis. Using polymerase chain reaction (PCR)
analysis, Fox and colleagues were able to detect H. bilis, H. rappini, and H. pullorum,
and suggested a possible relationship between these bile-resistant Helicobacter species
with gallbladder disease (24).

Epidemiology of H. pylori

Soon after its discovery by Marshall and Warren, several serologic tests were devel-
oped and proved useful for studies of the epidemiology of H. pylori. Studies from
around the world verified the association of H. pylori infection with peptic ulcer dis-
ease, and follow-up studies demonstrated unequivocally that triple antibiotic treatment
of H. pylori resulted in decreased recurrences of peptic ulcer disease, as well as cure of
ulcer disease when the infection was eradicated (25–28). Moreover, although epidemi-
ologic investigation confirmed that H. pylori infection was more common in ulcer dis-
ease, these studies also revealed that infection was quite common even in
asymptomatic individuals. H. pylori antibodies were found in 30–40% of asympto-
matic individuals in the United States and in 70% or more of asymptomatic individuals
in developing countries. In developed countries such as the United States, the sero-
prevalence of H. pylori appeared to have declined markedly over the last 50 yr, but this
was not the case in developing nations. Overall, it has been estimated that possibly half
the world’s population is infected with H. pylori (29), making it the world’s most com-
mon bacterial infection.
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The association of H. pylori with chronic superficial gastritis was followed later by
studies that indicating that H. pylori gastritis can progress over several decades to
chronic atrophic (type B) gastritis, a histopathologic condition that is a precursor of
gastric carcinoma and that is characterized by a loss of specialized glandular tissue,
including both parietal and chief cells (30). The association with this preneoplastic
lesion, and the epidemiologic parallel between H. pylori infection rates and gastric can-
cer incidence, suggested a possible role for H. pylori in the pathogenesis of gastric can-
cer. Gastric cancer was known to be very common in regions of the world (such as
Peru, Mexico, Columbia, and parts of Asia) where virtually all adults were infected
with H. pylori where infection frequently occurred in early in childhood. Three
prospective, case-control studies using stored sera obtained 6–14 yr prior to cancer
diagnosis showed clearly that H. pylori infection was significantly more common in
gastric cancer patients compared to controls with an odds ratio of approx 4.0 (31–33).
Studies by Forman et al. showed that the odds ratio increased to approx 9.0 when can-
cer cases were limited to those diagnosed more than 15 yr after testing positive for H.
pylori (34). Based on this epidemiologic evidence, a Working Group of the Interna-
tional Agency for Research on Cancer (IARC) concluded that infection increased the
risk of cancer, and classified H. pylori infection as representing a group I carcinogenic
exposure (see also Chapter 21) (35).

In addition, H. pylori was strongly linked to other stomach diseases, including gas-
tric mucosa-associated lymphoid tissue (MALT) lymphoma, a rare disorder in which
there is transformation of a clonal B-cell population within the gastric mucosa (see also
Chapter 22) (36). Finally, H. pylori was associated strongly with Menetrier’s hyper-
trophic gastropathy (37) and hyperplastic gastric polyps (38), but only weakly (if at all)
with nonulcer dyspepsia (39,40).

The recognition that H. pylori represented a significant risk factor for gastric cancer
raised the possibility that antibiotic treatment might reduce the overall risk of gastric
cancer. Decision analysis studies indicated that, if H. pylori eradication could reduce
gastric cancer risk by 30% or more, a strategy of screening and treating patients for H.
pylori infection could in theory be cost effective (41). However, the critical question
continues to be whether H. pylori eradication can reduce gastric cancer risk, and at
what stage the histopathologic progression is reversible. Initial studies from Japan
involving H. pylori eradication in patients who had undergone partial gastrectomy for
early gastric cancer suggested a reduction in risk of recurrent gastric cancer (42). How-
ever, complete resolution of this question will require large randomized controlled tri-
als with long-term follow-up, most likely carried out in countries where gastric cancer
rates are high. Such trials are currently underway.

More recently, the approach of widespread eradication of H. pylori for the purpose
of reducing gastric cancer risk has been complicated by speculation that H. pylori may
actually be protective against gastroesophageal (GE) junction tumors (43,44). The
prevalence of H. pylori has clearly been declining in most developed countries such as
the United States, in concert with declining rates of well-differentiated, intestinal-type
adenocarcinomas. However, the rates of cancers involving the esophagus or gastric car-
dia, the so-called GE junction cancers, have been increasing rapidly over the last
decade. Eradication of H. pylori was shown in some studies to result in increased rates
of gastroesophageal reflux, a known factor in the pathogenesis of Barrett’s esophagus
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and esophageal cancer (45,46). In addition, reports from one group indicated that
infection with H. pylori, particularly cagA strains, was inversely associated with GE
junction cancers, suggesting that it may be protective (47). Thus, many questions
remain with respect to the role of H. pylori in specific gastric diseases and the precise
recommendations regarding diagnosis and treatment of H. pylori in asymptomatic
patients.

LIFE CYCLE, SPECIFICITY, AND VIRULENCE DETERMINANTS

Transmission of H. pylori

H. pylori is most likely spread via human-to-human transmission. Humans appear to
be the only natural host for the organism, and no clear animal reservoir of infection has
been identified. Early reports suggested that gastric Helicobacter-like organisms
(GHLOs) colonized the gastric mucosa of pigs (48). However, others have failed to
identify or isolate H. pylori in abattoir pigs from Brazil and Germany using serology
and culture techniques (49,50). Studies to identify the pig as a natural reservoir for H.
pylori have been complicated by the florid gastric microbiota because of the pig’s
copraphagic habits, making GHLO isolation attempts difficult. “H. suis,” closely
related to H. heilmannii type 1, has been identified in pigs (51–53). Thus, detailed mol-
ecular analysis of Helicobacter-like organisms isolated from pigs continues to be
required for identity. At present, however, there is no convincing evidence that pigs are
a reservoir for H. pylori. Recent data have shown that cats from one commercial source
were found to be infected with H. pylori (54). However, most domestic cats do not
appear to represent a significant vector for transmission of the infection. Helicobacter
pylori and H. heilmannii are the most common species reported in monkeys. H. pylori
has been recovered from two species of old world macaques, rhesus (M. mulatta) and
cynomolgus macaques (Macaca fascicularis) (55–58). Rhesus macaques and Japanese
macaques (M. fuscata) have been experimentally infected with human strains of H.
pylori (59–61). Based on biochemical, phenotypic and molecular analysis (and in lim-
ited studies using molecular techniques), it is believed that H. pylori isolated from
macaques is highly related or identical to isolates from humans. Their limited numbers
and minimal direct contact with humans render them an unlikely source of human
infection.

It has been difficult to demonstrate the presence of H. pylori in the environment, in
contrast to most other enteric bacteria. The possibility has been raised that a contami-
nated water supply could serve as a source of H. pylori infection, and H. pylori DNA
has been detected in water samples from Lima, Peru using PCR techniques (62). The
municipal water supply (vs well water) was implicated as an important source of H.
pylori infection, irrespective of whether the families were of high or low socioeco-
nomic status (62). These water sources, however, were linked within the neighborhood
of residence. In addition, variables including population density, family age distribu-
tion, household density, and frequency of drinking untreated water were not considered
(62). Interestingly, recent epidemiologic data collected on 684 children residing in the
southern Colombian Andes indicated that there was a strong association of infection
with swimming in rivers or streams a few times a year (63). In another cross-sectional
study, H. pylori infection was best predicted by childhood living conditions such as
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lack of fixed hot water supply (64). Studies in southern China showed no correlation
between fecal contamination (using fecal coliform counts) of the water supply and the
prevalence of H. pylori infection. However, it was determined that most subjects boiled
their drinking water, irrespective of origin, and stored the water in vacuum flasks, prior
to ingestion. Based on these results, the authors concluded that water was not an impor-
tant source of transmission of H. pylori in this region of China (65).

A large epidemiologic study in 1815 young adult Chileans under 35 yr old showed
an association of ingestion of uncooked vegetables to increased H. pylori infection
(66). They speculated that contamination of vegetables by raw sewage could have
played a role in H. pylori transmission. Confounding factors such as measuring socioe-
conomic status on a dichotomized scale without taking into consideration that 3 of the
14 items—water supply, sewage disposal, and indicators of residential crowding—are
directly related to disease transmission (66). In the Colombian study, children who fre-
quently consumed raw vegetables in general and lettuce in particular were more likely
to be infected with H. pylori (63). Children eating lettuce several times a week had a
higher risk of infection (63).

There has been a great deal of speculation regarding whether the coccoid form of H.
pylori may play a role in the organism’s survival outside its host (67–70). Experimental
data indicate H. pylori coccoid forms can survive for more than 1 yr in river water and
H. pylori could be cultured at 10 d from river water at 40°C (71,72). H. pylori also can
survive in milk for several days (71), implying that milk contaminated with feces con-
taining H. pylori could potentially be infectious to humans. To definitively test the rele-
vance of the coccoid forms, in vivo experiments must be performed. That is, coccoid
(unculturable) forms should be inoculated into a suitable animal model to ascertain
whether indeed they are infectious. Until this is accomplished the importance of coc-
coidal forms in transmission of the organism from host to host will be unknown.

The natural acquisition of H. pylori infection occurs, for the most part, in childhood,
and is associated with a low socioeconomic status early in life (73). For example, Heli-
cobacter pylori transmission is strongly linked to conditions associated with household
crowding during childhood and supports the hypothesis of person-to-person transmis-
sion (64). Using molecular techniques, others have found similar strains among sib-
lings and parents, although some family members also have unique strains (74).

Although H. pylori DNA has been detected by PCR in dental plaque, there are few
reports of viable organisms within the oral cavity. Thus, an oral source of transmission
remains speculative. H. pylori has been detected in the feces of children and dyspeptic
adults (75,76), and studies in ferrets colonized with H. mustelae have supported the
notion of fecal–oral transmission, particular during the acute achlorhydric stage
(77,78). Because early childhood (<3 yr) appears to be the most frequent age of acqui-
sition of infection, and because diarrhea is particularly frequent in this age group, a
fecal–oral route seems plausible. Nevertheless, definitive evidence for fecal–oral trans-
mission is lacking, and many questions remain regarding the mechanisms involved in
acquisition of H. pylori infection (79).

Bacterial Factors Responsible for Cell Specificity and Virulence

Helicobacter pylori is highly adapted to survive in the highly acidic environment
of the stomach. In addition, the organism has specific tropism for gastric epithelial
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cells. Thus, in addition to being able to colonize the stomach, the organism can be
found in areas of gastric metaplasia that occur in the duodenum, in Barrett’s esopha-
gus (80), and even in the jejunum (within Meckel’s diverticulum) and in isolated gas-
tric metaplasia of the rectum, although in the latter two cases this appears to be a rare
event (29,81). Within the environment of the stomach, the organism is actively motile
and free-living, existing just beneath the mucous layer of the stomach overlaying the
gastric epithelial cells. Motility is clearly important for colonization of the stomach.
This ability to colonize the gastric mileau is achieved through its spiral shape and the
unipolar flagella that allow movement through and below the mucous layer of the
stomach. A small number of organisms have been shown to adhere to gastric epithe-
lial cells (perhaps ~10%), and rare organisms may be found intracellularly, suggest-
ing actual invasion (82). Adherence of H. pylori to the gastric epithelium is a
complicated process that most likely involves a number of surface receptors, possibly
including the recently described the Lewis B-binding adhesin, BabA (83). For the
most part, however, H. pylori is not an invasive organism. The vast majority of the
bacteria exist in a nonadherent, extracellular, mucous environment, which may
account for many of the difficulties in immune clearance or antibiotic eradication. In
addition, H. pylori has been found to adhere preferentially, within the gastric units, to
the surface mucous cells of the gastric pits. They generally do not adhere to mucous
neck, parietal, or chief cells (84). However, the organism is able to invade deeply
within the gastric glands, particularly within the non-acid-secreting mucosa of the
gastric antrum (85).

The bacterial factors that enable for persistence of H. pylori within the gastric lumen
are still being investigated, but several critical factors have been determined. Some of
this information derives from animal models and the creation of H. pylori isogenic
mutants. The most critical factor for H. pylori survival is the abundant production of
urease, enabling hydrolysis of urea to ammonia and carbon dioxide. H. pylori synthe-
sizes extremely high quantities of urease, that in total contributes to >5% of bacterial
protein (86). The generation of urease, among other effects, assists in neutralizing gas-
tric acidity and enables the organism to withstand the low pH of the stomach. H. pylori
is an acid-tolerant neutrophile (87), and isogenic mutants of H. pylori that are deficient
in urease are unable to colonize the gastric mucosa of the gnotobiotic piglet (88).
Motility also is critical to H. pylori’s survival, as shown by the inability of isogenic
mutants lacking flagella to colonize the gnotobiotic piglet (89,90). H. pylori also pro-
duces a number of enzymes involved in the breakdown of the surfactant layer overlying
the gastric epithelium, such as phospholipase A2. Isogenic mutants of the gene pldA,
which encodes for an outer member phospholipase, is unable to colonize mouse mod-
els of Helicobacter infection.

The two genetic loci linked with virulence that have received the greatest amount of
study are the cag locus and the vacA gene, which encode for the vacuolating cytotoxin.
The vacuolating cytotoxin first described by Leunk et al. induces a vacuolating effect in
several cell lines including gastric cell lines (91). The vacuolating toxin of H. pylori
has been identified and characterized as a secreted protein; isogenic mutants lacking
the toxin (Tox–) do not induce a vacuolating effect on cell lines (92,93). Similarly, Tox–

H. pylori strains do not induce gastric cell damage in vivo, whereas Tox+ H. pylori
strains cause gastric damage in mouse models (94). Nevertheless, it is important to
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remember that about 50% of H. pylori strains are Tox– but are still capable of inducing
gastritis in humans (95).

The cytotoxin associated (cagA) gene initially was considered a prerequisite for vac-
uolating toxin activity owing to the high degree of correlation between presence of
(cagA) and ability of H. pylori to express the toxin (96). However, subsequent data
showed that isogenic mutants of (cagA) still were able to produce the toxin (97–99).

The cagA is now known to be part the cag locus, considered an important virulence
determinant. This 40-kb DNA fragment, consisting of a cluster of more than 25 genes,
is more commonly found in H. pylori strains isolated from peptic ulcer and gastric can-
cer patients (100).

Strains of H. pylori with the cag pathogenicity island (101), the so-called H. pylori
type I vs type II strains that lack the cag island (99), are capable of inducing inter-
leukin-8 (IL-8) expression and tyrosine phosphorylation of a 145-kDa protein from
gastric epithelial cells (102,103). Furthermore, isogenic mutants lacking numerous
genes of the cag pathogenicity island abolish these in vitro effects (100,103,104).
Importantly, however, these H. pylori isogenic mutants lacking either cagA, cagF, or
cag N failed to abolish IL-8 production. Thus, the presence of cagA may in itself not be
a virulence determinant but may instead only reflect a marker of the cag pathogenicity
island (105).

The recent sequencing of the entire genome of two strains of H. pylori will allow
investigators to more fully explore virulence factors already described as well as to
determine the presence of others (106,107).

Natural History and Stages of Infection

The initial stages of H. pylori infection occur soon after initial ingestion of the
organism. Again, H. pylori is generally acquired in early childhood (<5 yr), even in
highly developed, industrialized countries such as the United States and Western
Europe (108–111). The precise dose of organisms needed to establish infection in
humans is not clear, given that the only experience reported to date is derived from
ingestion by two human volunteers. Based on the reports of Marshall (12) and Morris
(13,14), a dose of 3 × 105 cfu is clearly sufficient to establish permanent infection, but
the minimum required dose is likely much smaller, based on reports of endoscopic
transmission of the disease (112,113). Shortly after ingestion, there is a period of
intense bacterial proliferation as H. pylori colonizes predominantly the antrum of the
stomach; during this initial stage of colonization, the infection moves from gland to
gland in a proximal direction, and along the way initiates a significant acute inflamma-
tory response characterized by neutrophilic infiltration of the mucosa. Antral inflam-
mation leads to downregulation of somatostatin secretion, resulting in increased
circulating levels of gastrin. During the initial few weeks after infection, upper diges-
tive symptoms may be present, including nausea, vomiting, belching, and anorexia.
Based on reports of outbreaks of H. pylori infection secondary to endoscopic transmis-
sion, achlorhydria may be seen often during acute infection that in most cases resolves
spontaneously (112,113). Based on the ferret model of H. mustalae infection (77,78), it
is likely that this acute achlorhydria increases fecal shedding of the rganism and facili-
tates transmission to other hosts, particularly in children. Within several weeks after
infection, humoral immune responses as measured by IgG and IgM H. pylori-specific
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antibodies can be observed, but these immune responses are not effective in eliminat-
ing the infection. However, epidemiologic studies in children have suggested that spon-
taneous elimination of the infection does occur, especially in young children and the
elderly. Thus, studies from Peru indicate that H. pylori infection is present in 71% of
children at 6 mo of age but in only 48% of children at 18 mo of age, suggesting that the
infection is cleared in some children in this early age group (114).

Once H. pylori has become firmly entrenched within the gastric mucosa, however, it
generally persists in most infected individuals for decades. Moreover, it appears to
coexist comfortably with its host, resulting in minimal signs or symptoms. However,
although a benign relationship between organism and host is the most likely end result,
there are a number of possible outcomes consequent to gastric Helicobacter infection
(115). In a significant proportion of individuals, the infection and inflammation
remains severe but still confined to the gastric antrum, and these individuals are at
increased risk for duodenal ulcer disease. Approximately 15–20% of patients manifest
evidence of peptic ulcer disease at some time, with duodenal ulcer disease being more
common than gastric ulcer. Another possible outcome from infection is the develop-
ment of uncontrolled B-cell proliferation within the gastric mucosa, resulting in MALT
lymphoma (see Chapter 22).

However, in a greater number of infected individuals, the inflammation progresses
and spreads to involve not only the antrum but also the body and fundus of the stom-
ach. In these individuals, the infection and inflammation leads to destruction of glandu-
lar structures and loss of parietal and chief cell populations, resulting in atrophic
gastritis and achlorhydria. Several clinical studies have suggested that treatment of
patients with high doses of proton pump inhibitors, which worsens both achlorhydria
and hypergastrinemia, may accelerate this progression to atrophy (30,116). Studies in
mice have supported the notion that acid suppression can alter the distribution of
organisms within the murine stomach (117). With the loss of acid secretion, serum gas-
trin levels gradually rise even further. During this process, both apoptosis and prolifer-
ation rates within the gastric mucosa are markedly elevated, and may lead to increased
rates of mutagenesis in stem cell populations. The development of atrophic gastritis
and its associated intestinal metaplasia may take 30 or more years to develop, and the
appearance of metaplasia is often accompanied by the loss of active H. pylori infection
(118,119). Atrophic gastritis is now recognized as the major precursor of gastric can-
cer, and is an established premalignant lesion. Overall, it has been estimated that, after
many decades of chronic, asymptomatic infection, up to 0.5–1.0% of patients will
develop gastric cancer.

Recent studies have raised the possibility that the pathways to acid hypersecretion
and duodenal ulcer disease may be distinct from the pathway to acid hyposecretion and
gastric cancer. Epidemiologic studies have shown that the risk of developing gastric
cancer is much lower in patients with a history of duodenal ulcer disease, and much
greater in patients with a history of gastric ulcer disease (120). Patients with duodenal
ulcer disease are generally acid hypersecretors, whereas patients with gastric ulcer dis-
ease often show atrophic gastritis and acid hyposecretion. However, it is unclear if
these two H. pylori-related disorders—duodenal ulcer disease and gastric cancer—
really represent separate pathophysiologic pathways, or simply different stages in the
same disease process. The decreased gastric cancer risk was shown for an average fol-
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low-up period of 9 yr, but multifocal atrophic gastritis often can develop in duodenal
ulcer patients several decades after the onset of ulcer disease (120).

ANIMAL MODELS FOR HELICOBACTER-INDUCED GASTRIC CANCER

Although administration of N-nitro chemicals with and without salt in animals
addressed the possible roles and mechanisms of promoters and nitrosamine induced
gastric cancer, it now is clear that H. pylori is an important factor in gastric tumorigen-
esis. Furthermore, despite the presence of high nitrites in drinking waters and possible
mutagenicity of nitrosated foods, the inconsistency of epidemiologic data suggests that
high levels of dietary nitrites/nitrates and high-salt diets alone are not sufficient to pro-
duce overt gastric cancer in humans. Therefore animal models are being developed to
study the role of Helicobacter species in gastric cancer, particularly in combination
with other agents. During the last decade, several animal models have been described
for Helicobacter-induced gastric disease. Of the animal models recently reviewed
(121), gastric adenocarcinoma occurred only with H. mustelae (122). Recently, the ger-
bil has been shown to have particular relevant features that can be used to address
whether H. pylori can induce gastric cancer. Gerbils, animals sparingly used for bio-
medical research, were first reported as a model for experimental H. pylori infection in
1991 (123). The interest in using gerbils to study gastric cancer increased when Japan-
ese investigators noted intestinal metaplasia, atrophy, and gastric ulcer in gerbils exper-
imentally infected with H. pylori (124,125). In one study, acute gastritis with erosions
of the gastric mucosa occurred shortly after infection, whereas gastric ulcers, cystica
profunda, and atrophy with intestinal metaplasia were observed 3–6 mo post infection
(125). Following these findings two separate research groups have noted that gerbils
infected with H. pylori from periods ranging from 15 to 18 mo develop gastric adeno-
carcinoma (126,127).

In the Watanabe study, gerbils were observed for up to 62 wk, and 37% were found to
develop adenocarcinoma in the pyloric region (127). The gastric cancers were clearly doc-
umented histologically. Vascular invasion and metastases were not observed, although it is
possible that they may develop with longer periods of observation. It is also important to
note that Honda et al., who reported H. pylori adenocarcinoma 15 mo post-inoculation,
also did not record metastases or vascular invasion (126).

Interestingly, the development of cancer is preceded by invagination of atypical
glands (cystica profunda) into the submucosa considered by some to be a premalignant
lesion. The histological progression in the gerbil closely resembled that observed in
humans, including early appearance of intestinal metaplasia, well-differentiated histo-
logic patterns of the gastric malignancy, and antral location of the gastric cancers. The
association with gastric ulcers in this model is also of interest, given recent clinical
studies in human patients indicating a link between gastric ulcer disease and gastric
cancer (120). The development of metaplasia with production of predominantly acid
sialomucins was associated with tumor development. Although the long-standing ques-
tion whether the cancers arose directly form these metaplastic cells has not been
answered, the tumors clearly originated deep in the gastric glands, in close proximity to
these metaplastic cells. Despite the lack of labeling studies to illustrate the point, the
proliferative zone in these chronically infected animals most likely extended to the
base of the glands.
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Although most of the tumors in this H. pylori gerbil model originated in the pyloric
region of the stomach, significant changes in the oxyntic mucosa consistent with
chronic atrophic gastritis were seen. Glandular tissue in the gastric body and fundus
were atrophied and replaced by hyperplastic epithelium of the pseudopyloric type. The
differences between this lesion and gastric atrophy in human patients is that the gerbil
corpus is not “thinner” consequent to the pseudopyloric hyperplasia (127). A similar
type of gastric atrophy (loss of oxyntic glands and neck cell hyperplasia) has been
reported in H. felis-infected C57B1 mice (128). Thus, the diagnosis of atrophy has less
to do with the thickness of the mucosa and more to do with the loss of oxyntic (parietal
and chief) cell populations within the gastric glands. Growing evidence suggests that
the parietal cell may regulate key differentiation decisions within the gastric glands.
For example, ablation of parietal cells using transgenic technology (129) or H. felis
infection leads to altered glandular differentiation and neck cell proliferation as well as
changes in gastric acid and gastrin physiology.

The expansion of an aberrant neck cell (“regenerative hyperplasia” or “pseudopy-
loric hyperplasia”) in the gerbils is similar to that observed in the H. felis mouse model.
This lineage of cells has been shown to be spasmolytic polypeptide (SP)-positive
(128), and this SP-positive lineage also develops in H. pylori-associated gastric cancers
in humans (130). The loss of oxyntic glandular tissue in response to H. pylori infection
suggests that the gerbil becomes achlorhydric before the development of gastric cancer.
Although the precise effects of chronic H. pylori infection on gastric acid secretion are
not known, serum gastrin levels in the H. pylori-infected gerbil are increased. The ger-
bil appears to be uniquely susceptible to Helicobacter-induced gastric neoplasia, and
further characterization of the gerbil model may provide some clues to gastric cancer
progression and host–bacteria interaction. The unusual susceptibility of this animal
species to gastric cancer using a fairly standard H. pylori strain underscores once again
the overriding importance of host factors in determining the outcome from Helicobac-
ter infection (131).
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21
Gastric Adenocarcinoma

Catherine Ley and Julie Parsonnet

Gastric cancer is the second most frequent cancer worldwide, representing almost
10% of all new cancers and surpassed only by lung cancer (1). It is also the 14th most
common cause of death and the second most common cause of cancer death (2). Since
the beginning of the century, however, gastric cancer incidence has been declining at a
rate of 20–50% per decade (3). In the United States, for example, it has gone from, in
1940, the leading cause of cancer death to, in 1998, the ninth and tenth leading cause of
cancer death in men and women, respectively (Fig. 1). Today, the incidence of gastric
cancer in the United States is on the order of eight per 100,000 persons, although rates
are higher among men than women and vary substantially across various racial and eth-
nic groups (4).

Gastric adenocarcinoma includes cancers of the noncardia, the cardia, and the gas-
troesophageal junction. Noncardia cancers, which are the most common, are defined as
cancers of the antrum, corpus, and fundus (5–7); it is the incidence of these cancers
that is declining around the world. Noncardia tumors have been directly associated
with H. pylori and are the focus of the current chapter. Cancers of the cardia and gas-
troesophageal junction, which are less common, appear to be on the increase, currently
constituting up to 50% of stomach cancers in some areas (7).

