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1. OVERVIEW

CHARLES WOOD, PH.D.

Nebraska Center for Virology and the School of Biological Sciences, University of Nebraska,
Lincoln, NE

It has been 25 years since the acquired immunodeficiency syndrome (AIDS) was
first described and over 23 years since the human immunodeficiency virus (HIV)
associated with the disease was first discovered. In spite of the tremendous progress
that was made in understanding both the disease and the virus, there are still mil-
lions of people infected, died, or living with the disease.As for the year 2005 alone,
the Joint United Nations Programme on HIV/AIDS (http://www.UNAIDS.org)
estimates that there are about 40 million people living with HIV/AIDS globally,
and approximately 3 million people died from AIDS in the year. Globally, it is esti-
mated that 25 million people have died of HIV/AIDS since 1981.The impact of
the epidemic is enormous, with the greatest impact in sub-Saharan Africa where
about two-third of those living with HIV/AIDS in the world reside. A number of
countries in the region have infection rates to as high as 30–40% of the population.
As for South and Southeast Asia, even though the adult prevalence is lower and esti-
mated to be less than 1%, there are still 7.4 million people living with HIV/AIDS
in this region, accounting for about 18% of those living with HIV/AIDS in the
world.104,114 North America, Latin America, and Eastern Europe and Central Asia,
each have between 1.2 and 1.8 million people living with HIV/AIDS. Although
the 300,000 people living with HIV/AIDS in the Caribbean constitute a small part
of the global total, they are about 1.6% of adults in the region, making the
Caribbean the only region other than sub-Saharan Africa to have an adult
prevalence higher than 1%.104,114 Essentially, no single country can escape from the
impact of HIV/AIDS.



Since the beginning of the AIDS epidemic, it was soon realized that HIV-infected
individuals that are immunosuppressed are affected not only by opportunistic infec-
tions but also by other AIDS-associated diseases, including malignancies. In fact, at
the onset of the AIDS epidemic in 1981, the disease was first recognized through
an increase of Kaposi’s sarcoma (KS) in young adult homosexual male population,
which is unusual as KS is a very rare form of malignancies which are found in certain
ethic groups in the Mediterranean region and in Africa.29,57 In 1992, the US Center
for Disease Control and Prevention (CDC) developed the initial case definition for
AIDS and included two AIDS-defining malignancies,KS and primary central nerv-
ous system lymphoma (PCNSL).2 It was soon realized that patients infected by
HIV are also at risk for developing both Hodgkin’s and non-Hodgkin’s lymphomas
(NHL) when compared to normal uninfected individual, with a large number of
homosexual male with AIDS developed NHL.122 Subsequently, CDC has revised
the definition of AIDS to include NHL in 19871 and invasive cervical cancer in
1992.3 In addition to the common AIDS-defining malignancies it has been
reported that AIDS and or immunosuppression may lead to an increase in other
non-AIDS defining cancers, including multiple myeloma, Hodgkin’s disease,
leukemia, lung cancer, oral cavity cancers, and leiomyosarcoma in children.44,47

These malignant tumors are generally characterized by a more aggressive behavior
at diagnosis and a poorer outcome compared with the same tumors in the general
population.A large-scale study by Frisch et al.34 analyzing cancer registries from 11
sites in the US for over 300,000 HIV-infected adults showed that these individuals
have a very high risk in developing AIDS-defining cancers, but in addition,
non-AIDS defining cancers also showed a statistically significance increase as well.
Those that showed a potential association with immunosuppression are Hodgkin’s
disease (HD), lung cancer, penile cancer, soft tissue malignancies, and testicular
seminoma.However,most non-AIDS-defining cancers do not appear to be associated
with HIV-associated immunosuppression and disease progression.36,80 It is likely
that other factors could be involved, including smoking and other viral coinfections.

A number of the common cancers associated with AIDS and immunosuppres-
sion were found to have infectious viral cofactors, including those classified as
AIDS-defining disease, KS, NHL, and invasive cervical cancers. Kaposi’s sarcoma
and primary effusion non-Hodgkin’s lymphomas have been linked to Kaposi’s
sarcoma-associated herpesvirus (KSHV) or human herpesvirus-8 (HHV-8);
Hodgkin’s disease and non-Hodgkin’s lymphomas have been linked to EBV; and
squamous cell carcinomas have been linked to human papilloma virus (HPV)
(Table 1).These viral-associated AIDS-malignancies will be the major focus of this
chapter.

AIDS-ASSOCIATED KAPOSI’S SARCOMA

KS is a very rare form of sarcoma that has become the most common neoplasm in
HIV-infected individuals, since the onset of the AIDS epidemic. KS was first
described by Moritz Kaposi in 1872 as an indolent tumor in elderly Mediterranean
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men with multifocal pigmented sarcoma.62 KS is composed of a mixture of irreg-
ular shaped, round capillaries, and slitlike endothelium-lined vascular spaces and
spindle-shaped cells with infiltrating mononuclear cells. It is not clear whether KS
represents a clonal neoplastic process or a polyclonal inflammatory lesion. Studies
have shown that varying monoclonality, oligoclonality, and polyclonality from
lesions of various patients.40 The origin of KS spindle cells is also not clear; it has
been suggested that KS cells represent a heterogeneous population of cells, arising
from pluripotent mesenchymal precursor cells, and may be of lymphatic endothelial
cell origin.28

Since AIDS was first described in the early 1980s, the annual incidence of KS in the
San Francisco Bay area showed an exponential increase with the incidence rate per age
group followed a bimodal distribution that peaks from 30 to 36 years of age.24 KS has
become the most common neoplasm in HIV-infected individuals, and has reached
epidemic proportions in the developing world where HIV is widespread, such as sub-
Saharan Africa. Patients in this region with AIDS-associated KS have been shown to
have a high tumor burden and rapid disease course, very different from those seen in
the non-AIDS-related KS.There are four different epidemiological forms of KS that
showed different clinical parameters.The first is the classical or sporadic form of KS.
This is associated with elderly men in the Mediterranean countries like Italy and
Israel.57 This form of KS is usually nonaggressive and associated with lesions in the
lower extremities. It is usually not associated with HIV infection.The older the patients
are, the risk for disease progression is also greater, and disseminated KS in these indi-
viduals could occur if they are immunosuppressed.The second form of KS is endemic
African KS.This form of KS was found in the African continent prior to the onset of
the AIDS epidemic. It is found not only in men but in women and young children as
well.117 This form of KS tends to be more aggressive than the classical KS and can also
involve the lymph nodes.With the spread of HIV since the 1980s, the prevalence of
KS in the African continent has increased substantially.A study in Uganda has shown
that prior to the 1970s, KS was diagnosed in no more than 7% of the male cancer
population,and none in the female.However,by the early 1990s, it had risen to around
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Table 1. AIDS-associated malignancies with viral etiology

Malignancies Virus

Kaposi’s sarcoma Human herpesvirus-8 (HHV-8) or Kaposi’s 
sarcoma-associated herpesvirus (KSHV)

Non-Hodgkin’s lymphomas
Primary central nervous system lymphoma Epstein-Barr Virus (EBV)
Primary effusion lymphoma HHV-8
Burkitt’s lymphoma EBV

Plasmabalistic lymphoma EBV
Hodgkin’s disease EBV
Squamous cell neoplasm HPV

Genital dysplasia



49% of the male cancer patients, and 18% of the female cancer patients,117 and similar
increases were reported in other African nations. In Zambia, in the late 1990s, KS was
found to be one of the most common childhood cancers,16 most likely due to HIV
coinfection.The third type of KS is the Iatrogenic KS or transplant-associated KS.This
normally occurs in patients after transplantation that were treated with immunosup-
pressive drugs, and withdrawal of therapy can lead to KS regression.53 This form of KS
tends to have a more rapid disease course as compared to the classical KS, but can also
present as a chronic condition.53 The fourth form of KS is the AIDS KS.This form of
KS has been found to be associated with AIDS patients, it has increased dramatically
since the onset of the AIDS epidemic and is one of the AIDS-defining illnesses.43,45

This is the most aggressive form of KS and was first described in the early 1980s in
the HIV-infected homosexual male population.33 Unlike the classical KS, AIDS KS
involves not only the lower extremities and skin, but also the upper body, the head
regions, and the lymph nodes. It can also disseminate to other organs, such as the
spleen, the lungs, the liver, and gastrointestinal track.53

Human Herpesvirus and KS

An infectious agent has long been suspected in the development of KS; herpesvirus-
like particles were found in short-term KS tissue culture, and were subsequently
identified as cytomegalovirus,41 but the involvement of CMV in KS has not been
confirmed. In 1994, a novel human herpesvirus was identified by Chang and Moore14

using representational difference analyses. This virus is now known as KSHV or
HHV-8 and is found to be necessary, but not sufficient for the development of all
types of KS. It is clear that other cofactors, such as immunosuppression, are required
for KS development. KSHV is found in all KS lesions, and is mainly located in the
vascular endothelial cells and perivascular spindle-shaped cells75 KSHV infection is
not commonly found in low-risk population but found commonly in individuals at
risk for KS.

KSHV belongs to the γ-herpesvirus family, which can further be divided into
two subgroups, γ-1 or lymphocrytovirus and γ-2 or rhadinovirus. EBV is the
prototype of γ-1 virus and the simian herpesvirus saimini is the prototype of
γ-2 herpesvirus.96 KSHV is classified as a γ-2 rhadinovirus and is the first
human virus of this subfamily identified. Like other herpesviruses, HHV-8 is
a double-stranded deoxyribonucleic acid (DNA) virus. Its genome is linear, it
is about 165 kbp in length, and contains at least 87 viral genes. A feature
of some DNA viruses, particularly of herpesviruses and KSHV, is the ability of
these viruses to incorporate or pirate host genes into their genome: these genes
can then play a role in the replication, survival, and transformation functions of
the virus. KSHV was found to encode human homologous genes that regulate
cell cycling like cyclin D, growth factors like interleukin 6, or genes that may
prevent programmed cell death such as bcl-2. Deciphering the functions of
these viral genes will lead to a better understanding of viral pathogenesis and
oncogenesis.
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Unlike most other herpesviruses, KSHV infection does not seem to be widely
distributed in most populations. The detection of KSHV infection relies on the
presence of antibodies against either lytic and/or latent antigens and varies among
the different tests that were used in different seroprevalence studies. In general, the
frequency of infection appears to be low in North America, certain Asian coun-
tries, and in Northern European nations such as the UK and Germany, with most
studies reporting a seroprevalence rate in normal blood donors of less than
5%.30,88,99,100 In these countries the seroprevalence of KSHV in different risk groups
mirrors the incidence of AIDS KS, with a seroprevalence rate of 25–50% among
homosexual men. In other countries, such as Italy, Greece, and Israel, especially
Southern Italy, the infection rate seems to be much higher in the general popula-
tion, and is more variable, ranging between 5 and 35%. In contrast to North
America and Europe, KSHV infection is widespread in the African continent. High
seroprevalence rates between 40 to 50% have been found in Central, West, and
South Africa.6,37,50,86 Therefore, KSHV seroprevalence tracks very closely with KS,
with the highest infection rate in geographic areas where classic or endemic forms
of KS are more common. KS has a particularly high incidence in Central African
countries like the Republic of Congo, Uganda, and Zambia; these countries also
have the highest KSHV infection rates in the world.37 Very little is known about
KSHV infection in China even though EBV infection was found to be ubiquitous.
There were only two reported studies in China; Dilnur et al.23 found that KSHV
was associated with KS in China.The study by Du et al.26 in the outskirt of China
in the Xinjiang autonomous region, where there is a high incidence of HIV-1
infection, showed that there was a high KSHV infection rate. The study found
KSHV infection varied among individuals of different racial origin, it was highest
in the Khalkhas population at about 48% and lowest in the Kazak and Han popu-
lation at over 12%, but the specimens were screened without dilution, the repro-
ducibility of the assay was not determined, and the prevalence among different risk
groups was not studied.Thus, there is a need to perform a systematic comparison
of risk groups using established assays.

Impact of HAART on KS

Since the beginning of the AIDS epidemic in the early 1980s, AIDS KS has
become one of the most common AIDS-associated malignancies with HIV-infected
homosexual males at the highest risk, and those with AIDS had a 50% lifetime rate
of developing KS early in the HIV epidemic.63 However, the rate of AIDS KS has
since steadily declined both in the US and Europe.7 It has been suggested that the
disease may have shifted from an early disease to a late manifestation during the
HIV disease course. Since the introduction of highly active antiretroviral therapy,
a further major decrease in AIDS KS was further observed,71 and therapy has
now made AIDS KS a relatively rare tumor in treated HIV-infected individuals.9

Several studies have shown that there was a marked decrease in KS incidence since
HAART was introduced, a decline of as high as 80-fold was observed. In addition,
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regression of KS following treatment has been reported.48,58,91,92,112 Interestingly,
the reduced KS risk was only observed with HAART, but not with double or sin-
gle anti-HIV drugs.59 Even though the incidence of KS in the treated HIV-infected
individuals in the western world has decreased dramatically, in the setting where
HAART is still not widely available, such as sub-Saharan Africa, AIDS KS still
remains a major problem.

AIDS-ASSOCIATED NON-HODGKIN’S LYMPHOMA

ARL represents a heterogeneous group of tumors that are commonly found in
HIV-infected, immunosuppressed individuals.The majority of the cancers are of
B-cell in origin; the development of these cancers is characterized as an AIDS-defining
illness.68,74 ARL in general is a late event in the HIV disease course.The risk fac-
tors for the development of ARL include low CD4 and T cell counts, high HIV
viral load, and increased age.66 ARL in general is classified into three groups.The
first are those that can also be found in immunocompetent individuals, like
Burkitt’s lymphoma (BL) and diffuse large B-cell lymphoma (DLBCL) which can
further be classified into centroblastic, immunoblastic, and anaplastic subtypes. An
example of DLBCL is the primary central nervous system lymphoma (PCNSL),
which is a distinct extranodal presentation of DLBCL.68 The second are those that
are found only in HIV-infected immunosuppressed individuals. They include the
primary effusion lymphoma (PEL) and plasmablastic lymphoma. The third are
those that can be found also in immunosuppressed patients other than those due to
HIV infection.These include post-transplant lymphoproliferative disorders. In general,
the difference between ARL and NHL found in non-AIDS-associated patients is
the presentation of advanced diseases, extranodal involvement, disease in soft tissues,
and other locations, such as jaws and their association with viral infections, most
prominently EBV and KSHV. In addition to viral coinfections, a large proportion
of the ARL also have genetic abnormalities, especially among the large-cell
lymphomas, Bcl-6 rearrangement occur in about 33% of the cases, c-myc
rearrangement about 40%, and p53 mutations about 25% of the cases,35 whether
these genetic abnormalities are the causes or effect of malignant transformation is
not clear.

The most commonly identified virus associated with AIDS-related lymphomas
is EBV and there is a large body of published work on the oncogenic mechanisms
of this agent.12,121 The second most common is KSHV, which was found to be asso-
ciated with PEL associated with HIV infection.13 B-lymphocytes transformed by
EBV (lymphoblastoid cell lines) in vitro express an array of virus-encoded proteins
including six EBV nuclear antigens (EBNAs) and three LMPs. EBNAs are gener-
ated from differential splicing of a transcript that arises from one of two promoters
(Cp or Wp).121 This form of latency is termed Latency III, and is common in
immunoblastic lymphomas.12 A Type II form of latency where EBNA 1, LMP-1,
and LMP-2a are expressed has been identified in some EBV-associated lymphomas.
In Latency I (typical of Burkitt’s lymphomas) only EBNA-1 (generated from the

6 AIDS-Associated Viral Oncogenesis



Qp promoter) and EBV-encoded RNAs (EBERs) are expressed.12,121 Recent
studies have indicated that some heterogeneity in EBV gene expression and EBNA
promoter usage exists among endemic BL.65 It has been proposed that classical
antigen driven B-cell proliferation may play a role in the ARL.68 The hyperstimu-
lation of B lymphocytes could be caused by HIV, EBV, and other infectious agents
that may elicit the release of various growth factors and cytokines which promote
the proliferation and transformation of B cells into ARC.

Among the ARL, the ones most commonly found in HIV-infected individuals
are BL and DLBCL.They represent about 90% of all ARLs.8 The others, such as
PEL, represent less than 50% of the cases. Chemically immunosuppressed individ-
uals, like those infected with HIV, have a much higher risk of developing lympho-
proliferative disorders.The increased risk of developing ARC has been reported to
range from 14-fold for low-grade lymphoma to 630-fold for high-grade
immunoblastic lymphoma.21 A study by Cote et al. has shown that the risk of HIV-
infected individuals developing ARL within 3 years of being diagnosed with AIDS
was 165-fold higher than those without AIDS.The same study also showed that the
risk of developing BL is 261-fold higher.20 In addition, it has been demonstrated
that risk of AIDS patients developing PCNSL is 3,000 times higher and HD is ten
times higher than HIV uninfected individuals.108

Burkitt’s Lymphoma

AIDS-related BL is one of the most common ARLs found in HIV-infected indi-
viduals. Unlike other ARL, BL is unique in that presentation of the cancer can
occur at relatively high CD4 T-cell count (>250 cells/mm3).90 AIDS BLs share
features with endemic African BL in that both over express c-myc due to recip-
rocal translocations that bring the transactivator under the influence of potent
promoter sequences within the immunoglobulin (Ig) genes loci. Inactivating
mutations and deletions of p53 are also common as in all types of BL,11 but Bcl-6
rearrangements are rarely observed.A distinguishing feature between AIDS-related
and endemic BL is that the former is associated with EBV far less frequently than
the latter.11,72 EBV has been reported to present in a subset of between 33 and
67% of these AIDS-related BL, and the type III latency expressing viral EBNAs
and LMP proteins was not consistently observed.With some expressing viral antigen
patterns that are similar to those seen in Hodgkin’s disease.103 BL often carry
genetic abnormities and chromosomal translocation, but there is no evident that
EBV has been linked to these abnormalities, c-myc translocation is common in
BL, with the c-myc gene transposed to the proximity of the immunoglobulin
locus, and often led to the activation of c-myc expression. These tumors are
incredibly aggressive with short doubling times. Flow cytometric analysis typically
reveals that over 90% of the tumor cells are in S phase. Ongoing tumor lysis
syndrome even in the absence of concomitant chemotherapy is often noted.
AIDS-related BLs appear to carry a poor prognosis even when compared to
AIDS-related DLBCL.77
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Primary Central Nervous System Lymphoma

Primary central nervous system lymphoma (PCNSL) is a distinct extranodel form of
DLBCL,which is usually of the immunoblastic type. It is a rapid and fatal disease with
poor prognosis, associated with HIV infection and severe immunodeficiency, usually
with CD4+ T cell counts of < 50 cells/mm3.85,107 HIV-infected persons with PCNSL
usually have tumors confined to the craniospinal axis without systemic involvement.
In contrast to PCNSL in HIV negative individuals, those found in the context of HIV
infection is always associated with EBV in HIV-infected patients.85 Detection of EBV
sequences in the CSF by polymerase chain reaction in combination with thallium
spectroscopy has been shown to be a useful diagnostic tool for the disease.17 Since EBV
is always present in PCNSL, it is likely that this virus plays a role in cancer develop-
ment.The EBV genes that are expressed include the latent gene. EBNAs and LMP-1
and -2, typical of a type III latency seen in B cells,when they are transformed by EBV
in vitro.120 These EBV genes, such as LMP-2, are known to deregulate cellular repli-
cation and may play a role in the transformation of B cells.These gene products are
also good targets of cytotoxic T lymphocytes, which could account for the reduction
of PCNSL in patients that were undergoing antiretroviral therapy (ART) when their
cytotoxic lymphocyte response was restored. However, it has been reported that
abnormalities in the T cell functions in these patients can still be observed.116 Thus,
other factors, including the alternation of the EBV gene expression profile could have
occurred upon ART. Treatment of patients with PCNSL with conventional
chemotherapy in combination with radiation therapy has not been very effective.Only
a 4-month survival has been observed. However, treatment with a high dose of
zidovudine and ganciclovir has been shown to lead to long-term remission,93,98 again
suggesting that therapy targeting EVB may be effective in controlling PCNSL.

Plasmablastic Lymphoma

Plasmablastic lymphoma is a recently described variant form of ARL that only
occurs in a low percentage of HIV-infected individuals. It was originally described
by Delecluse et al. as a B-cell lymphoma stained by antibody specific for plasma
cells, but these cells lack the classical B-cell antigen CD20.22 These cancers occur
only in a small percent of HIV-infected patients and are usually associated with
EBV and KSHV infection.11 Patients usually develop tumors in the jaw and oral
cavity and the prognosis is poor. Patients with plasmablastic lymphoma normally do
not respond to conventional chemotherapy and it has been suggested that therapy
targeting EBV may be beneficial.18 In fact, ART and intensive chemotherapy has
been shown to be encouraging as five out of six HIV-infected and treated individ-
uals were alive with a medium follow-up of 17 months.113

Primary Effusion Lymphoma

Primary effusion lymphoma (PEL) is a very rare subtype of NHL, predominantly
associated with HIV-infected individuals. PEL was first identified as a subset of
body-cavity-based lymphomas, which were subsequently called PELs.13 PELs are
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unique as they were found to contain KSHV DNA and are most frequently found
in men and in AIDS patients.This type of lymphoma is distinguished from others
as having a distinctive morphology, bridging large cell immunoblastic lymphoma
and anaplastic large cell lymphoma. PELs often present as lymphomatous effusions
in the pleural, peritoneal, and/or pericardial cavity. These cells are usually CD20
negative, often express CD45 marker but lack B-cell-associated antigens. PELs have
B cell origins with clonal immunoglobulin gene rearrangements. Gene expression
profiling of PEL by Klein et al.67 showed that PEL displayed a common gene
expression profile that is distinct from ARL and NHL in HIV uninfected individ-
uals. The profile also showed elements seen in EBV transformed lymphoblastoid
cell lines, AIDS immunoblastic lymphoma, as well as multiple myeloma. Further
confirming the notion that PEL is distinct and yet a subtype of NHL.
Most PELs are coinfected with EBV and KSHV and lack e-myc gene
rearrangements. PELs are extremely rare tumors, and estimated to be about 0.13%
of all AIDS-related malignancies in AIDS patients in the US.80Thus,KSHV-associated
lymphomas represent a rare, distinct pathobiologic category which often, but not
always, associates with an effusion in AIDS patients.The role of KSHV in the devel-
opment of these lymphomas is not clear since this type of malignancies is still rare
even in the populations with high KSHV seroprevalence rate. However, KSHV has
always been found in these lymphomas, suggesting that this virus is necessary, but
other factors must be needed for the development of PELs.These factors could be
EBV infection and/or immunosuppression. Recently, solid tumor variants with
plasmablastic features have been reported and these tumors tend to be rapidly fatal
although recent data suggest that some PEL lines are quite sensitive to inhibition
of NF-kB,64 suggesting that inhibitors of NF-kB potentially can be developed as
therapy for patients with PEL.

ARL in the Era of Highly Active Antiretroviral Therapy

Since the introduction of HAART in the 1990s, the spectrum of ARL in the
context of HIV infection has been substantially influenced. The epidemiology of
ARL has been changed and the outcome of these tumors has been impacted. Prior
to HAART, the prognosis of ARL was poor because the tumors tended to be more
aggressive; there was an increase in hematological toxicity, and further complica-
tions occurred due to a high rate of opportunistic infection in the patients.61,106

Risks for development of ARL increased as the HIV disease progressed and CD4+

T cells declined.With HAART, the prognosis of ARL has improved.There was a
better tolerance to chemotherapy, a higher rate of complete remission, and the
death rate has been reduced.8,39 However, HAART appears to have differential
effects on different subtypes of ARL.A recently completed study performed by the
NCI sponsored AIDS malignancy consortium (AMC) demonstrated the feasibility
of concomitant chemotherapy with HAART.94 Probably the best reported results
for chemotherapy in AIDS NHL were from Dr. Little’s group at the National
Cancer Institute. Using the EPOCH regimen, the group achieved remission in
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22 of 24 patients with a progression free survival of 23 months.These patients had
favorable prognostic factors (median CD4+ lymphocyte count of 233 mm3/ml).119

Enhanced toxicity of rituximab and CHOP chemotherapy was recently noted
in a large multicenter trial conducted by the AMC.60 The addition of rituximab to
standard-dose CHOP as compared to CHOP alone led to increased infectious
complications and deaths attributable to sepsis. It is possible that delayed recovery
of humoral immunity could contribute to this increased risk of life-threatening
bacterial infections in HIV-infected patients.There have been several reports on the
feasibility and efficacy of high-dose chemotherapy and autologous stem cell trans-
plant for ARL.69,95 It is reasonable to assume that patients with well-controlled HIV
and good performance status should be considered candidates for this therapy.
Newer approaches that may benefit patients with ARL include EBV specific
cytotoxic T cells and agents that activate the lytic program of gamma herpesviruses,
thereby sensitizing the tumors to antivirals.70,97

The effects of HAART on PCNSL are more dramatic than other systemic ARL.
The standard treatment of PCNSL is whole brain irradiation, but the median
survival time is still just 2.5 months or less. With the addition of HAART to
radiotherapy, several studies have shown an improvement in survival.56,85 In
the meta analysis of 11 studies, it was estimated that the decline of PCNSL in the
HAART era has declined by 58%. In addition, it was shown that HAART therapy
alone has led to a regression of PCNSL.81 It is possible that with HAART, the
restoration of cytotoxic T cells against latently expressed EBV antigens may have
played a role in the reduction in the incidence of PCNSL, further confirming the
role of EBV in the development of this malignancy.