Several histologic systems exist to classify gastric cancers. The Lauren system clas-
sifies gastric adenocarcinoma into two types: intestinal and diffuse (8). The intestinal
type, which predominates around the world, is decreasing rapidly in frequency (9,10).
It commonly arises in the gastric antrum and is characterized by cohesive cells that
form discrete glands. Such intestinal tumors are preceded by a series of precancerous
lesions, starting with chronic atrophic gastritis, progressing to intestinal metaplasia,
dysplasia, and finally to cancer; this sequence occurs over several decades (9) (Fig. 2).
Diffuse-type carcinomas are declining in incidence at a slower rate. They are more
common in developed countries, generally involve the fundus and cardia, and are less
differentiated, characterized by cells without gland formation and with occasional ring
cells and mucin. Precursor conditions for diffuse type adenocarcinomas are not
defined.

The prognosis of gastric adenocarcinoma relates to the extent of the disease. In
Japan, where gastric cancer is extremely common, persons undergoing routine screen-
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Fig. 1. Age-adjusted gastric and lung cancer death rates, by gender, US, 1930–1994. Rates
are per 100,000 population and are age-adjusted to the 1970 US standard population. (Adapted
with permission from the American Cancer Society, Surveillance Research, Cancer Facts and
Figures, No.5008.98.)

Fig. 2. Model of progression of precancerous lesions. Over time, chronic atrophic gastritis
(CAG) can lead to gastric cancer, potentially through intestinal metaplasia and dysplasia. Each
lesion type has the potential to advance to, or regress from, the next type. Dotted lines indicate
associations that are less well substantiated. H. pylori infection causes gastritis, a precursor to
CAG.



ing for early gastric cancer have a 50% lower risk of dying from gastric malignancy
than those who are not screened (11). In most of the rest of the world, however, screen-
ing is not standard practice. In the United States, patients are rarely diagnosed with
early gastric cancer, and survival rates at 1 and 5 yr are fairly low (46% and 21%,
respectively) (4). Survival rates in Europe are similarly poor (12).

Although a large number of risk factors predisposing to gastric cancer has been stud-
ied individually, the pathogenesis of gastric cancer is likely to be multifactorial. Epi-
demiologic data strongly suggest the importance of environmental, particularly dietary,
factors. For example, fresh fruit and vegetable consumption appears to be protective,
possibly by providing β-carotene, vitamin E, ascorbic acid, and other naturally occur-
ring antioxidants. High concentrations of nitrate and nitrites, present in preserved food,
may increase risk. H. pylori, however, appears to be the key etiologic agent for the
development of noncardia adenocarcinoma.

HELICOBACTER PYLORI—STRUCTURE AND BIOLOGY

Although spiral organisms were first identified in the mammalian stomach more
than 100 yr ago, H. pylori was brought to international attention only in 1983 (13).
Named Campylobacter pyloridis when first isolated from mucosal biopsy specimens of
patients with chronic active gastritis and peptic ulcer disease, it was reclassified to a
new genus, Helicobacter, in 1989. The genome of H. pylori was entirely sequenced in
1997 (14); wide genomic diversity is thought to reside principally in a single hyper-
variable region (15).

H. pylori is a relatively slow-growing, microaerophilic, Gram-negative, helical-
shaped rod that lives beneath the mucus overlaying the gastric epithelium. The organ-
ism is between 2.5 and 5.0 µm long and has four to six unipolar flagellae, which enable
it to swim in a corkscrewlike fashion through the gastric mucus to take residence adja-
cent to the surface and pit epithelial cells. Beneath the mucus, many H. pylori remain
freeliving, with approximately one fifth of organisms attaching to the cells (16). Recep-
tors for adherence of both the host and the bacterium are under investigation; potential
host receptors include Lewis b (Leb) histo-blood group antigen (17) and phos-
phatidylethanolamine. Putative bacterial adhesins include a lipopolysaccharide, and the
proteins BabA (which binds Leb) and AlpAB (18–20). Adherence of H. pylori causes
epithelial cell protein phosphorylation, resulting in actin polymerization and cytoskel-
ton rearrangement (cup/pedestal formation) in the host cell (21).

H. pylori is characterized by its abundant, constitutive production of urease, an
enzyme that splits urea into ammonia and carbon dioxide. Urease constitutes up to 6%
of the bacterial cell protein production (22); why so much of this enzyme is produced
is not known. It is possible that the ammonia released by urease buffers the organism as
it travels through the extremely low gastric pH of the stomach until reaching the more
hospitable environment beneath the gastric mucus (22,23). Urease may also serve
nutritional functions for H. pylori and/or directly damage the gastric mucosa, allowing
nutrients to be released into its environment (24,25). Other important proteins pro-
duced by all H. pylori included catalase, oxidase, superoxide dismutase, and the heat
shock proteins, HspA and HspB.

H. pylori causes chronic and acute inflammation of the gastric mucosa in all infected
people. Infection is associated with epithelial cell release of interleukin (IL)-1, IL-6,
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IL-8, tumor necrosis factor-α (TNF-α), and growth-regulated oncogene-α (Gro-α);
these chemokines cause chemotaxis and activation of neutrophils (26–29). H. pylori-
associated proteins also directly cause activation of macrophages and lymphocytes,
inducing a TH-1 type immune response and production of mucosal IgA and serum IgG
to H. pylori antigens. Some of these antibodies may crossreact with gastric epithelial or
other antigens, which implies that H. pylori-related inflammation may have an autoim-
mune component (30,31).

The amount of inflammation produced by H. pylori infection correlates with spe-
cific characteristics of the infecting bacterium. Two basic phenotypes are widely rec-
ognized: one that produces a 90-kDa vacuolating cytotoxin (VacA) and one that does
not, although all strains possess the vacA gene. VacA induces vacuole formation in tis-
sue culture cells, and oral administration of purified cytotoxin to mice results in vac-
uolization, inflammation, and gastric ulceration (32). In humans, those with
VacA-expressing infections have higher degrees of inflammation than those without
VacA expression. The vacA gene has several families of alleles both of the signal
sequence (s1a, s1b, s1c, s2) and of the middle region (m1, m2a, m2b). The geographic
distribution of these alleles is currently being explored; for example, isolates from
Northern Europe are mostly subtype s1a, from Central and South America subtype
s1b, and from East Asia subtype s1c (34). Cytotoxin production appears to correlate
principally with the s1m1 strains (34,35).

vacA s1m1 genotype also correlates with the presence of a 40-kb segment of DNA
containing 31 open reading frames termed the pathogenicity island (14). The functions
of many genes in this pathogenicity island are unknown, although six genes appears to
code for a type 4 searcher system (36). One gene found primarily in strains of the vacA
s1 signal type encodes a highly antigenic protein, the cytotoxin-associated gene A
(CagA). Anti-CagA antibodies are easy to detect and can be used to indicate infection
with these more inflammatory or virulent strains of H. pylori (37). Two genes closely
linked to cagA, picA and picB, are thought to be responsible for the proinflammatory
activity associated with cagA-positive strains (38); the virulence potential of another
linked gene, iceA, is currently under investigation (39).

EPIDEMIOLOGY OF INFECTION

H. pylori occurs worldwide and infects 50% of the world’s population (40). Its
prevalence varies, depending on age and country. In developing countries, most chil-
dren are infected by the age of 10 yr and infection is virtually universal by mid-life. By
contrast, in developed countries, infection in children is uncommon, and is present in
only 40–50% of adults. In addition, there is a clear age-related increase in prevalence.
The fact that older people are more likely to be infected probably represents a cohort
phenomenon in that acquisition of H. pylori infection was more common in children in
the past than it is today (41,42).

At the present date, H. pylori incidence in the United States is quite low across all
age groups, estimated as approx 0.4% per year for adults (43). In developing countries,
this rate may be much higher, from 2% to 10% (43,44). The reinfection rate is unlikely
to be greater than the estimated primary incidence rate in adults and could be lower,
suggesting a degree of immunity. Recurrence of infection after antibiotic therapy is
more likely to be recrudescence than true reinfection (45).
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How H. pylori is transmitted remains controversial. Circumstantial evidence sug-
gests that H. pylori transmission most probably occurs through direct person-to-person
contact (46,47), possibly via human feces or regurgitated gastric material. H. pylori has
been cultured recently from saliva, vomitus, air samples collected during bouts of vom-
iting, and diarrheal stools (48–50). Although a variety of environmental sources has
been examined, including water, animals and insects, H. pylori has not been cultured
from any sources other than primates. Furthermore, H. pylori has few regulatory genes,
suggesting that the organism would have difficulty adapting to environments outside its
natural human host (14).

Studies have indicated that lower socioeconomic status, particularly during child-
hood, is associated with a higher risk of H. pylori acquisition (51,52). This is most
probably due to the association of low socioeconomic status with increased household
crowding and lower levels of household sanitation and hygiene. Thus, racial and ethnic
groups with lower socioeconomic status would be expected to have higher infection
prevalence. Even when analyses are controlled for socioeconomic status, however,
some populations have higher infection prevalence than others (41,53,54). For exam-
ple, in the United States, blacks and Hispanics exhibit two- or threefold more H. pylori
than do non-Hispanic whites. The reasons for these ethnic and racial differences are not
known. Also for unknown reasons, men in some populations have up to 30% higher
rates of infection than do women (33).

EPIDEMIOLOGIC EVIDENCE FOR A LINK BETWEEN H. PYLORI
AND GASTRIC CANCER

Because H. pylori causes the vast majority of chronic gastritis and because gastritis
is known to precede noncardia gastric cancer, there has been much interest in H. pylori
as a cause of cancer. A number of ecologic studies have compared rates of H. pylori
infection in different populations with rates of gastric cancer in those same popula-
tions. In most areas, cancer rates have correlated well with H. pylori prevalence
(55,56). Temporal studies have also indicated a correlation between trends in H. pylori
prevalence and trends in cancer incidence. Similar to the gastric cancer rate, H. pylori
incidence has been declining over time (41,42).

Many retrospective epidemiologic studies have evaluated whether H. pylori is
more common in cancer patients than in persons without cancer. A number of these
studies have been subject to bias, including poor control selection or lack of adjust-
ment for known confounders or tumor site; this would tend to mask any association
between infection and cancer. In addition, cancerous stomachs may lose the ability to
harbor H. pylori (57–59), leading to a reduced antibody response in cases. Despite
these biases, however, H. pylori has been significantly linked to cancer in a large pro-
portion of studies. Two meta-analyses of all case-control studies suggest that infec-
tion increases the risk of cancer approximately twofold for both diffuse- and
intestinal-type tumors (60,61).

The strongest epidemiologic evidence for an association between H. pylori and can-
cer comes from a series of prospective case-control studies that used stored serum from
well-characterized populations that were being followed over time (62–69). In these
studies, serum titers were not biased by the coexistence of cancer in the cases; in addi-
tion, infection was known to precede malignancy. H. pylori was linked to both diffuse
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and intestinal histologic types of noncardia cancer. Additional analyses showed that in
subjects followed for more than 10 yr, H. pylori increased the risk of cancer eightfold
(70). Furthermore, persons with CagA-positive H. pylori had a two- to threefold higher
risk of cancer than those without CagA antibodies, and a 10-fold higher risk of cancer
compared to those without H. pylori infection (71,72).

H. pylori fulfills a number of the criteria used to determine whether an agent is a
cause of disease. The epidemiologic associations between H. pylori and gastric cancer
are strong and have shown remarkable consistency across studies. H. pylori strains that
produce more inflammation appear to be more malignant, suggesting a biologic gradi-
ent or dose response. Chronic inflammation has been linked to cancer in other organs;
H. pylori is thus a plausible cause of cancer by being a cause of chronic inflammation.
Experimental evidence from laboratory and clinical studies suggests that H. pylori
could lead to mutagenic damage. With the weight of this evidence, in 1994 H. pylori
was declared a Group I carcinogen, a definite cause of cancer in humans (73).

ANIMAL MODELS FOR H. PYLORI AND GASTRIC CANCER

Evidence to link H. pylori with gastric cancer has been provided by animal models.
In mice, H. hepaticus causes low-grade infection of intrahepatic bile canaliculi; it pro-
duces hepatic carcinoma in males of the A/JCr strain (74,75). Liver cells in these ani-
mals exhibit both increased cell turnover and increased oxidative damage; they also
demonstrate a range of mutations (75–77). This model, however, although useful for
the understanding of carcinogenesis, has limited applicability to human gastric cancer.

H. mustelae, a pathogen of ferrets, has many parallels to H. pylori (78). It attaches to
the gastric mucosa in a manner similar to H. pylori, and causes chronic inflammation,
hypochlorhydria and elevations in serum gastrin levels. Ferrets with H. mustelae fre-
quently develop gastric atrophy (79); gastric adenocarcinoma occurs consistently when
infected animals are exposed to the mutagen N-methyl-N-nitro-N′-nitrosoguanidine
(MNNG) (80).

Rhesus monkeys can be infected experimentally with H. pylori. As in humans, the
infection can be transient or persistent, and may cause both gastritis and an elevated
antibody response (81,82). Interplay between characteristics of both the monkey host
and the infecting H. pylori strain probably determine the type of gastric response that
occurs, as individual monkeys differ in their susceptibility to the infection and the bac-
terial strains differ in their ability to sustain their presence (83). Because monkeys in
colonies tend to become naturally infected, monkey populations provide a useful place
for the testing of potential anti-H. pylori therapies and vaccines (84,85).

The most recent model to be identified has been that of the Mongolian gerbil (86).
Readily infected with H. pylori, Mongolian gerbils develop gastritis, gastric ulceration,
intestinal metaplasia, and gastric adenocarcinoma (87–89). Of note, H. pylori alone
appears to be sufficient to cause cancer in this model. While much remains to be discov-
ered, particularly with respect to epithelial alterations, this system should provide a partic-
ularly good model for the understanding of the progression from infection to malignancy.

MECHANISMS FOR CANCER DEVELOPMENT

H. pylori infection produces inflammation within the gastric mucosa. Inflammation
generates reactive oxygen and nitrogen oxide species (ROS and RNOS); these mole-
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cules can be both directly and indirectly mutagenic. Infection is also associated with
changes in gastric physiology, including loss of gastric acidity (hypochlorhydria),
increases in gastric hormone levels, and decreases in antioxidant levels. H. pylori infec-
tion is also associated with both a proliferation of epithelial cells and alterations in
apoptosis. In combination, these events may lead to the formation or selection of
mutated cells and the development of gastric cancer (Table 1).

Inflammation and Reactive Oxygen/Nitrogen Species

Chronic and acute inflammation caused by H. pylori infection in the gastric mucosa
are related to host and bacterial factors. IL-8, produced by epithelial cells in response
to infection, may cause a neutrophil and macrophage influx into the gastric mucosa
(90). Both epithelial cells and phagocytic cells, in response to H. pylori antigens and
secreted proteins, release ROS (91). Release of IL-8 and ROS and the density of both
neutrophils and macrophages directly correlate with the density of organisms present
on mucosal surfaces (92,93).

ROS can either directly cause mutation or can react with other chemical species to
form highly mutagenic compounds. One marker of oxidative damage by ROS is 8-
hydroxy-2′-deoxyguanosine (8HdG), an adduct that, if unrepaired, leads to G→T
transversions (94). Mucosal levels of this adduct are higher in H. pylori-infected than
in uninfected persons (95–97), and return to baseline after antibiotic therapy (95). Defi-
ciencies in DNA repair could also cause oxidative adducts to accumulate in the gastric
mucosa, paralleling what occurs in other inflammatory conditions (98,99).

Nitric oxide production is associated with H. pylori infection (100,101). A relatively
reactive species, it can induce mutagenic damage directly or by combining with other
chemicals to form highly mutagenic species, causing the deamination of cytosine and
C → T transitions. Macrophages and neutrophils exposed to H. pylori have increased
expression of inducible nitric oxide synthase (iNOS) (101–103); urease may be
involved in this process (104). iNOS expression has been found to be high in subjects
with H. pylori infection and atrophic gastritis (105). Nitrotyrosine, a marker for dam-
age induced by RNOS, has also been identified in the mucosa of infected patients.
Eradication of infection or dietary supplementation with antioxidants or antinitrosating
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Table 1
Possible Mechanisms by Which H. pylori Causes Mutations

DNA damage Increased ROS productiona,b

Increased RNOS productiona,b

Decreased DNA repair enzyme activity
Decreased antioxidant levelsb

Cell proliferationc Increased gastrin productionb

Increased apoptosis
Increased COX2 activity

ROS, reactive oxygen species; RNOS, reactive nitrogen oxide species; COX2, cyclooxygenase-2.
a Associated with inflammation.
b Associated with hypochlorhydria.
c Associated with H. pylori phenotype (CagA).



agents (such as β-carotene and ascorbic acid) produces a decrease in both iNOS and
nitrotyrosine. Finally, nitric oxide has been found to inhibit a DNA repair enzyme, for-
mamidopyrimidine–DNA glycosylase, which repairs 8HdG in bacteria (106).

Changes in Gastric Physiology

Gastric acid is produced by parietal cells in the body of the stomach in response to a
variety of stimuli including the gastric hormome, gastrin (107). Gastrin, produced in
the antrum of the stomach, is released in response to intraluminal protein, both neural
and hormonal stimuli, and intraluminal gastric acidity. Gastrin also stimulates epithe-
lial cells to proliferate particularly within the gastric antrum (108).

Under normal conditions, H. pylori confines itself to the gastric antrum of the stom-
ach where it lives beneath the mucus gel, shielded from intraluminal acid. Paradoxi-
cally, however, antral H. pylori stimulates gastrin release and increases acid secretion,
at least postprandially (109). This type of response may precipitate duodenal ulcer dis-
ease, particularly in people with other predisposing factors for ulcers (e.g., family his-
tory, cigarette smoking or use of nonsteroidal antiinflammatory agents). In a substantial
subset of people, however, H. pylori infection causes destruction of the gastric glands
(chronic atrophic gastritis) either in both the antrum and the body of the stomach or in
the body almost exclusively (110). Body involvement may be a function of duration of
infection, host genetic factors, or other cofactors, such as diet and nutrition
(107,111,112). Extension of H. pylori into the body coincides with glandular destruc-
tion, loss of acid-secreting ability (hypochlorhydria), and an increased likelihood of
developing cancer (113).

Hypochlorhydria can contribute to carcinogenesis in several ways. Hypoacidity is
associated with high levels of mutagenic N-nitrosamines (114), which have been epi-
demiologically linked to gastric cancer. It also decreases intraluminal concentrations of
vitamin C (115,116); one form, ascorbic acid, is an antioxidant and a strong inhibitor
of N-nitrosation. Hypochlorhydria causes feedback secretion of gastrin (117), which,
in turn, causes proliferation of epithelial cells (108). Hypergastrinemia is a strong risk
factor for subsequent development of gastric adenocarcinoma, independent of the pres-
ence of H. pylori infection (118,119). Hypochlorhydria appears to allow H. pylori to
grow more extensively into the gastric body (120–122). Finally, hypoacidity may allow
overgrowth of nitrate-fixing bacteria that can convert nitrates into nitrites and foster
formation of N-nitrosamines (123,124).

Thus, the physiologic effects of H. pylori on the stomach would appear to predis-
pose infected people to cancer. Alone, however, these effects are probably not sufficient
to induce malignancy, as there is no evidence in humans or in animals that drug-
induced acid suppression leads to an increased risk of gastric cancer (125,126).

Epithelial Cell Proliferation and Apoptosis

Cell proliferation increases the risk of cancer by increasing the number of cells that
are dividing and are therefore susceptible to DNA damage. Hyperproliferation of gas-
tric mucosal cells in H. pylori-infected people has been well documented (127–129).
This proliferative effect is particularly prominent in patients infected with the CagA-
positive phenotype of H. pylori (130) and in those with advanced preneoplastic lesions
(atrophic gastritis, incomplete intestinal metaplasia and dysplasia) (131–133). When H.
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pylori infection is cured with antibiotics, cell proliferation declines dramatically
(127,128).

H. pylori infection also causes cell loss, both through necrosis or apoptosis. H.
pylori toxin damages cells, directly causing necrotic cell death (134–136). Apoptosis is
also increased with infection, however (137,138), possibly through a Bak-dependent
pathway (139) or by the Fas or CD95 antigen pathways (140,141). Thus, hyperprolifer-
ation may be a necessary response to compensate for both necrotic and apopotic death.
Interestingly, although patients with the CagA-positive phenotype of H. pylori have
increased cell proliferation, apoptosis does not increase (130,142). This suggests that
CagA+–VacA+ H. pylori may induce higher rates of necrotic cell death than other
forms of infection or that the gastric mucosa may be unable to compensate for DNA
damage. In support of this, recent studies demonstrate that H. pylori infection may
induce cyclooxygenase-2 (COX-2), a critical enzyme for prostaglandin synthesis.
COX-2, which can inhibit H. pylori-induced apoptosis (143), is overexpressed in gas-
tric cancer and preneoplastic conditions.

FACTORS CONTRIBUTING TO MALIGNANCY

With only 1% of people infected with H. pylori developing gastric adenocarcinoma,
the vast majority of infected persons have no clinical symptoms. Any model that
attempts to describe H. pylori as a risk factor for gastric cancer must explain why this
disease develops in some people but not in others (144). Factors that could explain this
variability include: differences in H. pylori genotype, host genotype, age at infection,
and exposures to environmental cofactors (Fig. 3).

H. pylori Genotype

The genetic diversity between strains of H. pylori is wide. Identical H. pylori strains
are rarely, if ever, seen in unrelated individuals (145) and within families, strains fre-
quently differ (146). Even within an individual, variability of the infecting strain may
exist (147). Little is known about the clinical significance of these strain differences.
The prognostic value of combinations of alleles for different virulence factors is being
explored (37–39). Strains containing the H. pylori pathogenicity island increase an
individual’s risk of intestinal-type gastric cancer when compared with strains that do
not (71,72). Similarly, H. pylori-infected people with CagA antibodies are two times
more likely to progress from nonatrophic gastritis to atrophic gastritis than are H.
pylori-infected people without these antibodies (148).

Although the prevalence of strains with the pathogenicity island varies across popu-
lations (149,150), it is not clear that this variation translates into differences in disease
incidence. Moreover, variation in H. pylori strain type cannot explain the differences
between population rates of peptic ulcer disease and gastric cancer, as CagA-positive
strains appear to increase risk for both of these conditions (151).

Human Genotype

A variety of human genetic factors have been associated with H. pylori carcinogene-
sis; any could predispose infected hosts to one disease outcome and prevent another.
Glutathione-S-transferase-µ (GSTM1) conjugates and detoxifies carcinogenic com-
pounds; specific genotypes may be associated with cancer risk (152–154) and, in combi-
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nation with H. pylori, may amplify this risk. The acid response to H. pylori may have a
genetic basis, as may the rate of proliferation of the gastric mucosa (155,156). Human
leukocyte antigen (HLA) types show associations with atrophic gastritis, duodenal ulcer,
and gastric cancer although associations with H. pylori remain unexamined (157–159).
Additional human genetic factors that are being explored in relation to infection include
ABO blood group type, Lewis blood group type, and mucin genotype (160–164).

Age at Infection

Similar to other cancers associated with an inflammatory process (165–167), the risk
of gastric cancer may correlate with the length of time that a person has been infected
with H. pylori. People infected with H. pylori as children have more time to acquire
necessary mutations over their lifetime compared to those infected as adults. In devel-
oped countries, it appears that the average age of acquiring infection is increasing over
time (41,42), possibly explaining in part the decline in cancer rates and the increase in
age at which cancer occurs. It is difficult, however, to prove that the age of infection
influences disease outcome. In mice, infection is more likely to persist if infection
occurs at a young age, producing multifocal gastritis (168), suggesting a different sus-
ceptibility of the young stomach. The stomach of a human child may be physiologi-
cally different that that of an adult. Children have less acute inflammation and more
prominent lymphoid follicles than do adults (169); they may also be more likely to
have H. pylori in the corpus of the stomach (170). This would increase their likelihood
of hypochlorhydria, explaining why, even with antral gastritis, duodenal ulceration is a
rare response to childhood H. pylori infection (169).
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Fig. 3. Model of progression of H. pylori-associated clinical conditions. H. pylori causes
gastritis, either confined to the antrum or corpus-wide; this distribution is probably associated
with age at infection and/or host susceptibility. Antrum-based infection causes increased acid
production and increased risk of duodenal ulcer (DU). Corpus infection leads to decreased acid
levels via loss of parietal cells through atrophy. In a subset of persons with chronic atrophic gas-
tritis, this low acid environment predisposes to the development of gastric ulcer and/or cancer.
Of note, DU patients on long-term anti-acid regimens could potentially develop CAG. Each step
in this model could be affected by environmental factors (e.g., diet or smoking), H. pylori geno-
type (e.g., cagA), or host genotype.



It is possible that factors that cause hypochlorhydria in childhood, such as malnutri-
tion and infectious diseases, are necessary for cancer formation. Under hypochlorhy-
dric conditions, H. pylori could extend into the gastric corpus, initiating the chain of
events that leads to malignancy. In the absence of malnutrition or infection, H. pylori
would remain confined to the antrum and intraluminal acid levels would remain normal
or high.

Environmental Cofactors for Infection

The effects of other known risk factors for gastric cancer could be modified by the
concurrent presence of H. pylori. For example, it appears that diets high in salt and
nitrates increase cancer risk while diets rich in fresh fruits and vegetables protect
against gastric cancer (123). Because H. pylori both induces nitric oxide formation
(potentially fostering the formation of N-nitroso compounds from intraluminal nitrites)
and destroys mucosal ascorbate, the interaction of infection with diet may have an
effect far greater than each alone in causing cancer. In the same way, cigarette smoking
potentially alters the outcome of H. pylori infection (171,172), again via the nitric
oxide pathway (173). Also of interest, some gastric adenocarcinomas have clonal inte-
gration of Epstein–Barr virus (174,175), although a relationship with H. pylori remains
unclear.

PREVENTION OF H. PYLORI-RELATED GASTRIC CANCER

Within an individual, the development of cancer results from a combination of fac-
tors, including circumstances of infection, the individual’s genetic makeup, H. pylori
strain type, and other cofactors. Only some of these risk factors are amenable to inter-
vention within a population. H. pylori-related gastric cancer could be prevented by pre-
venting H. pylori infection (through either the interruption of H. pylori transmission or
the immunization of susceptible people); by curing H. pylori infection (with the treat-
ment of infected people via antibiotic therapy or therapeutic vaccination); or by remov-
ing other factors necessary for gastric cancer development.

Prevention of Infection

H. pylori is decreasing in prevalence with time. Estimates of the decline over the
century range from 26% to 52% per decade (41,42,176,177). It is not known why the
organism is disappearing, but improvements in nutrition, household sanitation, and
household crowding are likely factors. Thus as countries improve their socioeconomic
conditions, infection rates should continue to decline around the world. At the current
rate, H. pylori could disappear from some populations entirely within the next few gen-
erations (M. Rupnow, personal communication).

Meanwhile, prophylactic vaccines could prevent infection with H. pylori in unin-
fected at-risk persons, primarily children and young adults. Although several oral and
intranasal vaccines have been shown to provide protective mucosal immunity against
H. pylori in both mice and monkeys (179–183), many years will be required until a
vaccine shown to be successful in animal models is proven safe and efficacious in
humans (184,185). Because some of the damage caused by H. pylori may result from
an autoimmune response, vaccination actually might induce a chronic inflammatory
response (181).
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Treatment of H. pylori infection

H. pylori infection can be eradicated by antibiotic therapy. To date, screening for
and treatment of H. pylori are recommended only for persons in specific high-risk
groups (186,187). A key reason for this selection is that it is not known whether erad-
ication of infection prevents gastric cancer. If antibiotic therapies could prevent a
small percentage of cancers (e.g., 20–30%), screening and treatment of H. pylori
would be a cost-effective strategy to preventing cancer (188,189). Current trials in
Europe and China (190) are examining the preventive ability of H. pylori eradication
and have randomized thousands of infected people to H. pylori therapy or placebo
with follow-up for gastric cancer incidence over 10–20 yr. If treatment is shown to be
effective in reducing cancer rates, these studies will prove that H. pylori causes
malignancy and that screening and treatment are warranted. Unfortunately, studies of
this type are extremely expensive in both logistics and follow-up time; they also run
the risk of insufficient statistical power due to decreasing cancer rates and H. pylori
prevalence.

An alternative and cheaper study design examines intermediate biomarkers instead
of cancer. Subjects with gastric preneoplastic conditions are randomized to receive
either H. pylori therapy or placebo and monitored for the progression or regression of
these conditions. These studies, also ongoing, will not be able to prove that treatment
of H. pylori will prevent cancer, as even if preneoplastic conditions regress, cancer
could still occur. To date, small case series that have looked at regression of preneo-
plastic conditions have yielded mixed results (191–195), although one has suggested
that H. pylori eradication not only can prevent cancer, but it can also do so at a very late
stage in tumor development (195).

It is important to recognize that H. pylori infection might actually have a beneficial
effect. For example, recent studies suggest that H. pylori infection protects against the
development of reflux esophagitis, and adenocarcinoma of the gastric cardia and gas-
troesophageal junction (196,197). Thus, trials of H. pylori eradication should assess
all-cause mortality, not just mortality from noncardia gastric cancer.

Cofactors for Cancer

Alternative targets for gastric cancer prevention involve environmental cofactors. As
mentioned previously, dietary supplementation with antioxidants, or diets rich in fresh
fruit have been associated with a decreased gastric cancer risk and are beneficial for
many reasons (198,199). Cigarette smoking has also been linked to gastric tumors,
among many other conditions (171).

SUMMARY

Both epidemiologic and pathophysiologic evidence exist to support H. pylori as a
cause of noncardia gastric cancer. Further study is needed, however, to understand how
H. pylori infection causes tumor development. Data are accumulating to suggest that
H. pylori eradication may be a useful strategy to prevent gastric cancer, particularly in
certain populations. Studies that evaluate the cost-effectiveness and role of therapies
such as antibiotic treatment or vaccination will clarify this issue.
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Gastric Mucosa-Associated Lymphoid 

Tissue Lymphoma

A.C. WOTHERSPOON

INTRODUCTION

Although lymphomas are normally associated with a presentation primarily within
lymph nodes up to 40% of lymphomas arise at sites outside those considered to be the
major lymphoid organs (1–3). The majority of these extranodal lymphomas arise
within the gastrointestinal tract (3), which contains a very high quantity of lymphoid
tissue in the normal individual but is not considered to be a primary lymphoid organ.
Of lymphomas that arise in the gastrointestinal tract the most common site for these
tumors to develop is within the stomach.

The definition of a primary extranodal lymphoma and its distinction from secondary
involvement of an extranodal site by a primary node based lymphoma is problematic.
Originally the definition restricted extranodal lymphomas to those that were confined
to a single extranodal site and contiguous lymph node groups without dissemination to
more distant areas (including bone marrow) (4). This definition is obviously very
restrictive and by definition ensured that all primary extranodal lymphomas were of
low stage and therefore associated with a favorable prognosis. With better knowledge
of the biology of extranodal lymphomas and modern staging procedures the rigidity of
this definition of these tumours has been relaxed and most investigators would now
consider a lymphoma to by extranodal if the main bulk of the tumour is found at an
extranodal site.

The relaxation of the definition of these tumors has been associated with an appreci-
ation that lymphomas with characteristic clinicopathologic features are frequently
found as extranodal lymphomas and are less frequently encountered within lymph
nodes. In 1983 Isaacson and Wright described a group of lymphomas that arose at
extranodal sites and that had clinical and pathologic features that were distinct from
those commonly encountered in lymph nodes (5). The similarity of the organization
and phenotype of these lymphomas to the lymphoid tissue that is encountered at extra-
nodal sites, predominantly within the mucosa of the intestinal tract and particularly in
the Peyer’s patches of the terminal ileum, termed mucosa-associated lymphoid tissue
(MALT), has led to these tumors being designated MALT lymphomas (5,6). Subse-
quently lymphomas of this type have been described at many extranodal sites.
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As with extranodal lymphomas in general, MALT lymphomas are most commonly
encountered in the stomach. For this reason and due to the possibility of close exami-
nation of the organ in situ by endoscopy, gastric MALT lymphomas have been widely
studied. These lymphomas thus form the prototype for the group of MALT lymphomas
as a whole.

MUCOSA-ASSOCIATED LYMPHOID TISSUE

In the normal individual MALT is found constitutively to be almost entirely con-
fined to the intestinal tract with the highest concentration within the terminal ileum in
the form of Peyer’s patches. These are areas of organized lymphoid tissue that differ
from lymph nodes in that they are unencapsulated and do not possess afferent lymphat-
ics. Payer’s patches consist of a central lymphoid follicle that is similar to that seen in
lymph nodes. The follicle is egg shaped and contains a reactive germinal center with
the light zone at the apex nearest the luminal surface. A mantle zone composed of
small lymphoid cells surrounds the germinal center. The mantle zone is thin at the base
and thickest at the point nearest the luminal epithelium. Outside the mantle zone is a
further zone of B cells in which the cells are slightly larger and with more abundant
pale cytoplasm than mantle zone B cells. This is the marginal zone, which is not nor-
mally encountered in lymph nodes (with the exception of mesenteric nodes) but is a
normal constituent of the splenic white pulp. The broadest aspect of the marginal zone
is found in the area of greatest potential antigenic challenge—the lumen; and cells
from this zone extend into the overlying dome epithelium to form a lymphoepithelium.
The majority of the cells that constitute the marginal zone B-cell population are mem-
ory B cells. Within the dome epithelium there are specialized epithelial cells—the M
cells—which are thought to facilitate the transport and presentation of luminal derived
antigen to the underlying lymphoid tissue (7). Antigens are transported across the
epithelium by the M cells and are presented to the Peyer’s patches, where antigen-spe-
cific B cells are stimulated to undergo switching from immunoglobulin M (IgM) to IgG
production. Following stimulation these B cells leave the mucosa, and pass through the
mesenteric nodes and into the thoracic duct. These cells home back to the mucosa,
where they are present as plasma cells in the lamina propria around the lymphoid folli-
cles and in the subepithelial region (8–10). The T-cell compartment present around the
sides and the base of the lymphoid follicle and the intraepithelial T-cell compartment
make up the other constituents of MALT.

The vast majority of the histologically low grade (small cell) lymphomas found at
extranodal sites are of MALT type. The great paradox that surrounds the development
of lymphomas of MALT is that these lymphomas invariably arise in extranodal sites
that are normally devoid of organized lymphoid tissue. Indeed the site at which MALT
is found constitutively in normal humans—the terminal ileum—is an uncommon site
for the development of MALT lymphomas. Rather, this site is more often associated
with lymphomas of nodal type (mantle cell lymphoma, follicle center cell lymphoma),
diffuse large B cell lymphoma, or Burkitt’s lymphoma. The first step toward the devel-
opment of a primary extranodal lymphoma requires the acquisition of the organized
lymphoid tissue from within which the lymphoma can develop. Unsurprisingly the
lymphoma that develops has a significant association with the condition responsible for
the acquisition of the lymphoid tissue, such as close association of thyroid MALT lym-
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phoma with Hashimoto’s thyroiditis (11) and of salivary gland lymphoma with myoep-
ithelial sialadenitis (MESA) and Sjögren’s disease (12). In the stomach, acquisition of
MALT is associated with a few clinical situations, of which the most frequent is colo-
nization of the gastric mucosa by Helicobacter pylori (13–17). The relatively high fre-
quency of gastric MALT lymphoma and the ability to make the diagnosis before
definitive surgery has allowed the collection of fresh tissue for in vitro studies of the
functional properties of the lymphomas cells. This has led to advances in our under-
standing of gastric MALT lymphoma (and MALT lymphomas in general) leading to
changes in the clinical management of these tumours.

ACQUISITION OF GASTRIC MALT

The lamina propria of the gastric mucosa in the normal individual contains scattered
B cells, plasma cells, and a small number of T cells. Intraepithelial T cells are also pre-
sent but are less numerous than is seen in the small intestine. There is no organized
lymphoid tissue in the form of MALT within the normal gastric mucosa. Immunohisto-
chemical studies suggest that the normal gastric microenvironment is quiescent as
there is no expression of antigens associated with inflammation such as epithelial HLA
class II or CD25 (interleukin-2 receptor) on lamina propria macrophages or T lympho-
cytes (18).

As the normal stomach is a hostile environment for infective organisms, and the lam-
ina propria is protected from luminal derived antigens by a thick layer of viscous mucus
and an intact epithelium that is generally nonabsorptive and lacks M cells, there is little
stimulation to lymphoid tissue. However, there are circumstances in which these barriers
can be overcome, resulting in the stimulation of lymphoid tissue and the acquisition of
MALT. This is most commonly seen in association with colonization of the stomach by
H. pylori, an organism that is ideally adapted to living within the gastric environment
associated with its motility, ability to penetrate the mucus layer and adhere to the gastric
epithelium, and to secrete enzymes (in particular urease) that are active at low pH and
that increase the local pH within the organism’s microenvironment.

H. pylori infection is associated with a spectrum of abnormalities in the stomach. All
patients infected by H. pylori have an abnormal gastric mucosa. Active chronic gastritis
with neutrophil penetration predominantly of the superficial epithelium is maximal
around the surface and neck regions, where the organism shows the highest concentra-
tion. In many instances, the neutrophils and H. pylori organisms are spatially related.
Infiltration of the epithelium by acute inflammatory cells is likely to cause damage to
the integrity of the epithelial barrier and to result in the potential leak of antigen into
the lamina propria and stimulation of lymphoid tissue. This has been confirmed by
studying gastric permeability to sucrose, which is higher in patients with H pylori
infection (19) and which normalizes after eradication of the organism (20). Increased
permeability of the epithelium together with the presence of H. pylori-derived antigens
may be responsible for the subsequent acquisition of MALT within the gastric mucosa.

Several studies have shown that infection with H. pylori is associated with the accu-
mulation of MALT within the stomach. Although lymphoid follicles are not found in
endoscopic biopsies from normal individuals (13,14,16), they can be found in
27–100% of patients infected with H. pylori (13–16). In the most comprehensive study,
Genta et al. (16) demonstrated that lymphoid follicles can be detected in all patients
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with H. pylori infection if the biopsies are sufficiently large and numerous. Wother-
spoon et al. (15) showed that the lymphoid tissue that accumulates in H. pylori infec-
tion has features of MALT, with the formation of a lymphoepithelium by the marginal
zone B cells around the follicles that infiltrated the foveolar epithelium of the gastric
glands.

Although H. pylori is probably the most common association with acquired gastric
MALT, it is not the only stimulus to accumulation of lymphoid tissue in the gastric
mucosa. The related organism Helicobacter heilmannii is also associated with acquired
gastric MALT (21), and MALT-type lymphoid tissue has been described in the stom-
achs of patients with celiac disease.

MUCOSA-ASSOCIATED LYMPHOID TISSUE LYMPHOMA

Clinical features

Gastric MALT lymphomas affect males and females equally. The age range at which
these lymphomas occur is wide, but the majority of patients are over the age of 50 yr.
The majority of patients present with rather nonspecific symptoms including dyspep-
sia, nausea, and vomiting, while weight loss or the presence of an epigastric mass is
rare. The symptoms may have been present for many years, and in some patients multi-
ple endoscopies may have been performed before the diagnosis of lymphoma is
reached. In these cases retrospective review of the gastric biopsy material may reveal
changes consistent with low-grade MALT lymphoma from the start. The endoscopic
picture is variable. In some patients the gastric mucosa may appear normal or show
very minor changes such as hyperaemia, while others may show enlarged gastric folds,
gastritis, superficial erosions, or ulceration. Mass lesions are relatively rare. Although
any region of the stomach may be involved, the majority of gastric MALT lymphomas
occur in the distal stomach within the antrum or distal body regions. Gastric MALT
lymphoma, in common with MALT lymphomas arising at other sites, is an indolent
tumor that disseminates in a minority of cases. Bone marrow involvement can be
detected in up to 10% of cases, but spread to peripheral lymph nodes away from the
immediate vicinity of the tumor is rare. When spread to other sites does occur, it fre-
quently is to other extranodal organs.

Histology, Immunophenotype, and Genotype

The organization, cellular morphology and immunophenotype of MALT lym-
phomas mimic that of Peyer’s patches and are constant irrespective of the location at
which the lymphomas arise (22). Neoplastic cells infiltrate around preexisting lym-
phoid follicles initially with a marginal zone arrangement (outside a preserved mantle
zone) but eventually spreading to become a more diffuse infiltrate within the lamina
propria. The morphology of the neoplastic cells can be quite variable not only among
cases of MALT lymphoma but also within an individual case. The classical appearance
of the MALT lymphoma cell is of a small to intermediate sized cell with a pale cyto-
plasm and irregular nucleus. The resemblance of these to the small centrocyte cell of
the follicle center led this cell to be called the “centrocyte-like (CCL) cell” and is con-
sidered the characteristic cell of these lymphomas. However, the cellular morphology
may vary, ranging from a cell more reminiscent of a mature small lymphocyte with a
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rounder nucleus and scantier cytoplasm to a monocytoid B cell with abundant
pale/clear cytoplasm, round nucleus, and well-demarcated cytoplasmic borders. There
is invariably some plasma cell differentiation that in some cases may be very striking,
and Dutcher bodies may be seen in a proportion of cases. Transformed or blast cells,
which are larger with vesicular nuclei and prominent nucleoli, are seen scattered within
the infiltrate. The neoplastic CCL cells have a specific interaction with the epithelium
in a mimic of the interaction between marginal zone B cells and the dome epithelium
above a Payer’s patch. In the lymphoma, however, the infiltration of the CCL cells into
the glandular epithelium results in damage to the epithelial calls and eventual destruc-
tion of the gland. The structures resulting from this interaction are called lymphoep-
ithelial lesions (LELs) and are an invariable finding in all MALT lymphomas, although
LELs are not absolutely specific to this lymphoma type. High-grade transformation of
a low-grade MALT lymphoma can occur. Such a transformation can be confidently
confirmed only by the identification of a preexisting low-grade MALT lymphoma or of
a concurrent low-grade component to the high-grade lesion.

Lymphoid follicles are important structures in low-grade MALT lymphomas (23).
Reactive follicles are identified frequently, but on occasion the presence of lymphoid
follicles can be inferred only by the identification of residual disrupted follicular den-
dritic cell networks in an otherwise diffuse appearing infiltrate of CCL cells. The lym-
phoid follicles play an essential role in the development and growth of MALT
lymphoma. In all cases there is some interaction between the lymphoma and the lym-
phoid follicles. In many cases this takes the form of the CCL cells overrunning the fol-
licles giving a vaguely nodular appearance to the infiltrate, but in some cases specific
colonization of the lymphoid germinal center by the neoplastic CCL cells can be iden-
tified. In these cases the follicle centers are populated by cells that show light chain
restriction of the same type as seen in the diffuse infiltrate, although they are separated
from the surrounding infiltrate by an intact mantle zone. The intrafollicular component
may appear more activated with large cell size, larger nuclei, and higher proliferation.
They also may loose their bcl-2 antigen expression. Plasma cell differentiation may be
seen in the intrafollicular component.

Immunophenotypically the CCL cells express pan-B cell markers but do not express
CD5, CD10, or CD23. They are usually bcl-2 protein positive and many cases express
CD43. They express surface and to a lesser extent cytoplasmic immunoglobulin (usu-
ally IgM or IgA, rarely IgG) and show immunoglobulin light chain restriction.

Genotypically all cases show clonal rearrangement of the immunoglobulin genes
(24). There is some controversy over the characteristic genetic abnormality of this lym-
phoma. The t(11;18) may be seen as a sole abnormality in some cases of low-grade
MALT lymphoma but appears rare in high-grade tumors (25,26). Trisomy 3 has been
seen in up to 60% of cases in series reported by some authors using both conventional
metaphase and interphase cytogenetic techniques (27,28). The translocation t(1;14)
also has been described in a small proportion of cases (29) associated with an increased
cell survival in in vitro culture systems. The breakpoint in t(1;14) recently has been
cloned revealing a novel gene, bcl-10, on chromosome 1 that may substantially affect
the behavior of these lymphomas (30).

The cell of origin of MALT lymphoma is thought to be the marginal zone B cell
within the acquired MALT tissue. This is supported by the organization of the lym-
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phoma—initially occupying the marginal zone, the cellular morphology, and the close
immunophenotypic relationship between marginal zone B cells and the CCL cells of
MALT lymphoma.

GASTRIC MALT LYMPHOMA AND H. PYLORI

The recognition that infection with H. pylori is invariably associated with acquisition
of MALT-type lymphoid tissue in the stomach and the knowledge that this lymphoid tis-
sue is most frequently acquired as a result of H. pylori infection suggests that there should
be a close association between the organism and the lymphoma that develops within that
acquired lymphoid tissue. Studies of low-grade MALT lymphoma support this. Initial
studies suggested that H. pylori could be identified in 92–98% of cases of low-grade
MALT lymphoma (15,31), but some subsequent studies have suggested an association in
the region of 70–77% (32,33). In Japan the association is of similar proportion (72%) to
that seen Western cases (34), although in small series in the United Kingdom and Hong
Kong only 62% of cases were associated with H. pylori infection (35,36). The presence of
H. pylori appears to be less with high-grade lymphomas. In high-grade cases that also
have a low grade component, H. pylori is seen in 52–71% (32,33). In contrast, the organ-
ism is detected in only 25–38% of cases with a in pure high-grade lesion, some of which
may be unrelated to MALT (32,35). Gisbertz et al. (32) have studied non-H. pylori organ-
isms in MALT lymphoma and have discovered that these organisms can be seen in up to
35% of low-grade MALT lymphomas in association with H. pylori and in a further 17%
of cases without concomitant H. pylori infection. They reported only a single case in
which low-grade lymphoma was seen in the absence of an infective organism. The pres-
ence of non-H. pylori organisms was found more frequently in high-grade lesions. When
H. pylori infection has been correlated with the stage of the lymphoma it has been shown
that the organism is present in 90% of cases limited to the mucosa and superficial submu-
cosa, falling to 76% when the deep submucosa is involved and to only 48% when the lym-
phoma extends beyond the submucosa (34).

Parsonnet et al. (37) have performed an elegant retrospective serum-based study,
confirming that infection with H. pylori predated the development of the lymphoma
and was associated with a odds ratio for the development of lymphoma of 6.3. Further-
more Nakamura et al. (38), in a retrospective analysis of two subject groups, demon-
strated that B-cell monoclonality was present in the gastric biopsies of 79% of patients
who subsequently went on to develop overt lymphoma compared to 24% of patients in
whom lymphoma did not develop in the follow-up period. Zucca et al. (39) have had
the opportunity to study two patients in whom a series of biopsies prior to the diagnosis
of low-grade MALT lymphoma showed only chronic H. pylori-associated gastritis. In
these patients small clonal populations could be detected in the apparently reactive
lymphoid infiltrates using a polymerase chain reaction (PCR) technique to look for
immunoglobulin gene rearrangements with patient specific primers.

The accumulated evidence would therefore suggest that the majority of low-grade
MALT lymphomas are associated with H. pylori infection and that a neoplastic clone
may develop within the acquired lymphoid tissue associated with the infection. This
abnormal population of B cells may expand gradually over a number of years before
overt lymphoma develops. The close association between lymphoma and organism
diminishes with increasing stage and grade of the lymphoma.
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There is controversy surrounding the role of the organism’s own genetic features and
the development of lymphoma. H. pylori shows considerable genetic diversity but all
stains appear to be equally associated with the acquisition of MALT tissue. There are
conflicting results in studies of H. pylori cagA genotypes with the development of low
MALT lymphoma. Some groups have not detected an association between cagA-posi-
tive strains and development of low grade lymphoma (40,41), while others have found
cagA-positive strains in up to 95% of cases (42). Peng et al. (41) have found that
although cagA-positive strains are not associated with low-grade lymphomas they are
more frequently associated with high-grade tumors.

CELLULAR BASIS FOR THE ASSOCIATION BETWEEN LOW-GRADE
GASTRIC MALT LYMPHOMA AND H. PYLORI

There are several features that suggest that there is a residual immunologic drive to
low-grade MALT lymphomas. This includes the presence of plasma cell differentia-
tion, particularly in the subepithelial zone and the presence of scattered blastic cells
within the infiltrate. Migration into the follicle center is a characteristic feature of nor-
mal marginal zone B cells under immunologic/antigen stimulus (43,44), and the follic-
ular colonization seen in low-grade MALT lymphomas appears to be a mimic of this.
As MALT lymphoma is a lymphoma derived from marginal zone B cells this morpho-
logic feature strongly suggests an antigenic stimulus associated with these lymphomas.
At the molecular level this is supported by the demonstration of ongoing somatic muta-
tions that occur over a period of time after neoplastic transformation has occurred, sug-
gesting that the clonal expansion of the lymphoma has been driven by an antigen
(45–47). Further evidence comes from a study of the third complementary determining
region of the immunoglobulin heavy chain gene in these lymphomas, which showed a
pattern of change associated with the generation of antibody diversity and increased
antigen-binding affinity (48).

When unseparated cells isolated from low-grade MALT lymphomas were incubated
in vitro with heat-treated whole cell preparations of H. pylori, the tumor cells prolifer-
ated whereas those cultured without H. pylori or with an unrelated mitogenic stimulus
rapidly died (49). The proliferative response to the H. pylori was strain specific, with
each case responding to a single, distinct H. pylori strain (49). When T cells were
removed from this culture system no proliferative response to coculturing with H.
pylori was not seen, demonstrating a clear T-cell dependence to this proliferative
response. The proliferative response could not be replicated if supernatants from other
cultures containing unseparated cell populations were added, implying that the tumor
cells require contact dependant T-cell help for their proliferative drive (50).

The specificity of the T cells from the low-grade MALT lymphoma and from the
spleen of a single patient has also been studied. In this case the T cells derived from the
tumor bulk proliferated in response to exposure to H. pylori while the splenic T cells
did not (50). This T-cell response was to the same strain to which the unseparated
tumor cell suspensions proliferated. Tumor cells cultured in the absence of the tumor
infiltrating T cells using a CD40 system failed to respond to the H. pylori (50). This
suggests that the proliferative drive is associated with contact-dependent help specifi-
cally from tumor infiltrating T cells that are themselves responding to the presence of
H. pylori.
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Studies of immunoglobulin expression by the lymphoma cells have shown that they
recognized auto-antigens (51,52). Although some crossreactivity between auto-anti-
gens and H. pylori-associated antigens have been described (53), there is no evidence
for crossreactivity between those recognized by the lymphoma-derived immunoglobu-
lin and H. pylori.

REGRESSION OF GASTRIC MUCOSA ASSOCIATED LYMPHOID
TISSUE LYMPHOMA FOLLOWING ERADICATION OF H. PYLORI

Given the close relationship between H. pylori and gastric MALT lymphoma and the
in vitro evidence that the lymphoma cells proliferate in response to the presence of the
organism, Wotherspoon and co-workers (54) enrolled six patients with low-grade gas-
tric MALT lymphoma into a trial in which the patients received a standard anti-H.
pylori therapy. In five of these six patients, the lymphoma regressed to undetectable
levels. Subsequent larger studies confirmed these findings, with a complete regression
rate of 67–84% (55,56). In the study of Thiede et al. (55) the patients who showed no
change in their tumors underwent surgical resection, and these patients were shown to
have high-grade lymphoma. In general, high-grade lymphomas do not respond to sim-
ple H. pylori eradication, although low-grade areas may regress in cases that have both
high- and low-grade components (57). The time taken to achieve remission may be
highly variable. Some patients will respond very quickly with regression of the tumor
to undetectable levels within 4–6 wk. In other patients remission may only be achieved
after 12–18 mo. In general the more superficial the tumor the higher the chances of
inducing remission by H. pylori eradication alone. Ninety percent or more of lym-
phomas confined to the mucosa and submusosa respond, whereas the response rate
falls with involvement of the deeper submucosa, muscularis propria, and serosa.

The stability of the regressions induced by the eradication of H. pylori is still under
investigation. Of the six patients originally reported by Wotherspoon et al., three
patients have remained in complete remission for 6 yr; one patient who took 1 yr to
obtain complete remission has maintained this for 5 yr (54). Two patients relapsed his-
tologically during the follow-up period but returned to undetectable tumor without fur-
ther therapy and continue in this state 6 yr after initial diagnosis (A.C. Wotherspoon
and P.G. Isaacson, unpublished data). In a separate study Neubauer et al. found four
local relapses in 40 patients achieving complete remission during a mean follow-up
period of 24 mo (58).