In contrary to PCNSL, the effects of HAART on systemic ARL seem to be less
dramatic.9,46 A number of studies, including a EuroSIDA study on 8599 HIV-infected
individuals, showed that all types of lymphomas were reduced after the widespread
use of HAART in the late 1990s, and demonstrated that there was a decline in
systemic lymphomas ranging from twofold to sevenfold since HAART.8,66,84

However, these studies also showed that the incidence of Burkitt’s lymphomas
appeared to be largely unaffected. In spite of the reduction of ARL in the HAART
era, the risk of developing ARL in HAART-treated HIV-infected individuals is still
about 20-fold higher than in uninfected individuals.19 Whether this is due to the
emergence of drug resistant viruses and immunosuppression, or due to prolonged
mild immunosuppression and partial immune reconstitution, thus leading to an
increase in developing cancers, is unknown.These risk factors remain to be elucidated.

HUMAN PAPILLOMA VIRUS-ASSOCIATED NEOPLASMS

Genital cancers have been a world-wide public health problem, especially in the
context of HIV infection and immunosuppression.They are common malignancies
found in AIDS patients. HIV infection has been shown to substantially enhance the
development of cervical cancer and cervical cancer precursor lesions.10,78 It is also
the most common female malignancy in many developing countries.118
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Genital cancers and cervical intraepithelial neoplasia (CIN) have been strongly
implicated in association with HPV infection. The first report demonstrating the
association of HPV and cervical cancer was published by Zur Hausen et al.,123

showing that cervical cancer in the female genital tract has HPV-associated lesions.
HPV infection of genital can either lead to asymptomatic infection or a wide range
of genital lesions, ranging from genital warts to mild dysplasion to invasive carci-
nomas. Genital lesions are often referred to as cervical intraepithelial abnormalities
or CIN, which is graded from I to III depending on the degree of epithelium
abnormality. CIN I encompasses mild dysplasia or low-grade squamous intraep-
ithelial lesions (SIL). CIN II represents high-grade SIL with moderate dysplasia,
while severe dysplasia is referred to as CIN III.79

In 1993, the CDC has included invasive cervical cancer as one of the AIDS-
defining illnesses. HIV infection has become an important risk factor for HPV
infection and the development of genital cancers. HIV and HPV infections have
a number of common features; both are sexually transmitted diseases (STD), and
there is a high prevalence of HPV infection among HIV seropositive women,
especially those that are immunosuppressed with low CD4+ T cell counts.5,111

Up to 20% of the HIV and HPV coinfected individuals developed HPV-associated
premalignant lesions of the uterine cervix within 3 years of HIV infection.31 The
progression of an untreated HPV-induced dysplasia could then lead to cervical
cancer.A number of studies have shown that HIV positive women have 2–3 times
more HPV DNA in cervicovaginal washings and 15 times more in anal swabs as
compared to HIV negative individuals.15,54,111 HIV-infected women were also
shown to be much more likely to develop cervical intraepithelial abnormalities.
The prevalence and severity of genital tract infection in these women are also
more pronounced.27,83 The rates of invasive cervical carcinoma are 15–18 times
higher in women with AIDS compared to the general population.32,102 Men fare
no better – the incidence of anal cancer in men with history of anal intercourse
is at 35 per 100,000 individuals, a number equivalent to that of cervical carcinoma
before the advent of Pap-smear screening.89,110 The mechanism by which HIV
increases the risk of HPV infection and cervical dysplasia is likely due to immun-
odeficiency, resulting in the inability of the immune response to control HPV
infection. Indeed, cervical dysplasia increased progressively as the patients immune
function declined, as determined by CD4+ T cell counts.52 A large, long-term
prospective cohort studying of over 1,800 HIV positive and over 500 HIV nega-
tive women was carried out to determine how HIV RNA levels and CD4+ T cell
counts are associated with the natural history of HPV infection.109 The results
demonstrated that in HIV-infected women, the HIV plasma viral load in combi-
nation with CD4+ T cell counts has a strong correlation with the detection of
HPV infection and reactivation. However, there was only a moderate correlation
between HIV coinfection and HPV persistent infection. This partially explains
why cervical cancer rates are not even higher than what was observed in HIV+
infected women.
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The effects of HAART on HIV and the immune status of HIV-infected indi-
viduals are well established, but their effects on the course of HPV-related cervical
lesions in HIV-infected women are still not well established. HAART has not been
shown to affect HPV detection and its effects on the natural history of cervical
intraepithelial neoplasia are unclear.87 There were a number of studies examining
the effects of HAART on the course of cervical lesions.4,51 A study by the Women’s
Interagency HIV Study (WIHS) group has reported an association of the regres-
sion of cervical lesions with HAART82 whereas others cannot.76 In addition, a
multicenter study of HAART on the repression of cervical lesions in over 700
women followed for over 5 years also did not show any correlation.101 However,
these studies primarily focused on evaluating the effects of HAART on prevalent
cervical lesions and the date of onset of those lesions is not known, thus it is not
surprising that the outcome of these studies was controversial. To address these
concerns, a study by Ahdieh-Grant et al.4 determined whether HAART alters
the natural history of CIN among HIV-infected women that were regularly
followed every 6 months for 7 years.This study provided evidence that HAART
has a modest benefit for HIV-infected women that were at risk for cervical
neoplasia, with women receiving HAART will survive longer and have better con-
trol over cervical HPV infection and low-grade squamous intraepithelial lesions.
However, HAART does not seem to lead to a complete reconstitution of the
immune system for it to control HPV, the rates of regression among HIV-infected
women receiving HAART remained lower than HIV-infected women that were
never on HAART or among HIV-uninfected women. Thus, there is a need to
actively seek and treat CIN in HIV-infected women, including those that are
responding to HAART.

HODGKIN’S DISEASE

Hodgkin’s disease (HD) or Hodgkin’s lymphoma has not been classified as an
AIDS-defining illness but HIV-related HD is also increasing in the context of HIV
infection, and is clearly related to the immunosuppression in the infected
patients.42,47 Almost all HIV-related HD are EBV positive.The clinical presentations
of HD in HIV-infected individuals are unique as compared to uninfected individ-
uals, patients are more likely to have more advanced disease stage, extranodal
involvement, and often involve bone marrow.25,105,115

Prior to the HAART era, the treatment outcome for HIV HD is poor, with a
medium survival rate between 1 and 2 years.A clinical trial on treatment using dox-
orubicin, bleomcin, vinblastine, and dacarbazine on AIDS patients showed severe
hematologic toxicity and a poor survival rate of only 1.5 years.73 More recently the
outcome of treatment in combination with HAART appears to be improving,
patients treated with HAART and responded to the treatment within 2 years of the
development of HD have improved survival rates compared to those that are not
responders.38,55 The use of HAART in combination with chemotherapy has
substantially improved both the response rate and the survival time. In a trial on
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using HAART and a combination of bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone (BEACOPP), 9 out of
12 treated patients have complete remission after a medium follow-up of 49
months.49 These studies suggest that HAART in combination with conventional
chemotherapy will be beneficial for patients with HD, whether the effect is due to
the restoration of the immune response in HIV-infected individuals or due to the
effects of EBV remained to be determined.

CONCLUSION

AIDS malignancies have been recognized as a major complication of the HIV
disease course, and the high mortality rate in AIDS patients is in part due to this
complication.A number of factors have been implicated to be playing a role in the
increase incidence of malignancies in AIDS patients. These factors include
immunosuppression and a deficient immune surveillance by T cells in eliminating
the transformed cells; viral cofactors such as EBV and KSHV have also been
associated with malignant transformation of the infected cells. The prognosis of
ARL in HIV-infected individuals was extremely poor prior to the HAART era, but
the advent of HAART, there was a dramatic improvement in the prognosis of ARL
in these patients.The survival rate has improved, especially for those ARL that were
found to be associated with herpesviruses such as EBV and KSHV.There were a
substantial decrease in the number of cases of KS and NHL, in association with
HAART, and the decrease in incidence appear to be independent of CD4 counts,
substantiating the notion that coinfecting viruses may be playing a role in the
disease. Most newly diagnosed cases of KS are patients that are either drug naïve or
have virological failure upon treatment. In spite of the improvement in prognosis,
HAART alone is inadequate for the majority of the antiviral naïve patients. A
combination of HAART and conventional chemotherapy appears to be most
effective. Moreover, the positive effects of HAART on some ARL and KS are not
consistently observed for HPV-associated malignancies, including cervical and
anal cancers.

Given the prolong survival rate of HIV-infected individuals with HAART, it is
likely that ARL will continue to pose a challenge in the AIDS epidemic. HAART
treatment, even though appears to be effective, still only leads to partial immune
reconstitution. Prolonged immunosuppression is likely to lead to a resurgence of
AIDS-associated cancers. In addition, HAART is still not widely available in parts
of the world where AIDS has the greatest impact, such as the African continent. It
is expected that AIDS-associated cancers will continue to pose a major challenge
in the population for quite a while. Thus, more understanding on the role of
oncogenic viral cofactor in the disease will be of great significance.ARL represents
an intersection of virology, immunology, and tumor biology.A better understanding
of the disease, the immune response, will provide useful information for the devel-
opment of novel therapy and provide insights into cancer biology beyond the
AIDS epidemic.
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INTRODUCTION

Malignancies were one of the earliest recognized manifestations that lead to the
eventual description of the acquired immune deficiency syndrome (AIDS)
epidemic. Kaposi’s sarcoma (KS), a rare skin cancer primarily seen in elderly men
prior to the epidemic, became one of the first entities described in association
with AIDS. Subsequently, non-Hodgkin’s lymphoma (NHL) and cervical cancer
also became defined by the Centers for Disease Control (CDC) as “AIDS-
defining” illnesses. Although these cancers were not classic “Opportunistic
Infections,” it eventually became clear that these cancers were associated with
coinfections with oncogenic viruses among HIV-infected individuals. In fact,
the unique epidemiology of KS subsequently led to the identification of the
novel human herpes virus, HHV-8. Other oncogenic viruses that are linked to
HIV-associated malignancies include Epstein-Barr virus (EBV) and human papil-
lomavirus (HPV). These three viruses have now been linked to other HIV-
associated malignancies, including Hodgkin’s lymphoma (HL), leiomyosarcoma,
multicentric Castleman’s disease (MCD), primary effusion lymphoma (PEL), and
anal cancer.

The introduction of highly active antiretroviral therapy (HAART) in the 1990s
has enormously impacted the outcomes of HIV infection. In addition to changing
the natural history of HIV infection, in terms of survival and incidence of oppor-
tunistic diseases, it has also dramatically decreased the incidence of some virally
mediated HIV-associated malignancies, such as KS, and primary CNS lymphoma



(PCNSL), but has had less of an impact on other virally mediated malignancies.This
chapter will review available data demonstrating the effect of HAART on the
epidemiology,presentation, treatment, and outcomes of HIV-associated malignancies
mediated by EBV, HHV-8, and HPV.

EPSTEIN-BARR VIRUS-RELATED TUMORS

Epstein-Barr Virus

Epstein-Barr virus (EBV), a human herpesvirus of the Lymphocrytovirus genus,1 was
first discovered by electron microscopy in Burkitt’s lymphoma (BL) cells in 1964.2

Subsequently, the complete (172,282 bp) nucleotide sequence of EBV (B95-8
strain) was established in 1984.3 Like all herpesviruses, EBV has latent and produc-
tive (lytic) phases in its life cycle, the former maintaining the virus long term in its
host and the latter potentiating virus production and spread. Using a distinct set of
latent genes EBV has oncogenic capability and the ability to induce immortalization
of B lymphocytes in vitro.4

EBV has been implicated in a wide variety of diseases in individuals who are
immunodeficient, including in the pathogenesis of a variety of malignancies in
HIV/AIDS setting, such as in PCNSL, BL, Hodgkin’s disease, diffuse large B-
cell lymphoma (NHL), and leiomyosarcoma.5–8 Individuals with AIDS have a
significant defect of T-cell immunity to EBV and an elevated number of EBV-
infected B cells in the circulation.9 Specific T cells that target EBV-infected B
cells are not decreased, but they lose their ability to respond to EBV antigens,
including ones involved in virus reactivation and subsequent lymphomagenesis.
The exact role of EBV in AIDS lymphomagenesis is unclear but it is hypothe-
sized that chronic antigen exposure to HIV and EBV results in excessive B-cell
stimulation, leading to proliferation of antigen-selected B-cell clones.10 Each
section on the EBV-related tumors further discusses EBV pathogenesis
respective to each individual tumor type.

AIDS-RELATED PRIMARY CNS LYMPHOMA

PCNSL is a rare type of NHL, accounting for 1–2% of all NHLs and <5% of all
primary brain tumors. In the last few decades the incidence has increased, approx-
imately threefold.11,12 Although immune deficiency is a risk factor for developing
PCNSL, the increase in incidence is not completely explained by the human
immunodeficiency (HIV) epidemic.13

EBV PATHOGENESIS IN PCNSL

In regards to PCNSL, the vast majority has been linked to EBV.5 Macmahon and
colleagues14 described that EBV genes important for oncogenesis are abundant in
patients with PCNSL, suggesting a pathogenic role of EBV in this setting. This
association is suggestive that the pathogenesis of PCNSL might differ from systemic
NHL, which only has a 40–50% association with EBV.15–17
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ROLE OF EBV IN DIAGNOSIS OF PCNSL

EBV studies have been largely used as one of the least invasive ways to diagnose
AIDS PCNSL. Specifically, using polymerase chain reaction (PCR) to detect EBV
DNA in the CSF is useful for diagnosing AIDS-associated CNS lymphoma. PCR
of EBV in PCNSL can detect most cases of AIDS-related PCNSL with a sensitivity
of 80–100% and specificity for lymphoma of 93–100%.18–21

Brink and colleagues22 demonstrated in a prospective study that the presence of
EBV DNA in CSF was strongly linked with a diagnosis of CNS lymphoma, even
when the clinical and radiological features of this disease were not present. In this
study, nine of 96 patients had detectable EBV DNA in their CSF, two of them later
developing lymphoma in the absence of clinical or radiological findings of PCNSL.
This is suggestive that the presence of EBV DNA in CSF may predict later tumor
development. For example, there have been four case reports noted where the
appearance of EBV DNA in CSF was found to precede the diagnosis of AIDS
PCNSL by 35 days.23 Another report found that detectable EBV DNA was noted
to precede the diagnosis of PCNSL by 17 months.24

EPIDEMIOLOGY OF PCNSL

In the era before HAART, the relative risk of PCNSL was approximately 1,000-fold
and as high as 3,600-fold in individuals with AIDS compared to the general
population.25 With the introduction of HAART, the incidence of AIDS PCNSL
has decreased.26,27 In the Multicenter AIDS Cohort Study, incidence rate in 2,734
HIV-infected men went from 4.3 to 0.4.27 Although incidence has decreased
dramatically, survival rates have not significantly improved.28

CLINICAL PRESENTATION OF PCNSL

Clinical presentation of CNS lymphoma may be characterized by headaches,
confusion, lethargy, memory loss, hemiparesis, aphasia, and seizures. Lesions are
most common in the cerebrum, basal ganglia, and brainstem.14,29 The lesions
are usually large, few in number, and contrast enhanced on neuroimaging. In the 
pre-HAART era, most patients with PCNSL were near the late stages of AIDS,
with the majority dying within 4–6 weeks of diagnosis with supportive care
alone.30

TREATMENT AND SURVIVAL OF NON-AIDS-ASSOCIATED PCNSL

Treatment for PCNSL was first evaluated in immunocompetent patients.Without
treatment most patients with PCNSL are likely to die within three months, even
in the absence of AIDS. Treatment modalities for non-AIDS-related PCNSL
include glucocorticoids, radiation therapy, chemotherapy, autologous stem cell
transplant, and immunotherapy.31

In non-AIDS-related PCNSL, the conventional chemotherapy for systemic
lymphoma consisting of cyclophosphamide, doxorubicin, vincristine, and pred-
nisone (CHOP) was ineffective for PCNSL.32,33 These findings may be due to the
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compounds in CHOP penetrating poorly through the blood–brain barrier and also
due to molecular differences between systemic lymphoma and PCNSL.31

Methotrexate administered intravenously is able to penetrate the blood–brain
barrier and achieve levels high enough to be cytotoxic. In non-AIDS-related
PCNSL, using methotrexate with radiation therapy (RT) and other chemotherapy
regimens demonstrated a significant survival prolongation compared with RT
alone. Medial survival was 42 months and 5-year survival was 22.3 months,
compared to 3–5% rate of 5-year survival in individuals treated with RT only.34

TREATMENT AND SURVIVAL OF AIDS-ASSOCIATED PCNSL

Radiation

The standard treatment of patients with AIDS-related CNS lymphoma is palliative
whole-brain radiation. Radiation can improve symptoms and extend median survival
to between 2 and 5.5 months.35 Survival was often limited and patients often develop
opportunistic infections in the pre-HAART era.36 Survival appears to be more affected
by an individual’s baseline functional status than on the dose of radiation received.37

Chemotherapy (Table 1)38

In AIDS-related PCNSL, there is no optimum regimen of chemotherapy. In the
largest combined chemotherapy and radiation regimen trial, a single cycle of
CHOD (cyclophosphamide–doxorubicin–vincristine–dexamethasone) followed by
RT, the median survival rate of 2.4 months was similar to that of radiation therapy
alone.39 Chamberlain and colleagues40 studied whole-brain radiation therapy plus
hydroxyurea radiosensitization, followed by procarbazine–lomustine–vincristine
(PCV), and while the study did show a longer than average survival, approximately
13 months, the individuals represented a highly selected population of patients, all
that had a much higher pretreatment functional status in regards to their disease.

In AIDS-related PCNSL, an uncontrolled pilot study using intravenous
methotrexate resulted in median survival of 2.4 months in the ten patients that had
histologically confirmed lymphoma. Two of ten patients survived beyond a year,
and half of the patients did not respond to treatment. Analysis in this study was
complicated because not all patients had histological confirmation of lymphoma.41

In addition, steroids were also administered and individuals ultimately received
antiretrovirals and a protease inhibitor.41

Zidovudine, Ganciclovir, Interleukin-2

The results of a study using intravenous zidovudine, ganciclovir, and low-dose
interleukin-2 (IL-2) provided long-term remission, but further studies are neces-
sary as the study was small and not all patients were treated similarly.42

Role of HAART

HAART should be initiated in all individuals with AIDS-related PCNSL that
are undertaking treatment. In the pre-HAART era, RT prolonged survival for
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2–5.5 months compared to palliative care.35 McGowan and Shah43 were the first to
describe a case of remission maintained for over 2 years in an individual who had
PCNSL after treatment with HAART alone. Hoffmann and colleagues,44 in a retro-
spective analysis, showed that survival time of patients receiving HAART in addition
to RT differed significantly from those receiving RT or palliative care alone. Four of
the six patients receiving HAART survived for more than 1.5 years. Skiest and
Crosby45 in a retrospective analysis demonstrated a prolonged median survival of
667 days in those individuals who did receive HAART.These findings are suggestive
that immune recovery is contributing to longer remission in patients studied.

AIDS-RELATED NON-HODGKIN’S LYMPHOMA

AIDS-related lymphomas (ARL) include a heterogeneous group of tumors.46 The
first cases of AIDS-related NHL were described in 198247,48 and NHL was included
as an AIDS-defining malignancy in 1985.49 NHL is now known as the second most
common neoplasm occurring among HIV-infected individuals.50,51 Diffuse large
B-cell lymphoma (DLBCL) and BL are the most common of ARL, representing
approximately 90%.52,53 The World Health Organization (WHO) has divided ARL
into three categories (Table 2): (1) lymphomas also occurring in immunocompe-
tent patients such as BL and DLBCL; (2) lymphomas occurring more specifically
in HIV-infected patients such as PEL and plasmablastic lymphoma; and (3) lym-
phomas also occurring in other immunodeficiency states such as polymorphic or
post-transplant lymphoproliferative disorder-like B-cell lymphoma.54 AIDS-related
NHLs are grouped into three distinct histologic categories, including small non-cleaved
cell lymphoma, diffuse large-cell lymphoma, and anaplastic large-cell lymphoma.
BL is defined as an aggressive, high-grade, small non-cleaved cell lymphoma, and
DLBCL as an intermediate-grade lymphoma diffuse large cell lymphoma.55,56

BL and DLBCL will be discussed separately in the following sections.

BURKITT’S LYMPHOMA

In the WHO classification, three clinical variants of BL are described: endemic,
sporadic, and immunodeficiency-associated types.56 Immunodeficiency-associated
BL occurs mainly in HIV-infected individuals, but also occurs in transplant patients
and individuals with congenital immunodeficiency.57,58 AIDS-related BL are
further discussed in this chapter.
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Table 2. AIDS-related lymphomas (WHO classification)54

Lymphomas also occurring in immunocompetent patients
Burkitt’s lymphoma
DLBCL: centroblastic, immunoblastic, and anaplastic variants
Lymphomas occurring more specifically in HIV-infected patients
Primary effusion lymphoma
Plasmablastic lymphoma
Lymphomas also occurring in other immunodeficiency states
Polymorphic or post-transplant lymphoproliferative disorder-like B-cell lymphoma



EPIDEMIOLOGY OF AIDS-RELATED BL

BL was estimated to be 1,000 times more common in HIV-infected individuals as
compared to the general population.50 BL accounts for 30–40% of NHL in HIV-
infected individuals.59–61 Neoplastic cells in BL have been reported as EBV+ in
15–30% of cases or fewer in some series.62

CLINICAL PRESENTATION OF AIDS-RELATED BL

Several cases of BL were described in homosexual men in the beginning of the
AIDS epidemic and these were the first descriptions of NHL in association with
HIV.47,48 In BL, 30% of patients present with limited-stage disease (Stage I or II
according to Ann Arbor staging system56), while 70% present with widespread
disease.63 Patients often present with bulky disease, frequently with an elevated
lactate dehydrogenase level (LDH).56 BL commonly involves the lymph nodes,
bone marrow (positive in 30–38%), and the CNS (involved in 13–17% of cases) in
HIV-infected adults.59,64 BL patients may be younger and have higher mean CD4
counts than patients with AIDS-related DLBCL.56

TREATMENT OF AIDS-RELATED BL

In regards to treatment, current studies have uniformly targeted intermediate-
grade DLBCL and high-grade BL in HIV-infected individuals. In non-HIV-
infected individuals, multiagent, dose intensive chemotherapy regimens are used
instead of standard regimens (CHOP) for the treatment of BL, but these
regimens have included very few patients infected with HIV.49 Lim and
colleagues65 reviewed 363 individuals with ARL (including DLBCL and BL)
from 1982 to 2003, including 262 in the pre-HAART era, and 101 in the
HAART era.Although overall median survival was similar for both DLBCL and
BL (8.3 months and 6.4 months, respectively), survival was significantly worse
in individuals with HIV-BL in the HAART era (5.7 months in HIV-BL vs 43.2
months in DLBCL).

It is now recommended that similar regimens used for both DLBCL and BL
in HIV-infected individuals be re-evaluated with prospective trials.65 Cortes
and colleagues used HyperCVAD (hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone alternating with high-dose
methotrexate and cytarabine) regimen in 13 patients with HIV-related BL, nine
of whom also received HAART. Complete remission (CR) was 92% although
median survival was only 12 months.66 While Wang and colleagues, in a retro-
spective study, compared 14 HIV-infected individuals with BL with 24 
non-HIV-infected individuals with BL who received CODOX-M/IVAC
(cyclophosphamide, doxorubicin, high-dose methotrexate/ifosfamide, etopo-
side, and high-dose cytarabine) or less intensive regimens. Patients receiving
CODOX-M/IVAC, independent of HIV status, had a better 2-year event-free
survival compared with those receiving less intensive regimens (80% vs 38%,
respectively, p = 0.05).67
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EBV PATHOGENESIS IN AIDS-RELATED NHL

The pathogenesis of HIV-NHL is most likely multifactorial, involving
HIV, immune dysfunction, cytokine dysregulation, and other viral antigens.49

In AIDS-related systemic NHL, only approximately 40–50% contain EBV.15–17

Of AIDS-related NHLs, EBV occurs more frequently in the immunoblastic
lymphoma (IBL) variant of DLBCL than in BL.16 Ballerini et al.16 reported 100%
EBV infection in the IBL variant of DLBCL. Neoplastic cells were EBV+ in 77%
of cases in another study.68 In a study of plasmablastic lymphomas,Teruya-Feldstein
and colleagues reported EBV+ cells in 73% of cases.69

The expression of the latent EBV transforming proteins EBNA-2 and LMP-1
are known to play central roles in the initiation and maintenance of EBV-induced
B-cell growth and proliferation.70,71 Both EBNA-2 and LMP-1 can serve as targets
for cytotoxic T cells, and thus their expression induces T-cell immunosurveillance
and regulates the lymphomagenesis in individuals who are immunocompetent.
With immunodeficiency states such as in the late stages of HIV, EBNA-2, and
LMP-1 expression may become unregulated, and subsequently lead to uncontrolled
proliferation of EBV-infected cells.71

EPIDEMIOLOGY OF AIDS-RELATED NHL

The CDC has calculated the risk of NHL in the United States in the pre-HAART
era to be 60 times greater in individuals who have AIDS than in non-HIV-infected
individuals and the incidence rate of AIDS-related NHL was reported as 2.9%.
These data are based on 2,824 NHLs occurring among 97,258 HIV-infected indi-
viduals between 1981 and mid-1989.50 The risk also varies by histologic subtype,
up to 600-fold excess risk for IBL.72

IMPACT OF HAART ON INCIDENCE OF AIDS-RELATED NHL

In a meta-analysis by Appleby et al.,73 including 47,936 HIV-infected individuals
with NHL (inclusive of PCNSL), the incidence fell from 6.2 cases/1,000 person-
years (p-y) in the pre-HAART era to 3.6 cases/1,000 p-y in the post-HAART era
( p < 0.0001).The EuroSIDA group74 reported a fall in incidence rates from its data-
base of 26,764 p-y of observation in ARLs with antiretrovirals, 1.99 cases/100 p-y
before HAART to 0.30 cases/100 p-y after HAART ( p < 0.001).Among patients
who started HAART, the incidence of NHL decreased from 0.88/100 p-y within
the first 12 months after starting HAART to 0.45 cases/100 p-y after more than 24
months ( p = 0.004). Besson and colleagues53 reported in a large population of HIV-
infected patients in the French Hospital Database a fall in incidence of systemic ARL
from 86.0 cases/10,000 p-y in 1993–1994 (pre-HAART) compared to 42.9/10,000
p-y in 1997–1998 (post-HAART) (p < 0.001).Grulich et al.,75 used a national registry
in Australia and found the incidence to decrease from 7–7.5 cases/1,000 p-y 
pre-HAART to 4.3 cases/1,000 p-y in the post-HAART era ( p < 0.012).

In addition,The Swiss cohort study76 with 6,636 HIV-infected individuals found
the incidence of systemic NHL post-HAART to be 4 cases/1,000 p-y.
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However, other studies found nonsignificant increases in AIDS-related NHL
incidence. In the San Francisco clinic cohort study,77 including 622 patients, the inci-
dence of systemic NHL increased from 14 cases/1,000 p-y (pre-HAART) to 18
cases/1,000 p-y post HAART ( p = 0.2). In the adult/adolescent spectrum of HIV
disease project (CDC)78 of 19,684 individuals, including those with PCNSL and
systemic NHL, incidence rates increased from 11.4 cases/1,000 p-y pre-HAART
to 12.5 cases/1,000 p-y post-HAART (p-value not significant).

PRESENTATION OF AIDS-RELATED NHL

Approximately 2/3 of ARLs are accounted by DLBCL.79 It is more frequent for
DLBCL to arise extranodally, for instance in the GI tract and CNS and it rarely involves
the bone marrow.64 With DLBCL, particularly with the immunoblastic variant, it is
common for the patient to have a lower CD4 T cell count (<50/mm3) at diagnosis, be
older in age, and carry a prior diagnosis of AIDS.50,80,81 Plasmablastic lymphoma is a rare
AIDS-related NHL which typically involves the jaw and oral cavity of HIV-infected
individuals,82 and also has been more recently documented in other sites such as the
anorectum, nasal and paranasal regions, skin, testes, bones, and lymph nodes.83,84

Plasmablastic lymphomas are morphologically different from other NHLs by lacking
CD20 antigen, but containing antigens such as CD138, P63, and variable CD79A.69,85

The clinical prognostic factors in the international prognostic index (IPI),
initially described in the pre-HAART era, have been used in risk stratification for
patients with DLBCL for more than a decade (Table 3).86,87 The IPI includes
clinical features that reflect the growth and invasive potential of the tumor (tumor
stage, serum LDH level, and number of extranodal disease sites), the patient’s
response to the tumor (performance status), and the patient’s ability to tolerate
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Table 3. 5-Year relapse-free and overall survival rates according to the International Prognostic Index (IPI)
and age-adjusted IPI (adapted from references86)87

Number of adverse 5-Year relapse survival 5-Year overall survival
Risk group factors* (%) (%)

International prognostic index
Low 0 or 1 70 73
Low-intermediate 2 50 51
High-intermediate 3 49 43
High 4 or 5 40 26

Age-adjusted international prognostic index
Low 0 86 83
Low-intermediate 1 66 69
High-intermediate 2 53 46
High 3 58 32

*Adverse risk factors for IPL are: stage III or IV disease, age > 60 years, elevated lactate dehydrogenase (LDH), and
performance status ≥ 2, ≥2 extranodal sites.Adverse risk factors for age-adjusted IPI are: stage III or IV disease, elevated
LDH, performance status ≥2.



intensive therapy (age and performance status).The simplified model for younger
patients (the age-adjusted IPI) uses a subgroup of these clinical features (tumor
stage, LDH level, and performance status).

Lim et al.88 compared the prognostic factors for survival and the use of the IPI
in pre- and post-HAART HIV-infected individuals with diffuse-large cell
lymphoma. In groups with low-, low-intermediate-, and high-intermediate-risk
IPI disease, 3-year overall survival rates were 20%, 22%, and 5% in the pre-HAART
era and 64%, 64%, and 50% in the HAART era, respectively.

TREATMENT OF AIDS-RELATED NHL

The treatment for ARLs is similar to that of non-HIV-infected individuals, with
some exceptions. Intrathecal chemotherapy prophylaxis is necessary as patients with
HIV are at an increased risk for CNS involvement.89 The use of hematopoetic
stimulants such as granulocyte-colony stimulating factor (G-CSF) may aid in
reducing chemotherapy-induced cytopenic complications. For those that are
receiving concomitant HAART with chemotherapy, zidovudine should not be
used due to increased risk of myelosuppression, and one should be cautious in using
didanosine, stavudine, and zalcitabine, which may potentiate vincristine-induced
neuropathy.90

Chemotherapy in the Pre-HAART Era

In the pre-HAART era, HIV-infected individuals with NHL had a poor prognosis
were managed on low-dose chemotherapy regimens because of concern of toxicity,
and a median survival of 5–8 months was common.91–93

Chemotherapy in the HAART Era

In the HAART era, more recent standard chemotherapy regimens have been
reported without excessive toxicity due to restored immunity.90 The AIDS
Malignancy Consortium (AMC) reported using, in 65 patients, reduced doses of
cyclophosphamide and doxorubicin, combined with vincristine and prednisone
(modified CHOP, mCHOP) and full doses of CHOP combined with G-CSF with
concomitant HAART. Complete response rates were 30% and 48% in the reduced-
and full-dose groups, respectively.94 No long-term outcomes were reported in this
study. Other studies of CHOP-based chemotherapy and concurrent HAART have
resulted in median survival of 2 years.53,95

Risk-adaptive chemotherapy has also been studied comparing the post- to pre-
HAART era. 485 HIV-infected individuals were assigned randomly to chemother-
apy after risk stratification based on an HIV score (comprising performance status,
prior AIDS, and CD4-positive cell counts < 100/mm3). Two hundred eighteen
good risk patients (HIV score 0) received doxorubicin, cyclophosphamide, vinde-
sine, bleomycin, and prednisone (ACVBP) or CHOP,177 intermediate risk patients
(HIV score 1), CHOP or low-dose CHP, and 90 poor risk patients (HIV score 2
or 3), low-dose CHOP or vincristine and steroid. Five-year overall survival in the
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good risk group was 51% for ACVBP versus 47% for CHOP (p = 0.85), in the
intermediate risk group,28% for CHOP versus 24% for low-dose CHOP (p = 0.19),
and in the poor risk group 11% for low-dose CHOP versus 3% for vincristine and
steroid (p = 0.14). Only significant factors in this study for overall survival proved
to be HAART (relative risk (RR) 1.6, p = 0.0002),HIV score (RR 1.7, p = 0.0001),
and the IPI score (RR 1.5, p = 0.0012), but not the intensity of chemotherapy.96

An infusional regimen of cyclophosphamide, doxorubicin, and etoposide (CDE)
with and without HAART (only didanosine) resulted in complete response rate of
45% and median overall survival was 12.8 months.At the time of the analysis, 30%
in the pre-HAART group were alive compared with 47% in the HAART group.
Further, patients in the HAART group experienced less nonhematologic toxicity
(22% vs 42%), thrombocytopenia (31% vs 52%), and anemia (9% vs 27%).97

Chemotherapy Without HAART in the HAART Era

Chemotherapy without antiretrovirals has been studied due to concerns of drug
interactions with chemotherapy and noncompliance with HAART resulting in
increased resistance.81 Further, protease inhibitors (in HAART regimens) have been
associated with neutropenia with concomitant chemotherapy.98

The National Cancer Institute used a dose-adjusted regimen of etoposide,
vincristine, and doxorubicin (4 days), and daily oral prednisone (5 days), followed
by cyclophosphamide.The study consisted of 39 patients and antiretrovirals were
not given until after the final cycle of chemotherapy. A CR rate of 74% was
achieved.99

Rituximab

Kaplan and colleagues100 reported a randomized trial in the HAART era using
CHOP versus CHOP and rituximab (anti-CD20 antibody) given with each cycle
and with an additional three monthly doses after complete response was attained.
Median event-free survival, approximately a year, was similar between both groups.
The group treated with rituximab and CHOP, however, had an increased risk of
death from infection (14% vs 2%, p = 0.027). Up to 60% of deaths were in patients
with a CD4 count of <50/mm3, and 40% occurred during the maintenance phase
of rituximab.

In non-HIV-infected individuals, rituximab benefit is limited to lymphomas that
overexpress blc-2, and this overexpression is found less commonly in ARL, which
may explain the decreased response to immunotherapy in this study.99

HEMATOPOIETIC-CELL TRANSPLANTION FOR AIDS-RELATED NHL

Poor outcomes were observed in using allogeneic or syngeneic bone marrow trans-
plantation in the setting of HIV disease in 1980s.101–104 More recently, several
authors have reported on small series of patients treated at individual institutions
for high-first risk remission, relapsed, or refractory ARL. No definitive conclusions
regarding efficacy can be made due to the small and varied group of patients.
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Overall survival has been reported at 50% at 9 months,105 85% at 32 months,106

55% at 9 months,107 71% at 21 months in these series.108 There were a few oppor-
tunistic infections reported in patients receiving transplants, and success rates have
ranged from 80 to 100%.105,107–109

There has been a sufficient number of HIV-infected individuals that have under-
gone autologous hematopoietic-cell transplantion (HCT) to say it is safe and
feasible approach for ARL patients that meet criteria for transplantation.79

All studies except the French series by Diez-Martin108 and colleagues have
required HIV disease to be under control for HCT, either by low to undetectable
HIV viral loads or CD4 counts >100/mm3.

AIDS-RELATED HODGKIN’S LYMPHOMA

Lymphomas are categorized in two divisions: NHL and HL. HL is characterized by
the presence of the Reed-Sternberg cell, an atypical, large cell.89 HIV-related HL
is the most common non-AIDS defining tumor in HIV-infected individuals.110

TheWorld Health Organization (WHO) classifies HL into two distinct entities: the
more commonly diagnosed classical HL and the rare nodular lymphocyte-pre-
dominant HL. Classical HL is further subdivided into nodular sclerosis, mixed
cellularity, lymphocyte depleted, and lymphocyte rich.89,111 EBV association with
HL in non-HIV-infected individuals was shown to be lower than 50%.110 In
contrast, nearly all of AIDS-associated HL are EBV positive.112

EPIDEMIOLOGY OF HL

While the incidence of non-AIDS-associated HL has decreased over the past 30
years, the majority of recent studies show an increase in incidence of HL in HIV-
infected individuals113 and a clear relationship between the incidence of disease
and immunodeficiency.114 Glaser et al.115 reported in a decade in the Greater San
Francisco Bay area that incidence rates by race of HIV-associated HL were over-
all higher for whites (11%), blacks (22%) and Hispanics (14%) compared to those
with non-HIV-associated HL. Further, data from the AIDS cohort and registry
matching studies depicted a relative risk of HL in the HIV setting ranging from
2.5 to 8.5.116–118

CLINICAL PRESENTATION OF HL

HL occurring in the HIV population exhibits clinical features that are distinct from HL
in the general population. HIV-infected individuals are more likely to present with
systemic symptoms (B symptoms), including fever, night sweats, and/or weight loss,
advanced disease stage, and extranodal disease.115,119–121 In the HIV population, the
subgroups often seen are the ones associated with worse prognosis, including mixed
cellularity and lymphocyte-depleted variant.115,122,123 Rubio and colleagues in a
cooperative study in Spain reported that the individuals with AIDS-associated HL
had the histologic subtypes of mixed cellularity (41.3%), lymphoid depletion
(21.7%), nodular sclerosis (21.7%), and lymphocytic predominance (4.3%).124
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In the pre-HAART era, approximately 75% of patients have been shown to have
advanced disease stages (stage III–IV according to Ann Arbor staging classification,
Table 4), and bone marrow involvement occurs in 40–50% of individuals, and may
be the first sign of HL in 20% of cases.122,124–127

TREATMENT OF HL

Optimal regimen for HL in HIV-infected individuals has not yet been defined.
Antineoplastic treatment of AIDS-associated HL has many problems considering
the underlying immunodeficiency caused by HIV itself that is further compro-
mised by additional chemotherapy. Further, CD4+ counts in these individuals may
drop significantly during treatment increasing the risk of opportunistic infections
(OI).110

Prior to HAART, HIV-infected individuals with HL had a limited median
survival of 1–2 years.110 Gerard and colleagues129 in a retrospective study over 15
years estimated the 2-year survival probability was 45% in the pre-HAART period,
and 62% in the post-HAART period. HIV-infected individuals who receive and
respond to HAART within 2 years of their HL diagnosis were shown to have
overall survival of 89% at 24 months (median survival was not reached) and median
survival time in patients without HAART response was 18.6 months.123

Pre-HAART Treatment

A trial of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD), the
standard treatment for HL in non-HIV-infected individuals,130 used with no
antiretroviral therapy (only initiated at the end) was associated with significant
hematologic toxicity and a poor median survival of 1.5 years.131

Chemotherapy and HAART

Several prospective trials to date have now been done using antiretrovirals
concomitantly with different chemotherapy regimens. The regimen bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone
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Table 4. Modified Ann Arbor staging system

Stage Area of involvement

I Single lymph node group
II Multiple lymph node groups on same side of diaphragm
III Multiple lymph node groups on both sides of diaphragm
IV Multiple extranodal sites or lymph nodes and extranodal disease

Modifiers
X Bulk > 10 cm
E Extranodal extension or single isolated site of extranodal 

disease that can be encompassed in a single radiation port
A/B B symptoms: weight loss > 10%, fever, drenching night sweats

Adapted from Lister and colleagues.128



(BEACOPP) was used in 12 patients and five of the 12 patients received concur-
rent HAART. CR was achieved in all patients. Of 12 patients, nine patients
remained in CR for their individual follow-up period, median of 49 months.The
most common observed toxicity was bone marrow suppression with grade 3/4
leukopenia in 75% of all cases.132

A prospective, nonrandomized trial with epirubicin, bleomycin, vinblastine, and
prednisone regimen concomitantly with HAART and G-CSF was used on 35
previously untreated patients.The median survival was 16 months, with a survival
rate of 32% and a disease-free survival of 53% at 36 months.Toxicity was moderate
with grade 3/4 leukopenia observed in 32% of patients and thrombocytopenia in
10% of patients. Of the 23 patients who died, 48% died of HL and 9% of patients
died of OI.133

Spina and colleagues134 used the Stanford V regimen (doxorubicin, vinblastine,
mecloretamine, etoposide, vincristine, bleomycine, and prednisone) and radiotherapy
in a phase II prospective study plus HAART and G-CSF on 59 HIV-infected indi-
viduals. Sixty-nine percent of patients completed treatment with no dose reduction
or delayed chemotherapy administration. Bone marrow toxicity and neurotoxicity
were the most notable dose-limiting adverse effects.CR was seen in 81% of patients,
and 56% of patients were alive and disease-free at median follow-up of 17 months.

AIDS-RELATED LEIOMYOSARCOMA

The range of AIDS-associated pediatric cancers resembles that seen in HIV-
infected adults, with the addition of leiomyosarcoma. Leiomyosarcoma, a tumor of
smooth muscle origin, is a rare tumor in childhood, occurring in the general pop-
ulation at a rate of one case per one million children. In HIV-positive children 14
years of age and younger, leiomyosarcoma was found to be the third most common
cause of cancer after NHL and Kaposi’s sarcoma (KS).135

ROLE OF EPSTEIN-BARR VIRUS

Leiomyosarcomas in HIV-infected children differ from cases occurring in the
general population by EBV detected by in situ hybridization and PCR in nearly all
cases.6–8 Jenson and colleagues8 reported several EBV antigens, including latent
antigen EBNA-1, expressed from cells cultured from leiomyosarcoma. Human
umbilical cord lymphocytes that were transformed with the virus that was isolated
from the tumor expressed EBV antigens similar to EBV-transformed lymphocyte
cell lines. These results confirmed that EBV may have a contributory role in the
oncogenesis of leiomyosarcomas.

EPIDEMIOLOGY

In HIV-infected children, leiomyosarcoma incidence has been accounted at around
one case per 5,000 children.6,136,137 Biggar and colleagues135 used an AIDS-cancer
registry and found that leiomyosarcomas appear to occur several years after AIDS
onset, with three of the four cases occurring 33–76 months after AIDS diagnosis.
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The relative risk of leiomyosarcoma during the time period 2–5 years after AIDS
diagnosis was 1,915 (95% CI, 232–6,915).

Granovsky and colleagues,138 in a retrospective analysis of cancer cases from the
Children’s Cancer Group and National Cancer Institute, found that 11 among 64
children had leiomyosarcomas, representing 17% of all tumors and second behind
NHL. Median survival for leiomyosarcoma after diagnosis was 12 months. The
monthly death rate after leiomyosarcoma diagnosis increased from 5% in the first
6 months to about 20% thereafter.

CLINICAL PRESENTATION

In immunocompetent children, leiomyosarcoma generally presents with indolent
disease, but in HIV-infected children, leiomyosarcomas are usually fairly aggres-
sive.139 Unusual localizations, such as spleen, pleural space, adrenal glands, and lungs
have been reported as the site of the leiomyosarcoma, although they present most
commonly in the gastrointestinal tract. Several cases of intracranial or dural
leiomyosarcomas have also been described.140

TREATMENT IN THE PRE-HAART ERA

Smooth muscle tumors are in general not responsive to chemotherapy; thus local
excision or radiotherapy, if feasible, is the first line of therapy. Intensive and
prolonged chemotherapy as used in the general population is not usually well
tolerated in children.141 There are no studies evaluating the effects of HAART on
treatment outcomes.

HUMAN HERPES VIRUS-8-RELATED TUMORS

Human Herpes Virus-8

With the HIV epidemic in the early 1980s, homosexual men were found to have a
20-fold higher risk than other risk groups in developing Kaposi’s sarcoma (KS).The
uneven distribution among HIV risk groups lead to the search for an infectious
transmissible agent, which eventually led to the discovery of the KS herpes virus or
human herpes virus-8 in 1994. HHV-8, a gammaherpesvirus2 (genus Rhadinovirus)
is a large (165 kb) double-stranded DNA virus that has an extensive group of reg-
ulatory genes obtained from the host genome.142 The DNA sequences of HHV-8
on discovery were found to be homologous to, yet distinct from genes of gamma-
herpesvirinae, herpesvirus saimiri, and EBV.143

HHV-8 has been associated in all forms of KS and it is now known to be the
etiologic agent of KS.143–146 Aside from KS, HHV-8 has been found in approxi-
mately half of the cases of multicentric Castleman’s disease (MCD) occurring in
non-HIV-infected individuals and nearly in all cases of MCD infected with HIV.147

HHV-8 sequences have also been detected in peripheral blood of individuals with
MCD, and exacerbation of symptoms has been associated with large increases in
HHV-8 viral load.147–149 In addition to KS and MCD, a link between primary 
effusion lymphoma (PEL) and HHV-8 was first reported in 1995.150
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Diseases caused by HHV-8 are greatly dependent on the host’s underlying
immune status and it has been suggested that most individuals attain a high-risk of
developing KS, and other HHV-8-associated diseases such as MCD and PEL with
HIV infection.142 For further HHV-8 pathogenesis in KS, MCD, and PEL, refer to
each section, respectively.

AIDS-RELATED KAPOSI’S SARCOMA

KS before the AIDS epidemic was known as a rare, chronic skin sarcoma in the
United States.144 Four types of KS have been described: classic, endemic or African,
posttransplant or iatrogenic, and AIDS-associated KS. Classic KS, characterized
mostly by cutaneous involvement, is typically seen in elderly men of Mediterranean
and Eastern European background.151 The endemic form, found primarily in sub-
Saharan Africa often is more aggressive than the classic form, with visceral involve-
ment being more common.152,153 The third form, posttransplant KS, was described
after the initiation of organ transplantation and both cutaneous and visceral disease
are common.154,155 The fourth form of KS was first described in homosexual men
in 1981, at the advent of the HIV epidemic.156,157 Now, KS is the most common
neoplasm occurring in HIV-infected individuals.158 Both cutaneous lesions and vis-
ceral involvement are seen in individuals with AIDS-associated KS, and visceral
involvement often portends a poor prognosis.159–161

HHV-8 PATHOGENESIS IN KS

Multiple factors contribute to the development of KS. Among individuals with
HIV, immunosuppression confers the greatest risk and is predictive of development
of KS.162,163 Since the discovery of HHV-8, there have been a large number of stud-
ies evaluating its underlying role in KS. Engels et al.164 demonstrated HHV-8
viremia to be an early marker of KS and Newton et al.165 found that the risk of
developing disease increased with HHV-8 antibody titers.

The role of HHV-8 in oncogenesis is likely associated with its viral proteins,
those that are homologous to interleukin-6 (IL-6), chemokines of the macrophage
inflammatory protein family, cell cycle regulators, and antiapoptosis mole-
cules.166–169 HHV-8 has been shown to have certain genes to be homologous to
cyclin D1 and G-protein coupled receptors, which are known to contribute
to oncogenesis. The presence of these genes suggests that HHV-8 can contribute to
the development of KS.150,170,171

HIV PATHOGENESIS IN KS

The HIV virus itself may be an oncogene in KS development. A regulatory
protein of HIV released by infected cells, called the Tat protein, guards KS cells
from apoptosis,172 stimulates growth and angiogenesis,173,174 and also increases the
production and release of matrix metalloproteinases (MMPs) from endothelial
and inflammatory cells. MMPs contribute to the angiogenesis found in KS
lesions.175,176
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EPIDEMIOLOGY OF KS

Incidence of KS has dramatically declined with widespread use of HAART. Mocroft
et al.,177 in a pan-European study from 1994 to 2003 found that the incidence in
2003 to be less than 10% of the incidence reported in 1994. In a large multicenter
HIV/AIDS surveillance study from 1990 to 1998, individuals with KS had a 50%
reduction in incidence when initiated on triple antiretroviral drug therapy.178

Prior to HAART, the median survival for HIV-infected persons with KS visceral
involvement was 15 months, and those with cutaneous involvement the median
survival was 27 months.179 Further, in the pre-HAART era, HIV-infected male
homosexuals were estimated to have a 20-fold higher risk of KS development in
comparison with other HIV transmission risk groups.180,181

In areas of Southern Africa where KS is endemic, KS has reached epidemic
proportions due to lack of antiretroviral therapy.182,183 For instance, in Zimbabwe,
KS is reported as to represent 40% of all cancers is men.184 Individuals there with
AIDS-associated KS have high tumor burdens and aggressive disease progression
and expected mortality is less than 6 months.182

CLINICAL PRESENTATION OF KS

KS is an angioproliferative disease varying from an indolent to fulminant disease
with significant morbidity and mortality.The disease usually presents with dissem-
inated and pigmented skin lesions, which can evolve from patches to plaques and
eventually ulcerating tumors. Lesions are often associated with edema, lymph node,
and visceral involvement.185

In the pre-HAART era, the AIDS Clinical Trials Group (ACTG) developed a
staging system based on tumor extent (T),CD4 cell count (L), and presence of systemic
illness (S).Two different risk categories were noted based on this staging system.
A good risk is defined as (T0L0S0) and is seen in disease involving the skin, and/or
presence of minimal oral disease, CD4 > 150 µL, no opportunistic infectious
(OI)/B symptoms and performance status (PS) > 70. A poor risk is defined as
(T1L1S1) and describes disease with edema or ulcerations or extensive oral KS and
visceral involvement, CD4 < 150 µL, OI and/or B symptoms and PS < 70.179 Nasti
et al.186 concluded from epidemiological, clinical, staging, and survival data from
211 patients in two Italian prospective cohort studies that in the era of HAART, a
refinement of the ACTG staging system is needed. CD4 level in this study did not
seem to provide prognostic information; only the combination of poor tumor stage
(T1) and poor systemic disease (S1) identified patients with unfavorable prognosis.
The 3-year survival rate for patients with T1S1 was 53%, which was significantly
lower compared with the 3-year survival rates of patients with T0S0, T1S0, and
T0S1, which were 88%, 80%, and 81%, respectively.