SUMMARY

The normal stomach is devoid of organized lymphoid tissue. Organized gastric lym-
phoid tissue with morphologic features characteristic of organised extranodal lymphoid
tissue—termed mucosa associated lymphoid tissue (MALT)—is acquired most com-
monly but not exclusively in association with infection by H. pylori. It is from within
this lymphoid tissue that the vast majority of primary gastric lymphomas develop
These lymphomas, termed gastric MALT lymphomas, have very characteristic clinico-
pathologic features that are distinct from those of the more common node based B-cell
lymphomas. Given the close association between acquired gastric MALT and H.
pylori, it is unsurprising to find that most low-grade gastric MALT lymphomas are
associated with infection by this organism. In vitro studies of H. pylori-associated
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cases of low-grade gastric MALT lymphomas have demonstrated that the lymphoma
cells proliferate in response to the presence of the organism in an immunocompetent
mechanism associated with contact-dependent help from tumor infiltrating T cells. It
would be assumed that a similar mechanism would be seen for those lymphomas asso-
ciated with other gastric infections. Clinical trials have shown that simple eradication
of the organism results in complete regression of the lymphoma in the majority of
cases although the chance of inducing regression becomes less with increasing depth of
invasion of the tumor. Although long-term studies are still needed to assess the stability
of these regressions, early indication are that these may be stable for many years. At
present, eradication of H. pylori should form part of any treatment plan for patients
with gastric lymphoma. In low-grade cases, H. pylori eradication can be used a single
treatment modality at least in the first instance, particularly if the tumor is superficial.
In view of the lack of information about long-term disease-free survival, these patients
need continued and regular follow-up to monitor the remission.
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Salmonella typhi/paratyphi and Gallbladder Cancer

C. P. J. Caygill and M. J. Hill

INTRODUCTION

Malignant neoplasms of the gallbladder and biliary tract are rare in most popula-
tions, and this is not a disease with which the average physician is familiar. It usually
arises in the fundus (55%) or mid-section (30%), with the remainder arising in the neck
of the gallbladder. Histologically, they are usually adenocarcinomas (83–95%), with
squamous cell carcinomas accounting for the rest. The usually appear as infiltrative or
scirrhous lesions, whereas those that are papillary often are confused with dysplastic
adenomas.

Although there are no specific presenting symptoms, patients typically experience
upper quadrant or epigastric pain (75%), as well as anorexia and nausea (50%) leading
to vomiting and progressive weight loss. Tumors often arise in patients with preexist-
ing gall stones, among whom a change from sporadic to continuous pain, of steadily
increasing severity, should arouse suspicion of malignancy. Jaundice is seen in 48–87%
of patients, and this is deep, progressive, and unremitting. The most consistent labora-
tory finding is raised serum alkaline phosphatase (45–75% of cases). In 50–75% of
cases, there is a right upper quadrant mass that can be seen definitively by computed
tomography or ultrasonography. However, fewer than 5% of cases are diagnosed before
laparotomy or necropsy. The clinical aspects of the disease are reviewed by Moertal
and by Sherman and Finlayson (1,2).

EPIDEMIOLOGY OF GALLBLADDER CANCER

Descriptive Epidemiology

The epidemiology of cancer of the gallbladder and biliary tract has been reviewed
by Mack and Menck (3), by Hill (4), and by Zatonski et al. (5). It is a relatively uncom-
mon cancer in Europe but with a very poor prognosis. Table 1 shows data (6) in which
the mortality from gallbladder cancer can be compared with that of cancer of the stom-
ach and of the large bowel. In men there is no country for which it is higher than the
12th commonest cancer site, although for women it reaches as high as 6th to 8th com-
monest site in central European countries. It is one of the few cancers for which the
mortality in women exceeds that in men. During the 30 yr from 1965–69 to 1985–89
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the mortality increased by 30% in Hungary and Czechoslovakia and by similar
amounts in Sweden and Denmark (5). However not all high-risk countries showed such
an increase and the mortality decreased in Austria and Germany (5).

Mortality rates in North America, much of Asia and South America, and Oceania
tend to be similar to those in Europe. The mortality rates in African countries tend to be
relatively low, whereas those in the Andean countries of South and Central America
tend to be relatively high, because the rates are very high indeed in all American Indian
populations (7).

In addition to these variations between populations, there are also within-population
variations. The mortality increases sharply with age and is inversely related to socioe-
conomic status. Within the United States the disease is much more common in Catholic
than in Protestant or Jewish communities (3). It is also much more common in Spanish
Californians than in the Black, White, Japanese, or Chinese Californians. However, all
of these within-population differences are seen only in women and are not detectable in
men, suggesting that risk factors are different in the two sexes.

High-Risk Disease States

The high-risk disease states for gallbladder cancer are gallstones and previous Polya
partial gastrectomy for peptic ulcer, in which the vagal nerves are severed resulting in
impaired bile stimulation. The latter is associated with a 10-fold excess risk of gall-
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Table 1
Mortality from Cancer of the Gallbladder and Biliary Tree in European Countries
Compared with Mortalities for Gastric and Colorectal Cancer

Mortality per annum per 105 age adjusted

Stomach Gallbladder Colorectum

Country M F Mb F M F

Hungary 31.6 14.0 3.5 (15) 8.1 (6) 24.3 18.1
Czechoslovakia 25.7 12.1 3.3 (12) 5.5 (7) 27.3 17.1
Austria 25.5 12.3 3.2 (14) 5.0 (8) 23.8 16.0
Germany 21.2 11.0 2.6 (12) 4.6 (8) 18.0 14.4
Sweden 12.8 6.7 2.4 (16) 4.4 (8) 16.5 12.6
Denmark 12.2 6.2 1.6 (17) 2.5 (11) 24.3 18.5
Finland 20.2 10.5 2.1 (17) 3.5 (9) 12.1 9.6
England/Wales 16.8 7.4 1.0 (18) 1.1 (17) 21.1 15.7
Netherlands 17.5 7.4 2.3 (13) 3.5 (9) 20.0 15.9
France 12.5 5.4 1.2 (18) 1.7 (11) 22.9 14.3
Italy 22.7 10.7 1.4 (19) 2.1 (11) 18.2 13.3
Spain 19.8 9.8 0.9 (19) 1.6 (11) 11.8 9.5
Yugoslavia 21.1 10.2 1.2 (18) 2.5 (1) 11.8 8.7

Data from ref. 6.
a Mortality rates are per 100,000 per annum, age adjusted.
b Ranking of site for cancer mortality within the country.



bladder cancer (8) with a latency period of 20 yr. Other gastric surgery is associated
with a much smaller increased risk. Ulcerative colitis and choledochal cysts also are
high-risk states for cancer of the bile ducts, as discussed elsewhere in depth (4). The
common feature of all the predisposing diseases is their association with biliary stasis
or infection.

In 1982 Devor (9) reviewed 69 reports of series of gallbladder cancer cases, making
a total of 6478 cases. In only 59 reports (with 4184 cases) were there details of gall-
stone status. Among those 4184 cases 77% were associated with gallstone carriage.
The association was much stronger in white than in black patients. The nature of the
association is unclear but it is known that gallstones are associated with bacterial infec-
tion of the gallbladder (10).

Other Risk Factors

The risk factors that are most consistently reported are overweight (11) and smoking
(5). Overweight is one of the main risk factors for gallstones, and so it is difficult to
determine which of these is the primary association and which is secondary. The bile is
the main route of excretion of the carcinogens from tobacco smoke.

TYPHOID AND PARATYPHOID INFECTION

Typhoid and Paratyphoid Fever

Typhoid and paratyphoid fevers have been described in detail by Benenson (12).
Typhoid fever is a systemic disease characterized by onset of sustained fever,
headache, malaise, anorexia, etc. It is caused by the bacterium Salmonella typhi, which
can be isolated from the blood, feces, and urine of patients. The usual fatality rate of
10% can be reduced to ≤ 1% with prompt antibiotic treatment. Paratyphoid fever pre-
sents a similar clinical picture but tends to be milder and the case fatality rate is much
lower. The infectious agents are Salmonella paratyphi A, B, and C. Paratyphi B is the
most common whereas C is extremely rate. Both are transmitted by food and water
contaminated by the feces and urine of patients and carriers.

With the development of sanitary facilities, typhoid and paratyphoid fever have been
virtually eliminated from Europe and the Western world, but are still endemic in many
parts of the world such as Asia, the Middle East, and Latin America. In 1950 2484
cases of typhoid fever were reported in the United States, but for several years it has
been fairly constant, with fewer than 500 cases (12). In England and Wales the number
of cases have been relatively constant since 1982 (Table 2), and for typhoid fever (as
compared with paratyphoid fever) have been mainly contracted abroad. However, out-
breaks such as the one in Aberdeen in 1964 do occur. In May 1964, 507 people were
infected by S. typhi, phage type 34 (13), a phage type strain common in South America
and Spain, but almost unknown in the United Kingdom. This was traced to contami-
nated sliced corned beef originating in South America. This outbreak left a legacy of
six chronic carriers, in spite of antibiotic treatment (14).

Typhoid Carriers

A chronic faecal typhoid carrier is defined as one whose feces contain typhoid
bacilli, but who does not give a history of typhoid fever within the preceding year (15).
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The most famous carrier, “Typhoid Mary,” a cook in New York, is thought to have
caused more than 1300 cases of typhoid between 1901 and 1914 (16). In another
unusual case in Scotland, a 65-yr-old housewife developed typhoid fever, having been
infected by her husband, who had had typhoid fever in Poland 31 yr previously (17).

Foci of S. typhi (or less commonly S. paratyphi) infection may persist in the gall-
bladder, liver, biliary tract, kidney, or renal tract (although the latter two give chronic
urinary excretion, not faecal excretion). Some 2–4% of patients infected with S. typhi
become chronic carriers (18–24). Various factors determine the likelihood of a person
becoming a carrier; among these are increasing age (0.3% of those under 20 yr becom-
ing carriers compared with 10.2% of those over 50 yr) and gender (women are twice as
likely as men to become carriers) (20). Patients with preexisting cholecystitis or
pyelitis are particularly vulnerable, and may excrete for many years (18–20). The same
risk factors influence carriage of S. paratyphi B, but there is a lower overall chronic
carriage rate of 2.1% (19). Chronic carriage can be eradicated in a proportion of cases
by antibiotic therapy (20). The success of cholecystectomy has varied from zero of 8
(20) to 53 of 64 (21).

BILE, BACTERIA, AND GALLBLADDER CANCER

Biliary stasis and/or infection is a common feature of all the predisposing diseases.
Gallstones and choledochal cysts impair the free flow of bile. As noted earlier, Polya
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Table 2
Statutory Notifications of Typhoid and Paratyphoid Fever in England and Wales
1982–1987 Communicable Disease Surveillance Centre, Public Health Laboratory,
Colindale, London, UKa

Typhoid fever contracted Paratyphoid fever contracted

Year Abroad UK Unknown Total Abroad UK Unknown Total

1982 125 27 13 165 53 8 8 69
1983 145 16 21 182 56 16 5 77
1984 104 32 16 152 54 4 12 70
1985 139 20 18 177 62 5 8 75
1986 120 21 15 156 64 10 9 83
1987 95 20 25 140 46 7 10 63
1988 117 22 35 174 52 115 13 180
1989 114 15 35 164 60 7 21 88
1990 123 22 33 178 64 18 16 93
1991 134 16 32 182 79 8 12 99
1992 134 32 35 201 56 8 17 81
1993 122 21 32 175 63 12 18 93
1994 149 21 61 231 104 9 26 139
1995 164 28 54 246 83 13 28 124
1996 117 20 38 175 77 2 22 101
1997 99 16 25 140 74 7 80 101
Total 2001 349 488 2838 1047 244 245 1536

a Personal communication.



surgery impairs bile stimulation due to severing of the vagal nerves. Ulcerative colitis
is associated with biliary infection by a number of colonic organisms (25). Coloniza-
tion of the gallbladder and bile ducts is a feature of typhoid carriage; the colonisation
by S. typhi/paratyphi, and the resultant mucosal irritation, would normally facilitate a
subsequent mixed bacterial infection.

Bile is a rich source of detoxified carcinogens or promoters of carcinogenesis. Poly-
cyclic aromatic hydrocarbons (PAHs) are potent carcinogens that are present in
tobacco smoke, cooking fumes, and motor exhaust fumes. After inhalation they are
absorbed and are then detoxified in the liver by hydroxylation and glucuronidation. The
(harmless) glucuronide is excreted in bile. However, many bacteria produce a β-glu-
curonidase that releases the hydroxy-PAH. Although the hydroxy-PAHs are not car-
cinogenic, a high-energy intermediate is released during β-glucuronidase action that
binds to DNA and so is potentially carcinogenic (26). The organisms present in
infected bile are generally good sources of beta glucuronidase (4), but the best produc-
ers of the enzyme would be the enterobacteria which include S. typhi/paratyphi.

The bile also is rich in bile salts—the bile acids conjugated with either taurine or
glycine. These bile salts are nontoxic to human mucosal cells, but after deconjugation
deoxycholic and lithocholic acids are released, both of which are potent tumour pro-
moters (2). More importantly, free lithocholic acid causes bile duct hyperplasia (27),
which would be an important step in promotion of biliary tract cancer. The organisms
in infected bile are rich in the bile salt hydrolase enzyme (4).

Finally, bile is a rich source of nitrosatable nitrogen compounds and of nitrate. It has
been demonstrated that bacteria (perhaps but not definitively shown to include S. typhi)
can catalyse the formation of locally acting N-nitroso compounds (NNCs) (4). High
levels of such locally acting NNCs are associated with an increased risk of gastric can-
cer in patients with gastric bacterial overgrowth (8), and of bladder cancer in patients
with chronic bladder infections (4).

Thus, there were good reasons for suspecting that the bacteria in infected bile could
produce carcinogens or cancer promoters that could cause local gallbladder cancers.
Furthermore, all of the disease states associated with increased risk of gallbladder can-
cer are also associated with gallbladder colonization. The bile is most certainly colo-
nized, however, in typhoid carriers.

BILIARY TRACT CANCER IN TYPHOID CARRIERS

There is a growing body of evidence that typhoid-carriers are at increased risk of bil-
iary tract cancer. There have been numerous single case reports of biliary tract cancer
in typhoid carriers, but the earliest study of a large number of cases was by Vogelsang
(28), who in 1950 reported a cohort of 71 typhoid carriers of whom 47 had died. Of
those three (6.49%) died of biliary tract cancers. A cohort of 210 Californian carriers
was reported in 1962 (26), of whom 13 died of hepatobiliary cancers (6.1%).

A case-control study in 1979 of 471 carriers registered by the New York City Health
Department and 942 age- and sex-matched controls is the largest study reported to
date. It showed that chronic carriers were six times as liable to die of hepatobiliary can-
cer as controls (30), and this finding was confirmed by Mellemgaard et al. (1988) (31).

Thus, there is an established high risk of hepatobiliary carcinoma in typhoid carri-
ers. By looking at the proportion of gallbladder cancers that are former or current carri-
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ers the contribution that this makes to the total gallbladder cancer risk can be deter-
mined. In a study in Egypt (32) 9 out of 23 (39.1%) patients with bile duct carcinoma
tested positive for S. typhi and S. paratyphi A in stool cultures, compared with 1 in 50
(2%) of healthy individuals, and in a similar study in India (33), 13 out of 28 patients
(46.4%) with carcinoma of the gallbladder tested positive for these organisms, com-
pared with 2 out of 17 (11.8%) in the control group.

In our studies (34,35) we investigated the long-term cancer risk in two cohorts,
starting with data maintained by the Communicable Diseases Unit (Glasgow, Scot-
land) of all isolates of S. typhi and S. paratyphi A, B, and C reported by microbiology
laboratories since 1967. One was a cohort of 507 people in the 1964 Aberdeen acute
outbreak described earlier. Excluding the six cases whom became chronic carriers,
386 of the people in the acute cohort were traced through the General Register Office
for Scotland (GROS); death certificates were obtained for 81 and 305 were still alive
(Table 3). The chronic cohort included 102 typhoid/paratyphoid carriers from the
Scottish Carrier Register (Table 3). Study subjects were regarded as chronic carriers
if they were excreting 2 yr after infection. Unlike the acute cases, the chronic carriers
were not from a single outbreak and, therefore, include a mixture of different typhoid
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Table 3
Cohorts of Patients with Chronic Carriage of or Acute Infection with 
S. typhi or S. paratyphi

Scotland Register of Aberdeen outbreak 
chronic S. typhi and of acute S. typhi and
S. paratyphi carriers S. paratyphi

Total number 102 507
Suitable for analysis 83 386
Deaths 58 81
Sex

M 21 148
F 62 238
Ratio F/M 3.0 1.6

Mean age at infection (years)
M 44 29
F 54 33
Year of infection Various 1964

Infecting organism
S. typhi 21 359
S. paratyphi 61 6
Type A 9 0
Type B 36 0
Type C 1 0
Unspecified 15 6
S. typhi and S. paratyphi 1 21



and paratyphoid phage types. Of the 102, 83 were flagged with GROS; 58 had died
and death certificates were obtained; 25 were still alive (Table 3). The data obtained
from GROS was supplemented by information from the Information and Statistics
Division (ISD) of the Common Services Agency in Edinburgh on linkage between
our cohorts and (1) cholecystectomy subsequent to infection and (2) cause of death.
The expected deaths from a number of difference cancers and for “all causes” were
calculated for the two cohorts, as were years of potential life lost by those from the
carrier cohort who developed cancer, and the odds ratio of cholecystecomy in carriers
compared with cases.

The two cohorts basically followed the expected pattern, with greater numbers of
women in both, and the carrier cohort having a greater female/male ratio. The mean
age at infection of the carriers, again as expected, was also greater.

There was no excess cancer mortality in the cohort of acute Aberdeen typhoid
cases using either local (Grampian) area statistics or all Scotland statistics, and the
drop in mortality from all neoplasms was not significant when local statistics were
used (Table 4). There was a significant deficit in death from all causes.

In contrast, among the chronic typhoid/paratyphoid carriers from the Glasgow Reg-
ister, there was a 167-fold excess of death from cancer of the gallbladder, an 8-fold
excess from cancer of the pancreas, and a 2.6-fold excess of death from cancer overall
(Table 5). There was also a significant excess of mortality from all causes. Among
these chronic carriers, the estimated lifetime risk of death from cancer of the gallblad-
der was 8.6%.

The characteristics of those carriers who died of cancer (Table 6) show that although
age at death was not particularly low, the mean number of years of potential life lost
was 7.2 yr for those with cancer of the gallbladder and 9.7 yr for cancer of the pan-
creas. If the cancers were a result of bacterial colonisation, by analogy with other situ-
ations, we would expect a latency of 15–20 yr. There are too few cases to calculate this,
but it is of interest that the interval between diagnosis of carrier status and death from
cancer was more than 10 yr in 12 out of 20 cases.
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Table 4
Deaths from Cancer and from All Causes in a Cohort of Acute Typhoid Cases 
from the 1964 Aberdeen Outbreak

Cause of death ICD no. O E O/E 95% CI

Biliary tract 156 0 0.23 (0.23) 0 (0) 0–16.0 (0–16.0)
Pancreas 157 0 1.47 (1.46) 0 (0) 0–2.51 (0–2.53)
Colorectum 152–4 3 4.40 (4.09) 0.68 (0.73) 0.14–1.99 (0.15–2.14)
Stomach 151 2 2.18 (1.86) 0.92 (1.08) 0.11–3.31 (0.13–3.88)
Lung 162 6 8.55 (6.84) 0.70 (0.88) 0.26–1.53 (0.32–1.91)
All neoplasms 140–208 23 32.55 (29.00) 0.71* (0.79) 0.45–1.06 (0.50–1.19)
Death from

all causes 81 141.68 (126.93) 0.55** (0.64) 0.45–0.71 (0.51–0.79)

O, observed; E, expected.

* p < 0.05; **p < 0.001.

Expected mortality using Grampian Area statistics are in parentheses.



Table 5
Deaths from Cancer and from all Causes in the Cohort of Typhoid/Paratyphoid Chronic Carriers

Male Female Total

Cause of Death ICD no. O E O/E 95% CI O E O/E 95% CI O E O/E 9

Gallbladder 1560 0 <0.005 0 5 0.03 167 (54–389) 5 0.03 167*** (5
Pancreas 157 3 0.13 23.1*** (4.8–67.4) 0 0.24 0 (0–15.4) 3 0.37 8.1*** (1.
Colorectum 152–4 0 0.32 0 (0–11.5) 3 0.68 4.4* (0.9–12.9) 3 1.00 3.8 (0.
Lung 162 0 1.10 0 (0–3.35) 5 0.88 5.7** (1.8–13.3) 5 1.98 2.5 (0.
All neoplasms 140–208 6 2.94 2.0 (0.7–4.4) 14 4.86 2.9*** (1.6–4.8) 20 7.80 2.6*** (1.
All causes 13 13.64 1.0 (0.5–1.6) 45 24.60 1.8*** (1.3–2.5) 58 38.24 1.5** (1.

O, observed; E, expected.

* p < 0.05; **p < 0.01; ***p < 0.001.

Based on ref. 34.



Table 6
Characteristics of Carrier Cohort Who Died of Cancer

Minimum interval Years of 
Age at Year of between infection potential 

Patient no. Sex death infectiona Year of death Cancer site ICD no. and death (yr) life lost

1 F 79 1936 1972 Gallbladder 1560 36 7.0
2 F 77 1923 1977 Gallbladder 1560 54 8.4
3 F 84 1974 1977 Gallbladder 1560 3 5.4
4 F 77 1923 1976 Gallbladder 1560 53 8.8
5 F 82 1979 1981 Gallbladder 1560 2 6.4
6 M 67 1975 1977 Pancreas 1570 2 10.8
7 M 62 1953 1974 Pancreas 1570 21 13.4
8 M 83 1965 1986 Pancreas 1571 21 5.1
9 F 82 1965 1972 Lung 1621 7 6.0
10 F 63 1975 1976 Lung 1621 1 17.2
11 F 76 1975 1984 Lung 1621 9 9.5
12 F 88 1956 1992 Lung 1629 32 —
13 F 67 1982 1990 Lung 1629 8 15.3
14 M 75 1976 1987 Esophagus 1509 11 7.8
15 M 70 1959 1973 Larynx 1619 14 9.0
16 M 80 1972 1988 Kidney 1890 16 5.9
17 F 84 1974 1990 Colon 1531 16 6.1
18 F 89 1965 1986 Colon 1534 21 —
19 F 75 1940 1978 Rectum 1541 38 9.5
20 M 99 1962 1969 Myeloma 203 7 —

a This is earliest recorded year, but in many cases infection will have occurred earlier. Years of potential life lost were not calculated for persons who died aged 85
yr or over, because of a lack of data.



Through the ISD linkage system we identified those members of our cohorts who
had had cholecystectomy between infection and death (Table 7), and therefore could
not develop subsequent gallbladder cancer. Of the 83 carriers, 16 (19%) had undergone
cholecystecomy. In comparison, only 8 of the 386 noncarrier cases (2%) had had
cholecystecomy. Thus, the prevalence of cholecystecomy in carriers was 6.1 times
higher than in cases. Thus, the risk of gallbladder cancer in typhoid carriers with an
intact gallbladder is likely to be more than 200-fold.

Earlier studies (e.g., 31) have concluded that the vast majority, if not all, of typhoid
carriers have gallstones. However, as the excess risk of gallbladder cancer in gallstones
is only 2–15-fold (36) this explains only a small proportion of the more than 200-fold
excess risk of gallbladder cancer seen in our study.
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Table 7
Characteristics of Patients Who Underwent Cholecystectomy (CC)

Cohort/patients Age at Age at 
no. Sex infection CC Reason for CC Cause of death/alive

Carriers
1 F 31 32 N/K Alive
2 F 46 57 Gallstones Duodenal ulcer
3 F 40 41 N/K Alive
4 F 41 42 Gallstones Alive
5 F 67 68 Cholecystitis Ca lung
6 F 27 25 Gallstones Alive
7 F 35 62 N/K Diabetes mellitus
8 F 43 51 N/K Alive
9 F 63 29 N/K Cerebrovascular accident
10 F 39 39 Gallstones
11 F 60 60 N/K Alive
12 M 62 70 Gallstones Atheroselerosis
13 F 43 43 N/K Ca body of pancreas
14 F 80 81 N/K Alive
15 F 78 78 Gallstones Senile dementia
16 M 17 28 Cholecystitis Ca gallbladder

Alive

Aberdeen cases
17 M 51 73 Cholecystitis
18 F 34 59 Gallstones Alive
19 F 56 83 Epigastric pain Alive
20 M 44 64 Gallstones Alive
21 M 47 68 Cholecystitis Alive
22 F 70 74 Gallstones Alive
23 F 62 66 Gallstones Acute leukaemia
24 F 28 40 Gallstones Heart disease (ischemic)

Alive



CONCLUSIONS

1. It is clear that chronic bacterial colonisation of the gallbladder, as in chronic carriage of
typhoid and paratyphoid, confers an excess risk of gallbladder cancer. Typhoid infec-
tion per se (without biliary colonisation) confers no excess risk.

2. The magnitude of the excess gallbladder cancer risk (> 200-fold) in typhoid/paraty-
phoid carriers makes the gallbladder the most common cancer site (equal to the lung)
when normally it would be insignificant.

3. Gallstones have been identified as the major risk factor for gallbladder cancer in the
general population. Although typhoid carriers have a very high prevalence of gall-
stones, these cannot be responsible for even 10% of the total excess risk. We need an
alternative explanation, therefore, for the bulk of the excess risk.

4. The bile is a rich source of detoxified carcinogens and tumor promoters than can be
reactivated by bacterial action. Thus, therefore, there are good reasons why we might
expect bacterial colonisation of the bile to increase the risk of local cancers and this is
what we see.

5. From a public health point of view the lifetime risk of gallbladder cancer of at least
8.6% and the possible excess risk of other gastrointestinal cancers strengthen the argu-
ments for trying to eradicate carriage using antibiotics or surgery. Accordingly, we rec-
ommend that known carriers be reviewed to assess the potential for eradication of their
carrier state. To be able to do this, however, it is essential to keep registers of known
carriers. In addition to screening for carrier status, consideration should be given to sur-
veillance of known carriers for gallbladder, pancreas, or colorectal cancer by whatever
methods are available.
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Schistosoma hematobium and Bladder Cancer

Monalisa Sur and Kum Cooper

INTRODUCTION

It has been estimated that more than 250 million people in the tropical and subtropi-
cal regions of the world suffer from schistosomiasis, also known as bilharziasis. The
parasitic disease may cause morbidity that is protean in character, and has a mortality
rate that is difficult, if not impossible, to calculate, especially in Third World countries.
Of the major species of human schistosomes, Schistosoma japonicum, is restricted to
the Far East while S. hematobium is almost confined to the African continent and parts
of Asia Minor and the Arabian peninsula. S. mansoni is found in Africa and tropical
parts of the Western hemisphere.

Apart from the granulomatous reaction to the eggs, with its unique complications
that may be seen in almost any organ, a causal relationship between parasitic infection
and malignancy has long been suggested. This association is more clearly defined in S.
hematobium infection (the causative agent of urinary or bladder schistosomiasis) than
in S. mansoni or S. japonicum, which generally inhabit the portal venous circulation
and involve the intestines and lungs.

HISTORICAL BACKGROUND

Theodor Bilharz first found adult worms of the trematode, now known as S. hemato-
bium, in the portal veins of a cadaver in Cairo in 1851 (1). As early as 1905, Goebel (2)
noted the geographic association between endemic S. hematobium infections and inci-
dence of bladder carcinoma, later to be supported by Hashem (3), Gillman and Prates
(4), Prates and Torres (5), and Brand (6), among others. In 1911, Ferguson postulated a
causal relationship between the parasite and bladder carcinoma (7). Proof of this asso-
ciation has remained somewhat elusive, with proponents both for and against the
debate, the latter perhaps being in the minority, especially in recent years when possi-
ble interactions between the parasite and urinary carcinogens have emerged.

SCHISTOSOMAL EPIDEMIOLOGY AND INCIDENCE 
OF BLADDER CANCER

In nonendemic urinary schistosomiasis areas, for example, in the West, the peak
incidence of bladder carcinomas occurs in the sixth decade of life, with only 12% of
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cases occurring in people under the age of 50 yr (8). In contrast, in lower Egypt, a
hyperendemic region for S. hematobium, the mean age of patients with carcinoma of
the bladder is 46 yr (14), with 73% of patients below the age of 50 yr (9).

Carcinoma of the bladder is the most common malignancy seen in Egypt with preva-
lence rates varying between 11% and 40% (9–11), with a male-to-female ratio of 5:1
being recorded.

The mean age at presentation of carcinoma of the bladder in endemic areas of
Malawi is also lower (44.9 yr) than and in nonendemic areas (15); similar patterns are
seen in Zambia (16), where most of the people are younger than 50 yr. In Iraq, bladder
carcinoma is the second most common malignancy recorded, with areas bordering
Kuwait showing bladder carcinoma to be the third most common malignancy reported
in men (17). An interesting observation with respect to the differences in epidemiology
is that cryptogenic or aromatic amine-induced cancers seen in Western countries occur
in the most dependent trigonal region of the bladder whereas the schistosome-associ-
ated group rarely affects that trigone (18–20).

SCHISTOSOMAL EGGS AND CANCER

A definite association exists between the presence of eggs and carcinoma of the
bladder, especially in squamous carcinoma. In Egypt, 82.5% of bladder tumors are
associated with schistosomiasis (21), while in Malawi 67.1% of bladder tumors contain
schistosome eggs (15). Ninety-four percent of bladder tumors in Zambia contain S.
hematobium eggs, of which 72% are squamous carcinomas, 18% transitional carcino-
mas, and 10% adenocarcinomas or undifferentiated carcinomas (16). In Southern Iraq,
schistosome eggs are present in 70% of squamous carcinomas, in 17.1% of transitional
carcinomas, and in 12.8% of adenocarcinomas and anaplastic carcinomas of the blad-
der (22). A study from King Edward VIII hospital in Durban, South Africa reported a
61% association between chronic urinary schistosomiasis and bladder carcinomas in
black patients (23).

A published series from Egypt showed squamous carcinomas to be the most com-
mon, with ratios of 70:25:5 between squamous carcinomas, transitional cell carcino-
mas, and adenocarcinomas (18). This contrasts sharply with squamous carcinoma,
transitional carcinoma, and adenocarcinoma ratios of 5:94:1, respectively, reported in
Western countries (24,25). It thus becomes evident that the ratio between transitional
cell carcinoma and squamous carcinoma clearly differs when comparing tumor inci-
dence in endemic and nonendemic areas with urinary bladder schistosomiasis. How-
ever, not all bladder malignancies in endemic schistosomiasis areas are associated with
the parasite: 17.6% of bladder cancers in Egypt do not harbor eggs of S. hematobium
(21). These cases represent either patients with schistosomiasis from nonbilharzial
areas, patients with mild schistosomal disease or those in whom the disease had burnt
itself out, or those patients who have been successfully treated and cured (21). In the
treated group, tumors present at a later age, comparable with those in industrialized
countries, as opposed to the younger age (46 yr) reported from endemic schistosomal
areas (14).

Although the incidence of bladder malignancies, notably squamous carcinoma, is
much higher in areas endemic for schistosomiasis, subtle differences occur within
these endemic areas. Fripp and Keen (26) have reported a higher prevalence in the
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Shangaan tribes of Mozambique and Eastern Transvaal, South Africa, especially in
women, when compared to different ethnic groups of the Northern Transvaal. Egg
load, naturally occurring carcinogens, dietary factors, and cultural or behavioral pat-
terns may possibly explain these differences, although the nature of dietary factors
remains elusive. One dietary factor that has been shown to be associated with raised
incidence of bladder cancer in Ugandans is 3-hydroxyanthranilic acid. The source of
this tryptophan derivative is the Matoke plantain, a staple food of some of the inhabi-
tants. It should, however, be noted that this particular dietary factor is of importance in
nonendemic S. hematobium areas (27).

URINARY TRACT INFECTIONS AND SCHISTOSOME-INFECTED
BLADDERS

A report from Egypt demonstrated that males between the ages of 10 and 25
infected with S. hematobium consistently had a load of 103–105 bacterial organisms per
milliliter of urine (28). Bacteriuria in endemic regions is 10 times greater than in
nonendemic regions. In Western populations, most bladder infections comprise mono-
cultures of Escherichia coli (88%) or Proteus mirabalis (10%), the remainder divided
over a range of organisms (29). In Egypt, Escherichia coli is the most common cause
of bacterial infections in bladders affected by schistosomiasis, although mixed cul-
tures, with anaerobes and Escherichia coli, can occur (29–31). Bacterial infections in
schistosomal bladders seldom, if ever, disappear totally, and it has been postulated that
this constant presence of predominantly mixed infections may act synergistically on
naturally occurring carcinogens in the urine (29). Stasis of urine as a result of the many
obstructive complications of bladder schistosomiasis, and if eggs are present, whether
alive, dead, or calcified, they may act as foreign bodies, thereby promoting bacterial
infections, have been also considered to be significant.

CARCINOGENS, METABOLITES, CHRONIC BACTERIAL INFECTIONS,
AND SCHISTOSOMIASIS

Hicks et al. (28,32) have shown that the N-nitroso compound, N-butyl-N-(4-hydrox-
ybutyl) nitrosamine (BBN), when fed to baboons infected with S. hematobium, induced
bladder tumor formation. Uninfected control baboons fed on BBN did not develop
tumors more than 2 yr after exposure, whereas baboons infected with S. hematobium
and not receiving BBN only developed the usual schistosomal polyps and hyperplastic
lesions. It therefore seems likely that bladder schistosomiasis acts as a proliferative
stimulus in the already altered epithelium of carcinogen-exposed bladders.

Small amounts of nitrosamines are formed endogenously by nitrosation of ingested
or metabolically derived secondary and tertiary amines. There is therefore a significant
and constant, albeit low, concentration of carcinogens present in human urine. Further-
more, urinary bacteria can produce large quantities of nitroso compounds over a wide
urinary pH range as many bacterial species are able to reduce diet-derived nitrates to
nitrites, followed by the formation of N-nitrosamines through nitrosation of amine pre-
cursors (33). This augments the action of the already existing small quantities of natu-
rally occurring free nitrosamines in the urine.

E. coli and Proteus are examples of bacteria able to nitrosate amine precursors, and
high levels of urinary N-nitrosamines can be present in urinary infections caused by
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these species. As many bacteria, especially E. coli, contain the enzyme nitrate reduc-
tase, it is not surprising that higher nitrite levels are present in severe bacterial infec-
tions (30). Data from the Qalyub area in Egypt, which is endemic for S. hematobium,
showed that relatively healthy young men, who would be at risk for developing bladder
carcinoma 20–30 yr later, had elevated concentrations of N-nitroso substances in their
urine. The level of N-nitroso compounds therefore seems to reflect the presence and
metabolic activity of nitrate-reducing organisms that commonly contribute to chronic
bladder infections, which are known to occur with greater frequency in the presence of
S. hematobium (27). In addition, various N-nitroso compounds are known to be bladder
carcinogens in rodents and dogs. These include N-nitrosomethylurea (MNU), BBN,
and N-nitrosomethyl-dodecyclamine (NMDCA) (34–36).

A study from Egypt demonstrated that in individuals with schistosome-associated
bladder carcinoma, 66.2% tested positive for nitrites and 5.7% had dysplastic changes
in the bladder epithelium (37), demonstrating the increased susceptibility of schisto-
some-infected bladders with raised nitrite levels to the development of bladder cancers.

β-Glucuronidase, which splits glucuronide conjugates formed in the liver, plays an
important role in activating naturally occurring or dietary carcinogens in the bladder. It
is present in blood leukocytes, occurs free in plasma, and is filtered through the
glomerulus. It is also present in the epithelial cells of the ureters and bladder (38). It
has therefore been suggested that urothelial cells damaged by the passage of schisto-
some eggs released into the lumen may significantly contribute to the high levels of the
enzyme. Bacteria, notably E. coli, are another source of the enzyme, and higher levels
of β-glucuronidase activity have been detected in schistosomal bladders infected by
this organism (30). The pH of the urine may, however, reduce the activity of the bacte-
rial enzyme (38).

Levels of the carcinogen 3-hydroxyanthranilic acid (3-OHAA), present in low quan-
tities in normal urine, were found elevated in urine specimens of people living in cer-
tain rural areas of Transvaal, South Africa, with a high incidence of bladder cancers
(39). β-glucuronidase has been found responsible for the hydrolysis of the conjugate in
this population (39). The raised levels of the enzyme in response to the higher concen-
tration of precarcinogenic substrate may well explain the differences in bladder cancer
incidence as seen in different areas of the Transvaal where schistosomiasis of the blad-
der is endemic.

Whether vitamin deficiencies or the abnormal metabolism of certain vitamins play a
role in carcinogenesis of the bladder is still to a great extent unclear. Reports from
Egypt have shown that patients with schistosomiasis of the bladder, as well as those
with squamous carcinoma of the bladder associated with schistosomiasis, had reduced
levels of vitamin A compared with normal controls (40). As vitamin A is synthesized in
the liver, and as the liver is often the target in schistosomiasis, even in mixed infections,
the connection seems to be obvious that vitamin A deficiency may have some role in
bladder carcinogenesis in association with schistosomiasis.

Abnormal tryptophan metabolism has long been suspected of playing a partial role
in bladder carcinogenesis. Abnormal tryptophan metabolism has also been observed in
patients with schistosome-associated bladder cancer with a significant increase in the
secretion of kynurenic acid, acetyl kynurenine, kyunurenine, and 3-hydroxykynure-
nine. Tryptophan metabolites, however, require a local abnormality such as a foreign
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body, for example, urinary schistosomiasis, in the bladder to function as a promoter
(41,42).

High levels of urinary kynurenine are often found in Vitamin B6 deficiency (43).
Bladder cancer patients also have high urinary levels of kynurenine (43). Some kynure-
nine metabolites are carcinogenic, and it is possible that a vitamin B6 deficiency with
consequent high secretory levels of kynurenine derivatives in the urine may augment
the action of other carcinogenic factors already present in the bladder, but only if the
latter are unconjugated.

Proline has a regulating effect on fibroblast proliferation and occurs in high levels
in schistosome eggs, which are known to elicit a strong fibroblastic reaction (44). It
has been postulated that a change in the stromal environment of tumors is necessary
before tumor infiltration can take place. Because proline diffuses across the egg shell
into the environment surrounding the eggs, changes in stromal integrity or altered
interaction between stroma and epithelium could possibly promote tumor formation
of infiltration (45).

MOLECULAR EVENTS: CHROMOSOMAL ALTERATIONS ASSOCIATED
WITH SCHISTOSOMA-RELATED BLADDER CANCERS

Although the association of carcinoma with bilharziasis has long been evident in
epidemiologic studies, the exact mechanism by which chronic bilharzial infestation
leads to carcinoma is not entirely clear. Among the mechanisms that have been postu-
lated, are specific chromosomal aberrations of tumor suppressor genes known to play a
role in the pathogenesis of other carcinomas. These genetic abnormalities result in the
production of mutant proteins that distort control of the cell cycle, thereby affecting
proliferative potential (46–50).

Ghaleb et al. (57) examined 27 paraffin-embedded bladder specimens from 18
Egyptian patients with schistosome-associated carcinoma. Fluroscence in situ
hybridization results, in the carcinoma and from benign mucosa of patients with schis-
tosomiasis, were compared with flow cytometric DNA ploidy and cell cycle assays.
Numerical aberrations of chromosomes 9 and 17 were identified in schistosome-asso-
ciated bladder carcinoma, similar to that demonstrated in nonendemic carcinomas of
the bladder.

Thus it appears that numerical aberrations of chromosomes 9 and 17 may occur in
chronically inflamed and metaplastic but still histologically benign mucosa of at least
some patients with Schistosomal cystitis, and in other areas of carcinoma in situ (57).
Aberrations of chromosome 9 and 17 have also been implicated in the development
and progression of transitional cell carcinoma of the urinary tract (58). It is therefore
possible that schistosome-associated bladder cancer in Egypt and sporadic cases of
bladder cancer in the United States may develop through the same genetic mecha-
nisms.

MOLECULAR EVENTS UNDERLYING SCHISTOSOMIASIS-RELATED
BLADDER CANCER

Molecular events underlying urothelial neoplastic progression have identified alter-
ations associated with specific genes along this pathway. Results collected from patient
populations in North America, where transitional cell carcinomas (TCCs) predominate
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and multiple etiologic agents are implicated in progression, shows interesting findings:
H-ras activation (59–61), p53 (62) and retinoblastoma gene (Rb) (63) inactivation and
overexpression of the epidermal growth factor receptor (EGFR) (64) and C-erbB-2
(65). The prospective analysis of bladder tumors involving each of the genetic loci
implicate p53 inactivation as a late event associated with the transition of tumor from a
low-grade to a high-grade lesion (66). Loss of expression of the Rb gene product and
overexpression of the EGFR are correlated with the invasive phenotype and along with
p53 have been proposed as independent prognostic indicators of progression in bladder
cancer. In contrast, H-ras activation has been consistently found to be represented in all
grades of bladder tumors.

Ramchurren et al. (67) examined the molecular alterations reported in transitional
cell carcinomas from Western countries in schistosomiasis-related squamous cell carci-
nomas of the bladder and whether genetic changes identified were indicative of the
action of a specific etiologic agent. Preferential activation of the H-ras gene in approx
14% of the schistosomiasis-related squamous cell carcinoma lesions was demon-
strated. No mutational events associated with codon hot spots in N- or K-ras genes
were found using single strand conformation polymorphism (SSCP) analysis (67). In
addition, the most common mutational event reported in transitional cell carcinoma,
involving a G-T transversion at codon 12 resulting in a glycine-to-valine change
(59,60,68), was not found in this group of schistosomiasis-related bladder cancers. Of
the three ras activation events identified, two displayed codon-13 mutations, an occur-
rence recorded only rarely in transitional cell carcinoma.

Inactivation events associated with the p53 tumor suppressor gene are the most com-
mon molecular changes recorded in transitional cell carcinomas (62,69). Genetic
changes associated with this locus are generally considered late events, possibly linked
to transition from a low-grade to a high-grade transitional cell carcinoma (66). The fre-
quency of detection of p53 alterations in bladder tumors has been reported in a range
between 29% and 61% where such events have been shown to be indicative of a signif-
icantly lower progression-free interval (70). In the study by Ramchurren et al. (67), p53
inactivation was found in 57% tumors involving 23 point mutations and one
deletion/insertion event. In addition, the preponderance of G-A transitions in the schis-
tosomiasis cases harboring multiple mutations is also characteristic of the molecular
changes elicited by the action of alkylating N-nitroso compounds. The p53 mutations
found in schistosomiasis-bladder lesions are limited mainly to exons 7 and 8, with mul-
tiple mutations being a common occurrence. Therefore, p53 mutational events would
be unlikely to occur as late events in schistosome-associated bladder squamous cell
carcinomas and probably occur early on in bladder carcinogenesis. A study by Habuchi
et al. (71) from Egypt showed p53 missense mutations involving exons 5, 6, 8, and 10.
This may indicate the involvement of alternative carcinogenic cofactors in different
schistosomiasis-infested regions.

The retinoblastoma gene product (Rb) is altered in bladder carcinoma cell lines and
is an important prognostic variable in patients presenting with invasive bladder cancer
(72,73). Altered patterns of Rb expression detected with immunocytochemistry are rep-
resented by undetectable or heterogeneous nuclear staining throughout tumor tissue
and is considered indicative of more aggressive biologic behavior (72,73). Unlike the
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transitional cell carcinoma, which is characterized by Rb inactivation, Rb protein is
expressed in a majority of invasive schistosomiasis-related squamous cell carcinoma of
the bladder.

High-level expression of EGFRs is a common property of squamous cell carcinomas
and occurs during the progression of normal epidermal cells to the malignant state
(74). Many studies have described an association between increased expression of
EGFR and high stage of bladder tumors (75). Ramchurren et al. (67) found strong
immunoreaction for the EGFR in 67% of the schistosoma-associated bladder tumors.
This finding is similar to the overexpression recorded in transitional cell carcinomas of
the bladder reported in the Western population.

C-erbB-2, a member of the tyrosine-kinase-receptor family, encoding a transmem-
brane protein, is also amplified and/or overexpressed in bladder cancer (65). The find-
ings are similar in schistosomiasis-associated bladder tumors, with strong
immunostaining and frequent amplification and higher gene-copy number in high
grade tumors (67).

In summary, the molecular changes occurring in schistosomal bladder carcinoma
differ in several ways from those recorded in transitional cell carcinomas in the West-
ern population.

MOLECULAR EVENTS UNDERLYING SQUAMOUS CELL
CARCINOMAS OF THE BLADDER

Ramchurren et al. conducted a study which examined whether the mutational
changes recorded in Schistosomal bladder squamous cell carcinoma are a result of S.
hematobium infection or a function of squamous rather than transitional cell carci-
noma, by studying the H-ras and p53 genes in squamous cell carcinoma of the bladder
not associated with schistosoma infections in South Africa (76). None of the squamous
cell carcinomas in the present study harbored a H-ras mutation. This suggests that the
H-ras gene may not be involved in the tumorogenesis of squamous cell carcinoma of
the bladder in the absence of schistosomiasis infection. p53 mutations were present in
80% of the bladder squamous cell carcinomas. The prevalence of mutations at this
locus in squamous cell carcinoma appeared to be higher than that reported for transi-
tional cell carcinoma (29–61%), suggesting that the p53 gene has a greater involvement
in the development of squamous rather than transitional cell carcinoma of the bladder.
Genetic changes associated with this locus are generally considered late events, possi-
bly linked to transition from a low-grade to a high-grade lesion (66). Squamous cell
carcinomas at the time of diagnosis are generally more advanced with deep muscle
invasion and typically more aggressive than transitional cell carcinoma. It is therefore
not unexpected that the p53 gene sustains a high incidence of mutations in squamous
cell carcinoma compared to transitional cell carcinoma.

Ramchurren et al. (76) detected five silent mutations in p53 occurring at codon 264
involving leucine, with the remainder being scattered throughout exons 4–9. Mutations
at codons 146 and 192 were also identified, with the change at codon 192 being gluta-
mine to a stop codon (CAG-TAG). Another observation regarding the p53 locus in
bladder squamous cell carcinoma in the South African population is that whereas
tumors without schistosomiasis infection possess mutations in exons 4, 5, 6, 7, 8, and 9,
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96% of the mutations in schistosome-associated squamous cell carcinoma are confined
to exons 7 and 8. This would suggest that the involvement of the parasite in tumoroge-
nesis of bladder squamous cell carcinoma results in the targeting of p53 mutations to a
very restricted region of the gene. Further, in the study by Ramchurren et al. (76), 72%
of the mutations were transitions of which 65% were C-T/T-C substitutions. In con-
trast, the schistosomal bladder squamous cell carcinoma showed a 79% prevalence of
transitional changes with 65% being G-A/A-G base substitutions (67). It therefore
appears that molecular changes occurring in H-ras and p53 genes in squamous cell car-
cinomas of the bladder associated with schistosomiasis are different from those not
associated with the parasite.

HPV AND SCHISTOSOMIASIS-ASSOCIATED BLADDER CANCER

Cooper et al. (77) examined the human papillomavirus (HPV) DNA status in schis-
tosomal associated squamous cell carcinoma of urinary bladder in South Africa by
using nonisotopic in situ hybridization (NISH) and polymerase chain reaction (PCR)
against 6, 11, 16, 18, 31, and 33 genotypes. None of the cases was shown to harbor
HPV DNA. This study abrogates the role of HPV in schistosoma-associated bladder
cancer in South Africa. Other factors including nitrosamine exposure, p53 mutations,
and additional unknown chromosomal events may play a major role in the development
of this parasite-associated neoplasm.

SCREENING FOR S. HEMATOBIUM

Ideally, screening for S. hematobium should be done in endemic and hyperendemic
areas. Microscopic detection of schistosome eggs in feces or urine is the most reliable
and cost-effective means of diagnosis (78). The preferred diagnostic method for S.
hematobium infection is microscopic examination of filtered urine. S. hematobium
eggs are counted at ×100 magnification. Egg counts of fewer than 50 eggs/10 mL urine
indicate light infection; all other are designated as heavy infection. After chemother-
apy, most or all eggs may appear dark, that is, nonviable, even before egg excretion
ceases. However, morbidity can persist in inactive infections and in such patients, rec-
tal or bladder biopsy or serodiagnosis should be performed.

In large-scale campaigns, for control of endemic S. hematobium, simple dipstick
urine tests have proven accurate and advantageous. Commercially available reagent
strips capable of detecting 5–15 red cells per microliter of urine and 10–25 mg of pro-
tein/100 mL of urine are up to 89% specific in spotting S. hematobium infection among
endemic children (79). Although the dipstick greatly facilitates field studies, it should
not replace parasitologic diagnosis.

Most diagnostic laboratories in endemic countries today perform enzyme-linked
immunosorbent assays (ELISAs) or radioimmunoassay (RIA) tests using a variety of crude
or fractionated worm or egg antigens including purified S. mansoni egg antigen (80).

In the United States, the Centers for Disease Control and Prevention offers a two-
step procedure based on adult worm microsomal antigen fractions in which sera are
first screened by FAST-ELISA, followed by immunoblotting with schistosome
species-specific fractions. Field adoptable versions of these have also recently been
developed (81).
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TREATMENT OF S. HEMATOBIUM

It has been observed that a close relationship exists between vesical schistosomiasis
and vesical carcinoma, particularly in areas where the infection is highly endemic.
Early treatment of S. hematobium is likely to reduce the risk of bladder cancer. How-
ever, because all drugs currently used for treatment of schistosomiasis have potentially
serious side effects, the relative risks of treatment must be weighted, particularly in
lightly infected patients. Only patients with active infection should be treated. Embry-
onated eggs can be found in the excreta of nearly all actively infected cases. Drugs
commonly used for treatment are Niridazole, trivalent antimonials, and Hycanthone.
The results of treatment are best followed by quantitation of eggs in the feces or urine,
as chemotherapy may greatly reduce the number of parasites without eradicating them.
Therefore, the effectiveness of a drug and benefit to the patient should be judged in
large part by reduction in the intensity of infection.

CONCLUSION

Schistosomal carcinogenesis may therefore be summarized as follows (Fig. 1):

1. The presence of S. haematobium eggs in the mucosal layers of the bladder results in
metaplasia as well as reparative hyperplasia of the epithelium, leading to an increased
cell turnover that may escape growth control mechanisms. It may also enhance already
existing minute foci of intra-epithelial neoplasia.

2. As bacterial infection, notably mixed, forms part of the pathology of schistosomal
bladders, the effect of naturally occurring carcinogens may be enhanced by accelerated
nitrosation of precursor substrates through nitrate reductase activity.

3. Hydrolytic enzymes such as β-glucuronidase, originating from many sources, split
nontoxic glucuronide conjugates into active carcinogenic moities.

4. Altered metabolism of vitamins, and/or deficiencies may enhance carcinogenesis espe-
cially through the action of kynurenine metabolites, in themselves carcinogenic. The
protective role of certain vitamins such as A and B6 will be absent, either through diet
deficiencies or liver and intestinal disease.

5. Differences in diet with a resultant different intake of a variety of naturally occurring
carcinogens (although still illusive) may explain focal differences of tumor incidence in
endemic schistosomiasis areas.

6. Changes in the stroma underlying and surrounding mucosal lesions may well promote
the development of infiltrative lesions; alternatively, interactions between stroma and
epithelium may be impaired. Stromal proliferation caused by excess of proline in the
vicinity of viable schistosome eggs may possibly have a counterpart in epithelial prolif-
eration.

7. Aberrations of chromosome 9 and 17 have been implicated in the development and
progression of transitional cell carcinoma of the urinary bladder. Similar aberrations
may occur in chronically inflamed and metaplastic mucosa with bilharzial cystitis and
in carcinoma in situ. Bilharzial-associated bladder cancer in Egypt and sporadic cases
of bladder cancer in the United States may develop through the same genetic mecha-
nisms.