Extracutaneous disease is common in individuals with HIV, with oral cavity
involvement found in 33% of cases, and can be the initial site of diagnosis 15% of
the time.187 Gastrointestinal KS can occur and has been reported in 40% of cases at
initial diagnosis187 with any segment involved, and individuals may have symptoms
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of weight loss, abdominal pain, nausea, vomiting, or bleeding.188 Pulmonary KS is
also common and patients may be symptomatic with shortness of breath or cough
or hemoptysis or may present with an asymptomatic radiographic finding.189 Chest
X-ray findings can consist of nodular, interstitial, or alveolar infiltrates, isolated
pulmonary nodules, pleural effusions, and hilar or mediastinal lymphadenopathy.190

TREATMENT AND SURVIVAL OF KS

Treatment is guided by the extent of symptomatic and extracutaneous KS, immune
system conditions, and concurrent complications of HIV infection since KS is not
considered curable by standard therapies.

Local Treatment

Localized KS lesions can be treated with alitretinoin gel, intralesional chemother-
apy, radiation therapy, laser therapy, cryotherapy, and surgical excision.90,110 With
intralesional therapy, vinblastine is likely the most used and yields a response rate of
70%.191 Radiotherapy, whether given as whole-body electron beam therapy, frac-
tionated focal radiation therapy, and single treatments have produced CRs in
50–80% of patients.192–194

Chemotherapy

Systemic chemotherapy is used with individuals with progressive, widespread
disease, and in particular with visceral involvement. Large randomized studies have
established liposomal anthracyclines (doxorubicin, daunorubicin) as first line single-
agent chemotherapy agents with promising results compared with combination
chemotherapy treatment.195–197 Paclitaxel has also been recently used as a cytotoxic
agent against KS. Compared with other regimens, the median duration of response
ranged from 7.4 to 10.4 months, among the longest observed.198–201 Although well
tolerated, paclitaxel has many adverse effects, including neutropenia and toxic inter-
actions with HAART due to both being metabolized by the cytochrome P-450
pathways.202,203

Interferon

For HIV-infected individuals who have appropriate immune reconstitution with
antiretrovirals, but still have disseminated cutaneous KS, interferon-alpha may be a
favorable option. Response rates from 20 to 40% have been observed in patients.168

Adverse side effects from interferon-alpha encompass fever, chills, neutropenia,
hepatotoxicity, and cognitive impairment.

Anti-HHV-8 Therapy

The discovery of HHV-8 in all forms of KS has raised the possibility of using
antiviral agents to target this virus. HIV-infected individuals that used foscarnet
instead of ganciclovir to treat cytomegalovirus disease had a considerably longer
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time of their existing KS progressing to a more severe form.204 In another trial, the
use of ganciclovir for treatment of cytomegalovirus disease reduced the risk of
developing KS.205 A pilot study using cidofovir for the treatment of AIDS-associ-
ated and classic KS showed no effect on disease progression, no decrease in viral
load of HHV-8 among seven patients, and no change in expression of early lytic
and latent gene expressions from cutaneous KS lesions. Only one of seven patients
demonstrated decreased production of a late lytic gene.206

Most KS tumor cells are latently infected with HHV-8 and thus more resistant to
antiherpesvirus drugs that rely on lytic replication.This resistance can be overcome
by inducing HHV-8 to reenter the lytic cycle during antiviral therapy, leading to
destruction of virally infected cells. Another way would be to disrupt the mainte-
nance and replication of HHV-8 during the latency, via glycyrrhizic acid or hydrox-
yurea, and thus interrupt the role of the virus in tumor formation.207

Other Potential Targets

Potential targets based on KS pathogenesis are the focus of many current trials.
Angiogenesis inhibitors including fumagillin, thalidomide, MMP inhibitor COL-3,
and Imatinib mesylate are all agents being tested on individuals with AIDS-associated
KS.187,208–212 Further, platelet-derived growth factor213 and c-kit214 have a role in
active tumor formation. In one small study, the use of Imatinib mesylate, a c-kit and
platelet-derived growth factor (PDGF) receptor inhibitor, resulted in regression of
AIDS-related KS lesions.211

Impact of HAART

It is essential for tumor control for the majority of individuals now with HIV and
concurrent KS to be treated with HAART.187,215 The inhibition of HIV replica-
tion, decreased production of the Tat protein, restored immunity to HHV-8 and the
direct antiangiogenic activity of some protease inhibitors are among the benefits of
antiretroviral therapy.216,217

HAART has been associated with a lengthening of time to treatment failure
with either local or systemic therapy for KS. Bower and colleagues218 reported in a
retrospective study a median time of 1.7 years from the initiation of HAART versus
0.5 years with no antiretroviral therapy to detect treatment failure among HIV-
infected individuals with KS.

It has also been shown that antiretroviral therapy alone is linked with regression
in size and number of existing KS lesions.219–221 Nasti et al.222 demonstrated that
HIV-infected individuals who were already receiving HAART at KS diagnosis had
a less aggressive presentation versus individuals who were naïve to HAART at time
of KS diagnosis.

Tam et al.,223 in a retrospective analysis from 1990 to 1999, demonstrated
improved survival, an 81% risk reduction of death among HIV-infected individuals,
with the initiation of HAART after the diagnosis of KS.
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Thus, HAART taken along with chemotherapy extends the time to treatment
failure of anti-KS therapies218 and patients are able to sustain extended course of
chemotherapy without relapse at its discontinuation.224

AIDS-ASSOCIATED MULTICENTRIC CASTLEMAN’S DISEASE

Castleman’s disease, originally described by Benjamin Castleman in 1956 as
localized lymph node hyperplasia resembling a thymoma, is a rare lymphoprolifer-
ative disorder.225 Two clinical forms have been described, one in which the disease
is localized and the other generalized (multicentric).The localized form presents as
lymph node hyperplasia in a single node, usually in the abdomen or mediastinum,
and is asymptomatic in 51% of the cases and can resolve with resection.226 MCD,
described by Leibetseder and Thurner227 in 1973 and by Gaba et al.228 in 1978, is
always symptomatic and is characterized by generalized lymphadenopathy with
systemic symptoms of fever, fatigue, and weight loss and the potential for malignant
transformation.229,230

In non-human immunodeficiency virus (HIV)-infected individuals, MCD can
be associated with other diseases such as cutaneous KS, B-cell lymphoma,
Hodgkin’s disease, and polyneuropathy, organomegaly, endocrinopathies, mono-
clonal gammopathy and skin changes (POEMS) syndrome, and autoimmune
diseases.147,229 MCD was diagnosed in two homosexual men with AIDS in 1985.231

In individuals with HIV, MCD is linked with malignant transformation to NHL at
15-fold higher rate than those not diagnosed with MCD.232

HHV-8 PATHOGENESIS IN MULTICENTRIC CASTLEMAN’S DISEASE

HHV-8 encodes for viral proteins involved in signal transduction, cell cycle
regulation, and/or inhibition of apoptosis.233 One of them is a viral homologue
of human interleukin-6 (IL-6), called viral IL-6. In vitro, viral IL-6 acts
similarly to human IL-6234 and possibly serves as an autocrine growth factor in
MCD.235

MCD associated with HHV-8 is also known as the plasmablastic variant because
of the presence of plasmablastic cells harboring HHV-8 in the mantle zones of
the follicles.236 HHV-8 is considered to infect naïve B lymphocytes, transforming these
cells into polyclonal plasmablasts, with the potential of developing into plasmablastic
lymphoma.237,238

EPIDEMIOLOGY OF MCD

The precise incidence of MCD is not known, but it has been found to be more
common in HIV-infected individuals. Further, HIV-infected individuals with MCD
have a 15-fold higher risk of NHL than the general HIV-infected population.232

Pre-HAART, the median survival with chemotherapy was less than 7 months.237

In the post-HAART era, prognosis of AIDS-associated HIV remains poor with a
median survival of 48 months with the same chemotherapy regimen used in 
pre-HAART era study.239
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CLINICAL PRESENTATION OF MCD

Patients with MCD often have constitutional symptoms of fever and fatigue. On
physical examination, diffuse lymphadenopathy, hepatosplenomegaly, and peripheral
edema may be encountered. Further laboratory examination may reveal cytopenia,
hypergammaglobulinemia, hypoalbuminemia, and raised C-reactive protein.
Diagnosis of MCD is clinicopathological and thus based on lymph node biopsy
with the clinical signs of a lymphoproliferative disorder and multisystem involve-
ment.230,240 It has been suggested that HHV-8 load in the peripheral blood is the
most accurate marker for monitoring MCD.149

TREATMENT OF MCD

In the localized form of Castleman’s disease, 5-year survival rate after surgical
resection has been reported at 100%, with follow-up recommended due to some
cases of recurrence.241 Surgery is less frequently used with MCD due to systemic
involvement, with the exception of splenectomy when indicated.230,242,243 Less
invasive thoracoscopic surgery has also been shown to be a safe and effective
alternative.244 Radiotherapy has been successfully used in localized disease, and
two of four patients treated with radiotherapy were symptom free at a follow-up
of 40 months, and the other two died of causes unrelated to Castleman’s
disease.245

Chemotherapy and Steroids

In HIV-infected individuals, several chemotherapy regimens have been tried, but
generally low-dose alkylating agents have been used.246 In a pre-HAART study by
Oksenhendler et al.,237 12 of 20 patients were treated with chemotherapy. Of the
12 patients, nine received vinblastine with resulting partial response with loss of
constitutional symptoms and regression of lymphadenopathy. Four of them
remained stable, but required maintenance therapy every 2 weeks, and five of these
individuals relapsed and required combination chemotherapy or splenectomy. In
another study, two HIV-infected individuals not on HAART and with aggressive
MCD were treated with oral etoposide. Remission, documented by computerized
tomography (CT) was achieved at a follow-up of 1.5 and 6 months, with minimal
side effects. It was concluded by Scott et al.247 in this study that oral etoposide may
be a safe, tolerable, and active agent in MCD.

In a retrospective study by Loi and colleagues,242 11 patients, ten of whom were
already on HAART prior to chemotherapy, were treated mostly with cyclophos-
phamide and chorambucil, combined with prednisolone. Seven of the 11 patients
achieved a response to treatment and the median duration to response was 16.2 months.
Mortality from MCD and its resulting complications was 45% in this series.

Steroids are generally used along with chemotherapy, thus results are limited in
treatment for MCD. Short (5 days) and long courses have been used with varying
results.They may have an antitumor effect, but it is not maintained once the steroids
are terminated.226
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Antiviral Therapy

Inconsistent results have been reported in various studies from the use of antiviral
therapy targeting HHV-8. For instance, remission of HIV-associated MCD, along
with a decline in plasma HHV-8 DNA levels,was attained in three patients treated with
intravenous ganciclovir therapy. Two patients, only one on HAART, achieved a
reduction in the frequency of recurrent flares of MCD and detectable HHV-8 DNA
with intravenous or oral ganciclovir. The third patient, not on HAART, recovered
from an acute episode of renal and respiratory failure with intravenous ganciclovir
therapy, but subsequently died of a fungal infection.248 In a prior study, antiviral therapy
has not been effective in reducing HHV-8 levels, and clinical improvement was
attained after the use of corticosteroids along with chemotherapy.249

Rituximab

Plasmablasts located in the mantle zone of follicles and harboring HHV-8 in HHV-
8-related MCD express variable levels of CD20 surface antigen.236 The anti-CD20
monoclonal antibody rituximab was tested therapeutically in a small group of HIV-
infected individuals, with CR of clinical symptoms and HHV-8 viremia in three
patients for up to 14 months.250,251

Interferon-alpha

Interferon-alpha has also been used effectively in two case reports on HIV-
infected patients. On HAART, an HIV-positive patient remained in remission
with IFN-alpha for 24 months, despite failing two HAART regiments.252

Twenty-four months after initiation of IFN-alpha, the patient was receiving IFN-
alpha treatment and was in remission, with a CD4+ cell count of 123 cells/mm3

and a viral load of 1,763 copies/mm3.The second case report also describes a one
year remission of MCD with a tapering schedule of IFN-alpha after multiple
relapses with chemotherapy, splenectomy, and antiviral therapy.253 IFN-alpha has
been used as adjunct therapy in three HIV-infected individuals in combination
with vinblastine and splenectomy.Two of the three patients tolerated it well, and
had a CR.237

Interleukin-6

The dysregulated production of human IL-6 is thought to have a role in the patho-
genesis of MCD.254 Using IL-6 antibody to block IL-6 signaling has achieved good
results, but all reports are in HIV-negative patients.255,256

Thalidomide

Thalidomide, an agent that disrupts cytokines, has been successfully used in one
HIV-infected patient on HAART with MCD.Although various chemotherapeutic
agents were used, the individual continued to relapse with fever and thrombocy-
topenia without chronic etoposide administration.Thalidomide was subsequently
started along with etoposide, and after 4 weeks the etoposide was held.At 38 weeks
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follow-up, the patient remained without fevers and platelet counts were stable, bone
marrow biopsy revealed no evidence of MCD, and initial hypergammaglobulinemia
had normalized.257

Role of HAART in MCD

With HAART, both cases have been described: ones in which reduction of HHV-
8 DNA are achieved in the peripheral blood along with remission of clinical
manifestations219,258 and cases in which antiretroviral therapy failed to decrease the
HHV-8 load in the peripheral blood even with immune reconstitution.242,259

Two cases have been described where HAART alone led to recovery from
MCD, with a follow-up of 12 months.260 Another study described no effect of a
protease inhibitor-based regimen, even with immune reconstitution.261

Aaron and colleagues239 reported case histories of seven HIV-infected individuals
with MCD on HAART and chemotherapy. Four had KS along with their MCD.
Although the KS resolved with immune reconstitution on HAART, their
MCD relapsed when chemotherapy was terminated.This study suggests that MCD
is not affected by immune reconstitution.The main causes of death in the pre-HAART
studies of MCD were associated with immune deficiency from HIV disease itself,
such as opportunistic infections.Therefore, the receipt of antiretrovirals may itself
account for the longer survival rates (median survival of 48.4 months) with MCD
seen in the post-HAART era.237,239

AIDS-ASSOCIATED PRIMARY EFFUSION LYMPHOMA

Knowles et al.262 first described a lymphoma syndrome in HIV-infected individu-
als characterized by malignant effusions in the absence of nodal disease in 1989,
which was subsequently named body-cavity-based lymphoma by Cesarman and
colleagues in 1995.150 Now it is called primary effusion lymphoma (PEL), a name
more commonly used in the literature to describe this syndrome.

HHV-8 AND EBV ETIOLOGY IN PEL

Cesarman and colleagues150 found HHV-8 sequences among eight HIV-infected
individuals with PEL, and quantitatively, these lymphomas contained 60–80 copies
of HHV-8 per cells, compared with one copy in the KS lesion.

As with HHV-8, EBV expression is also present in nearly all cases of PEL.262,263

Horenstein and colleagues263 analyzed the pattern of EBV latent (persistent) gene
expression in five patients with PEL confirmed to be coinfected with EBV and
HHV-8. A significant finding was that PELs express EBNA1 mRNA, which has
been shown to induce B-cell lymphomas when expressed in B cells as a transgene
in mice.264 However, overall it was found that PELs exhibit a restricted pattern of
EBV latency, lacking significant expression of most of the major EBV growth trans-
forming factors. It is likely, with this background, that HHV-8 has a significant role
in the pathogenesis of PELs. Furthermore, there are a few cases containing HHV-
8, but lacking EBV, suggesting a secondary role for EBV in PELs.263
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EPIDEMIOLOGY OF PEL

PEL, a rare lymphoma with poor prognosis, presents similarly in terms of epidemi-
ology to that of KS, occurring mostly in male homosexual AIDS patients and rarely
in elderly HIV-negative individuals.150,265,266 Boulanger and colleagues267 reported
28 cases in a 11-year period from six centers in France, and a median survival rate
of 6.2 months among HIV-infected individuals. Prior reported median survival was
shorter than 6 months, and a poor performance status and absence of HAART
before PEL diagnosis was found to be independently associated with a weaker
clinical outcome in the French study.

FEATURES OF PEL

PEL is a distinct, high grade B-cell NHL characterized by pleural effusion, pericar-
dial effusion, and/or ascites, generally in an HIV-infected individual, but has been
described in elderly individuals with chronic heart or liver disease. In addition, there
have also been case reports of PEL associated with KS in HIV-negative individuals,
one individual with prior KS and the other after cardiac transplantation.268,269

Clinically, it presents as malignant effusions with a lack of nodal or extranodal
solid tumors.270 Cytologic examination is necessary for diagnosis and fluid can be
attained through thoracentesis or paracentesis.271

TREATMENT OF PEL

Simonelli and colleagues,272 in a retrospective study with 277 patients with HIV
infection and systemic lymphoma,had 11 individuals in the group that were classified
in the PEL category. Eight of the 11 patients received CHOP-like regimen and CR
was reached in 42% of the patients, with a median survival of 6 months. One of the
three patients receiving no cytotoxic therapy also had CR, which may have occurred
as result of HAART. Only two patients survived beyond a year, and both had a CR
after cytotoxic therapy or occurring along with antiretroviral therapy. Initiation of
HAART alone has been reported to cause spontaneous regression of PEL.273

Currently, no definite treatment recommendations can be made due to lack of
sufficient data. Since administering HAART has proven effective in some cases, a
course of antiretroviral therapy with deferment of chemotherapy should be tried
for all individuals.271

HUMAN PAPILLOMAVIRUS

HPV is a virus in the papovavirus family. It is a double-stranded DNA virus and
generally infects stratified squamous epithelium, such as mucosal and squamous
cells.274 The genome is approximately 8,000 bp in size, and based on genome
sequence comparisons, over 100 HPV types have been identified to date.
Approximately 30 of the known HPV types infect genital epithelium, and HPV is
one of the most common sexually transmitted infections.

Among HIV-infected individuals, human HPV infection has a well-established
relationship with the elevated risk of invasive cervical cancer, anal cancer, and
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precursor lesions of both types of cancer, cervical intraepithelial neoplasia (CIN)
and anal intraepithelial neoplasia (AIN).275–278 In addition, other HPV-associated
intraepithelial neoplastic lesions and malignancies appear to be more prevalent among
HIV-infected individuals. Petry et al.279 reported an increased prevalence
among HIV-infected women of high-risk HPV infection associated vulval intraep-
ithelial neoplasia (VIN).Frisch et al.280 reported an increase in both invasive and in situ
forms of not only cervical and anal cancer, but also of vulvar/vaginal and penile
cancers among HIV-infected individuals. In Africa, several studies have found
evidence of increasing conjuctival carcinoma as well as an association between
HPV infection and the risk of squamous cell carcinoma of the conjunctiva.281,282

Moubayed et al.283 found that HPV 6/11, 16 or 18 were found in the majority of
14 cases of conjunctival carcinoma in Tanzania using a highly sensitive in situ
hybridization technique. Nine of these 14 cases were HIV positive.

HIV AND HPV INTERACTION

The increased prevalence of HPV disease associated with HIV infection may be
mediated by impaired T-cell and antigen-presenting cell function, however local
effects of HIV infection may also upregulate HPV replication and oncogenesis.The
HPV viral oncogenes E6 and E7 are able to immortalize primary keratinocytes and
can transform cells in culture.284,285 In an animal mode of estrogen-stimulated
HPV-induced cervical cancer, expression of E7 alone resulted in precancers and
cancer, while the expression of E6 and E7 together resulted in larger cancers.286

Although the exact mechanisms of HIV-related immunosuppression and HPV
coinfection have not been determined, several in vitro studies have shown that HIV
tat protein can drive the replication of HPV 16 and HPV 18 through the overex-
pression of E7 and other genes in the early region.287,288

HIV-ASSOCIATED SQUAMOUS CELL CANCER OF THE CERVIX

Epidemiology of HIV-Associated Cervical Cancer

Since 1993, invasive cervical cancer has been listed by the CDC guidelines as an
“AIDS-defining” condition. However, quantifying the contribution of HIV infec-
tion in the development of cervical cancer among HIV-infected women remains
unclear. Although immunosuppression after organ transplantation has been shown
to enhance the onset and progression of HPV-related tumors,289 a 1996 study by
the International Agency for Research on Cancer (IARC) which evaluated the
relationship between HIV and cervical cancer found no conclusive evidence that
HIV per se increased the risk of cervical cancer among HIV-infected women.289

Subsequent studies continue to yield conflicting results. In developed countries,
with access to HAART, there have been several studies that have shown an
increased risk of cervical cancer. Studies conducted in Southern European
countries have found that the increased risk of invasive cervical cancer ranged from
3.1 to 15.5 among HIV-infected women.116,290,291 In addition, using a national 
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AIDS-cancer linked registry database of cases through 1998, Frisch et al.280 found
a relative risk of 5.4 for invasive cervical cancer among HIV-positive women com-
pared with the general population. Data from South Africa have also shown an
increased risk of cervical cancer.292 However, no increase in cervical cancer has
been noted among case-control studies from multiple African countries where
endemic rates of cervical cancer are higher and women have shorter survival, such
as Rwanda, Cote d’Ivoire, Zambia, or Kenya.293–296

There appears to have been little change in the incidence of invasive cervical
cancer in recent years associated with HAART. A study conducted by the
International Collaboration on HIV and Cancer 2000 compiled 23 studies from
North America, Europe, and Australia, evaluating the incidence of cervical cancer
among HIV-infected women from 1992 to 1999. No significant increase in the
incidence rate of cervical cancer was noted during the study period, particularly
since the widespread use of HAART.297 However, longer follow-up time is neces-
sary before definitive conclusions are drawn regarding the effect of HAART on
invasive cervical cancer incidence.

Epidemiology of CIN in HIV-Infected Women

The relationship between HIV-infection and increased prevalence of CIN has
been shown in many studies. Mandelblatt et al.298 performed a meta-analysis of 15
cross-sectional studies published between 1986 and 1998 that evaluated prevalence
of cervical neoplasia, HPV infection and HIV infection among women. They
found that among women infected with HPV, HIV-infected women were signif-
icantly more likely to develop cervical neoplasia, and that this effect was related to
degree of immunodeficiency. Several other recent studies have also shown that
HIV-infected women are at higher risk for CIN. A cross-sectional study con-
ducted by the Women’s Interagency Health Study (WIHS) group299 found that
38% of HIV-positive women had abnormal cytologic findings compared with
16% of HIV-negative women. In another cross-sectional multicenter study, Duerr
et al.300 also found that HIV-positive women were more likely than HIV-negative
women to present with atypical cervical cytology. Finally, Ahdieh et al.301 found
that 13% of HIV-positive women versus 2% of HIV-negative women had abnor-
mal cytological findings.They also found that HIV-positive women had a much
lower rate of HPV clearance on follow-up exams, and that in a multivariate
model, the increased rate of CIN among HIV-positive women was fully accounted
for by HPV persistence.