8. The molecular changes involving H-ras and p53 occurring in schistosomiasis related
squamous cell carcinoma are different from those recorded in transitional cell carci-
noma in the Western countries. Multiple mutations found at the p53 locus in schistoso-
miasis related bladder tumors is consistent with the involvement of a specific etiologic
agent, possibly nitrosamine(s), responsible for the neoplastic progression in bilharzial
bladder cancer.
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9. Molecular changes occurring in the H-ras and p53 genes in squamous cell carcinomas
of the bladder associated with schistosomiasis are different from those not infected
with the parasite. The H-ras gene is unaltered in the absence of bilharzial infection and
may therefore not be directly involved in the tumorogenesis of squamous cell carci-
noma of the bladder. Multiple mutations and transitional base changes are a common
occurrence in squamous cell carcinoma of the bladder, particularly in the South African
population. However, the interaction of the carcinogenic agents in the presence of the
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Fig. 1. Proposed pathogenetic pathway of neoplastic progression for squamous cell carcino-
genesis associated with schistosomiasis.



parasite produces mutations in the p53 tumor suppressor gene that are different in pro-
file from those seen in the absence of schistosomiasis infection.
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Does Childhood Acute Lymphoblastic Leukemia

Have an Infectious Etiology?

Mel Greaves

“We incline on our evidence to the belief that the solution to the problem of leukaemia lies
rather in some peculiar reaction to infection than in the existence of some specific infec-
tive agent.”

F.J. Poynton, H. Thursfield, and D. Paterson
Hospital for Sick Children, Great Ormond Street, London. 1922 (1)

INTRODUCTION

The idea that infection may play a causal role in the etiology of leukemia has an
antiquity equivalent to the recognition of leukemia as a disease; indeed some early
descriptions regarded leukemia as a pathological response to infection rather than a
malignancy. It was recognized that the general age-associated incidence of pediatric
leukemia appeared to mirror that of common infections such as diphtheria and measles.
Reports of infections preceding or copresenting with a diagnosis of leukemia (2,3)
were considered to reflect causal linkage although other interpretations of this associa-
tion were obviously possible. Stewart in particular argued that infections occurring in
children prior to diagnosis were likely to have arisen as a consequence of the immuno-
suppressive effects of leukemia (4). Attempts to implicate infectious spread of
leukemia via contact with patients drew negative conclusions (5). These early and
incomplete studies therefore left any etiologic association of leukemia and microorgan-
isms unsubstantiated and generally disbelieved.

Unrelated to these clinical observations was a separate, although relevant, history of
animal leukemias, both “spontaneous” and experimentally induced, that convincingly
demonstrated that viruses could be leukemogenic (6,7). It would have been surprising
if humans were an exception in this respect and HTLV-I (in adult T-cell leukemia) (8)
and Epstein–Barr virus (EBV; in endemic/tropical Burkitt’s lymphoma) (9) fulfilled
expectations in providing two clear examples of human lymphoid malignancies in
which viruses are causally involved. As yet, however, there has been no equivalent,
direct evidence linking common types of childhood or adult leukemia with viruses or
other infectious agents.
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Many epidemiologic case/control studies over the past few decades have attempted
to identify associations that might point to major causal links for childhood leukemia.
On the whole, these have provided either weak or contentious associations, for exam-
ple, with environmental exposure to ionizing radiation, pesticides, or electromagnetic
fields (reviewed in [10–12]). A small proportion (<5%) of cases of pediatric leukemia
involve inherited genetic predisposition (13) and in the past there was a small but sig-
nificantly increased risk (approx 1.4-fold) associated with X-ray pelvimetry during
pregnancy (14,15). This unsatisfactory impasse arises in part because of the difficulty
in design and executing case/control epidemiologic studies on an adequate scale for a
relatively rare disease. The overall rate of childhood leukemia in the United States
(whites) and Europeans is around 35/106/yr, giving a cumulative risk of about 1 in
2000 between birth and age 15 yr (16). This problem is then compounded by the bio-
logic heterogeneity of childhood leukemia. Clearly this is not one cancer but a family
of related malignancies derived from different stem cells in the hemopoietic hierarchy
and/or driven by distinctive molecular mechanisms (17,18). A priori it is unlikely that
these all have a single causal explanation or that even a well-defined hematologic sub-
type has an exclusive etiology.

Over the past few years very large-scale case/control studies have been set up, in
the United Kingdom and United States in particular, to try and address this issue, tak-
ing on board the biology of the disease. A few component studies have so far been
reported, for example, on electromagnetic fields (19), and others will shortly follow.
The United States (CCG) study was not designed to assess any possible role of infec-
tion (20) but that in the United Kingdom was (along with other possible mecha-
nisms). This distinction arises in part because the hypothesis that infection might be
involved in childhood leukemia has been resurrected and given some priority in the
United Kingdom. I summarize here the rationale for this and what data appear to sup-
port it.

EVIDENCE FOR THE PROSECUTION

If childhood leukemia were indeed linked to infection, then one might expect this to
be reflected in demographic features of communities, that is, with instances of cluster-
ing or linked to population density or movement and mixing and perhaps with socioe-
conomic status. This does not necessarily follow of course if leukemia were to be, say,
a very rare outcome of a common infection. Moreover, clearly nonrandom clusters
could have other, noninfectious causes. Still, there is now rather convincing evidence
along these lines. The first and almost classic case of childhood leukemia clustering
was reported in 1963 (21).

Between autumn 1957 and summer 1960, eight cases of acute lymphoblastic or
“stem cell” leukemia (ALL) occurred in children (aged 3–13 yr) living in a single
parish of the town of Niles, a Chicago suburb. In the 1950s Niles underwent a sixfold
population expansion, mostly in the parish in which the leukemias occurred. A striking,
though possibly incidental, feature of the cluster was the simultaneous occurrence of a
miniepidemic of rheumatic-like illness at the school. Acute arthropathy and (false)
rheumatic fever are established, if uncommon, sequelae of common bacterial and viral
infections. The features of the cluster in Niles were interpreted as indicating the
involvement of an agent of high infectivity but low pathogenicity.
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Population increases are well recognized to alter the dynamics of infection endem-
nicity for domestic animals and humans (22); and indeed over the centuries have prob-
ably had a major impact on disease prevalence, preferential survival, and genetic
selection in human populations as both Charles Darwin and the geneticist J. B. S. Hal-
dane prescribed. One interpretation of the Niles time/space cluster of cases was that the
admixture of people brought a few infectious carriers of microbe species “X” into con-
tact with a large cohort of previously unexposed and therefore nonimmune individuals;
this then facilitated infectious spread and in a few cases, leukemia resulted. In the
United Kingdom, epidemiologist Leo Kinlen has vigorously pursued this possibility
(23). Niles provided the precedent but the real prompt was actually the cluster of child-
hood leukemia cases around the nuclear reprocessing plant in the village of Seascale in
northeast England. This was popularly attributed to environmental contamination or
somewhat more evocatively with exposed fathers working at the plant passing on
mutant genes to their offspring (24). The evidence for these two possibilities was at
best very weak and has not been substantiated (25).

Kinlen initiated studies to test the idea that population mixing and infection might
best explain this cluster based upon the premise that the village of Seascale was an
unusual example of a community artificially “assembled” for employment purposes
with individuals drawn from all over the United Kingdom, although mostly from pro-
fessional, middle to high income families. His subsequent series of eight independent
studies (23) all involve special examples of population movement and mixing in the
United Kingdom and have consistently shown an increased relative risk of childhood
acute leukemia (averaging around twofold for acute myeloid leukemia [AML] and
ALL combined) shortly after the mixing occurred. A similar finding has since been
recorded outside of the United Kingdom—in new towns in the New Territories region
of Hong Kong (26). Here, the increased risk was selective for the common (B-cell pre-
cursor) subset of acute lymphoblastic leukemia (cALL). Other demographic studies,
particularly by Alexander and colleagues, have provided evidence commensurate with
an infectious etiology, particularly for ALL (see Table 1).

Other studies have suggested an increased risk of ALL with higher socioeconomic
status or affluence (27,28) and in our international collaborative studies, we showed
that cALL in particular appears to be considerably more common, perhaps by an order
of magnitude, in more economically advanced countries or ethnic groups within coun-
tries (29). Costa Rica appeared to be an exception to this, but this in itself helped
prompt a novel explanation for these associations (29). It is perhaps paradoxical that
improving living standards may increase risk of a disease linked with infection in the
young.

These studies certainly raise the spectre of an infectious mechanism but fall consid-
erably short of direct evidence. But then what kind of evidence might one seek and
expect to find? Kinlen, drawing on the analogy with the biology and epidemiology of
cat leukemia, suggested that a transforming retrovirus might be involved. No evidence
to support this view has been forthcoming, but it is unclear if it has been adequately
tested. In collaboration with R. Jarrett and colleagues, we have used polymerase chain
reaction (PCR) degenerate primers to screen for other candidate viruses, including Her-
pes family and PK virus (30) in leukemic samples. To date, these have produced no
positive results (31) (and RJ, MG unpublished data). If transforming viruses were
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involved, then one might expect to see an elevated incidence of leukemia in immunod-
eficient or immunosuppressed children. It is recognized that such individuals do have
an increased frequency of EBV-associated lymphomas and of leukemia/lymphoma
overall but only very few cases are of cALL (or AML) (32,33). Taking this observation
into account along with the apparent risk of ALL with improving living circumstances
suggested an alternative idea that has gone under various titles but in essence is a
“delayed infection” hypothesis in which the immune response is not the missing pro-
tector but rather the instigator of the problem. This idea is very much along the lines
hinted at by clinicians treating leukemia in London in 1922; see the quote heading this
chapter (1).

The hypothesis (Fig. 1) (34,35) emphasizes the critical importance of the pattern and
timing of infections in early life in relation to the developmental programming of the
immune system. The idea is that the biologic “norm” is for many common or endemic
infections to be encountered around birth through the mother, or during infancy
through breast milk or other siblings or contacts. Moreover, these early infectious
exposures should occur in the context of the immune protection or dose limitation that
derives from the mother’s transplacental immunoglobulins in the first month after birth
and from breast milk thereafter. The naïve neonatal immune system has a distinct cellu-
lar composition and response pattern to microbial challenge. Early exposures are edu-
cational for the immune system, much as early environmental exposures are critical for
the brain and will modulate or prime the infant’s immunologic repertoire in a stable
fashion as a contingency for potential exposures in the future. These changes include
both expansion and elimination or suppression of certain T-cell subsets or clones. In
mice, and presumably in humans also, the immunologic response of the neonate is
strongly influenced by inherited alleles of the major histocompatibility complex
(MHC) class II locus. Recent lifestyle changes in developed countries, including chil-
drearing and breastfeeding practices, inadvertently compromise this evolutionary adap-
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Table 1
Epidemiologic Evidence for an Infectious Etiology of Childhood ALLa

Parameter Reference

1. Geographic variation: “Developed” societies (↑ 10×) (29,46)
2. Time trends: “Emergence” of age (2–5 yr) peak 

in developed countriesb (47)
3. Sociodemography: Socioeconomic statusc (27,28,48,49)

Isolated areas (48)d

Time/space clusters (21,50–52)
Population mixing (23,26)

a Evidence reviewed in refs. (35,47).
b 1920–1945 in the United Kingdom and the United States (whites); later in Japan. See ref. (47) for fur-

ther discussion.
c Status of community appears to be more important than that of patient’s immediate family.
d Association with distance from metropolitan centres and with relatively low population density.

Another study, from Sweden, has reported a higher incidence rate of ALL in built-up areas with higher
population densities (53).



tation of the immune system. First, pregnant mothers may not themselves have been
exposed and therefore are not competent to provide immune protection or modulation.
Moreover, exposure of children themselves to infection has been much reduced
through improvements in hygiene and altered patterns of social contacts. These
changes have occurred concomitantly with a withdrawal, for social reasons, of pro-
longed breastfeeding. Breastfeeding has multiple nutritional and immunologic effects
on offspring, including the oral transmission of bacteria and viruses, which may consti-
tute early first exposure.
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Lack of early exposure may therefore leave the immune system unmodulated or
uneducated, and subsequent infection, via social “mixing” by some common microbes
then occurs in a biologically abnormal time frame for which the immune system is
inappropriately programmed. In some individuals, perhaps rendered susceptible or pre-
disposed by genotype, this could lead to an abnormal immunologic response that
increases the risk of leukemia. A simple parallel would be with the high rate of
cytomegalovirus and Haemophilus infections occurring when previously nonexposed
young children attend playgroups (36). The pathologic precedent or model is paralytic
poliomyelitis, long considered to be a consequence of delayed infection in “modern-
ized” societies. Delayed first exposure is thought to contribute to the pathogenesis of
several diseases associated with affluence and in which infection is implicated. It
applies to Epstein–Barr virus infection and infectious mononucleosis in young adults,
and a similar idea has been proposed for Hodgkin’s disease in young adults (see Chap-
ter 5) (37), although the time frame of relevant exposures for these disorders differs
from that proposed for childhood leukemia. A similar explanation may hold true for
some autoimmune diseases, especially multiple sclerosis (35), for which epidemiologic
evidence implicates a delayed but common infection of low pathogenicity in geneti-
cally susceptible individuals.

NATURAL HISTORY OF ALL

If a nonspecific or indirect response to infection was to be causally involved in ALL,
then one would need to place this in the context of the natural history of the disease.
Would infection be expected to initiate leukemia or promote it (or both)? Some insight
has been gained recently into the natural history of childhood ALL by the use of
acquired gene fusions that are associated with pathogenesis and provide stable and
unique clonal markers (18). Studies on identical twins (38) and retrospective PCR
analysis of neonatal blood spots (Guthrie cards) (39) have provided convincing evi-
dence that the MLL–AF4 fusion gene characteristic of infant ALL is generated in utero
during fetal hemopoiesis, probably as an initiating event. This is perhaps as to be
expected in patients less than 2 yr of age. But the same now appears to apply to at least
a proportion of older children with ALL. Twin pairs and Guthrie spot data again pro-
vide evidence for a prenatal, fetal initiation, in this instance via TEL–AML1 gene
fusion (40–42).

The twin studies provide another clue also. The concordance rates for leukemia in
identical twins will reflect the requirements for additional events after the initiation of
leukemogenesis in the fetus (18). For infant ALL with MLL fusion genes, the concor-
dance rate is very high. Accurate figures are not available but rates are around 25–50%
and may approach 100% for those with a single placenta. Latency is also remarkably
brief. An implication of the very high concordance rate plus very brief latency or time
frame of clonal evolution to clinical disease is that the MLL gene fusion may be suffi-
cient for leukemogenesis. Alternatively, the fusion gene would have to very efficiently
provoke whatever other secondary changes are necessary (18). But for cALL in chil-
dren, the story is different. The precise concordance rate for identical twins is again not
known but is around 5% with an average postnatal latency of 3 yr (18). This then
implies that fetal initiation, by TEL–AML1, is insufficient for overt leukemia develop-
ment; from this follow two important predictions. First, many more children are born
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with a TEL–AML1-driven preleukemic clone than ever become diagnosed with
leukemia. This is currently being assessed by molecular screening of unselected cord
blood samples. Second, something else is required after birth for cALL to develop. As
with other medical studies on twins (e.g., autoimmune disease), the suspicion then falls
on environmental exposures that, in this case, might provoke or promote evolution of
the fetal “preleukemic” clones.

Although we obviously cannot rule out that the infectious event, if it is relevant at
all, occurs in utero, the most plausible model becomes one in which delayed infection
provides the necessary noncarcinogenic promoting event (Fig. 2). The recent sugges-
tion of a seasonal onset of clinical symptoms for cALL (43) is in accord with this
possibility. There are a number of ways in which this might operate including via
transient marrow hypoplasia induced by T-cell derived γ-interferon followed by florid
regeneration.

There are both animal (44) and clinical (45) precedents for lymphoid malignancies
originating via indirect immunologic or infectious mechanisms. The nature of the
infections involved remains entirely conjectural at present although there is no appeal-
ing logic in considering only viruses; bacteria, and particularly common bacteria with
super-antigens, are plausible candidates. Can this idea be stringently tested? Obviously
it is difficult to substantiate an indirect infectious mechanism, particularly if common
infections are involved, and if no single species of multiorganism is responsible. But
there are epidemiologic predictions that follow on from the hypothesis (Table 2). These
are being assessed in the UK National Case/Control Study of Childhood Cancer and in
fact already have some support from prior studies (Table 2).

Clearly this model mechanism is speculative but it is plausible and there is a reason-
able expectation that it will be refuted or endorsed by ongoing epidemiologic studies.
If it is correct, then the implication is that it might be possible to prevent a substantial
fraction of childhood leukemias by some kind of prophylactic vaccination in infancy.
Alternatively, or in addition, changes in lifestyle factors influencing social `exposures’
of infants could have a beneficial impact.

Childhood ALL and Infection 457

Fig. 2. A two-step model for the natural history of cALL. (From ref. [18].)



REFERENCES

1. Poynton FJ, Thursfield H, Paterson D. The severe blood diseases of childhood: a series of obser-
vations from the Hospital for Sick Children, Great Ormond Street. Br J Child Dis 1922;
XIX:128–144.

2. Cooke JV. The incidence of acute leukemia in children. JAMA 1942; 119:547–550.
3. Pierce M. Childhood leukemia. J Pediatr 1936; 8:66–95.
4. Kneale GW, Stewart AM. Pre-cancers and liability to other diseases. Br J Cancer 1978;

37:448–457.
5. Ward G. The infective theory of acute leukaemia. Br J Child Dis 1917; 14:10–20.
6. Gross L. Viral etiology of cancer and leukemia: a look into the past, present and future. Cancer

Res 1978; 38:485–493.
7. Goldman JM, Jarrett O (eds). Mechanisms of viral leukaemogenesis. Edinburgh: Churchill Liv-

ingstone, 1984.
8. Gallo RC, Essex ME, Gross L (eds). Human T-cell leukemia/lymphoma virus. The family of

human T-lymphotropic retroviruses: their role in malignancies and association with AIDS. Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press, 1984.

9. Lenoir GM, O’Conor GT, Olweny CLM (eds). Burkitt’s lymphoma: a human cancer model.
Lyon: World Health Organization International Agency for Research on Cancer, 1985.

10. Linet MS, Devesa SS. Descriptive epidemiology of childhood leukaemia. Br J Cancer 1991;
63:424–429.

11. Neglia JP, Robison L. Epidemiology of the childhood acute leukemias. Pediatr Clin North Am
1988; 35:675–692.

12. Ross JA, Davies SM, Potter JD, Robison LL. Epidemiology of childhood leukemia, with a focus
on infants. Epidemiol Rev 1994; 16:243–272.

13. Taylor GM, Birch JM. The hereditary basis of human leukemia. In: Henderson ES, Lister TA,
Greaves MF (eds). Leukemia, 6th edit. Philadelphia: WB Saunders, 1996, pp. 210–245.

14. Boice JDJ, Inskip PD. Radiation-induced leukemia. In: Henderson ES, Lister TA, Greaves MF
(eds). Leukemia, 6th edit. Philadelphia: WB Saunders, 1996, pp. 195–209.

15. Doll R, Wakeford R. Risk of childhood cancer from fetal irradiation. Br J Radiol 1997;
70:130–139.

16. Parkin DM, Stiller CA, Draper GJ, Bieber CA. The international incidence of childhood cancer.
Int J Cancer 1988; 42:511–520.

17. Greaves M. The new biology of leukemia. In: Henderson ES, Lister TA, Greaves MF (eds).
Leukemia, 6th edit. Philadelphia: WB Saunders, 1996, pp. 34–45.

18. Greaves M. Molecular genetics, natural history and the demise of childhood leukaemia. Eur J
Cancer 1999; 35:173–185.

19. Linet MS, Hatch EE, Kleinerman RA, et al. Residential exposure to magnetic fields and acute
lymphoblastic leukemia in children. N Engl J Med 1997; 337:1–7.

458 Greaves

Table 2
Predictions of the Delayed Infection Hypothesis for Childhood ALL

Relative Provisional supporting
Parameter risk evidence

1. Decreased infections in first year of life ↑ (54–56)
2. Decreased social contacts in infants ↑ (57)
3. Decreased length of breastfeeding ↑ (58)
4. Others: HLA associations ↑ or ↓ (59)



20. Robison LL, Buckley JD, Bunin G. Assessment of environmental and genetic factors in the etiol-
ogy of childhood cancers: the children’s cancer group epidemiology program. Environ Health
Perspect 1995; 103:111–116.

21. Heath CW Jr, Hasterlik RJ. Leukemia among children in a suburban community. Am J Med
1963; 34:796–812.

22. Anderson RM, May RM. Immunisation and herd immunity. Lancet 1990; 335:641–645.
23. Kinlen LJ. Infective cause of childhood leukaemia. Lancet 1989; i:378–379.
24. Gardner MJ, Hall AJ, Downes S, Terrell JD. Follow-up study of children born to mothers resident

in Seascale, West Cumbria (birth cohort). Br Med J 1987; 295:822–827.
25. Bridges BA. Committee on Medical Aspects of Radiation in the Environment (COMARE)

Fourth Report. UK Department of Public Health, 1996.
26. Alexander FE, Chan LC, Lam TH, et al. Clustering of childhood leukaemia in Hong Kong: asso-

ciation with the childhood peak and common acute lymphoblastic leukaemia and with population
mixing. Br J Cancer 1997; 75:457–463.

27. Rodrigues L, Hills M, McGale P, Elliott P. Socio-economic factors in relation to childhood
leukaemia and non-Hodgkin lymphomas: an analysis based on small area statistics for census
tracts. In: Draper G (ed). The Geographical Epidemiology of Childhood Leukaemia and Non-
Hodgkin’s Lymphoma in Great Britain 1966–83. London: OPCS, 1991, pp. 47–56.

28. Draper GJ, Vincent TJ, O’Conor CM, Stiller CA. Socio-economic factors and variation in inci-
dence rates between county districts. In: Draper G (ed). The Geographical Epidemiology of
Childhood Leukaemia and Non-Hodgkin’s Lymphoma in Great Britain 1966–83. London:
OPCS, 1991, pp. 37–46.

29. Greaves MF, Colman SM, Beard MEJ, et al. Geographical distribution of acute lymphoblastic
leukaemia subtypes: second report of the collaborative group study. Leukemia 1993; 7:27–34.

30. Smith M. Consideration on a possible viral etiology for B-precursor acute lymphoblastic
leukemia of childhood. J Immunother 1997; 20:89–100.

31. MacKenzie J, Perry J, Ford AM, Jarrett RF, Greaves M. JC and BK virus sequences are not
detectable in leukaemic samples from children with common acute lymphoblastic leukaemia. Br
J Cancer, in press.

32. Filipovich AH, Zerbe D, Spector BD, Kersey JH. Lymphomas in persons with naturally occur-
ring immunodeficiency disorders. In: Magrath IT, O’Conor GT, Ramot B (eds). Pathogenesis of
Leukemias and Lymphomas: Environmental Influences. New York: Raven Press, 1984, pp.
225–234.

33. Filipovich AH, Mathur A, Kamat D, Kersey JH, Shapiro RS. Lymphoproliferative disorders and
other tumors complicating immunodeficiencies. Immunodeficiency 1994; 5:91–112.

34. Greaves MF. Speculations on the cause of childhood acute lymphoblastic leukemia. Leukemia
1988; 2:120–125.

35. Greaves MF. Aetiology of acute leukaemia. Lancet 1997; 349:344–349.
36. Ferson MJ. Infections in day care. Curr Opin Pediatr 1993; 5:35–40.
37. Gutensohn N, Cole P. Childhood social environment and Hodgkin’s disease. N Engl J Med 1981;

304:135–140.
38. Ford AM, Ridge SA, Cabrera ME, et al. In utero rearrangements in the trithorax-related onco-

gene in infant leukaemias. Nature 1993; 363:358–360.
39. Gale KB, Ford AM, Repp R, et al. Backtracking leukemia to birth: identification of clonotypic

gene fusion sequences in neonatal blood spots. Proc Natl Acad Sci USA 1997; 94:13950–13954.
40. Ford AM, Bennett CA, Price CM, Bruin MCA, Van Wering ER, Greaves M. Fetal origins of the

TEL–AML1 fusion gene in identical twins with leukemia. Proc Natl Acad Sci USA 1998;
95:4584–4588.

41. Wiemels JL, Ford AM, Van Wering ER, Postma A, Greaves M. Protracted and variable latency of
acute lymphoblastic leukaemia after TEL–AML1 gene fusion in utero. Blood, in press.

Childhood ALL and Infection 459



42. Wiemels JL, Ford AM, Bennett CA, et al. Direct evidence for a pre-natal origin of TEL–AML1
gene fusions in paediatric leukaemia. Blood 1998; 92(Suppl 1):68a.

43. Westerbeek RMC, Blair V, Eden OB, et al. Seasonal variations in the onset of childhood
leukaemia and lymphoma. Br J Cancer 1998; 78:119–124.

44. Tsiagbe VK, Yoshimoto T, Asakawa J, Cho SY, Meruelo D, Thorbecke GJ. Linkage of superanti-
gen-like stimulation of syngeneic T cells in a mouse model of follicular center B cell lymphoma
to transcription of endogenous mammary tumor virus. EMBO J 1993; 12:2313–2320.

45. Wotherspoon AC, Doglioni C, Diss TC, et al. Regression of primary low-grade B-cell gastric
lymphoma of mucosa-associated lymphoid tissue type after eradication of Helicobacter pylori.
Lancet 1993; 342:575–577.

46. Ramot B, Magrath I. Hypothesis: the environment is a major determinant of the immunological
sub-type of lymphoma and acute lymphoblastic leukaemia in children. Br J Haematol 1982;
52:183–189.

47. Greaves MF, Alexander FE. An infectious etiology for common acute lymphoblastic leukemia in
childhood? Leukemia 1993; 7:349–360.

48. Alexander FE, Ricketts TJ, McKinney PA, Cartwright RA. Community lifestyle characteristics
and risk of acute lymphoblastic leukaemia in children. Lancet 1990; 336:1461–1465.

49. Petridou E, Trichopoulos D, Kalapothaki V, et al. The risk profile of childhood leukaemia in
Greece: a nationwide case-control study. Br J Cancer 1997; 76:1241–1247.

50. Alexander FE. Space-time clustering of childhood acute lymphoblastic leukaemia: indirect evi-
dence for a transmissible agents. Br J Cancer 1992; 65:589–592.

51. Alexander FE, Wray N, Boyle P, et al. Clustering of childhood leukaemia: a European study in
progress. J Epidemiol Biostat 1996; 1:13–24.

52. Petridou E, Revinthi K, Alexander FE, et al. Space-time clustering of childhood leukaemia in
Greece: evidence supporting a viral aetiology. Br J Cancer 1996; 73:1278–1283.

53. Hjalmars U, Gustafsson G. Higher risk for acute childhood lymphoblastic leukaemia in Swedish
population centres 1973–1994. Br J Cancer 1999; 79:30–33.

54. van Steensel-Moll HA, Valkenburg HA, van Zanen GE. Childhood leukemia and infectious dis-
eases in the first year of life: a register-based case/control study. Am J Epidemiol 1986;
124:590–594.

55. Robison LL, Neglia J. Personal communication to author. August 1998.
56. McKinney PA, Juszczak E, Findlay E, Smith K, Thomson CS. Pre- and perinatal risk factors for

childhood leukaemia and other malignancies: a Scottish case control study. Br J Cancer, in press.
57. Petridou E, Kassimos D, Kalmanti M, et al. Age of exposure to infections and risk of childhood

leukaemia. Br Med J 1993; 307:774.
58. Shu XO, Wen W, Buckley J, Brondum J, Linet M, Robison L. Lifestyle and risk of acute lympho-

cytic leukemia in children. Am J Epidemiol 1998; 147(Suppl):37.
59. Taylor GM, Robinson MD, Binchy A, et al. Preliminary evidence of an association between

HLA-DPB1*0201 and childhood common acute lymphoblastic leukaemia supports an infectious
aetiology. Leukemia 1995; 9:440–443.

460 Greaves



26
Polyoma Viruses (JC Virus, BK Virus, and Simian

Virus 40) and Human Cancer

Keerti V. Shah

Polyomaviruses are widely distributed in nature and are known to infect humans,
monkeys, cattle, rabbit, mice, hamsters, rats, and parakeets. Of the 12 polyomaviruses
described to date (1), the two human polyomaviruses BK virus (BKV) and JC virus
(JCV) and a polyomavirus of monkeys designated simian virus 40 (SV40) have been
investigated for their potential role in human cancers. BKV and JCV are common
infections of childhood, and they persist indefinitely in the infected individuals. Human
exposure to SV40 occurred in the late 1950s and early 1960s mainly as a result of
immunization with poliovirus vaccines inadvertently prepared in SV40-contaminated
monkey kidney cultures.

INFECTIOUS AGENT

Polyomaviruses and papillomaviruses constitute the two subfamilies of the family
Papovaviridae. Papovaviruses are small, nonenveloped viruses with icosahedral cap-
sids and circular, covalently closed, double-stranded DNA genome. They multiply in
the nucleus. Viruses of the two subfamilies are not related genetically or immunologi-
cally and differ in the following respects. Polyomaviruses have a smaller genome (5
kb), and about one half of the genetic information is carried on each DNA strand.
Papillomaviruses have a larger genome (8 kb), and all of the genetic information is car-
ried on a single strand. After initial infection, polyomaviruses reach their target organs
by viremia, whereas papillomaviruses do not have a viremic phase; they multiply and
produce pathology at the site of infection. The role of polyomaviruses in human cancer
is equivocal but that of human papillomaviruses in genital cancer is firmly established
(see Chapters 14–16).

The polyomavirus DNA is condensed into a tight superhelical minichromosome by
four cellular histones. The viral genome consists of (1) a noncoding regulatory region
of about 400 basepairs that is involved in the regulation of viral transcription and repli-
cation; (2) an early region that codes for the nonstructural large and small T antigens
and that is expressed prior to viral DNA replication; and (3) a late region that codes for
the viral capsid proteins VP1, VP2, and VP3 and that is expressed following viral DNA
replication.
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The large T antigen is a multifunctional protein that interacts with specific DNA
sequences and with a wide variety of host cell proteins (2). It is essential for virus mul-
tiplication, mediates cell transformation, and is responsible for the oncogenic proper-
ties of polyomaviruses for laboratory animals. During the lytic cycle, the T antigen,
through its interaction with cellular proteins, stimulates cells to enter the cell cycle and
to replicate their DNA. It initiates viral DNA replication through its ability to assist in
the assembly of preinitiation complexes at the origin of viral DNA replication. It regu-
lates the shift from early- to late-region viral transcription during lytic infection.

BKV, JCV, and SV40 display a high degree of nucleotide sequence homology. Over-
all, JCV genome shares 75% of BKV’s sequences and 69% of SV40’s sequences (3).

TRANSFORMATION AND ONCOGENICITY

In permissive cells (derived generally from the natural hosts of the viruses), poly-
omavirus infection is productive and results in the synthesis of large numbers of virions
and death of the infected cells. In cells of heterologous species, the polyomavirus
infection is nonpermissive and may lead to transformation. The ability of the poly-
omaviruses to transform established cell lines and primary cultures and to produce
tumors in laboratory animals has been studied extensively. The presence of T antigen is
required for the initiation as well as for the maintenance of transformation. In trans-
formed cells, as a rule, the viral genome is integrated into the cellular DNA. The capac-
ity of T antigen to transform cells is mediated, in part, by its ability to complex with
and to inactivate tumor suppressor proteins pRb and p53.

BKV, JCV, and SV40 are tumorigenic for laboratory animals, especially Syrian
hamsters. The animal species, the age of the animal, the route of inoculation, and the
amount of virus in the inoculum are important determinants of oncogenicity. Table 1
lists the species in which the viruses produce tumors and the histologic types of the
main tumors. Brain tumors are induced by all three viruses. BKV most often produces
tumors of the ventricular surfaces, such as ependymomas and choroid plexus papilloma
(4,5), whereas JCV produces predominantly tumors of neural origin, such as medu-
loblastoma, glioblastoma, and astrocytoma (6,7). JCV is unique among viruses in its
ability to produce experimental brain tumors in primates, specifically astrocytomas in
owl and squirrel monkeys (8). SV40 produces a large variety of tumors in laboratory
rodents, including mesotheliomas in hamsters.

The site and phenotypes of experimentally produced tumors have provided leads for
the study of whether polyomaviruses contribute to the etiology of human cancers. This
is quite appropriate. However, it should be recognized that in experimental infections,
very large amounts of virus are introduced directly into a susceptible tissue (e.g., in the
brain of a newborn animal by intracerebral inoculation) and that such exposures are
never encountered in natural situations. Also, experimental tumors are produced in
species in which the viruses do not multiply to produce lytic infections.

BIOLOGY, EPIDEMIOLOGY, AND CLINICAL FEATURES

Polyomaviruses have a narrow host range. BKV and JCV infect only humans. SV40
naturally infects a number of species of the genus Macaca (9). In animal colonies,
SV40 infection may be naturally transmitted to other old-world species of the same
family (Cercopithidae) as the macaques, but not to new-world simian species, which
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belong to other families. BKV and JCV infect cells by binding to sialic acid based
receptors. SV40 does not interact with sialic acid, but binds to major histocompatibility
(MHC) class I proteins for entry into cells (10).

BKV infections occur early and JCV infections late in childhood. Serologic data
indicate that, in the United States, 50% of the children are infected with BKV by the
age of 3 and nearly everyone is infected by 10–11 yr of age. The route of transmission
is not known but is suspected to be through the respiratory tract. Antibodies to JCV are
acquired at later ages, with a 50% prevalence by 10–14 yr of age and a 75% prevalence
among adults. Tonsil tissue may be the primary site of JCV infection. After entry into
the body, the viruses reach their target organs, the kidneys, by viremia. They persist
indefinitely in the kidneys and in the B lymphocytes of the infected hosts. BKV and
JCV are reactivated and excreted in urine in times of immunosuppression (such as with
AIDS or organ transplant) and also during pregnancy and old age. JCV is shed fre-
quently in the urine of nonimmunosuppressed adults.

Natural SV40 infection of rhesus macaques is comparable to BKV and JCV infec-
tions of humans. In the wild, antibodies to SV40 are detected in almost all adult rhesus
and in a proportion of juvenile animals (9). In captivity, the infection spreads rapidly to
susceptible animals. The virus remains latent in rhesus kidneys after primary infection.
Experimentally, the rhesus is readily infected after oral (or intragastric), subcutaneous,
and intravenous inoculation of SV40.

Primary infections with these polyomaviruses are almost always completely asympto-
matic and unrecognized. Nearly all serious illnesses associated with polyomavirus infec-
tion occur as complications of diseases in which cell-mediated immunity is compromised
(1). JCV is the etiologic agent of progressive multifocal leukoencephalopathy (PML), a
subacute, fatal, demyelinating disease of the central nervous system that occurs in patients
with AIDS or other chronic conditions such as cancer or organ transplants. Prior to 1982,
PML was a rare disease affecting individuals in the fifth and sixth decades of life. With the
advent of AIDS, PML now occurs in younger individuals and the number of cases has
increased manifold. It is recognized in 1–2% of HIV-related deaths.

Polyomaviruses and Human Cancers 463

Table 1
Oncogenicity of BKV, JCV, and SV40 for Laboratory Animals

Virus Species Tumor types

JCV Hamster Medulloblastoma, glioblastoma, astrocytoma,
pineocytoma, retinoblastoma, neuroblastoma

Owl and squirrel monkeys Astrocytoma

BKV Hamster, mouse, rat (in one or Ependymoma, choroid plexus papilloma,
more of the above species) glioma, pineal gland tumors, neuroblastoma,

insulinoma, nephroblastoma,
osteosarcoma, fibrosarcoma,
lymphoma

SV40 Hamster Ependymoma, lymphoma, osteogenic sarcoma,
fibrosarcoma, mesothelioma



The broad outline of the pathogenesis of PML is well understood. It results from the
productive infection of oligodendrocytes in the brain by JCV, most often by the virus
reactivated in the immunocompromised host. The oligodendrocytes produce large
amounts of JCV virions and are destroyed by the infection. Oligodendrocytes produce
and maintain myelin; their destruction is the hallmark of the disease. In addition to the
oligodendrocytes with enlarged nuclei, the PML lesions also contain large, bizarre,
often multinucleated astrocytes that resemble malignant cells (11).

BKV infection is associated with hemorrhagic cystitis in bone marrow transplant
recipients, with occasional cases of cystitis and renal disease in immunosuppressed
individuals, and rarely with encephalitis (1,12). In rhesus monkeys immunocompro-
mised by simian immunodeficiency virus (SIV), SV40 produces a PML-like illness
(13). SV40 also is associated with occasional cases of renal and lung disease in rhesus
macaques (14). Almost all recognized illnesses associated with JCV, BKV and SV40
result from productive infections and destruction of specific cell types. However, the
report of an SV40-positive malignant astrocytoma in an SIV-infected pigtail macaque
suggests the possibility that polyomaviral infection may lead to tumors in the immuno-
suppressed host (15).

ROLE OF JCV, BKV, AND SV40 IN HUMAN CANCERS

This has been studied by examination of tumors or tumor-derived cells for poly-
omavirus virions, viral T antigen, and viral sequences. Sera of cancer patients have
been tested for antibodies to virus-coded proteins. A large number of tumor types has
been studied. Special attention has been given to human tumors that occur at the sites
of polyomavirus multiplication and to tumors that resemble experimentally induced
cancers, particularly brain tumors, bone tumors, and mesotheliomas. In the first publi-
cation on this subject, in 1976 Fiori and DiMayorca (16) reported that BKV sequences
were detected by Southern hybridization of DNAs from a variety of tumors. Since that
time a large number of studies have been published. Comprehensive recent reviews of
these studies (17–20) as well as the published proceedings of an international confer-
ence in January, 1997 on “SV40: a possible human polyomavirus” (21) are available.
Most of the data relate to detection of viral sequences in cancers using polymerase
chain reaction (PCR) technology. For virtually all tumors examined, both positive and
negative data have been reported. JCV has been associated with brain tumors and
recently with colon cancer. BKV sequences have been detected in a large variety of
tumors, including, most recently, childhood neuroblastoma. SV40 sequences have been
reported from pediatric brain tumors, common brain tumors, pituitary adenomas,
osteosarcomas and other bone tumors, mesotheliomas, and thyroid carcinomas. The
role of the three viruses in human tumors, especially tumors of the nervous system,
osteosarcomas, and mesotheliomas are reviewed in the following sections, focusing
mostly on studies conducted in the 1990s.

JC Virus
Brain Tumors Coexistent with PML

Several cases of brain tumors coexisting in brains with PML have been reported
(22–25). Some of these tumors were topographically close to PML lesions and may
have arisen in areas of the brain affected by PML (22,23,25). The PML lesions in these
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cases contained large amounts of JCV (22,23). The astrocytes in PML lesions have
JCV DNA, and they morphologically resemble “transformed” cells. Therefore, it is
plausible that the tumors arise from multiplication of JCV-transformed astrocytes in the
immunocompromised host. On the other hand, immunocompromising conditions that
favor the development of PML may also independently favor the emergence of brain
tumors unrelated to JCV infection. A complete characterization of the JCV–tumor cell
association may be helpful in assessing if the virus is etiologically linked to these
tumors.

JCV Sequences in Brain Tumors

JCV sequences have been reported recently in some brain tumors (Table 2). Rencic
et al. (26) described a single case of oligoastrocytoma in a 61-yr-old, HIV-negative
immunocompetent male. The tumor was an oligodendroglioma with distinct areas of
fibrillary astrocytoma. There were large areas of hypomyelinated white matter in areas
of tumor infiltration. JCV DNA, RNA, and T antigen were detected in the tumor tissue.
JCV T antigen was identified in the nuclei of tumor cells in the oligodendroglioma
component, but not in tumor cells in the astrocytoma component of the tumor.
Boldorini et al. (27) identified JCV DNA in a pleomorphic xanthoastrocytoma of a 9-
yr-old immunocompetent child. They examined the tumor for JCV because the
histopathologic features of pleomorphic xanthoastrocytoma resemble those of lytic
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Table 2
JCV, BKV, and SV40 Sequences in Selected Nervous System Tumors: A Summary of
Recent Studies

Virus

Tumor type Reference JCV BKV SV40

Choroid plexus papilloma (41) 10/20
(31) 1/16 0/16 6/16
(36,37) 5/6

Ependymoma (41) 10/11
(31) 0/16 0/16 9/16
(42) 0/10
(36,37) 8/11
(66) 4/13

Medulloblastoma (30) 10/11
(31) 0/17 1/17 9/17

Xanthoastrocytoma (27) 1/1
Other gliomas (28) 0/75 0/75

(26) 1/1
(29) 0/52
(31) 3/150 5/150 51/150
(36,37) 10/30
(66) 3/20

Neuroblastoma (38) 18/18
(41) 0/12



JCV infection. Other studies of gliomas have been negative. Arthur et al. (28) did not
detect JCV (or BKV) sequences in 75 glial tumors or tumor-derived cell lines, and
Herbarth et al. (29) also failed to detect JCV DNA in 52 gliomas or tumor-derived cell
lines.

Khalili et al. (30) have reported JCV DNA in all but one of 11 childhood medul-
loblastomas. JCV T antigen was detected in a majority of the cases. In contrast, Huang
et al. (31) did not detect JCV genome in any of 17 medulloblastomas, but they recov-
ered SV40 genome from five of these tissues.

In a recent report, JCV DNA sequences were recovered from a large majority of col-
orectal cancers as well as of normal mucosal tissues adjacent to the cancers (32). Can-
cer tissues contained greater quantities of JCV DNA than did normal tissues. Treatment
of the specimens with topoisomerase 1 (which would relax the supercoiled viral DNA)
improved the efficiency of JCV detection.

JCV and Genetic Instability

Neel and co-workers (33) have proposed a hypothesis that JCV infection (and per-
haps BKV infection) may result in chromosomal damage in cells at the site of virus
multiplication and that some of the altered cells may progress to cancer.

JCV and Acute Lymphocytic Leukemia (ALL)

An infectious etiology for ALL has been suspected for a long time (see Chapter 25),
and JCV was noted to have several likely characteristics of an infectious agent able to
cause ALL in children (34). However, JCV, BKV, or SV40 sequences were not identi-
fied in leukemia cells of 2- to 5-yr-old children (35).

BK Virus

BKV sequences have been identified in a large variety of human cancers, including
lung and liver carcinomas; kidney, prostate, bladder, and urethral carcinomas; almost
all histologic types of common brain tumors; osteosarcomas; carcinomas of the uterine
cervix and vulva; carcinomas of the lip and tongue; Kaposi’s sarcoma; and retinoblas-
tomas. A comprehensive review by Barbanti-Brodano and his colleagues (17), who
have made the major contributions to this topic, should be consulted for details. The
most recent studies are reviewed here.

BKV and Tumors of the Nervous System

BKV sequences frequently have been amplified from brain tumors (Table 2). It is
curious that the specimens from which BKV sequences were recovered most fre-
quently were also found to be SV40-positive in subsequent studies (36,37).

In a recent article, Flaegstad et al. (38) raised the possibility that BK virus may con-
tribute to the development of neuroblastoma in young children. Neuroblastomas are
tumors of the autonomic nervous system located in the adrenal glands. BKV sequences
were recovered by PCR from all 18 neuroblastomas studied, and in 17 cases BKV
DNA was localized to tumor cells by in situ hybridization. BKV T antigen was
detected in 16 specimens. Five normal adrenal glad specimens were virus negative.

BKV and Kaposi’s Sarcoma

In one report, BKV sequences were found in 100% of Kaposi’s skin lesions and
75% of Kaposi’s sarcoma cell lines (see also Chapter 10) (39).
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SV40

SV40 has no reservoir in the United States or Europe. As described in detail in pre-
vious reviews (9,40), the major documented human exposure to SV40 was between
1955 and 1963 as a result of immunization with SV40-contaminated poliovirus vac-
cines. Although about 100 million people in the United States were immunized with
inactivated Salk poliovirus vaccines in that time period, only a small minority probably
received live SV40 with the vaccines (9).

SV40 and Brain Tumors

In 1992, Bergsagel and colleagues first reported detection of SV40 sequences in two
types of rare pediatric brain tumors, ependymomas and choroid plexus papillomas (41)
(Table 2). As they had been born long after SV40’s contamination of poliovirus vac-
cines, it was suggested that these young children may have become infected by
transplacental transmission of SV40 from infected mothers. Krainer et al. (42) could
not confirm the presence of SV40 in ependymomas. Subsequent studies reported SV40
sequences not only from pediatric brain tumors but also from many histologic types of
adult gliomas (31). In this regard, the results from an earlier study (not listed in Table
2) are pertinent. Greenlee et al. (43) cultured tumor cells from 80 brain tumors and
stained them for SV40 T antigen. Cells from all of the tumors were clearly negative for
SV40 T antigen. In contrast, tumor cells cultured from SV40 tumors experimentally
produced in hamsters stained uniformly positive for SV40 T antigen.

SV40 and Osteosarcoma

In several recent studies, a significant proportion of osteosarcomas was positive for
SV40 sequences by PCR (44–46). Using Southern hybridization, Mendoza et al. exam-
ined 10 unamplified tissue DNAs (that previously were SV40-positive by PCR) and
found patterns of hybridization suggestive of viral integration in five tissues (45). In
one instance, the pattern of viral integration was seen in DNA of normal tissue of a
tumor-bearing patient. Many of the tissues that were PCR-positive for SV40 also con-
tained the BKV genome.

SV40 and Mesothelioma

SV40 sequences were recovered from mesotheliomas in several studies in the
United States, United Kingdom, and Europe (Table 3). However, two laboratories, one
in Europe (47) and the other in the United States (48), failed to detect SV40 sequences
in mesothelioma tissues. In addition, Griffiths et al. (49) expressed some doubt about
the positive data from their own laboratory. They remarked on the possibility of obtain-
ing false-positive PCR by contamination with the many laboratory reagents, such as
mammalian expression vectors, that contain SV40 sequences.

SV40 and Other Cancers

SV40 sequences have also been reported in thyroid carcinoma (50).

ARE POLYOMAVIRUSES ETIOLOGICALLY LINKED TO 
HUMAN CANCER?

There are three polyomaviruses and each is associated with several types of cancers.
Therefore, there are 15–20 virus-cancer associations. However, we discuss them as a
group where possible, and point out specific details when necessary.
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In 1965, A. Bradford Hill proposed that an association between an environmental
exposure and disease could be examined from many different viewpoints to assess if
the exposure caused the disease (51). We will examine the polyomavirus-cancer associ-
ations in the light of these criteria.

(1) Strength of association: Is the effect of the exposures large?
None of the polyomavirus-cancer studies have been performed in a case-control set-

ting or as cohort studies. Therefore it is not possible to estimate the strength of the
association. In viral infections that have been etiologically linked to human cancers,
the relative risks of exposure are estimated to be high, about 20 for hepatitis B virus
(HBV) and hepatocellular carcinoma and about 62 for HPVs and squamous cell carci-
noma of the cervix (52).

(2) Consistency of association: Is the effect seen consistently in different studies?
None of the associations are completely consistent. The observation that ependymo-

mas have SV40 sequences (41) was contradicted in another study (42). Medulloblas-
tomas were reported to have JCV sequences in one study (30), and SV40 sequences
(but no JCV sequences) in another study (31). The high prevalence of SV40 in gliomas
in one study (31) was not reproduced in other studies (28,29). Several studies, in differ-
ent parts of the world, reported the association of SV40 with mesothelioma (53–58).
However, two laboratories (47,48) reported negative data, and a third (49) expressed
reservations about their own positive findings. There also are wide variations in the
proportion of normal tissues found to be virus positive. For example, SV40 was
reported to be positive in 45% of semen fluids in one study (37) and in 0% in another
study (49).

Most of the studies for the three viruses have been conducted with sensitive but
error-prone PCR methods. Positive PCR results have been difficult to confirm with
more robust, if less sensitive assays such as Southern hybridization of unamplified
tumor DNAs. The repeated finding of polyomavirus sequences in human cancers by
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Table 3
SV40 Sequences in Mesothelioma Tissues by PCR Technology

Proportion
Study (reference) Country with SV40 Comment

Carbone et al., 1994 (53) USA 29/48
Cristaudo et al., 1995 (54) Italy 8/11
Pepper et al., 1996 (55) UK 4/9
Strickler et al., 1996 (48) USA 0/48
DeLuca et al., 1997 (56) Italy 30/35
Galateau-Salle et al., 1998 (57) France 10/21 Also found SV40 in 18 of 63 

bronchopulmonary carcinomas
Griffiths et al., 1998 (49) UK ?/26 Questioned the positive data 

of their own laboratory
Testa et al., 1998 (58) USA 9/12 In each of four participating 

laboratories
Mulatero et al., 1999 (47) Germany 0/12



such a large number of laboratories, and the identification of viral transcripts and virus-
coded proteins in some of the studies, is intriguing but the significance of these obser-
vations remains unclear at present. Methodologic artifacts and presence of latent
genomes may account for some of the positive findings.

(3) Specificity: Is the exposure related to a specific type of disease at a specific site?
Taken together, the three polyomaviruses are recovered from a bewildering variety

of cancers and from many different sites. As for individual viruses, JCV has some
specificity for brain tumors. BKV genomes have been reported from a large number of
unrelated sites. SV40 has been recovered from carcinomas and sarcoma, from very
young children and from adults, and from tumors at disparate sites such as the brain,
the bone, and the mesothelium. None of the polyomavirus-tumor associations have the
specificity comparable to that of HBV for hepatocytes and of HPVs for squamous
epithelia.

(4) Temporality: Does exposure precede the disease?
Prospective studies that might answer this question have not been carried out for any

of the polyomaviruses. BKV infections are universal and occur so early in childhood
that it would be difficult to set up a study of BKV-negative and BKV-positive cohorts.

However, human SV40 exposure occurred over a limited time period (1955–1963)
so it was possible to inquire if the incidence of specific cancers was influenced by
SV40 exposure. Such analyses have not revealed that SV40 exposure is associated with
excess risk for all brain tumors, for ependymomas, for osteosarcomas or for medul-
loblastomas (59–61). The SV40-exposed cohort has not yet reached the age of peak
incidence for mesothelioma (59). The increase in incidence of mesothelioma after 1950
is well explained by exposure to asbestos around the Second World War. It would be
possible to examine prospectively if SV40 increases the risk of asbestos-associated
mesothelioma. The SV40 status of the large number of asbestos-exposed individuals
who are now healthy but at a high risk of developing mesothelioma could be deter-
mined, and the incidence of mesothelioma in SV40-infected and uninfected individuals
could be estimated.

(5) Biological gradient: Is there a dose–response relationship between exposure and
disease?

This criterion is appropriate for exposures such as smoking, radiation, and asbestos,
but not for an infectious disease.

(6) Plausibility: Is the association plausible?
The T antigens of polyomaviruses are capable of transforming cells, so the viruses

have a biologic mechanism for initiating cancer. However, there are questions related
to virus–tumor cell relationship in these cancers. In a large proportion of the poly-
omavirus studies, the viral genomes are found in very small amounts, less than one
copy per tumor cell. In most instances, the virus has not been localized to the tumor
cell and the viral transcripts have not been characterized. This pattern is very different
from the one seen in experimentally induced polyomavirus tumors or in naturally
occurring HPV-related cancers in which the viral genome is present in every tumor cell
and viral transcripts and virus-coded proteins are located in the tumor cells.

There is a major difficulty with respect to the plausibility of SV40-positive studies.
In the United States, there has been no documented human exposure to SV40 since
1963. A large number of the cancer patients in whom SV40 sequences were identified
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were born long after 1963, implying that SV40 now readily circulates in the communi-
ties by person-to-person transmission.