Screening Guidelines for HIV-Infected Women

Current United States Public Health Service (USPHS) and Infectious Diseases
Society of America (IDSA) guidelines302 recommend that HIV-positive women
undergo a complete history, and pelvic exam as part of cervical cytologic assess-
ment at the time of initial evaluation.A pap smear every 6 months is recommended
for the first year after HIV diagnosis, and if both are normal, a yearly pap smear may
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be obtained thereafter.Women with abnormal pap smears should undergo colposcopy
and can be subsequently managed according to published universal guidelines.303

In addition,Tate et al.304 found that the recurrence rates of CIN are high among
HIV-infected women, but a separate study found that HAART may decrease the
recurrence of CIN among HIV-infected women after therapy.305

Effect of HAART on Cervical Cancer and CIN

Although HAART has significantly improved the survival of HIV-infected indi-
viduals through immune reconstitution and has decreased the incidence of oppor-
tunistic infections, the effects of HAART on HPV infection and CIN among
HIV-infected women remain unclear. While three small retrospective studies did
not find a significant reduction in risk of cervical dysplasia among women on
HAART,306–308 several other studies have found a reduction in cervical dysplasia
risk related to HAART. In a cross-sectional study, Heard et al.309 did not find any
change in prevalence of HPV infection 5 months after HAART initiation in 73
HIV-positive women, but the prevalence of CIN decreased significantly. Greater
increases in CD4 cell counts after initiating HAART were also associated with CIN
regression.The largest retrospective analysis performed by the WIHS group found
that among 741 HIV-positive women, women on HAART were 40% (95% CI,
4–81) more likely to exhibit a regression of cervical lesions and were also signifi-
cantly less likely to have progression of CIN (OR 0.68).310 Heard et al.311 con-
ducted another prospective analysis evaluating the effect on HAART on time to
regression of CIN in 168 women and found that the hazard ratio for the regres-
sion of CIN was 1.93 (95% CI, 1.14–3.20) for women on HAART compared with
those on less effective or no therapy.

The conflicting observations regarding the effect of HAART on cervical squa-
mous intraepithelial lesions (SIL) or CIN from these reports are likely in part due
to the design differences, differences in inclusion criteria, differences in end points,
and different statistical methodologies employed by the authors. However, taken
together, it appears that HAART has a modest beneficial effect on progression of
HPV-related cervical disease.

Treatment of Cervical Cancer in HIV-Positive Women

Women with AIDS and cervical cancer have been shown to have a significantly
higher mortality than those without AIDS. In the pre-HAART era, data from the
National Center for Health Certificates from 1990 through 1995 found that rela-
tive risk of cervical cancer for women aged 25–44, adjusted for race, was 5.5 for in
HIV-infected women compared with HIV-negative women.312 In the post-
HAART era (1996–2000), a recent study linking the New York state cancer registry
and the New York City HIV/AIDS registry found that the 24 month survival for
women with AIDS was 64% compared with 74% among women without AIDS.
The adjusted hazard ratio of death at 24 months for women with AIDS was 1.8
(95% CI 1.1–3.2) compared with women without AIDS.
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Invasive cervical cancer diagnosed in women with HIV infection is treated using
the same criteria and protocols as those women without HIV infection, as long as
no other contraindications for treatment exist. In addition, close post-treatment
surveillance is also recommended.

HIV-ASSOCIATED SQUAMOUS CELL CANCER OF THE ANUS

Epidemiology of HIV-Associated Anal Cancer

In the 1960s, the annual incidence of squamous cell cancer of the anus (SCCA) among
men in the United States was relatively low and stable, with approximately 0.5 cases
per 100,000 persons.313,314 The disease was primarily found among older persons,with
a 2:1 female to male ratio.313,314 However, a recent US population based analysis of the
Surveillance, Epidemiology and End Results (SEER) program data found that the
incidence of SCCA in the US among men increased from 1.06 per 100,000 in
1973–1979 to 2.04 per 100,000 in 1996–2004.315 Other recent studies have shown a
steady increase in the incidence of SCCA during the past three decades,313,314 with sig-
nificant increases among never married men in the San Francisco Bay Area.314,316

In addition, large retrospective AIDS-Cancer Registry Match studies and
prospective studies of HIV-infected cohorts have shown an increased risk of SCCA
among HIV-infected individuals. Compared to the general population, the relative
risk for SCCA in the national US AIDS Cancer Registry match was 37.9
(33.0–43.4) for men and 6.8 (2.7–14) for women.158 The incidence of SCCA
among HIV-infected populations reported from prospective cohort studies ranged
from 3.9 to 92 per 100,000 and the relative risks reported ranged from 33.4 to 115.
In addition, the widespread introduction of HAART in industrialized nations does
not appear to have changed the incidence of SCCA in these studies.317–319

Epidemiology of HIV-Associated Anal Intraepithelial Neoplasia

There have been many studies that have reported the prevalence of AIN among
HIV-infected men and women. Sixteen studies demonstrated that between 41 and
97% of HIV-infected men are found to have anal dysplasia on anal pap smear
screening.320–333 Palefsky et al.334 also found that the relative risk (RR) of developing
high grade squamous intraepithelial lesions (HSIL) was 3.7; (95% CI 2.6–5.7) for
HIV-positive men who have sex with men (MSM) compared to HIV-negative
MSMs. In addition, five studies have shown that between 14 and 28% of HIV-
infected women are found to have anal dysplasia.276,335–338 In a study evaluating the
prevalence of HPV DNA in anal swabs of HIV-positive and HIV-negative women,
76% of HIV-infected and 42% of HIV-negative women had HPV detected.336

Screening for Anal Cancer

As shown in the previous section, HIV-infected individuals are at an increased risk
for SCCA and AIN. In addition, SCCA shares many biologic similarities with
cervical cancer, including detectable dysplastic precursor lesions and high-risk HPV
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infection. Thus, the institution of annual anal pap screening for HIV-infected
patients has been recommended.339,340 Anal pap smears are obtained by randomly
obtaining squamous cells from the anal canal using a Dacron swab.They are then
fixed in liquid fixative medium. Similar to cervical cytology protocols, abnormal
anal cytologic findings are confirmed by high-resolution anoscopy (HRA) directed
biopsy of visualized lesions.The 2001 revised Bethesda System of cytologic classi-
fication includes a basic primer on anal cytology and uses the system of cervical
cytologic classification as an accepted means for classifying anal cytology.341 Anal
pap smears have a similar sensitivity and specificity to cervical pap smears.342–346

Although there are no definitive clinical studies showing that anal pap smears
decrease SCCA-related morbidity and mortality among HIV-infected individuals,
a recent cost-effectiveness analysis found that the incremental cost-effectiveness
ratio per quality-adjusted life year saved was $16,000, which is similar to other
widely accepted screening procedures.347

Effect of HAART on Anal Cancer and Anal Dysplasia

Only eight small case series (ranging from 4 to 26 patients) describe outcomes of
HIV-associated SCCA, with 5-year survival ranging from 47 to 60%.348–355 The
majority of cases were diagnosed at either stage 1 or 2 (localized tumor without
lymph node invasion) and received combined chemoradiotherapy. Most series
reported some toxicity associated with therapy and with one reporting up to 50%
of patients unable to complete planned therapy.356–362 Among three studies that
specifically compared survival among patients with SCCA in the pre-HAART versus
HAART eras, there was a nonsignificant trend toward improved survival, better
tolerability of chemoradiotherapy, and improved local tumor control in the HAART
era.319,356,357,362 However, a recent study linking the New York state cancer registry
with the New York city HIV/AIDS registry found that in the HAART era
(1990–1996) the 24-month survival was 76% for patients with AIDS, compared to
78% for patients without AIDS, suggesting that in the HAART era, HIV-infected
patients with SCCA have equivalent survival with HIV-negative patients.368

Like studies evaluating the effect of HAART on cervical dysplasia, studies eval-
uating the effect of HAART on anal dysplasia also report conflicting results, likely
related to the significant design and methodological differences among these stud-
ies. Palefsky et al.320 compared the rates of progression and regression of anal dys-
plasia after 6 months of HAART. They found that the likelihood of lesion
progression or regression was not affected by HAART initiation, but they noted
that among the patients starting HAART at higher CD4 counts, HAART demon-
strated a nonsignificant benefit on anal dysplasia lesions. In a subsequent study,
Palefsky et al.363 performed a cross-sectional analysis on the prevalence of AIN 3
among a cohort of 433 HIV-positive men.They found that men on HAART had
an increased risk of 12.6 (95% CI, 2.4–64) for AIN 2 or 3 after adjustment for CD4
count. In contrast,Wilkin et al.323 conducted a cross-sectional study evaluating anal
HPV infection and anal dysplasia in 98 HIV-positive men. In a multivariate analysis
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they found that HAART and higher nadir CD4 count were significantly protec-
tive for anal dysplasia by histology, but were not protective of anal HPV infection.
Therefore, it remains unclear if HAART initiation influences the natural history of
AIN in HIV-infected individuals.

Treatment outcomes for anal dysplasia have only been reported for small case
series. Current treatment options are similar for HIV-positive and HIV-negative
individuals. These treatments include surgical ablation, infrared coagulation,
imiquimod, and topical 5-FU.364–367

SUMMARY

Among individuals with HIV-infection, coinfection with oncogenic viruses including
EBV, HHV-8, and HPV cause significant cancer-related morbidity and mortality. It
is clear that these viruses interact with HIV in unique ways that predispose HIV-
infected individuals to malignant diseases. In general, treatment directed specifically
against these viruses does not appear to change the natural history of the malignant
disease, and once the malignancy develops, if their health permits, HIV-infected
patients should be treated using similar treatment protocols to HIV-negative
patients. However, for the less frequent HIV-related malignancies, such as PEL, or
MCD,optimal treatments are still emerging.For certain AIDS-defining malignancies,
it is clear that the widespread access to HAART has significantly decreased the
incidence, and improved outcomes. However, for other cancers, such as the HPV-
related tumors, the role of HAART is much less clear. Further research into
prevention and treatment of these oncogenic virally mediated AIDS-related
malignancies is necessary.
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INTRODUCTION: KAPOSI’S SARCOMA AND KSHV/HHV-8

In 1872, the famed Hungarian dermatologist Moritz Kaposi characterized an “idio-
pathic multiple pigmented sarcoma” which is now known as Kaposi’s sarcoma
(KS).424 For most of its history, KS has been a rare, slowly progressing neoplasm
affecting mainly elderly men of Mediterranean and Eastern European descent. KS
was not typically fatal, and patients tended to live ten or more years with the con-
dition, and die of other unrelated ailments.201 An abrupt increase in the number of
cases of KS among previously healthy young homosexual men was first reported in
1981, ushering in a new era of aggressive, rapidly fatal KS.40,155,180,210,401 Since
approximately 30% of AIDS patients presented with KS as their initial symptom of
HIV infection, KS evolved into a defining characteristic of one of the most devas-
tating infectious diseases in history.35,177

The progressive depletion of cell-mediated immunity and subsequent loss of
immune function caused by HIV infection predisposes patients to an array of
unusual malignxancies.177,381 AIDS patients do not have higher incidence of the
more common tumors of the breast, colon, or lung than the general population;
rather, they exhibit a greatly increased frequency of cancers induced by oncogenic
viruses such as Epstein-Barr virus (EBV), human papilloma virus (HPV), and
Kaposi’s sarcoma-associated virus (KSHV), also known as human herpesvirus 8
(HHV-8).99,177,381 Impaired immune surveillance promotes a permissive environ-
ment for uncontrolled viral replication, the spread of virus to surrounding cells and



tissues, and contributes to the multistep process of tumorigenesis.99,428 In the case
of AIDS-KS, interactions between immunosuppression, HIV, and KSHV are
required for malignant progression. Although HIV infection is neither necessary
nor sufficient for the development of KS, it is associated with a much higher
frequency of KS and alteration of its natural course.99 The HIV epidemic in Africa
along with the high prevalence of endemic KSHV infection in the general popu-
lation has led to an alarming number of cases of KS and KSHV-associated diseases
on that continent alone.118 With the recent advent of HAART (highly active
antiretroviral therapy), the overall incidence of AIDS-associated neoplasms has
declined;478 however, factors such as lack of access to treatment, noncompliance
with treatment regimens, and the development of drug resistance all contribute to
an elevated risk for KS in HIV-infected patients46,204,492 and ensure that KS will
present a continuing major health problem for years to come.381 Understanding of
the molecular biology of KSHV alone and in the context of HIV infection is
crucial for the development of therapies to treat and prevent the associated
pathological processes.

Discovery

In the 1920s, it was observed that KS occurred more frequently in East and Central
Africa.The uneven geographical distribution led to the hypothesis that KS might
be caused by an infectious agent.173,328 In 1990, a landmark epidemiological study
from Beral et al. reported that KS was 20,000 times more likely to occur in people
with HIV than in the general population.36 KS was more common in those who
had acquired HIV sexually than in those who had acquired it via other routes.The
incidence of KS was not related to age or race, but showed a definite geographical
distribution, with the highest prevalence in the areas that were the initial foci of the
AIDS epidemic.36

The accumulation of the epidemiological evidence suggested the involvement of
a sexually transmissible agent in the development of KS, which in western coun-
tries had spread mainly among homosexual men. Several groups attempted to
identify the unknown agent, and in 1994,Yuan Chang and Patrick Moore used
representational difference analysis to identify two fragments of a previously
unknown herpesvirus in a biopsy sample from an AIDS-KS patient,89 instigating a
new era in KS research.

Diseases Associated with KSHV

Since its discovery, extensive studies have demonstrated an etiologic role for KSHV
in the development of KS.79,113,129,302 The involvement of KSHV in the pathogen-
esis of KS is now widely accepted based on the following criteria: (1) KSHV
genomes are detectable in all clinical forms of KS (classic, endemic, iatrogenic, and
AIDS-related);44,89,91,134,253,301,383 (2) KSHV infection is highly associated with sub-
jects at high risk for developing KS such as HIV-infected gay men;167,168,229,403
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(3) KSHV infection rate in the general population correlates with KS incidence
rate in different geographic regions, e.g., high in some African regions, intermedi-
ate in Mediterranean and Eastern European regions, and low in North America;168

(4) KSHV is detected in the endothelial spindle cells, the neoplastic component of
KS lesions;43,132 and (5) KSHV DNA sequences in peripheral blood and serocon-
version to KSHV are detected prior to the development of
KS.167,168,291,304,325,326,337,355,360 In addition to its association with KS, KSHV has also
been implicated as the causative agent of two other AIDS-associated malignancies:
primary effusion lymphoma (PEL)80,89 and the plasma cell variant of multicentric
Castleman’s disease (MCD)133,415 and may be pathologically involved with other
disorders resulting from dysregulation of the immune system.129,384

Kaposi’s Sarcoma

Four clinical forms of KS have been described. Classic KS is an indolent tumor of
elderly men, most often found in Mediterranean, Eastern European, and Near East
regions.424 Endemic KS is prevalent in Central Africa, where it is one of the most
frequently occurring tumors. Iatrogenic KS has been identified in transplant recipi-
ents undergoing immunosuppressive therapy. In western nations, KS became a hall-
mark of the AIDS epidemic.77 The occurrence of KS in young male homosexuals/
bisexuals was first reported in 1981.40,155,180,210,401 Epidemic AIDS-KS is the most
common neoplastic manifestation of AIDS in the United States and Europe280 and
is one of the diagnostic criteria for AIDS.1 In contrast to the indolent course of
classic KS, AIDS-related KS takes a much more aggressive course.36 AIDS-related
KS tends to disseminate widely to mucous membranes and the visceral organs.1,424

Despite the different clinical manifestations of KS, the histology of lesions from
skin, lymph nodes, respiratory tract, and intestines are very similar.1 KS is a vascular
tumor consisting of interweaving bands of spindle cells, irregular slit-like channels
embedded with reticular and collagen fibers, and inflammatory infiltrates of
mononuclear cells and plasma cells.The neoplastic components of the KS lesion are
the so-called spindle cells due to their characteristic abnormal elongated shapes.99

The tumor is highly vascular, containing abnormally dense and irregular blood
vessels, which leak red blood cells into the surrounding tissue and give the tumor
its dark color.

Cutaneous lesions are divided into patch, plaque, and nodular stages.The patch
stage demonstrates a proliferation of irregularly branching blood vessels, which
may be grouped around normal-appearing blood vessels. Perivascular infiltrating
lymphocytes and multiple plasma cells are typically present.The irregular vessels
are small, flat and widely spaced and are comprised of apparently normal endothe-
lial cells.1

The plaque stage is characterized by the appearance of spindle cells forming bun-
dles in the vascular spaces. Mitoses and nuclear abnormalities are more prominent
in both the spindle cells and the endothelial cells. Extravasation of red blood cells
and macrophages is often evident.
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As the vascular and spindle cells continue to proliferate, the characteristic nodu-
lar phase of classic KS develops.The nodular lesions are composed of well-defined,
densely packed aggregates of spindle cells and vascular spaces arranged into
bundles. The vascular slits are often distended by red blood cells. Mitotic figures,
extravasated red blood cells, hemosiderin, and hemosiderophages are often present.1

KS lesions are composed of a mixed-cell infiltrate with hyperplastic spindle-
shaped cells that resemble cytokine-activated ECs and monocytes/macrophages
by their expression of tissue-specific markers (CD34, vascular-endothelial
cadherin, endothelial leukocyte adhesion molecule type 1, CD4, CD14, CD68,
and PECAM-1).207,444,472 Immunohistology, in situ hybridization, and in situ
PCR studies have shown that the majority of spindle endothelial cells in
advanced KS lesions as well as atypical endothelial cells in early lesions are
latently infected by KSHV.43,132,336,353,497 Less than 3% of the KSHV-infected cells
in KS lesions have been found to express viral proteins characteristic of viral lytic
replication.101,227,336,420 The low rate of spontaneous lytic replication is postulated
to have a role in KS development through an autocrine and paracrine mecha-
nism, as well as ensuring the continued maintenance of KSHV infection.276

Though the classic form of KS is usually localized to the lower extremities,
AIDS-KS commonly involves many other parts of the body.The skin of the face,
the extremities, torso, and mucous membranes of the oral cavity are often affected.
In one study, 45% of patients presented with one or more lesions along the
gastrointestinal tract.99

Primary Effusion Lymphoma

PEL, also called body cavity-based lymphoma, is a rare lymphoma commonly
found in HIV-infected patients.79 This type of lymphoma is characterized as a
malignant effusion in the peritoneal, pleural, or pericardial space, usually without
a tumor mass.69,79 The lymphoma cells are usually monoclonal and of B-cell origin,
but display only a few markers of B-cell differentiation i.e., CD20, as well as several
activation markers such as CD30,CD38,CD71, and epithelial membrane antigen.68,161

PEL cells typically express a 420 kDa isoform of CD138/syndecan-1, suggesting
they are in a preterminal stage of B-cell differentiation close to that of plasma
cells.66,162 KSHV is invariably detected in PEL, and is considered to be a diagnostic
criterion for this type of lymphoma.79,161 KSHV is detected as either monoclonal
or oligoclonal episomes in PEL samples.222 Similar to that seen in KS lesions, the
pattern of KSHV gene expression in PEL is mainly latent.132,227,336,362 The majority
of cells express the viral latent proteins LANA-1 (ORF73), vCyclin (ORF72),
vFLIP (ORF71), kaposin (ORFK12), and LANA-2 (ORFK10.5) with a small
percentage (2–5%) expressing vIL-6 (ORFK2).132,227,336,362 Proteins of the viral
lytic cycle are detected in less than 1% of the tumor cells. Though generally
considered to be a lytic protein, vIL-6 expression in PEL may be independent of
the lytic replication cascade of gene expression.92
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Multicentric Castleman’s Disease

MCD is a localized lymphoproliferative condition characterized by expanded
germinal centers with B-cell proliferation and vascular proliferation.The plasma
cell variant of MCD is more commonly seen in AIDS patients and transplant
recipients. MCD is frequently but not invariantly associated with KSHV infec-
tion.11,109,133,415 Immunohistochemical analysis of biopsy specimens has shown
that 10–50% of B-cells surrounding the follicular centers of MCD are positive
for LANA-1.131,132,227,336 Of the LANA-1 positive B cells, about 5–25% also
express the KSHV proteins vIL-6 and vIRF-1 (ORFK9).227,336 In addition,
a small proportion of the mantle zone cells of MCD also express viral pro-
teins associated with lytic replication,227,336 suggesting that in MCD, KSHV
adopts a less restricted pattern of gene expression compared to that seen in
either KS or PEL.

Other Possible KSHV-Associated Disorders

Since the isolation of KSHV DNA from KS lesions in 1994, KSHV has been
postulated to be involved in several other disease states resulting from immune
dysfunction.

Primary pulmonary hypertension is a progressive disorder characterized by elevated
mean arterial pressure that may lead to right ventricular failure, and complex,
lumen-occluding vascular lesions resulting from dysregulated endothelial cell pro-
liferation.A study published in 2003 reported a possible association between KSHV
infection and the nonfamilial form of this disorder, but follow-up studies were not
able to confirm this association.108,250

Hemophagocytic syndrome, also called macrophage activation syndrome and
hemophagocytic lymphohistiocytosis, is a reactive disorder of the mononuclear
phagocytic system that is characterized by benign generalized histiocyte prolifera-
tion with profound hemophagocytosis resulting in the destruction of the formed
elements of the blood. The acquired form of this syndrome is associated with
underlying disease such as immunodeficiency, and can be triggered by infection or
medication.142 KSHV infection may be able to trigger episodes of this syndrome,
but it is not the only viral cause.3,384

Limited evidence indicates a possible role for KSHV infection in other diseases,
including pemphigus, salivary gland tumors, bullous phemigoid, nonneoplastic
lymphadenopathies, sarcoidosis, Kikuchi’s disease, and multiple myeloma.3

Interaction of HIV and KSHV

As KSHV is a necessary but not sufficient etiological factor for KS, only a small
proportion of infected people ever develop KS or KSHV-induced lymphomas.
Cofactors such as HIV infection and iatrogenic immunosuppression dramatically
increase the risk of developing a KSHV-related malignancy in infected individ-
uals. Among KSHV-infected individuals, the risk of KS is much higher in those
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with HIV-1 infection than among those with other types of immunosuppres-
sion, suggesting a direct action of HIV-1 on KSHV replication and tumorigen-
esis.These two viruses may interact at the molecular level in coinfected patients,
resulting in increased HIV-1 viral load.293 Studies have demonstrated that coin-
fection with KSHV can modulate HIV-1 replication.73–76 This occurs either
through direct interaction between these two viruses or through secondary
effects resulting from the release of cellular factors in response to infection.The
KSHV ORF50-encoded reactivation and transcriptional activator (RTA) inter-
acts synergistically with HIV-1 Tat protein in the transactivation of HIV-1 LTR,
leading to increased cellular susceptibility to HIV infection.76 LANA-1 interacts
with Tat and activates HIV-1 LTR.211 Expression of RTA increases the efficiency
of HIV infection in different cell types.75 This potentially could result in
enhanced HIV spread within the infected organism and faster progression of the
disease. On the other hand, HIV-1 infection leads to reactivation of latent KSHV
genomes, through Tat.292 HIV-1-encoded Vpr proteins increase the expression of
KSHV genes.206 Consequently, HIV infection can promote KS progression. In
AIDS-KS, HIV and its Tat protein induce inflammatory cytokines, which can
further promote the pathogenesis of KS.137,140 In fact, HIV induced oncostatin-
M (OSM) and interferon (IFN)-γ to promote KSHV lytic replication.294 It was
shown that HIV infection of PEL cells triggered KSHV reactivation292 while
KSHV enhanced HIV replication in acutely infected cells and induced reactiva-
tion in latently infected cells.73 HIV-1 Tat also enhanced KSHV infectivity,
probably by concentrating virions on cell surface.16

In order to elucidate the basis for the increased frequency, enhanced aggressive-
ness, and disease progression seen in AIDS-KS, understanding of the molecular
biology of KSHV is required.The remainder of this chapter focuses on describing
the structure and genetics of the virus, infection systems and animal models used
to study the virus, the viral lifecycle, impact on host cellular pathways, potential
oncogenic mechanisms, and specific gene functions.

BIOLOGY OF KSHV

Virion Structure and Assembly

The Herpesviridae family comprises three subfamilies, alpha-, beta-, and gamma-
herpesvirus. KSHV belongs to the γ2-herpesvirus group.288 KSHV and other
members of the herpesvirus family share a characteristic architecture in which
the double-stranded DNA genome is surrounded by an icosahedral protein
capsid, a thick tegument layer, and a lipid bilayer envelope.481 Mature KSHV
has at least 24 virion-associated proteins. These include five capsid proteins,
eight envelope glycoproteins, six tegument proteins, and five proteins whose
locations in the virion have not yet been defined.323,499 The 3D structure
of KSHV capsids has been investigated by cryo-electron microscopy.481 These
studies have shown that KSHV has the same T = 16 triangulation number
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and much the same capsid architecture as herpes simplex virus (HSV) and
cytomegalovirus despite limited sequence similarity between the corresponding
capsid proteins.481 The principal constituents of the capsids are a major capsid
protein (ORF25), two triplex proteins (ORF62 and ORF26), and a small cap-
sid protein of ~19 kDa (ORF65).323 Viral assembly within infected cells has yet
to be studied.

Genome Structure and Organization

KSHV contains a large double-stranded DNA which is a closed circular episome
in the nucleus during latency but is linear during lytic replication. Over 90
genes/ORFs are encoded by a 140 kb long unique region (LUR) with 53.5% G+C
content, which is flanked by 20–35 kb terminal repeat regions composed of 801 bp
terminal repeat units with 84.5% G+C content (Fig. 1).The KSHV genome shares
the seven block organization of other herpesviruses with KSHV unique ORFs
present between blocks. These unique genes, some of which are homologs to
human genes, were designated names with a “K” prefix followed by number.367

Because of the KSHV genome complexity, the exact number of genes in the
genome remains unknown. It is possible that new genes have yet to be discovered.
Organization of KSHV genome is closely colinear to that of herpesvirus saimiri
(HVS) and rhesus macaque rhadinovirus (RRV) genomes. HVS is the prototypical
gammaherpesvirus of the Rhadinovirus genus.144 Sequence analysis indicates HVS
shares significant homology with KSHV.367 RRV, a simian gamma-2 herpesvirus
closely related to KSHV, replicates lytically in cultured rhesus monkey fibroblasts
and establishes persistence in B cells.The similarity between the genomes of RRV
and KSHV is high, and almost all of the ORFs/genes in KSHV have at least one
homolog in RRV.10,388

Genetic Manipulation of KSHV Genome

Studies of KSHV infection and functions of individual genes have been ham-
pered by the lack of viral mutants. For KSHV regulatory genes whose functions
have been characterized, most have been examined in cell culture after gene
cloning; however, their biological functions in KSHV infection remain largely
unclear.129,302 The construction of viral mutants is the most straightforward way
to examine the functions of individual viral genes, and has been widely used for
other herpesviruses. In recent years, the adoption of the bacteria artificial chro-
mosome (BAC) system has accelerated the study of functions of herpesvirus
genes because the genome can be easily modified either by transposon or ET
cloning in E. coli once it is cloned as a BAC.Transfection of the cloned viral DNA
into permissive mammalian cells leads to the production of infectious virions
without the need for further genetic repair and homologous recombination in
the transfected cells.

Recently, Zhou et al. successfully cloned the full-length KSHV genome as a
BAC in E. coli, and reconstituted it in 293 cells.498 The sequences of BAC, GFP and
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hygromycin-resistance cassette were inserted into the loci between ORF18 and
ORF19 by homologous recombination without disrupting the expression of these
two genes.The recombinant virus can be induced into productive lytic replication
producing infectious virions that are capable of infecting mammalian cells such as
293 and primary human endothelial cells.166,498 To elucidate gene function in the
context of KSHV infection, the ET cloning system for BAC mutation was devel-
oped to generate mutants.The first mutant of BAC36 was obtained by replacing
vIRF with a kanamycin-resistance cassette.498 Later K8.1, RTA, gB, and MTA
mutants of BAC36 were made using the same strategy and their functions have
been further addressed.194,242,277,485 Transposition is a powerful tool for modifying
DNA molecules and a Tn5-based mutagenesis library of BAC36 has been
constructed, in which one mutant with Tn5-disrupted LANA-1 has been used to
dissect the function of LANA-1.487

Host Range and Cell Tropism

As with all human herpesviruses, KSHV infects a large proportion of the human
population and remains in a latent state throughout most of the life of the host.
Although a number of cell types are known to harbor the latent virus, the true
latent reservoir(s) remain to be defined. Upon reactivation by immunosuppres-
sion, such as in HIV infection, the latent virus switches to lytic replication, pro-
ducing new virus particles that infect and trigger the proliferation of endothelial
cells involved in KS. Alternatively, the latent cells might home to the endothe-
lium and proliferate into spindle cells. An early study demonstrated 78 times
higher number of KS-like spindle cells detected in the peripheral blood of HIV-
1-infected individuals compared to normal controls.58 These peripheral blood-
derived spindle cells (PBsc) were shown to express a variety of endothelial cell
markers, such as Ulex europaeus I lectin, EN4, EN2/3, EN7/44, CD13, CD34,
CD36, CD54, ELAM-1, and HLA-DR. Consistent with these early observations,
recent studies suggested that KSHV could infect human fetal mesenchymal stem
cells (MSCs) and CD34+ hematopoietic progenitor cells (HPCs), and the virus
may be disseminated following differentiation of infected HPCs into B cell and
monocyte lineages.338,483 Thus, MSCs and CD34+ HPCs may be reservoirs for
KSHV infection and provide continuous sources of virally infected cells in vivo.
Several studies also suggest that the lymphoid system could be the reservoir of
latently infected cells from which KSHV reactivates under conditions of
immunosuppression.38,327 Similar to EBV, KSHV displays a tropism for B
lymphocytes, since viral DNA has been detected in purified CD19+ B cells but
not in CD8+ cells from the peripheral blood of patients with both KS and HIV
infection.38,252,327

The origin of KS tumor cells has been a matter of controversy and many
mesenchymal cell types have been proposed.34,402 The recent finding of several
endothelial markers (including CD31, CD34, CD36, and KDR) on KS tumor cells
has supported the theory that endothelial cells are the cells of origin of KS.472 More
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support comes from several studies reporting spindle-shape transformation of
different types of human endothelial cells following infection with KSHV.106,166

However, the lack of Pal-E and eNOS expression has brought into question 
the endothelial origin of this tumor.473 Recently, several new endothelial 
markers have been identified and characterized.The expression of two such pro-
teins,VEGFR3 (VEGF-C receptor, flt-4) and podoplanin (a membrane glyco-
protein), have been found to be restricted to lymphatic endothelium.472 KS
tumor cells express these two markers of lymphatic endothelium as well as the
general endothelial marker CD31, strongly suggesting that KS is derived from
lymphatic endothelium.350,472

The most common cell type isolated from AIDS-KS has been the spindle-
shaped endothelial-like cells that proliferate in response to inflammatory
cytokines and have a limited replicating life span.281,329,372,373 The spindle cells
isolated from KS lesions of HIV-1-infected individuals are generally hyperplastic
nontransformed cells that proliferate in culture with inflammatory cytokines.
These cells initially contain KSHV that is rapidly lost as the cells are passaged in
culture. Cell lines composed of transformed cells have also been isolated from
advanced KS lesions. KS cell lines have been isolated from KS lesions (KS SLK
and KS IMM) from two HIV-1 negative renal transplant recipients.9,251 These cell
lines, unlike AIDS-KS spindle cells, are transformed cells that grow in the absence
of inflammatory cytokines, contain cytogenetic abnormalities, and induce
durable tumor lesions when inoculated into nude mice.223,373 Similar to the
hyperplastic KS spindle cells, the KS transformed cells have also lost the KSHV
genomes. Taken together, these findings indicate that early stage KS is a hyper-
plasia resulting from proliferation of spindle-shaped endothelial-like cells in
response to KSHV-induced angiogenesis and inflammation. However, the
spindle-shaped cells, most of which have latent KSHV, may eventually become
transformed malignant tumor cells during advanced KS. In support of this con-
cept, it has been experimentally demonstrated that primary human endothelial
cells and keratinocytes could be immortalized upon de novo KSHV infection.78,147

Ectopic expression of a number of KSHV genes also leads to immortalization
and/or transformation of various cells, further supporting that KSHV is an
oncogenic virus.22,165,311,429

In cell culture,KSHV is capable of infecting a diverse range of human and animal
cell types/lines including primary CD19+ B cells, HPV-transformed human brain
endothelial cells BB18 and 181GB1-4, primary neonatal capillary endothelial cells,
human embryonic kidney 293 cells, Ln-Cap cells, human lung carcinoma A549
cells, CHELI (Chediak–Higashi syndrome) cells, squamous cell carcinoma SCC15
cells, human fibroblast cells, human bladder carcinoma T24 cells, human prostate
carcinoma DU145 cells, human cervical carcinoma HeLa cells, baby hamster kidney
BHK-21 cells, owl monkey kidney OMK637 cells, green monkey fibroblasts (Vero)
cells, green monkey kidney CV-1 cells, SLK cells (KS-spindle cells), and murine
fibroblast 3T3 cells.31,357
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KSHV Infection Systems

Because of the direct involvement of endothelial cells in KS tumors, many groups
have focused on infection of endothelial cells and several reports have documented
KSHV infection of human primary endothelial cells.106,147,166,246,306 In the initial
report, KSHV infected only a small number of cells in primary human bone
marrow microvascular endothelial cell cultures and primary human umbilical vein
endothelial cell (HUVEC) cultures.The KSHV-infected cells acquired a spindle-
shape morphology and were maintained for >12 months while the control cultures
underwent senescence within 3 weeks of culture.147 It has been proposed that the
small number of infected cells provide a paracrine effect to sustain the cultures.
Subsequent study showed that KSHV could infect primary human dermal
microvascular endothelial cell (DMVEC) cultures and form colonies or plaques of
spindle-shaped cells.106 Again, the primary-infection efficiency in this system was
low, even though the virus eventually infected the entire culture after 2–3 weeks.
Paradoxically, to sustain long-term KSHV infection, it was necessary to periodically
replenish the cultures with uninfected endothelial cells at a ratio of ten portions of
normal cells to one portion of infected cells. To facilitate the manipulation of
primary endothelial cells, HPV E6, E7-immortalized DMVEC cultures were used
as targets for KSHV infection.306 In this system, the primary-infection efficiency
remained low even though the virus also eventually spread to the entire culture,
which could be stably maintained. In contrast, KSHV infection of telomerase-
immortalized microvascular endothelial cells was extremely efficient, reaching the
entire culture within 2–3 days of infection; however, the infected cells were unable
to sustain persistent KSHV infection, and the cultures quickly lost the virus after
several passages.246 The limitations, such as low primary-infection efficiency and/or
failure of long-term sustainability for virus growth, of the above-mentioned
systems have restricted their use for KSHV characterization, especially virus–cell
interactions at the initial stage of infection. Furthermore, even in systems that can
sustain persistent KSHV infection, the cultures are predominantly in the viral latent
phase.106 Active viral lytic replication was not observed in any stages of infection in
these systems. In contrast to these, efficient infection of HUVEC cultures by
recombinant KSHV BAC36 is permissive for lytic replication at the early stage of
infection, producing large amounts of infectious virion.166 Infected cultures form
bundles of spindle-shaped cells, which are reminiscent of KS vascular structures,
and establish latency at a late stage of infection.The latently infected cells can be
induced into lytic replication.Thus, this system can be used for examining KHSV
latent and lytic replication, as well as productive primary infection.166

Animal Models

Animal models have been developed to investigate the in vivo behavior of KSHV-
related malignancies. In a number of studies, tumors were induced by injecting
KSHV-infected PEL cells into mice.42,343 In one report, BCBL-1 cells were injected
alone or with human peripheral blood mononuclear cells (PBMC) into SCID
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mice.343 The lymphomas, which developed at or near the site of injection, appeared
to derive exclusively from the injected BCBL-1 cells and not from the injected
human PBMC. The tumors induced a marked murine angiogenic response, but
known angiogenic cytokines were not detected in the BCBL-1 cells.343 In a similar
more comprehensive study, Boshoff et al. found that injection of either singly
(KSHV+) or dually (KSHV+/EBV+) infected PEL cell lines into Nod/SCID mice
resulted in a significant pathogenic difference.42 PEL-like effusions were observed in
the mice following intraperitoneal (i.p.) injection of both types of PEL cells,whereas
only the dually infected, but not singly infected,PEL produced an effusion following
intravenous injection. Singly infected PELs express an array of cell surface homing
receptors very different from most lymphomas, with the potential for both positive
and negative effects on effusion formation. Dually infected PEL cells expressed
adhesion molecules that were very similar to EBV-positive Burkitt’s lymphoma (BL)
cells.These differences might explain the differential metastasis to solid tumors (as in
BLs) between the PEL types.42 Another study hypothesized that PEL cells secrete
VEGF to promote the vascular permeability of peritoneal vessels, leading to effusion
rather than to neovascularization of tumors.The ability of various lymphoma lines
(including both PELs and BLs) to form effusions following i.p. inoculation corre-
lated directly with their respective magnitudes of VEGF release. Coinjection of anti-
bodies specific for VEGF, but not control antibodies, blocked effusion formation by
the PELs.17 A de novo infection model of SCID/hu mice by KSHV demonstrated
that the virus remained confined to the grafted CD19+ B cells, and did not spread
to mouse tissue based on the detection of the viral DNA and mRNA.126 In a similar
model, six of eight mice developed KS-like lesions with angiogenesis.151 Similar to
human infection, keratinocytes in the epidermis and spindle cells in the dermis
supported a largely latent infection, with rare cells expressing lytic genes.The lack
of universal infection suggests that the skin model may allow an analysis of viral and
host determinants of permissiveness.126 A study published in 2004 describes the
attempt to develop a primate model by infecting rhesus macaque with KSHV, either
with or without SIV, the simian form of HIV.358 Unfortunately, only a very low
amount of viral DNA was detectable, and after 27 months postinoculation, KSHV
infection did not result in any observable pathology in either SIV-negative or SIV-
positive animals. Two macaque homologs of KSHV, retroperitoneal fibromatosis-
associated herpesviruses (RFHV), were identified in retroperitoneal fibromatosis, a
malignancy closely resembling KS.366 Unfortunately, attempts to grow these viruses
have not been successful so far. The recently identified RRV is closely related to
KSHV,10,388 and when coinfected with SIV, rhesus macaques develop a B-cell
hyperplasia similar to MCD occurring in humans with HIV/KSHV.477

THE LIFECYCLE OF KSHV

Like all other herpesviruses, KSHV exhibits two distinct phases of infection. Lytic or
productive infection results in the replication of viral DNA, the production of infec-
tious virions, and the death of the host cell.During latent infection, the viral genome
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is maintained as a circular episome within the host cell nucleus and only a fraction
of the viral genes are expressed.The viral episome replicates each time the host cell
divides, using existing cellular replication machinery. Although infectious virions are
not produced during latency, the viral genome retains the ability to be reactivated
into lytic replication.129 The molecular mechanisms involved in latency and lytic
reactivation are described in details in the following sections.

Mechanisms of KSHV Latency

Expression of KSHV Latent Genes/Transcripts

Latent infection by KSHV involves the expression of only a few of the 90 KSHV
genes. Specifically, all KSHV latently infected cells express vFLIP, vCyclin,
and LANA-1.132,217,377 Interestingly, vFLIP, vCyclin, and LANA-1 are located adja-
cent to one another in the KSHV genome.367 They belong to a multicistronic
transcriptional unit, known as the latency transcript (LT) cluster.125 The LT cluster
is transcribed from a constitutively active promoter (LTc) which is initiated at
nucleotide 127,886, giving rise to a unspliced 5.8-kb mRNA and an alternatively
spliced 5.4-kb mRNA, both containing vFLIP, vCyclin, and LANA-1, and a 1.7-
kb transcript containing vFLIP and vCyclin (Fig. 1). It is likely that LANA-1 is the
principal translation product of the longer mRNAs, whereas both vCyclin and
vFLIP are synthesized from the shorter transcript, the latter by way of an internal
ribosome entry site upstream of vFLIP.37,272 These three genes are separated from
the K12 gene, which is expressed at low levels during latency, by an ~4.5 kb KSHV
sequence that lacks any significant ORFs, representing the largest coding gap
within the unique region of the KSHV genome.367 Surprisingly, 10 of the 12
KSHV microRNAs (miRNAs) identified so far are located within this coding gap,
whereas the miR-K10 is found within K12,63,342,374 and the miR-K12 is located
within the 3′-UTR, 265 nt away from the end of the transcript.186 All 12 KSHV
miRNAs are oriented in the same genomic direction.

MicroRNAs are endogenous approximately 22 nucleotide RNAs that play
important gene regulatory roles by pairing to the messages of protein coding genes
to specify mRNA cleavage or by repressing productive translation.29 miRNAs have
implicated in cell proliferation, cell death, metabolism, and cancer. Recent discovery
of virus-encoded miRNAs indicates that viruses also use this fundamental mode of
gene regulation.316 The first reported virus-encoded miRNAs were the viral
miRNAs expressed in EBV-infected cells.Among the various families of viruses, the
herpesvirus family stands out in establishing long-standing latent infection as a major
part in the viral life cycle. It is possible that miRNAs may play a critical role in the
establishment and/or maintenance of latent infection initiated by herpesviruses.
In fact, the KSHV microRNAs are all expressed in latently infected cells and
largely unaffected after induction of lytic replication.63,342,374 Computationally pre-
dicted targets for KSHV miRNAs include viral genes such as ORF23, 27, 31, 52,
49, 61, 68, K7, K13, and K14, and several B-cell-specific genes involved in apopto-
sis and signaling.62 Recently, another latent promoter was characterized which is
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embedded within the ORF71-73 transcription unit specifying transcripts that
encode ORF71/72 or K12 (Fig. 2). This promoter is initiated at 123,751 and
polyadenylated at 122,070 or 117,436.62,340 Multiple novel transcripts initiated from
LTc and terminated at either 122,070 or 117,436 have also been identified.These
transcripts may also be the source of miRNAs.340 It is believed that the transcripts
initiating at the two latent promoters present in the KSHV latency-associated
region can undergo two entirely distinct fates, i.e., processing to give a kaposin
mRNA and viral microRNAs on the one hand or expression as KSHV vFLIP,
vCyclin, or LANA-1 mRNAs on the other, depending on whether the
viral polyadenylation site located at position 122,070 is ignored or recognized,
respectively.62

The KSHV K15 is another gene that has been detected in latently infected cells;
however, the expression levels of this transcript increase following induction of lytic
replication.103 The K15 gene is encoded by the last ORF in the KSHV genome,
adjacent to the terminal repeats, and is transcribed in a leftward orientation away
from the terminal repeat region.103 The K15 gene contains eight exons which
undergo alternative splicing, yielding several isoforms with a predicted common
carboxyl-terminal cytoplasmic tail and different numbers of transmembrane
domains.103

ORFK10.5 encodes latency-associated nuclear antigen 2 (LANA-2/vIRF-3),
which is expressed in KSHV-infected hematopoietic tissues, including PEL and
MCD but not KS lesions. LANA-2 is abundantly expressed in the nuclei of cul-
tured KSHV-infected PEL cells. Transcription of K10.5 in PEL cell cultures is
neither inhibited by DNA polymerase inhibitors nor significantly induced by
phorbol ester treatment.362
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Figure 2. Transcription of the latency-associated region of the KSHV genome.The KSHV latency-associated
region encodes four proteins, indicated by black boxes, as well as 12 miRNAs (white boxes) and is flanked
by lytic genes (gray boxes).Two latent promoters (white arrows), splice sites, and poly(A) addition sites are
indicated. Sequence coordinates are derived from the prototype BC-1 KSHV genome (GenBank accession
number NC_003409). Figure is modified from reference 62.



Mechanism of KSHV Episomal Persistence

LANA-1, originally named latent nuclear antigen (LNA), is the dominant protein
expressed during latency.167 LANA-1 is a multifunctional multidomain protein of
1,162 amino acids in length, 222–234 kDa in size, with a characteristic speckled or
punctate nuclear localization.167,168,229 LANA-1 has three domains: (1) a 329 aa 
N-terminal rich in serine/threonine, proline, and basic residues; (2) a highly poly-
morphic 534 aa internal repeat domain (IRD) rich in glutamic acid, aspartic acid,
glutamine, and leucine and contains a putative leucine zipper motif; and (3) a 227
aa C-terminal domain rich in charged and hydrophobic residues.169,495 Because the
KSHV viral genome does not encode any of its own centromeres, it must have an
alternative method for maintaining and replicating its episome from generation to
generation. In KSHV, LANA-1 is responsible for episomal maintenance, replica-
tion, and segregation into daughter cells.

In order to carry out these functions, LANA-1 tethers the KSHV episome to the
chromosome.25,27,112,398 In KSHV-infected cells, LANA-1 colocalizes with KSHV
and binds episomes.25,238,441 Because of this colocalization, LANA-1 was implicated
as an important element in episomal persistence and there is much in vitro evidence
to support this conclusion. LANA-1 expression is sufficient for maintenance, repli-
cation, and segregation of plasmids containing terminal repeat units.170,184,205

LANA-1 is sufficient and necessary for viral latent DNA replication and efficient
episomal segregation during mitosis, which assures that an equal number of KSHV
episomes is distributed to each daughter cell.25,184,205 Transposon-mediated disrup-
tion of LANA-1 protein expression in recombinant KSHV BAC36 renders the
virus incapable of establishing latency and leads to the loss of the episome, demon-
strating that LANA-1 is essential for these functions in vivo.487

LANA-1 utilizes protein–protein interactions with the folding regions of core
histones H2A and H2B to facilitate episomal tethering to the nucleosome during
mitosis and interphase.27 Both the N- and C-terminal domains of LANA-1 inter-
act with the host chromosomes; however, the C-terminal cannot maintain the
KSHV episome in N-terminal mutants.26,27,243,345,398 It is most likely that LANA-1
binds to two unique sites in the long terminal repeat of the KSHV episome with
its C-terminal and the chromosomes with the N-terminal while the C-terminal
plays a supportive role in binding KSHV episomes to host chromosomes.
Nevertheless, the C-terminal is important for LANA-1 oligomerization and evi-
dence suggests that oligomerization is important for efficient tethering of the
KSHV episome.385,447,452 The LANA-1 C-terminus also interacts with a number of
chromosome binding and origin recognition complex (ORCs) proteins such as
Brd2/RING3, CBP, ORC2, and HBO1 to create an optimal microenvironment
for episomal replication.423,447 When the expression levels of these proteins are
knocked down by siRNAs, the efficiency of episomal replication is also reduced,
indicating that the C-terminal is likely essential for ensuring episomal replica-
tion.423 Thus, in addition to tethering the episome to the chromosomes, LANA-1
ably hijacks cellular proteins to aid the virus in episomal replication.
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Mechanisms of KSHV Reactivation

Expression of KSHV Lytic Genes

A hallmark of herpesvirus life cycle is the expression cascade of genes that can be
divided into four categories based on their expression kinetics: latent, immediate-
early (IE), early, and late genes. The IE genes are expressed immediately after
primary infection or upon reactivation from latency, and do not require de novo
protein synthesis. IE genes generally encode for regulatory proteins and are critical
for initiating viral transcription. RTA is the gene product of the major IE transcript
of KSHV, which is necessary and sufficient to drive the switch from latency to lytic
gene expression and the production of viral progeny in infected cells. KSHV may
also encode several other IE gene products, including ORF45, ORF29b, and
ORF4.2.245 ORF45 is present in purified KSHV virions and appears to be a tegu-
ment protein.499,502 ORF45 was characterized as a phosphorylated protein and may
interact with IFN regulatory factor 7 (IRF-7) and inhibit virus-mediated induction
of IFN-α/β.501

Early gene products are made after the IE genes, but prior to viral DNA
synthesis; therefore, their expression is not affected after the inhibition of viral
DNA replication by agents such as phosphonoacetic acid (PAA). Several 
KSHV early genes have also been identified; they include K8 (K-bZIP, also known
as RAP), vIRF-1, K1, K3, and K5 (MIR-1 and MIR-2, modulator of immune
recognition proteins 1 and 2), ORF57 (a functional homologue of the EBV 
MTA gene), vIL-6, viral CC chemokine ligands (vCCLs), polyadenylated nuclear
(PAN) RNA, vBcl-2, ORF49, K12, K15, viral G protein-coupled receptor
(vGPCR), viral dihydrofolate reductase (vDHFR), and thymidylate syn-
thase.47,48,96,178,195,257,300, 340,361,377,431,439,466,467,476

Late genes whose expression is abolished by PAA usually do not appear until 30 h
after induction.431,500 Examples of these proteins include envelope glycoproteins
gB, K8.1, and a small viral capsid antigen encoded by ORF65.181,377,431

Molecular Mechanisms Involved in KSHV Reactivation

The switch from latent to lytic infection of KSHV is initiated by a number of
stimuli that induce the expression of the key lytic switch protein, RTA.The expres-
sion of RTA is necessary and sufficient to trigger the full lytic program resulting in
the ordered expression of viral proteins, release of viral progeny, and host cell
death.275,276,430 The expression of RTA precedes the expression of all other cyclo-
heximide-resistant IE genes and cycloheximide-sensitive early genes. In addition,
activation of RTA leads to the complete production of nascent, infectious virus
particles with kinetics that is consistent with stimulation by chemical inducers.181