There is no unequivocal evidence that this is true. Polyomaviruses have evolved with
their natural hosts and are highly species specific. Humans exposed to SV40 by aerosol
or oral administration of contaminated poliovaccines had transient asymptomatic infec-
tions with little viral shedding (9). To determine if SV40 circulates at present in human
communities, we examined urines of 166 homosexual men, half of them HIV-seroposi-
tive, for polyomavirus genomic sequences (62). JCV and BKV sequences were
detected in 34% and 14% of the urines, respectively, but SV40 sequences were
detected in none. Bofill et al. (63) tested 28 samples of urban sewage collected in
Spain, France, Sweden, and South Africa to determine if SV40 was an environmental
contaminant. Seventy percent of the samples were positive for both BKV and JCV, but
none were positive for SV40. While these studies are not comprehensive, they do point
to the need for firm evidence that the virus is circulating in humans by person-to-per-
son transmission.

Investigators who have identified SV40 sequences from human cancers have con-
cluded that the sequences are of SV40 itself and not of any related polyomavirus. Com-
parisons of human-derived and rhesus-derived SV40 sequences show that there are no
“human-specific” or “tumor-specific” sequences in the human isolates (64). These
observations led to two alternative interpretations: (1) SV40 has a broad host range,
which includes both simians and humans; or (2) SV40, a simian virus, has become a
human pathogen, without any adaptive changes in its genome. It is difficult to accept
either of these two possibilities without additional evidence.

(7) Coherence: Is the association consistent with the known facts of the natural his-
tory of disease?

JCV: Astrocytomas arising in PML lesions in the brain constitute the most coherent
of the polyomavirus–human cancer associations. There are abundant amounts of JCV
at the site, and the astrocytes in PML lesions look “malignant” and have JCV DNA but
no JCV virions. The multiplication of these astrocytes is an immunocompromised host
could lead to JCV-caused astrocytomas. The case report of an oligoastrocytoma in
which JCV DNA, RNA, and protein were detected (26) had areas of “hypomyelina-
tion,” which suggests the possibility of JCV infection of the brain. The relationship of
JCV to medulloblastomas requires confirmation. The identification of JCV in colonic
mucosa and colon cancer (32) proposes a site of JCV multiplication that was not previ-
ously recognized. This observation also needs to be confirmed.

BKV: Although BKV genomic sequences have been reported from tumors at a large
number of sites, there are no data indicating that the biology of these tumors is affected
in any way by the purported presence of BKV.

SV40: In the absence of any knowledge about the biology and epidemiology of
human infection with SV40, it is not possible to evaluate if the SV40–human cancer
association is coherent.

(8) Experiment: Does reduction of exposure reduce or prevent disease?
This criterion is applicable for cancer-associated infections that can be prevented by

immunization, for example, hepatitis B. At present it is not applicable to the poly-
omavirus–human cancer associations.

(9) Analogy: Do other agents, similar to the one in question, produce the effect?
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Mouse polyomavirus has been shown to produce tumors in thymectomized mice
after natural infection (65). The reported case of an SV40-positive malignant astrocy-
toma in an SIV-infected macaque (15) and of cases of brain tumors in PML patients
may represent analogous situations.

CONCLUSIONS

The data, available to date, have not firmly established an etiologic link between any
human cancer and infections with polyomaviruses JCV, BKV, or SV40. The plausibil-
ity of such an association is strongest for the rare cases of astrocytoma that originate in
JCV-caused PML lesions and weakest for the tumors linked to SV40 infection.
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In Pursuit of a Human Breast Cancer Virus

From Mouse to Human

Marjorie Robert-Guroff and Gertrude Case Buehring

MOUSE MAMMARY TUMOR VIRUS MODEL

For decades researchers have been fascinated with the idea that human breast cancer
might be caused by a virus. This idea derives primarily from the mouse model, the only
naturally occurring mammary cancer in an animal for which the cause is known. We
briefly review the hallmarks of mouse mammary cancer and its causative virus to set
the stage for discussion of possible links with human breast cancer. There are numer-
ous comprehensive reviews of the mouse mammary tumor literature, a few of which
have been resources for this chapter (1–5).

Mammary cancer in wild mice was first described by Crisp in 1854 and Livingood
in 1896 (reviewed in [1]). In the early 1900s C.C. Little and his colleagues utilized
brother–sister mating of wild mice to develop genetically homogeneous strains of labo-
ratory mice differing widely in their frequency of mammary carcinoma (reviewed in
[2]). This increased the availability of mammary neoplasias and allowed detailed mor-
phologic studies. Although several pathologists in the early 1900s attempted classifica-
tion of mouse mammary tumors, it was the painstaking work of Apolant, published in
1906, that made the most lasting impact and is the scheme still used today (reviewed in
[1]). Apolant established five important characteristics of mouse mammary tumors: (1)
tumors had many diverse forms but all seemed to originate from a common cell type,
the mammary epithelial cell; (2) there were both benign adenomas and malignant ade-
nocarcinomas and the adenocarcinomas developed from the adenomas rather than
directly from unaltered tissue; (3) tumors, when present, were usually present at multi-
ple foci; (4) tumors appeared histologically the same in inbred as in wild mice; (5)
metastases occurred, usually to the lungs. The work of later investigators (reviewed in
[2]) enlarged on these early conclusions of Apolant. Most notably, DeOme and col-
leagues (6) definitively established the precancerous nature of the benign adenomas,
which came to be known as hyperplastic alveolar nodules (HAN).

The first inkling that mammary tumors were hormone responsive came, of course,
from the fact that they were observed only in female mice. A more definitive connec-
tion with hormones was forged by the discovery that pregnancy increased the likeli-
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hood of mammary tumors (7) whereas ovariectomy decreased it (8). Lacassagne in
1933 was able to induce mammary cancer in male mice by estrogen treatment
(reviewed in [2]).

It was Borrel in 1903 who first formulated the hypothesis that mouse mammary
tumors might be caused by a virus. He was vigorously supported by Haaland. The
hypothesis was based on their observations of inclusions in some mammary cancer
cells that were similar to inclusions seen in certain viral diseases. Borrel believed that a
nematode commonly infesting mice carried the causative virus (reviewed in [1]). Most
investigators in the early 1900s, however, believed that the cause of the mammary car-
cinomas was genetic, as some laboratory strains had a high incidence and others a low
incidence. When crosses were done to determine what Mendelian pattern was involved,
it was surprisingly found that the inheritance was non-Mendelian. A now classic paper
authored by the Staff of the Jackson Laboratory, Bar Harbor, Maine (9) reported that
when low- and high-incidence stains were crossed, the inheritance of mammary tumor
susceptibility was maternal. This suggested that an extrachromosomal gene or agent
was responsible. It remained for John Bittner to prove in another milestone study, that
what was passed from mother to offspring was not a gene, but rather an infectious
agent in milk. When pups born of high-incidence strain mothers were foster nursed on
low-incidence strain mothers, their incidence of mammary tumors was low (10). Like-
wise, offspring of low-incidence mothers foster nursed on high-incidence mothers
developed mammary cancer at a higher frequency (11).

With the advent of the electron microscope in the 1940s, the infectious milk agent
was identified as a virus. Although the first electron microscope studies utilized pel-
leted extracellular virus material, the most definitive study utilized cultured cells so
that virus morphology was more clearly defined and the life cycle could be delineated
(12). The authors described two forms of the virus, an intracytoplasmic form consisting
of the nucleopcapsid only, and an enveloped particle consisting of the nucleocapsid
plus envelope acquired by budding from the cell surface. These forms were later named
A particles and B particles, respectively, by Bernhard (13). Subsequent studies by
many investigators pieced together the biochemical and biophysical properties of the
virus (reviewed in [3]), placing it in the large family of Retroviridae, subfamily
oncovirinae. The virions of the mouse mammary tumor virus (MMTV), as it is now
known, contain two copies of single-stranded RNA, surrounded by a nucleocapsid con-
sisting primarily of p27 (capsid protein). In mature particles the nucleocapsid is sur-
rounded by an envelope permeated with the envelope glycoprotein (gp52) and the
transmembrane protein (gp36). A reverse transcriptase (RT) enzyme (polymerase)
enables the virus to make a DNA copy of its genome that then integrates into the cellu-
lar genome as a provirus. As in other retroviruses, the major areas of the MMTV
genome (in the provirus form) are the 5′ and 3′ long-terminal repeat (LTR) promoter
regions, the gag region coding for the capsid protein, the pol region coding for the
polymerase, and the env region coding for the envelope glycoprotein.

The humoral and cell-mediated immune responses of the host mouse to MMTV are
primarily to the envelope glycoprotein gp52. Both an antibody-dependent comple-
ment-mediated cytotoxicity and a cell-mediated cytotoxicity response develop as a
result of exposure to MMTV, but they are not always sufficient to prevent the appear-
ance of mammary tumors. The immune responses of neonatally infected mice are
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detectable with sensitive methods but are considerably weaker than the responses of
animals first infected as adults. The strength of both the humoral and the cell-mediated
cytotoxicity response increases with increasing number of pregnancies (4).

Heston et al. (14) discovered that some mammary tumors developed in mice free of
the milkborne virus, that is, in high-incidence strains (C3Hf) that were foster nursed on
virus-free mothers. This, coupled with the observation of MMTV-like particles in the
mammary cells of the C3Hf mice (15), led to the hypothesis that in the germ line there
might be endogenous MMTV sequences whose inheritance would be Mendelian (16).
This was borne out with the advent of molecular techniques and the work of many
investigators that ultimately allowed the detection and characterization of more than 25
loci of endogenous MMTV sequences (17).

Molecular analysis of the genomes of mammary tumor cells indicated certain pre-
ferred sites of integration of exogenous MMTV proviral DNA (18). Eventually through
the efforts of many scientists, the picture emerged that conserved integration sites were
adjacent to cellular protooncogenes and that MMTV insertion at these sites perturbed
the normal growth regulating functions of the protooncogenes leading eventually to
malignant transformation (reviewed in [3]). This form of viral tumorigenesis is called
insertional mutagenesis.

An early clue that MMTV might be directly stimulated by hormones was the observa-
tion that mammary tumors from late-pregnant and lactating MMTV-infected mice con-
tained more particles than tumors from nonlactating infected mice (19). Another clue
was the work of Smoller et al. (20), who observed by electron microscopy increased
numbers of cytoplasmic virus aggregations in tissue sections of mammary tumors from
cortisol-treated mice. With the advent of efficient cell culture systems for mouse mam-
mary epithelium, corticosteroid-induced virus replication was detected more definitively
by fluorescent antibodies (21), DNA–RNA hybridization (22,23), and immunoassay of
MMTV proteins (22). Attempts to unravel the mechanism of this hormone stimulation
culminated in the discovery of the glucocorticoid response element (GRE), a short DNA
sequence to which glucocorticoid receptor binds and enhances transcription (24,25).
MMTV was found to have multiple GREs in its LTR promoter regions.

The most profound work on MMTV in recent years has to do with the transportation
of MMTV from the gut to the mammary gland. The work of Tsubura et al. (26)
revealed that MMTV ingested by the newborn in milk may first infect B lymphocytes
of intestinal Peyer’s patches, and then get transferred to T lymphocytes, which circu-
late to the mammary gland and transfer the virus to mammary epithelial cells. One of
the most intriguing findings that greatly advanced our understanding of MMTV biol-
ogy was the discovery of the MMTV superantigen encoded by a 3′ LTR sequence, for
many years a mysterious open reading frame (ORF) with an unknown function
(reviewed in [3]). Evidence now suggests that the superantigen orchestrates the multi-
plication of T cells and MMTV-infected B cells, thus increasing the number of key
lymphocytes and ultimately enhancing the probability of successful delivery of MMTV
to the epithelial cells of the mammary gland (reviewed in [5,27]).

EARLY SEARCHES FOR A HUMAN BREAST CANCER VIRUS

Based on the extensive studies of MMTV, the hypothesis that a retrovirus might also
cause human breast cancer was compelling, and rigorously pursued in the 1970s. The
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methodology at the time included not only electron microscopy, but much more sensi-
tive biochemical techniques for detecting the signature enzyme of retroviruses, RT, as a
footprint of a retroviral agent, and a simultaneous detection technique for detecting RT
activity in association with the viral 60–70S RNA genome. Using such methodology,
evidence accumulated in support of a retroviral agent–human breast cancer link. The
findings included detection of type B and D retroviral-like particles in milk of women
from familial breast cancer families and certain ethnic groups with high breast cancer
incidence (28–30), detection of RT activity in particulate fractions of human milk (31),
detection of RNA homologous to MMTV in human breast tumors (32), detection of
retrovirus-like particles associated with RT activity in the breast carcinoma cell line
MCF-7 (33), and simultaneous detection of RT and viral RNA in human milk and
breast tumors (34).

With more extensive investigations, however, such retroviral markers were not cor-
related with breast cancer risk, casting doubt on the overall hypothesis, and suggesting
that a retrovirus-like agent might have a wide distribution. Thus, if it participated in the
development of breast cancer, or was even necessary, it could not be sufficient for dis-
ease induction. For example, in an extensive study of milk specimens from women
with or without a family history of breast cancer, although virus-like particles were
correlated with the presence of RT activity and 70S viral RNA in the samples, no asso-
ciation with a family history of disease was obtained (35). A further rigorous investiga-
tion failed to correlate the milk RT activity itself with a family history of breast cancer
(36). Also, epidemiologic studies failed to show that breast-fed babies had a higher
incidence of breast cancer than bottle-fed babies (37). Other studies argued that virus-
like particles observed by electron microscopy were merely cytoplasmic debris or milk
microsomes (38,39). In view of these conflicting results and the fact that no human
breast cancer agent was ever isolated, interest in the hypothesis of an exogenous retro-
viral etiology of human breast cancer waned.

DO ENDOGENOUS ELEMENTS CONTRIBUTE TO HUMAN 
BREAST CANCER?

MMTV causes breast cancer in mice not only as an exogenous agent, but also as an
endogenous one as discussed above (40). In the 1980s it became apparent that human
DNA contained endogenous retroviral sequences, some highly related to MMTV
(41,42) with the typical retroviral genomic organization including gag, pol, and env
genes (43). The discoveries that retrovirus-like particles immunologically related to
MMTV were produced by a human breast cancer cell line, T47D (44), and that expres-
sion of the MMTV-related human endogenous provirus in these cells was stimulated by
female steroid hormones (45), stimulated interest into whether endogenous proviral
elements might contribute to breast cancer development. Such elements could poten-
tially play a role in the disease process by insertional mutagenesis or by alteration of
normal cellular transcriptional processes resulting from enhancer/promoter elements in
the endogenous LTR regions. A review of human endogenous elements is beyond the
scope of this chapter; Wilkinson et al. provide a recent thorough review (46). Here we
summarize studies on two types of endogenous element in which links to human breast
cancer have been pursued: so-called LINE elements as well as the human endogenous
retrovirus type K (HERV-K).
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LINEs (long interspersed elements) are retroelements that transpose via an RNA
intermediate and lack the LTRs characteristic of retroviruses and noninfectious retro-
transposons. They possess a 3′ terminal poly (A) tract, similar to messenger RNAs, and
an internal RNA polymerase II promoter. L1, the most extensively studied human
LINE, contains two ORFs, with the longer 3′ ORF encoding a protein with RT activity
(47). Although most L1 copies within the human genome are defective, new integra-
tions of L1 have been observed including an insertion into c-myc in a human breast car-
cinoma (48), an insertion into an APC tumor-suppressor gene in a colorectal cancer
(49), and two integrations into factor VIII genes leading to hemophilia A (50). These
few examples suggest not only that some functional L1 elements exist, but as with the
latter case, the possibility of disease induction is real. Using an antibody to the L1 p40
protein encoded by the first ORF, L1 was found to be frequently expressed in human
cells and tissues, including teratocarcinomas and choriocarcinomas (51) and adult and
pediatric germ cell cancers (52). Ten percent of adult testicular germ cell cancers were
found to express L1 (53), although a causative relationship could not be established.

The L1 c-myc insertion in a breast adenocarcinoma (48), suggested the possibility of
a more general association with human breast cancer. In support of this hypothesis,
expression of the L1 p40 protein was observed in seven of eight breast cancer cell lines
and in nine of twelve primary infiltrating ductal carcinomas (54). In contrast, normal
breast cell lines, malignant B- and T-cell lines, normal breast tissue, or breast tumors of
other types were found to be negative for p40 expression. Later, however, using more
sensitive methodology, all breast tissues examined were shown to express the p40 pro-
tein, although breast cancer cells expressed significantly higher levels than normal cells
(55). Perhaps if L1 is routinely expressed in breast tissue, high expression levels might
lead to a greater chance of retrotransposition and consequent insertional mutagenesis.
This possibility and the underlying hypothesis of an L1–breast cancer association
remain to be proven.

HERV-K, so called because it has a lysine tRNA primer binding site, is present in
the human genome at about 30–50 copies, and has also been studied with regard to
breast cancer development. HERV-K is a class II endogenous retrovirus related to type
B and D retroviruses. In fact, it shares significant homology with MMTV. Of six
human MMTV-like (HML) families of viruses (56), HERV-K is identical to HML-2
(57). Unlike most HERVs, nearly complete copies of HERV-K exist with open reading
frames for gag, pol, and env genes (58) which are transcribed and translated in some
cells. Full-length, singly, and multiply spliced transcripts have been observed in terato-
carcinoma cells (59). One of the doubly spliced transcripts encodes a putative regula-
tory protein similar to the rev protein of HIV (60). HERV-K particles, for which
HERV-K gag protein is required, were first described in teratocarcinoma cell lines (61).
Significant expression of HERV-K gag protein is further inferred by the detection of
anti-gag antibodies in patients with seminomas (62). Antibodies to HERV-K envelope
protein have also been described (63) and other HERV-K encoded proteins are not only
expressed, but possess functional activity, including the protease (64) and RT (65).
Recently, a recombinant HERV-K under the control of a CMV promoter was shown to
retrotranspose at a low level in vitro in dog osteosarcoma cells (66), supporting the
notion that active retrotransposition of some HERV-K elements might be able to occur
in vivo. The report of a subset of HERV-K elements with human-specific integrations
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indicates that some HERVs may have amplified much later in humans than previously
thought (67), and fuels speculation that some elements may still be able to actively
transpose. However, infectious HERV-K particles have not been observed, perhaps due
to an inefficient c-ORF-related signal peptide, low levels of env expression, or lack of
appropriate processing of the envelope precursor protein (68).

The relatedness of HERV-K to MMTV, its possession of a glucocorticoid response
element in the LTR region (58), and its steroid hormone-dependent expression in the
human breast carcinoma cell line, T47-D (45), stimulated the hypothesis that it might
contribute to breast cancer development in humans. However, evidence for such a role
has not been forthcoming. Although the T47-D cell line releases viral particles that
exhibit RT activity (69), like HERV-K particles produced by teratocarcinoma cell lines,
they are noninfectious. Recently, the cell line was reported to release particles in which
retroviral transcripts of both type B and type C origin are packaged (70). Some parti-
cles, termed HERV-K-T47D, were shown to package nearly full length, but highly
defective sequences with 40–60% homology to HERV-K10. Thus, while high levels of
transcription were seen in human placenta and T47D cells in response to steroid hor-
mone, the env gene was not transcribed (71).

A further extensive investigation of transcription of five of the six HML families in
placenta and breast tissue revealed that expression in general was greater in placenta
than in breast tissue, and that it varied among individuals (72). Overall, expression of
the endogenous sequences was comparable in both malignant and nonmalignant tis-
sues. Of interest, however, was very high expression of HML-6 sequences in breast
cancer tissue of a young woman with bilateral breast cancer, ductal carcinoma in situ,
and concomitant ovarian carcinoma, raising the possibility that HML expression might
be augmented in some cases leading to a certain subset of breast cancer types. No evi-
dence for this has been presented however.

In addition to studies of HERV transcription, serologic studies probing possible
endogenous virus–breast cancer links at the protein level have also been carried out. In
one study, a low percentage (~4%) of normal, healthy blood donors exhibited antibody
reactivity to HERV-K antigens (73), while increased percentages of reactive sera were
seen in patients with germ cell tumors (62%), and in pregnant women (~8%). No reac-
tivity was seen in four sera from breast cancer patients. In a second study, 12.6% of
healthy blood donor sera and 11.7% of breast cancer sera, unspecified with regard to
pre- or post-therapy, were reactive with recombinant HERV-K envelope protein (63).
Thus by serologic criteria, HERV-K would appear unassociated with breast cancer
development. It is possible, however, that sera obtained at the time of breast cancer
diagnosis might reveal greater reactivity than that seen following treatment, as was
shown in individuals with germ cell tumors compared to those whose tumors had been
surgically removed (73). In addition, certain subsets of breast cancer or certain ethnic
groups, for example, Tunisian women with particularly aggressive breast cancers
cross-reactive to MMTV (74), might reveal an endogenous virus–breast cancer link.

Transcription of HERV-K is limited to specific cell types. The cellular transcription
factor YY1 enhances HERV-K expression (75), and it is likely that a spectrum of regu-
latory factors contribute to transcriptional control. In addition, expression of both
HERV-K gag and L1 sequences appear to be regulated by methylation (76–78). In fact,
transcriptional silencing by DNA methylation has been proposed as the main defense
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of the host against transposable genetic elements (79,80). In view of the complex regu-
latory controls and the vast number of endogenous elements in the human genome,
individual instances of an endogenous element contributing to disease might occur.
The challenge, however, would be in establishing an etiologic relationship.

OTHER CANDIDATE BREAST CANCER AGENTS

Because many of the attempts to find an MMTV-related exogenous human agent
have led to endogenous elements with no conspicuous relationship to breast cancer,
Pogo and her colleagues have searched for evidence of an agent closely resembling
MMTV but with no homology to HERVs. They used the polymerase chain reaction
(PCR) to probe normal and malignant breast tissue DNAs for a 660-bp sequence with
98% homology to the MMTV env gene and minimal homology to HERVs. They
recently reported that 40% of breast cancer patients possessed this sequence compared
to only 2% of normal donors (81). In a follow-up study they observed that 66% of the
samples positive for the MMTV env DNA sequence also transcribed the sequence (82).
Their results have not yet been independently confirmed by any other investigator.

The involvement of several other viruses with human breast cancer has also been
suggested, but again, the findings have not been confirmed and causal relationships
have not been established. The group headed by Beverly Griffin in England detected
Epstein–Barr virus (EBV) by PCR more frequently in malignant breast tissues (primar-
ily invasive ductal carcinomas) than in nonmalignant tissues (83). In situ hybridization
on the same specimens indicated that the positive signal was in epithelial cells rather
than in lymphocytes infiltrating the tissues. In Japan, Horiuchi et al. (84) also found by
PCR that two out of three breast carcinomas were positive for EBV, but upon in situ
hybridization, the EBV was localized to infiltrating lymphocytes, not breast epithe-
lium. Three other groups in the United States, Belgium, and Taiwan failed to find evi-
dence of EBV by PCR in medullary breast carcinomas (85,86) or invasive ductal
carcinomas (86–88). The discrepancies among these studies have not yet been untan-
gled, but may be due to technical differences or geographic variation in the presence of
EBV in breast cancers.

Rakowicz-Szulczynska and her colleagues found evidence of human immunodefi-
ciency virus (HIV)-like sequences and proteins in breast cancer tissues significantly
more frequently than in nonmalignant breast tissues. They propose that not HIV, but
perhaps a virus crossreacting with HIV, could be what they are detecting and may be an
etiologic agent of human breast cancer (89). No studies supporting this work have as
yet appeared.

Finally, some believe that breast cancer may be caused by an as yet unidentified
virus, and that more general methods are needed to detect it (90). In this vein, A1-Sum-
idaie et al. (91) returned to earlier approaches and reported RT activity in monocytes of
97% of breast cancer patients compared to 11% of age- and gender-matched normal
controls. In contrast, other investigators using essentially the same radioactive method-
ology did not find significant RT activity in any culture of human monocytes (92,93).
Recently, a group using a highly sensitive enzyme-linked immunosorbent assay for RT
did find RT activity in cultures of monocytes from five out of ten breast cancer patients
but not in any of the 20 cultures from normal controls (94). It will take further studies
to clarify these discrepancies.

Human Breast Cancer Virus 481



CONCLUDING REMARKS

Clearly the mouse mammary tumor model has provided an inspiration so strong
that, despite many failures to implicate a virus as the cause of human breast cancer,
there are still researchers willing to persevere in the quest. The major difficulty in
applying the model to humans, is the fact that mice are inbred, which no doubt facili-
tated elucidation of MMTV oncogenesis. The situation in humans is much more com-
plex. Nevertheless, the similarities of mouse mammary cancer to human breast cancer
makes it a useful model. The pathology of human breast cancer resembles that of
mouse mammary cancer in originating primarily from the secretory mammary epithe-
lial cell and progressing from precancerous to malignant to metastatic. Like the mouse
system, human breast cancers are usually responsive to estrogens and progestins, and
approximately 30% are multicentric. The fact that some MMTV genomes are endoge-
nous and vertically transmitted, while others are exogenous and horizontally transmit-
ted, is now paralleled, in a way, in human breast cancer where approx 5% of cases
appear to be due to vertically transmitted genes, for example, BRCA1 and BRCA2, and
the other 95% to exogenous environmental factors (95) such as hormones, radiation,
diet, etc. The recent report that a HERV possesses a superantigen that is etiologically
linked to insulin-dependent diabetes myelitis (96), although controversial (97–99),
suggests another way in which a human endogenous element may parallel MMTV.

Have the complexities of the human system simply masked our ability to detect
virally induced oncogenesis? Human breast cancer may arise from amplification of
oncogenes (erbB-2, myc, cyclin D) or mutation or loss of suppressor genes (p53, Rb-1,
cyclin E) (reviewed in [100]). Other oncogene and suppressor gene candidates may
also play a role in breast neoplasia. To determine if a possibly ubiquitous virus or viral
element triggers one or more of these events is a formidable task.

What else can we glean from the mouse studies to guide us in further pursuit of a
human breast cancer virus? Having extensively pursued retroviruses, should we now
consider other types of viruses? Should we look for a virus that is hormone responsive
and therefore more adaptable to the reproductive cycles of the human female? Should
we consider lymphocytes as well as mammary epithelial cells as pertinent target cells
for a causative virus? Should we look for a connection between superantigens and
breast cancer? The mouse model has been a continuing source of powerful insights.
Hopefully one of its revelations will provide the critical clue allowing resolution of the
question of whether viruses are linked to human breast cancer.
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