Following primary infection, KSHV generally establishes latent infection.31

During latency, only a few genes are transcribed, while the expression of RTA
is tightly repressed. However, the cloned promoter region of RTA shows high basal
activity,95,121,370 indicating that epigenetic change and chromatin remodeling of
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KSHV genome may be involved in this repression. Epigenetic changes such as
DNA methylation act to regulate gene expression in normal mammalian devel-
opment as well as in cancer through transcriptional silencing of critical growth
regulators.30 With approximately 70% of the CpG sites in the human genome
methylated, it is clear that the cellular environment is predisposed toward
methylation, and a herpesvirus infecting a host cell must contend with this envi-
ronment. In fact, before the discovery of KSHV in 199485 the genomes of the
known gammaherpesviruses (including EBV and various murine, bovine and
simian family members) were all shown to be CpG suppressed, suggesting they
too have been subjected to heavy methylation.226 The finding by Chen et al.95

suggests that hypermethylation in the RTA promoter may regulate its expression
and subsequently KSHV reactivation from latency. Other chromatin modifica-
tions, such as histone deacetylation and alterations of chromatin-binding pro-
teins, affect local chromatin structure and, in concert with DNA methylation,
may also regulate RTA gene transcription.273 It has been suggested that methy-
lation of the RTA promoter region during latency promotes the association of
transcriptional repressors and histone deacetylase (HDAC). Lytic replication of
KSHV can be triggered by chemical agents including butyrate and 12-O-
tetradecanoylphorbol-13-acetate (TPA). Butyrate, a known activator of lytic
replication, is an inhibitor of HDAC, and conversely, TPA is an inducer of his-
tone acetylases (HAT). Therefore, both inducers of KSHV lytic replication are
affecting the acetylation state of the RTA promoter that is in turn dependent on
methylation. Such findings imply that the control of latency and of switch to
lytic replication is a function of chromosomal architecture, and will involve the
interplay between viral RTA and host factors that regulate chromatin methyla-
tion and acetylation.474

RTA can also autoactivate its own expression.121,370,387 A striking feature of RTA-
mediated lytic gene expression is that RTA induced KSHV gene expression in a
more powerful and efficient manner than TPA stimulation, indicating that RTA
plays a central, leading role in KSHV lytic gene expression.318

After activation, RTA is recruited to its responsive elements through direct
interaction and transactivation with RBP-Jκ, a notch signal pathway transcrip-
tion factor, to activate viral lytic gene expression.83,84,199,262,263,474 Interestingly,
RTA also contributes to the establishment of KSHV latency by activating
LANA-1 expression through the notch signaling pathway RBP-Jκ. On the
other hand, LANA-1 can inhibit viral lytic replication by inhibiting expression
as well as antagonizing the function of RTA.248 The interaction between RTA
and LANA-1 provides a feedback mechanism by which these two proteins can
regulate each other and is likely to be a key event in the establishment of KSHV
latency.247,249 RTA may also recruit CBP, the SWI/SNF chromatin remodeling
complex, and the TRAP/mediator coactivator to its down-stream viral
promoters, and that this recruitment is essential for RTA-dependent viral gene
expression.190
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RTA mRNAs and Protein Structure

Multiple transcripts are encoded by the ORF50 region; the main transcript is a 3.6
kb mRNA that encodes the entire RTA. In addition, a downstream gene, K8, was
also found to be encoded within the same RNA species. RTA protein is mainly
encoded by ORF50 but obtains an additional 60 amino acids for its N-terminal
through a splicing event which shifts its start code across ORF49.96,430 The tran-
script for RTA can potentially encode for a protein of 691 amino acids, and is pre-
dicted to have a molecular mass of 73.7 kDa. However, the expressed protein when
analyzed by Western-blotting appears to be about 110 kDa, suggesting that RTA
could be modified post-translationally by phosphorylation or by other mecha-
nisms.275 RTA lacks any significant homology with cellular proteins but is func-
tionally and genetically homologous to the RTA proteins from EBV, HVS, RRV,
and MHV68.116,179,268,482 The RTA protein consists of an N-terminal DNA bind-
ing domain, a central dimerization domain, a C-terminal acidic activation domain,
and two nuclear localization signals (NLS).96,275The DNA-binding domain of RTA
is located at the amino terminus from aa 1 to 530. A deletion mutant of the acti-
vation domain sequences (aa 531–691), containing only the DNA binding domain,
has been shown to be a trans-dominant-negative mutant that maintains DNA-
binding activity for RTA responsive promoters but no longer activates lytic gene
expression.275 The activation domain is located at the carboxyl terminus of the pro-
tein (aa 486–691), which is highly acidic and contains numerous charged amino
acids.275 This region also contains four repeated units of a highly hydrophobic
domain with sequence homology to other transcriptional factors such as VP16
domain A.275 These characteristics suggest that KSHV RTA is a member of a family
of transcriptional factors.474

Downstream Targets of RTA

RTA has been shown to regulate and transactivate a number of downstream viral
genes that function in lytic replication, including K1, K3, K5, DNA polymerase,
vIL-6, vIRFs, vGPCR, K12, K15, etc.47,48,120,121,178,195,275,370,414,445,476 RTA activates
downstream KSHV target genes by at least two mechanisms: direct recognition of
RTA response elements (RRE) in the promoters of its target genes and interaction
with cellular or viral proteins bound to the promoters.83,413 For example,
RTA directly binds to the promoters of PAN and K12 but does not bind to ORF57
or vCCL-1 promoters.Conversely,RTA transactivates the promoters of ORF57 and
vCCL-1 through the binding of a cellular factor, RBP-Jκ protein.88

There is no defined consensus sequence for direct RTA binding and there is no
significant homology present in the RTA-responsive viral promoters. However, a
comparison of the K8 RRE with other viral RRE revealed a pattern of multiple
A/T triplets spaced with a periodicity of 10 or 20 bp.264 The diversity of RTA
binding pattern implies that the activation of RTA target gene promoters 
may result from RTA interaction with other cellular or viral proteins that mediate
the DNA-transcriptional complex interaction. One such cellular factor could be
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NF-κB.363 Other cellular factors involved in RTA transactivation may include
TATA-binding protein such as the case in the K1 promoter.48 RTA may regulate
vOX-2 (K14) and vGPCR genes through an IFN-stimulated response element
(ISRE)-like sequence (K14 ISRE) in the promoter region.493

Cellular Factors Involved in RTA-Mediated KSHV Reactivation

Identification of cellular proteins that coordinate with RTA in transactivation and
characterization of the mechanisms whereby such host–viral protein complexes
mediate the switch from KSHV latency to lytic replication is an important step in
understanding the virus life cycle and pathogenesis. Increased viral lytic reactivation
has been observed following exposure of latently infected PEL cells to agents such
as IL-6, IFN-γ, hypoxia, other viral agents, n-butyrate, ionomycin, 5-azacytidine,
and TPA.86,92,95,117,123,198,292,295,303,359,412,451,504 Cellular pathways involved in the
induction of viral lytic reactivation include the NF-κB pathway, and the protein
kinase C (PKC) δ, and MEK/ERK, JNK, and p38 MAPK pathways.107,123,333,392

AP-1, the cellular activator protein complex composed of c-Jun and c-Fos het-
erodimers, mediates the transcription of MAPK target genes.463The RTA promoter
contains a consensus AP-1 binding site,463 and the OriLyts (origins of lytic replica-
tion) also contain several putative AP-1 binding sites.19 The presence of AP-1 bind-
ing sites in these regions allows the virus to respond to cellular conditions that may
not be favorable for latency. NF-κB has been shown to be constitutively active in
PEL cells231 and promotes their survival.The involvement of NF-κB in lytic reac-
tivation is controversial.56,392 One study reported that inhibition of NF-κB led to
increased viral lytic protein synthesis in KSHV-infected epithelial cells and PEL
cells;56 however, another study demonstrated a requirement for NF-κB activation
for the production of infectious virions.392 In the latter study, virion production was
not diminished by suppression of NF-κB, but infectivity of the virions was
decreased, suggesting NF-κB may be involved in multiple aspects of lytic reactiva-
tion and viral production. In addition, cellular pathways contributing to epigenetic
effects such as DNA methylation and histone acetylation may also participate in the
reactivation of KSHV.95,273

The direct interaction of CREB-binding protein (CBP) and p300 with KSHV
RTA in the activation of lytic replication has recently been reported by Hwang
et al.191,209 HDAC was shown to repress RTA activity by binding directly to the
proline-rich sequences in the RTA central domain aa 301–449. Specific inhibition
of HDAC by trichostatin A (TSA) reversed the inhibition of RTA and stimulated
RTA-directed gene expression. KSHV RTA strongly induces CD21 and CD23a
expression through RBP-Jκ binding sites and regulates RBP-Jκ-mediated cellular
gene expression, which ultimately provides a favorable milieu for viral reproduc-
tion in the infected host.84 RTA was also shown to interact with other cellular fac-
tors such as RAP, C/EBPα, CBP, STATs, RBP-Jκ, SWI/SNF, TRAP230, PKC,
MAP kinase, AP-1, NF-κB190,191,193,209, 258,265,423,462,464,480,484,488 and transactivates
target genes through Oct-1 and Sp-1.370,445
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Recently, Wang et al. reported that IRF-7 negatively regulates KSHV lytic
reactivation by competing with RTA for binding to the RTA response element
in the ORF57 promoter to down regulate RTA-induced gene expression.458 Yu
et al. reported that IRF-7 is targeted for degradation through an ubiquitination-
dependent fashion, and RTA itself acts as a ubiquitin E3 ligase.491 Previously,
Zhu et al. reported that ORF45 blocks the phosphorylation and nuclear translo-
cation of IRF-7 and efficiently inhibits the activation of IFN-α/β genes during
viral infection.501

KSHV Primary Infection

Characterization of KSHV primary infection relies heavily on the development of
systems with high infection efficiency. KSHV isolated from PEL and sometimes KS
lesions is able to infect various cell types but with limited primary infection effi-
ciency or unsustainable infection culture (see page 79). Of all the systems examined
so far, KSHV eventually establishes latency after primary infection. In some stud-
ies, KSHV was found to immediately enter latency. However, other studies have
indicated that KSHV has an early full productive replication phase during infection
in at least some cell types or infection conditions.124,149,166 In fact, in the first
description of KSHV infection and transmission system in 293 cells, cytopathic
effect (CPE) was observed after primary infection, an indication of lytic replica-
tion.152 In both MVDEC and HUVEC, KSHV linear genomes and lytic transcripts
were detected several days after primary infection, again indicating productive pri-
mary infection.124 Strikingly, efficient infection of HUVEC by recombinant KSHV
BAC36 is lytic replication-permissive at the early stage of infection, producing large
amount of infectious virions.166 Examination of the expression of lytic proteins and
transcripts further confirmed KSHV productive lytic replication in this sys-
tem.166,489 BAC36 infection of HUVEC displayed two phases: an early productive
phase, in which the virus actively replicates producing large number of virions, and
concomitantly resulting in massive cell death; and a latent phase, in which the virus
switches into latent infection in the surviving cells.166 Similar results were also
observed in a separate study.149 The different results from these studies point to the
variations among cell types in supporting KSHV productive primary infection.The
determination of the cell types and/or conditions that can support KSHV produc-
tive primary infection and the delineation of the underlying molecular basis could
help understand the mechanism controlling KSHV replication and latency.

Attachment, Entry, and Cellular Receptors

Enveloped viruses infect host cells in two steps.The first step is attachment, or bind-
ing, of the virus particle to host cell receptors.This step is mediated by the inter-
action of viral proteins with cell surface molecules such as glycosaminoglycans (i.e.,
heparan sulfate).416 Attachment allows other viral proteins to contact cellular core-
ceptors, which will then stimulate the second step, entry, by either a fusion event
between viral envelope and cell membrane, or receptor-mediated endocytosis.416
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Similar to other herpesviruses, KSHV expresses several transmembrane glyco-
proteins that are virion associated, and involved in the attachment and entry of tar-
get cells. KSHV glycoproteins gB (ORF8), gH (ORF22), gL (ORF47), gM
(ORF39), and gN (ORF53) are all conserved among the herpesviruses. In
addition, KSHV encodes several unique glycoproteins K1, K8.1A, K8.1B, and
vOX-2 that share no significant homology with glycoproteins of other
herpesviruses.82,105,240,242,261,277

The ability of KSHV to infect a variety of cell types in vivo and in vitro7,31,164,303,357

indicates that it must be able to recognize either ubiquitously expressed cell surface
receptors, or more than one type of receptor. To date, KHV has been shown to
attach to the cell surface molecules heparan sulfate, integrin α3β1, and DC-
SIGN.6–8,39,354,454 K8.1A and gB have both been shown to interact with the ubiq-
uitously expressed heparan sulfate.6,8,39,454 Heparan sulfate is a linear carbohydrate
that is localized at the extracellular cell surface, typically covalently bound to a core
proteoglycan imbedded in the cell membrane. Heparan sulfate proteoglycans
participate in many biological processes including cell–matrix interactions, activa-
tion of chemokines, enzymes, and growth factors,440 and is well established to be
important for the cell attachment of many other herpesviruses.416

Although conserved among herpesviruses, only KSHV gB contains an RGD
motif, which is the minimal peptide region known to interact with integrins in the
cell membrane.5,7,455 KSHV gB specifically binds integrin α3β1 through its unique
RGD motif.7,494 Integrins are a large family of heterodimeric receptors that contain
two transmembrane glycoprotein subunits, α and β.There are 24α and 9β subunits
identified so far, with more than 24 known combinations of these subunits.172,346

Each cell expresses several combinations of αβ integrins, and each combination has
its own binding specificity and signaling properties.172,346,380,382 Integrin α3β1 is a
receptor for laminin 5 and fibronectin, and is expressed at high levels in endothelial
cells.220,479,494

DC-SIGN (dendritic cell-specific ICAM-3-grabbing nonintegrin) is a type II
C-type lectin that is found on myeloid dendritic cells in the dermis, mucosa,
lymph nodes, lung, and thymus, and IL-4-stimulated monocyte-derived 
dendritic cells.356,409,443 It is also expressed on lung alveolar macrophages,409

placenta,408 inflammatory lesions411 and IL-13-stimulated, monocyte derived
macrophages,94,409–411 DC-SIGN acts as a pathogen recognition receptor in these
cells of the immune system, activating macrophages and dendritic cells to ingest and
process pathogens for antigen presentation to T cells.94,171 KSHV may have evolved
the ability to exploit DC-SIGN in order to infect dendritic cells and macrophages,
and interfere with their antigen presentation functions.354

Following attachment to the cell, an enveloped virus such as KSHV can gain
entry to the cell by either direct fusion of its envelope with the plasma membrane
or by endocytosis, followed by fusion with the endosomal membrane. Evidence for
both routes of entry has been published, and KSHV may use more than one mech-
anism, depending upon the cell type and which receptors are expressed.5,124,212,341
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Endocytosis provides rapid and convenient transport of virion across the plasma
membrane, through the cytoplasm, and delivery of the viral cargo to the perinu-
clear region. Endocytosis can occur through four major mechanisms: clathrin-
coated vesicles, the caveolar pathway, macropinocytosis, and a poorly characterized
nonclathrin, noncaveolar dependent form of endocytosis.232,289,400 KSHV is able to
infect human fibroblasts via endocytosis as demonstrated by the presence of virus
particles inside endocytic vesicles within 5 min following attachment.5 The
presence of transferrin within the vesicles implicates clathrin-mediated endocytosis
as the means used by the virus to enter human fibroblasts. However, it has been
demonstrated for other herpesviruses, i.e., HSV-1, that entry via endocytosis results
in nonproductive infection with minimal infection.237

Fusion of the viral envelope at the plasma membrane has been well established
for other members of the herpesvirus family.416 Some studies indicate that KSHV
fuses with the plasma membrane to enter 293 cells and MVDEC.124,212,341

Expression of KSHV envelope glycoproteins gB, gH, and gL in mammalian cells
induced cell–cell fusion.341 Expression of the cellular membrane protein xCT facil-
itates the fusion of KSHV-negative cells with KSHV-positive BCBL-1 cells that
have been stimulated to express viral lytic proteins, specifically glycoproteins at the
cell plasma membrane.225 Transfection of xCT into cell lines that normally are
resistant to KSHV infection rendered them permissive to fusion and infection by
KSHV. The xCT protein is a transmembrane protein that is upregulated in response
to stress induced by the production of reactive oxygen species.351,379 Exposure of
endothelial cells to ROS may enhance the infectivity of KSHV.459 In addition, the
HIV protein Tat has been shown to stimulate the expression of xCT,51 and Tat can
also enhance the infectivity of KSHV.16

Limited evidence demonstrates that KSHV adheres to the general dogma of
herpesvirus family members once inside the host cell. In MVDEC, following
envelope fusion with either the plasma membrane or the endosomal membrane,
the viral tegument proteins and nucleocapsid are released into the cytoplasm.124

The nucleocapsid is then degraded, and the tightly packaged linear viral genome
decondenses and is delivered to the nucleus.Within 8 h post infection, the viral
genome circularizes, which is the typical conformation of the genome during
latency. However by 72 h post infection, both circular and linear genomes can
be detected, indicating a mixed population of latent and lytic infection.124 In
fibroblasts, nuclear trafficking appears to be mediated by microtubules and the
associated dynein motors.321 These observations remain to be confirmed in
endothelial cells.

Regulation of Cellular Signaling Pathways

The events that lead to successful infection by KSHV, i.e., attachment, entry, nuclear
trafficking, and expression of viral genes, cannot occur without careful manipula-
tion of preexisting host cell signaling pathways and machinery, as well as suppres-
sion or evasion of host defenses.
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The interaction of glycoprotein gB (discussed above) with cellular integrin α3β1
activates focal adhesion kinase (FAK) and the MEK-ERK1/2 pathway.7,393,394 Primary
infection of HUVEC cells causes a conversion from the normal flat “cobblestone” cell
morphology to a “spindle cell” typical of the cells seen in KS lesions.166 Spindle-cell
conversion occurs as early as 6 h post infection and requires viral modulation of host
cytoskeletal apparatus. Glycoprotein gB mediates this extensive cytoskeletal rearrange-
ment by modulating the FAK-Src-PI3-kinase-RhoGTPase pathway.320,393 It has also
been reported that glycoprotein gB can activate VEGFR-3 on the microvascular
endothelium and trigger a migratory and proliferative response in these cells.494

Primary KSHV infection also activates and is dependent on the JNK and p38 MAPK
pathways in addition to the MEK-ERK1/2 pathway.333,484 The activation of the mul-
tiple MAPK pathways is instrumental in the activation of the transcription factor AP-
1.AP-1 regulates the expression of a variety of cellular genes, including IL-6, and in
fact is required for the transcription of KSHV genes. KSHV induction of AP-1 could
also contribute to a variety of KSHV-induced malignant phenotypes such as cellular
proliferation, angiogenesis, inflammatory cytokine production, and dissemination of
tumor cells.484 During primary infection, KSHV-encoded host-modulating genes are
expressed which could impact the expression and function of host genes.241,489 Analysis
of cellular transcripts during primary infection reveals that KSHV is able to signifi-
cantly upregulate expression of cellular genes that are implicated in cell growth and
survival, inflammation and angiogenesis, and immune responses.322

Viral Gene Expression During Primary Infection

The expression profiles of KSHV transcripts during KSHV primary infection
depend on the infection systems analyzed. In the productive HUVEC primary
infection system, the expression of latency-associated genes is generally expressed
first preceding the cascade of lytic genes and onset of lytic replication.The tran-
scription of lytic genes peaks around 54 h post infection followed the production
of infectious virions.166,489 While after 54 h post infection, the expression of lytic
genes declines, latency-associated transcripts continue to increase, indicating that
following the permissive phase of lytic replication, surviving cells express the
latency gene cluster, specifically ORF71/ORF72/ORF73, and have the tendency
to switch to latency.489 Similarly, KSHV-encoded genes with host modulating func-
tions, including mitogenic and cell cycle-regulatory, immune-modulating, and anti-
apoptotic genes, are expressed before those encoding viral structure and replication
genes, and sustained at high levels throughout the infection, suggesting KSHV
manipulation of host environment to facilitate infection.489 In the default latency
infection systems of fibroblasts and MVDEC, the latent genes are also expressed
throughout the infection process; however, lytic genes such as RTA are only tran-
siently expressed, which is consistent with the lack of productive viral replication
in these systems. Nevertheless, the early expression of lytic genes involved in
immunomodulation and resistance to apoptosis also suggests KSHV manipulation
of host defenses to facilitate infection.241
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MECHANISMS OF KSHV-INDUCED PATHOGENESIS

Introduction: KSHV Infection Promotes Oncogenesis

Although it remains controversial whether KS is a malignant neoplasm, it is well
established that the late stage KS lesions are true clonal cancers, probably evolved
from a constant reactive, inflammatory/angioproliferative process in immune com-
promised patients.77,138,139 Given the association of KSHV with two different
human malignancies (KS and PEL), KSHV is considered to be a human oncogenic
virus. Distinctive from other oncogenic viruses, KSHV is a complex DNA virus
that not only has the ability to promote cellular growth and survival for tumor
development but also can provoke deregulated angiogenesis, inflammation, and
modulate the patient’s immune system in favor of tumor growth. Nevertheless, not
all individuals harboring KSHV develop KS. The presence of KSHV DNA in
healthy individuals indicates that KSHV alone may not be sufficient to cause clin-
ical KS. Since KS is most commonly found in immunosuppressed individuals, it has
been suggested that immune deficiency is an important factor in the pathogenesis
of AIDS-KS and that HIV infection may be an important cofactor in disease
progression.54,138,139,176

The majority of spindle-shaped cells in KS lesions are latently infected by
KSHV indicating that latent infection plays an essential role in KSHV-induced
malignancy and pathogenesis.122,132,141 Nevertheless, a small subset of KS cells also
undergoes spontaneous viral lytic replication indicating that KSHV lytic replica-
tion might also be important for KS development. There is strong correlation
between viral load and progression of KS tumor.55,115,135,146,347 Several drugs that
target herpesvirus replication effectively inhibit KS tumor growth.45,221,296,365

A number of viral lytic genes have been linked to KSHV-induced malignancy
and pathogenesis.77 The production of infectious virions should lead to new
infection, which could also produce virus-encoded cytokines and induce cellular
cytokines.

Promotion of Cellular Growth and Survival

Although the pathogenesis of KSHV-induced malignancies is still not completely
understood, it appears that the virus targets multiple pathways to promote cell
proliferation and survival to facilitate tumor development. Several studies have
shown that genetic instability is present in KS tumors and PEL.72,119,160,163,348

KSHV infection is sufficient to induce chromosome instability,334 for which
LANA-1 and vCyclin might be partially responsible.399,450 Like other oncogenic
DNA viruses, KSHV targets both p53 and pRb tumor suppressor pathways.At least
five KSHV genes, LANA-1, RTA, K-bZIP, LANA-2, and vIRF-1, interact with
and suppress the functions of p53 and pRb.154,192,317,352,362,391,397 Loss or dysfunction
of tumor suppressor genes will inhibit the host cell’s ability to repair damaged
DNA, eliminate p53-dependent cell death, and dictate cell cycle for uncontrolled
cell proliferation, hence contributing to KSHV-induced oncogenesis. Furthermore,
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KSHV can regulate cell cycle progression through vCyclin.90,260 Expressed in
latently infected cells and in both KS and PEL cells, vCyclin can interact with and
phosphorylate cyclin-dependent kinase 6 (Cdk6) to promote cell cycle progression
from G1 to S-phase and accelerate cellular proliferation.90,100,175,224,260,376,432

KSHV uses multiple mechanisms to promote cell survival.The KSHV genome
encodes several virus homologues of human antiapoptosis proteins. For instance,
vBcl-2 is a KSHV homolog of human antiapoptosis protein Bcl-2.98,378 KSHV also
encodes several cellular IRF homologues vIRFs that inhibit apopto-
sis.60,148,165,233,259,274,317,390,391 In addition, the KSHV K7 gene encodes a viral
inhibitor of apoptosis (vIAP) survivin-∆Ex3 to inhibit apoptosis.456 Another
unique mechanism that KSHV utilizes to promote tumor growth and cell survival
is through activation of the NF-κB pathway.The NF-κB pathway is constitutively
active in both KS and PEL,21,284 and treatment with inhibitors of NF-κB pathway
lead to a complete regression of PEL tumors in a mouse model.230 Two KSHV
genes, vGPCR and vFLIP, have been shown to enhance cell growth and survival
by activating the NF-κB pathway.93,145,270,284,386 vGPCR seems to play an impor-
tant role in promoting endothelial cell proliferation and transforma-
tion.18,22,114,182,298,310,339,386,404,405 Endothelial cells ectopically expressing vGPCR
have constitutively active VEGF receptors and can proliferate to form both foci in
culture and tumors in nude mice independently of VEGF stimulation.23,182 KSHV-
encoded vIL-6 also promotes cell survival.15,202,236,297,308,324,332,453 Finally, it is
believed that a variety of cellular growth factors and inflammatory cytokines
secreted by KSHV-infected endothelial cells and tumor-interacting stromal cells
play a pivotal role in the development of KS. It is well documented that KSHV
infection induces the secretion of various growth factors such as IL-6, IL-8, Gro-
α,VEGF, and bFGF,71,78,282,322,457,484 which could promote cell proliferation through
autocrine and/or paracrine signaling. It is important to emphasize that the interac-
tion between HIV and KSHV in AIDS patients plays a significant role in tumor
growth. The aggressiveness of AIDS-related KS implicates HIV-1 infection as an
important cofactor in rapid KS progression; indeed, the time of KSHV serocon-
version until the onset of KS may be years to decades in classic KS while it is only
several months in most of the AIDS-related KS cases.167,168,291,325,337,355,360 HIV-1
not only activates lytic replication of KSHV206 but also induces secretion of a num-
ber of cytokines and growth factor from infected macrophages,189,215,256 further
promoting tumor cell proliferation and survival, as well as tumor angiogenesis.

Regulation of Angiogenesis

KS tumors are highly angiogenic with abnormally dense and irregular blood vessels.
The importance of angiogenesis in KS tumor development is further highlighted
by the fact that early stage KS might not yet be a true tumor but a neoplasm of
proliferative spindle-shaped cells driven by angiogenesis and inflammation.
Angiogenesis is the formation of new blood vessels from existing capillary beds,
which,with the exception of wound healing and female reproductive cycle, is a rare
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event in adults.70,150 Pathological angiogenesis, however, correlates with tumor
growth and metastasis.150 Angiogenesis is a complicated process that involves a
number of different angiogenic factors. Some angiogenic factors initiate blood
vessel remodeling by disrupting the existing blood vessels, while others are respon-
sible for promoting migration, adhesion, and proliferation of endothelial cells for
new blood vessel growth and maturation.150

The mechanisms of KSHV-induced angiogenesis remain to be further eluci-
dated. KSHV-induced angiogenic factors and inflammatory cytokines likely play
essential roles. In a SCID mouse model with human skin grafts, it was demonstrated
that VEGF is essential for the inoculated early-stage KS cells to grow into KS-like
tumors.373 Many of the cytokines, including VEGF, bFGF, IL-6, IL-8, GRO-α,
TNF-β, and ephrin B2, induced by KSHV infection are angiogenic.282,283,322,457,484

Higher levels of serum VEGF were also seen in HIV-1 infected persons with
KS compared with HIV-1 infected persons without KS,469 and mRNA levels
of VEGF and angiopoietins, including both Ang-1 and Ang-2, were also detected
at higher levels in KS lesions compared to the adjacent normal tissues.57 KSHV
infection induces expression of cyclooxygenase-2 (COX-2)322 and heme oxyge-
nase-1,286 both of which are important players in angiogenesis. In addition to the
host factors, KSHV vIL-6 expressed during early infection has been shown to
stimulate hematopoiesis, plasmacytosis, and angiogenesis.15,269,290 A number of
KSHV proteins vIL-6, vGPCR, vCCL-1, and vCCL-II have been shown to
promote angiogenesis by inducing VEGF expression through different signaling
pathways.15,41,407,425 vGPCR alone can activate PKC, protein kinase B (PKB),Akt,
NF-κB, and MAP kinases to regulate the expression of growth factors and
cytokines.18,22,114,298,310,339,386,404 Transgenic mice expressing vGPCR display multi-
focal and angioproliferative KS-like lesions.189,218,486

Immune Modulation

Like other viruses, KSHV must evade the host innate immunity that involves
type 1 IFNs, phagocytes, natural killer (NK) cells, and complement, as well as the
adaptive immune responses that include humoral and cell-mediated immunity.
Viral evasion of host immunity not only safeguards virus persistence but also
contributes to viral oncogenesis and pathogenesis. KSHV utilizes two major strate-
gies to achieve successful infections.The first is the so-called passive strategy.After
a successful entry into host cell, KSHV establishes latency, during which only a
minimum number of virus genes are expressed, thus reducing the number of anti-
gens that are exposed to the immune systems. Secondly, during lytic replication or
de novo infection, when most viral proteins are expressed and are susceptible to
immune surveillance, the virus utilizes an active strategy that involves a number of
its own unique genes to modulate the host immune response. Thus, KSHV has
evolved multiple mechanisms to not only evade the host immune response but also
manipulate existing cytokine regulatory networks to facilitate viral replication and
maintenance. In addition to exploiting the cytokine networks, KSHV also expresses
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genes that modulate the T-cell response, B-cell activation, as well as regulate the
complement cascade.

KSHV has a large and complicated genome. It encodes not only proteins neces-
sary for the reproduction and persistence of the virus but also pathogenic factors to
promote tumor cell proliferation and survival, regulate angiogenesis, and modulate
host immune response in favor of tumor growth (Fig. 1).The function and roles of
each of these factors in relation to KSHV-induced malignancy and pathogenesis are
further discussed the following sections.

Functions of KSHV Genes

LANA-1/LNA

In addition to its role in episomal persistence (maintenance, replication, and
segregation), LANA-1 is a promiscuous protein that has many cellular
interaction partners and modulates p53, STAT3, Rb, and GSK-3β pathways
with integral roles in apoptosis, immune response, development, cell growth,
proliferation, and transformation. LANA-1 acts directly or indirectly as a
general transcriptional repressor or occasionally as a transcriptional activator.
LANA-1 modulation of cellular functions might ultimately contribute to viral
latency in KSHV-infected cells.

Much work has been done to determine the role of LANA-1 in KSHV-mediated
transformation. In conjunction with the expression of Hras, LANA-1 transforms
primary rat fibroblasts.352 Overexpression of LANA-1 increases cellular prolifera-
tion and lifespan of primary HUVEC.399,468 Nevertheless, overexpression of
LANA-1 cannot induce anchorage independent growth, a hallmark of cellular
transformation, in NIH3T3 cells, indicating that other viral genes are likely
necessary for KSHV-induced malignant transformation.468

The mechanism of LANA-1-mediated cellular transformation has been
extensively investigated. LANA-1 targets the Rb/E2F pathway and alleviates
Rb-mediated transcriptional repression of the E2F pathway.352 LANA-1 upregu-
lates the expression of telomerase by interacting with the Sp1 transcription
factor.446 In latently infected PEL cells, LANA-1 blocks p53-mediated apoptosis by
binding to and inhibiting its transcriptional activity.154 In KS tumors, apoptosis is
not correlated with high expression levels of p53, rather, it is negatively correlated
with the expression of LANA-1.228 LANA-1 inactivation of p53 activity has also
been associated with genomic instability.399 HeLa and Rat-1 cell lines stably
expressing LANA-1 have increased multinucleation, micronuclei, mitotic bridges,
and abnormal formation of centrosomes.399

β-Catenin is overexpressed in PEL cells and KS tumors.156–158 Normally,
β-catenin is degraded in the cytoplasm by its negative regulator GSK3β. LANA-
1 causes the excess accumulation of β-catenin by binding and relocating GSK3β
to the nucleus where it can no longer regulate β-catenin. Excess β-catenin accu-
mulates and ultimately translocates to the nucleus where it interacts with Tcf/Lef
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transcription factors to regulate the expression of target genes. β-Catenin targets
many genes that have important roles in cell cycle progression, cell growth, and
cell proliferation.28,50 Notable β-catenin target genes are myc, jun, and cellular
cyclin D1.158

Overexpression of LANA-1 induces the expression of IL-6 by activating the
AP-1 pathway.12 One consequence of the autocrine and paracrine effects of IL-6
signaling is activation of the STAT3 signaling pathway. LANA-1 itself also binds
STAT3 in KSHV-infected PEL cells and augments STAT3-induced transcription
in reporter assays.315

LANA-1 positively and negatively regulates transcription through a variety of
mechanisms. In in vitro experiments, the N- and C-terminals of LANA-1 repress
transcription when fused to a heterologous DNA binding domain.385 Recruitment
and interaction with members of the mSin3 transcriptional repressor complex is
one mechanism by which LANA-1 represses transcription.244 LANA-1 represses
the ATF4/CREB transcriptional activator without interfering with its DNA binding
ability.266 LANA-1 inhibits the CBP histone acetyltransferase activity and represses
CBP transcriptional activation by preventing its dimerization with c-Fos.244

LANA-1 interacts with a potent transcriptional repressor KLIP1 and relieves its
transcriptional repression effect.335,496 LANA-1 activates the AP-1 pathway by
binding to Jun and facilitating the formation of Jun–Fos heterodimers.13 LANA-1
also upregulates Id-1, which is a member of a family of basic helix–loop–helix con-
taining proteins that have key roles in inhibiting cell differentiation, cell cycle reg-
ulation, and tumorigenesis.438 Id proteins are expressed at high levels in KS tumor
cells, but their roles in KSHV-mediated tumorigenesis are not well understood
because LANA-1 induced increases in Id protein expression has no discernable
effect on the proliferative capacity of cells.438

LANA-1-mediated transcriptional regulation could contribute to viral latency.
LANA-1 form complexes with RBP-Jκ to repress RTA expression.247 In addi-
tion, LANA-1 interacts with RTA and antagonizes its activation of the RTA
promoter.247,248 LANA-1 also inhibits transcription of nonlatency-associated genes
through its interaction with SUV39H1 and recruitment of HP-1.371 SUV39H1 is
a histone-H3 methyltransferase. Upon methylation of histone-H3 by SUV39H1,
HP-1 is recruited and forms condensed, transcriptionally inactive heterochromatin.
Recruitment of these two factors by LANA-1 prompts condensation of the KSHV
episome and consequently, transcriptional repression of all viral genes except those
within the latency locus.371 Finally, LANA-1 autoregulates its promoter and
induces transcription of itself.219

vCyclin

The decision to enter into the cell cycle is made in G0/G1 when cells are recep-
tive to growth and differentiation signals.208 Cdks act in combination with cellular
cyclins A, D, and E to accelerate cells through the cell cycle.260 The KSHV vCyclin
gene encodes a 257 amino acid protein with a molecular weight of 29 kDa.
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vCyclin has 32% identity and 54% similarity to mammalian cyclin D2 with the
homology extending over the full length of the protein.260

vCyclin strongly binds to Cdk6 and weakly binds to Cdk2, Cdk3, Cdk4, and
Cdk5; however, only the interaction with Cdk6 has functional signifi-
cance.136,260,279,330 Cdk6 is the catalytic subunit of the protein complex.216 vCyclin
binds tightly to Cdk6 to form a potent phosphorylation complex that phosphory-
lates many more targets, including p27KIP1, Id-2, Cdc25a, histone H1, Cdc6,
Orc1, and Bcl-2260,279,449 than the Cdk6–cellular cyclin D2 protein complex.260 In
addition, the vCyclin–Cdk6 protein complex is resistant to many cell cycle
checkpoints, which contributes to increased rates of cell proliferation.330 These two
characteristics have important implications for KSHV-infected cells. Increased
cellular proliferation, apoptosis,330,450 and chromosomal abnormalities450 are three
main consequences of overexpressing vCyclin.136,175,279,376,432 The vCyclin–Cdk6
complex phosphorylates and inactivates Bcl-2, thus contributing to vCyclin-mediated
apoptosis.330,331

Rb serves as an important cell cycle checkpoint protein by binding to the
transactivation domain of E2F transcription factors to inhibit their functions and
prevent cell cycle progression.130,200 Rb interacts with a number of chromosome
remodeling proteins like HDAC and the SWI/SNF complex to regulate gene
expression.239 Cdk6–vCyclin phosphorylates and inactivates Rb. Consequently,
KSHV-infected cells avoid Rb-induced cell cycle arrest.90,175,260

p27KIP1 is another important regulator of cell cycle. p27KIP1 mutation or
inactivity is often associated with poor prognosis in tumor progression. vCyclin can
overcome p27KIP1-mediated cell cycle arrest.136,175,279,376,432 When vCyclin is
overexpressed in cells, the vCyclin–Cdk6 complex interacts with and phosphory-
lates p27KIP1 on Thr187 inducing its degradation via the proteasome dependent
pathway;136,376 however, the situation may be more complicated in vivo.
Unexpectedly, p27KIP1 is more highly expressed in PEL cell lines when compared
to other lymphomas.67,216,376 In PEL cells, the Cdk6–vCyclin complex prevents
p27KIP1 from carrying out its function in two ways. First, it forms a stable com-
plex with p27KIP1, thereby sequestering it and preventing it from carrying out its
normal function.216 Second, the Cdk6–vCyclin complex phosphorylates p27KIP1
on Ser10, which causes p27KIP1 to undergo relocation to the cytoplasm. Upon
lytic reactivation, though, the Cdk6–vCyclin complex does induce degradation of
p27KIP1 via phosphorylation of Thr187.376 In addition to resistance to p27KIP1
inhibition, Cdk6–vCyclin resistance to cell cycle blocks by checkpoint proteins
p16(Ink4a) and p21Cip1 has also been shown.279

K13/vFLIP

K13 encodes viral FLICE (FADD[Fas-associated death domain]-like IL-1beta-
converting enzyme)-inhibitory protein (vFLIP), which is a viral homologue of cel-
lular FLIP proteins.128 vFLIP utilizes its death effector domain and TRAF-binding
domains to perform two principal functions, inhibition of apoptosis and constitutive
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activation of the NF-κB pathway. vFLIP is coded by either tricistronic transcripts
or a bicistronic transcript shared by two other latent genes, LANA-1 and
vCyclin.125,185,434 The translation of the vFLIP protein is most initiated from IRES
present in the vCyclin coding region, although a minor amount comes from
reinitiation of translation.185,272

In the cytosol, vFLIP interacts with procaspase 8 to prevent the cleavage of
procaspase 8 into its active subunits.32 vFLIP also inhibits caspase 3 and caspase 9
like activities in Fas-triggered A20 cells.32 In addition to its role in inhibiting Fas-
induced apoptosis, vFLIP constitutively activates both canonical and noncanonical
NF-κB pathways. vFLIP utilizes its TRAF-interacting domain to interact with the
IκB kinase complex via TRAF2.188 IκB sequesters inactive NF-κB in the cyto-
plasm.20,24 Activation by cytokines induces recruitment of the IκB kinase complex,
composed of IKKα, IKKβ, and IKKγ, which phosphorylates and inactivates
IκB.20,24 This IκB inactivation allows NF-κB to translocate to the nucleus and
stimulate the expression of NF-κB response genes. In PEL cells, vFLIP interacts
with the IκB kinase complex and RIP, a protein kinase that recruits and activates
MAPKKK proteins that in turn activate the IκB kinase complex.145,270 Hsp90 is an
important member of this protein complex. Treatment of PEL cells with Hsp90
inhibitor ablates NF-κB activation.145

The implications of vFLIP-induced constitutive activation of the NF-κB
pathway are significant. NF-κB activates many mitogenic pathways. Constitutive
activation of the NF-κB pathways has been observed in KSHV PEL cells.187,270,284

RNAi-mediated knock-down of vFLIP reduced NF-κB activity by approximately
80% and sensitized PEL cells to external apoptotic signals, subsequently increasing
apoptosis levels.187 The transforming ability of vFLIP derives from activation of the
NF-κB pathway. Single gene expression studies of vFLIP in a Rat-1 cell line
demonstrate that stable vFLIP expression increases cell growth and proliferation,
but also facilitates loss of contact inhibition, anchorage independent growth in soft
agar assays and induction of tumors in nude mice.429 A20 cells, a murine B-lym-
phoma cell line, transduced with vFLIP underwent cell proliferation despite
constant stimulation with death signals.128 Ninety percent of immunocompetent
mice injected with vFLIP-transduced A20 cells developed aggressive tumors. As
mentioned above, IL-6 is a necessary growth factor for KSHV PEL cells. vFLIP
upregulates the expression of cellular IL-6 by activating the JNK/AP-1 pathway.14

In situ hybridization analysis shows that vFLIP transcripts express at low levels in
early KS lesions, but at dramatically higher rates in late stage KS tumors.427 vFLIP
expression is inversely correlated with apoptosis.426

K12/Kaposin

Along with the proteins of the latency locus, K12 is expressed in most KSHV-
infected spindle tumor cells.235 Moreover, K12 expression is found in all stages of
KSHV tumorigenesis. In advanced spindle cell tumors, K12 expression is detected
in approximately 85% of the spindle cells.257,311 K12 expression during latency
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varies from tumor to tumor, and cell line to cell line;257 however, its expression is
strongly upregulated in the viral lytic cycle.87,413 Initial characterization of the K12
transcript identified a 700 bp gene product that coded for a protein with a
predicted molecular weight of 6 kDa, now known as Kaposin.368 Later, detailed
transcript analysis determined that the most common mRNA transcript encoded
by the K12 locus is actually 1.5–2.3 kb in size.235,368 Consequently, the translation
program for K12 was determined to be more complex than originally thought, uti-
lizing canonical and alternative translation initiation codons to encode three pro-
teins instead of one.368 These proteins were assigned the names, Kaposin A, Kaposin
B, and Kaposin C.While functional characterization of Kaposin A and Kaposin B
has been carried out, to date no function has been ascribed to Kaposin C.

Most of the initial characterization on K12 was done with the predominant pro-
tein product, Kaposin A.235 Kaposin A has a predicted molecular weight of 6 kDa;
however, it is often detected on Western blots as 16–18 kDa bands and sometimes
higher,235,312 hinting that the protein undergoes extensive posttranslational modifi-
cation.312 Kaposin A is a highly hydrophobic type II transmembrane protein and is
expressed on the cell surface.235,311 Initial characterization revealed the transforma-
tion nature of Kaposin A. In NIH3T3 and Rat-3 cell lines, overexpression of
Kaposin A caused increased foci formation, loss of stress fibers, and loss of contact
inhibition.235,311 When focally transformed Rat-3 cell lines were injected into nude
mice; highly vascular and undifferentiated fibrosarcomas formed within 1–2
weeks.311 Though the level of transforming activity found in the Rat-3 assay was
less than what is observed in typical cellular and retroviral oncogenes, it was similar
to levels found in other herpesviruses.311 Kaposin A might mediate mitogenic path-
ways to achieve cellular transformation. Kaposin A activates the ERK-1/2 MAPK
pathway and downstream AP-1235 through its interaction with cytohesin-1, a
guanine nucleotide exchange factor that regulates the function of β-integrins. Cells
transformed by Kaposin A show elevated activities of cellular serine-threonine
kinases such as PKC, CAM kinase I, and MLCK.312 Kaposin A possesses a LXXLL
nuclear receptor-binding motif. Mutations in this LXXLL motif ablated Kaposin
A’s transforming ability.312

Most cells that express Kaposin A also express Kaposin B. Kaposin B is a 38 kDa
protein442 coded by a sequence upstream of the Kaposin A translation initiation site.
The Kaposin B transcript utilizes the alternative start codon, CUG, and encodes a
series of 23 nucleotide GC rich repeats that vary in different KSHV isolates.257,368

Kaposin B upregulates cytokine expression by blocking the degradation of their
mRNA transcripts.287 Kaposin B binds to and activates MK2 resulting in the
inhibition of AU-rich elements (AREs)-mediated mRNA degradation.287

K15

K15 has a complex expression profile.103 Isolates from BCBL-1 cells show differ-
entially spliced protein products ranging from 281 to 489 aa in length, and 23–55
kDa in size that localize to the endoplasmic reticulum, mitochondria, and plasma
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membrane surface.103,395 K15 can also undergo proteolytic cleavage.395 K15 is
weakly expressed during latency, but is strongly upregulated in viral lytic cycle.476

K15 promoter is activated by RTA.103,174,476 Although there is no sequence homol-
ogy, K15 has the same structural characteristics as EBV LMP2A including a highly
hydrophobic N-terminus, a variable number of transmembrane domains, and a 
C-terminus containing motifs with high sequence identity to putative SH2 and
SH3 src kinase binding domains.52,103,476 Unlike LMP2A, the cytoplasmic domain
of K15 does not possess signal transduction capability even though the domain is
readily phoshphorylated103; however, like LMP2A, it inhibits B-cell receptor (BCR)
activation.103 K15 has been shown to localize in the lipid rafts, common carriers of
signal transducers like BCR.52 The K15 C-terminus binds TRAF-1,TRAF-2, and
TRAF-3.52,174 K15 interaction with TRAF-2 strongly activates the NF-κB path-
way and the AP-1 transcription factor through the JNK1 and ERK MAP kinase.52

All K15 spliced variants have a common C-terminus and high sequence variation
in the N-terminal hydrophobic regions.52,103,476 Even though the C-terminus
cannot function as a signal transducer, phosphorylation in its SH2 domain has
been detected.52

Viral Interferon Regulatory Factors

KSHV encodes three homologues of human IFN regulatory factors (vIRFs)
including vIRF, vIRF-2, and vIRF-3 or LANA-2.61,165,300,362 Cellular IRFs are
known to participate in IFN signal transduction. The diverse cellular effects of
IFN, including tumor suppression through induction of p21 and histone H4
gene, induction of apoptosis, upregulation of MHC class I and II antigen expres-
sion, and regulation of the natural killer cell development, are mediated directly
by IRFs or indirectly through interaction with various cellular factors including
STAT proteins, p300/CBP, and NF-κB.203,278,307 The most common IRF-targeting
promoter sites are ISRE, GAS, PRD-I, PRD-II, PRD-III, PRD-IV, and NF-
κB-binding sites. Some IRFs positively regulate the transcription of IFN-
responsive genes53,196,344,369 while others negatively regulate IFN signaling.470,471

For example, IRF-1 and IRF-2 compete for the identical ISRE, accounting for
their antagonistic activities.196 IRF-1 positively reinforces IFN-β signal transduc-
tion, whereas IRF-2 is a negative regulator. Furthermore, IRF-1 is a tumor
suppressor while IRF-2 is an oncogene.196,436,437 IRF-1 overexpression promotes
cell cycle arrest through p53-independent pathways by direct induction of
p21.435,436 IRF-2 overexpression inhibits these IFN-mediated effects leading to
cellular transformation and tumor formation in nude mice.197 vIRF is the first
KSHV oncogene identified.165 Overexpression of vIRF in rodent fibroblast cells
causes cellular transformation and downregulation of p21 and MHC class I antigen
through the inhibition of cellular IFN signal transduction pathways.148,165,259,503 In
this regard, vIRF behaves similarly to IRF-2. vIRF has also been shown to be a
transcriptional regulator and regulates the expression of other KSHV genes.259,364

vIRF probably achieves these functions through interactions with cellular IRF-1,
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IRF-3, ICSBP, p300, and CBP.60,165,258,267,319,389 It appears that vIRF represses the
IFN antiviral response by blocking IRF-3 recruitment of the CBP/p300 coactiva-
tors.267 Furthermore, vIRF interacts with p53, and inhibits p53-dependent apop-
tosis.317,391 vIRF also autoactivates its own expression through two cis-elements,
named Vac1 and Vac2, in the vIRF promoter that do not contain any ISRE-like
sequences and are unresponsive to induction with IFN-α/β.465 Thus, vIRF might
be able to target other viral and cellular genes in an IFN-independent mechanism.
vIRF is an early lytic gene expressed in KS lesions.127,467 Although the expression
of vIRF is significantly increased by TPA, low levels of vIRF expression are also
detected in uninduced KSHV-infected cell lines which may be either due to the
presence of a minor latent transcript or an undefined expression mechanism of
regulation that is not tied to viral lytic replication.96,467 The control of vIRF expres-
sion during latency is mostly mediated by a transcriptional silencer Tis in the vIRF
promoter.466 Similar mechanisms of regulation may also be present for other KSHV
lytic genes in addition to LANA-1-mediated gene repression.

vIRF-2 encodes a protein of 18 kDa. Similar to vIRF, vIRF-2 does not bind to
ISRE, rather it binds to the NF-κB-binding site.61 vIRF-2 interacts with IRF-1,
IRF-2, ICSBP, RelA, and p300 but not IRF-3 in vitro. Consequently, vIRF-2 inhibits
the IRF-1- or IRF-3-mediated transcriptional activation of IFN-α promoter as well
as RelA-stimulation of HIV LTR.61 vIRF-2 inhibits the antiviral effect of IFN by
interacting with (double-stranded RNA-activated protein kinase) PKR and inhibit-
ing its autophosphorylation, and the phosphorylation of PKR substrates histone 2A
and eukaryotic translation initiation factor 2α.59 Interestingly, vIRF-2 is expressed at
low levels in BCBL-1 cells and is not induced by TPA, suggesting that it may be a
latent gene.59 The expression profile of vIRF-2 in KS lesions is unknown.

LANA-2 is abundantly expressed in the nuclei of PEL cells and has been
described as a latent gene. However, because its expression levels can be greatly
increased following TPA treatment, and is not expressed in KS tumors, whether it
is truly latent remains controversial.274,362 LANA-2 interacts with p53 to mediate
gene transcription, and recruits IRF3 and IRF7 to inhibit IFN signaling.274,362

vGPCR

vGPCR is a 7-transmembrane, IL-8 receptor homologue that constitutively signals
several pathways downstream of multiple G protein subunits in a phospholipase 
C-and phosphatidylinositol 3-kinase (PI-3K)-dependent manner.65 Signaling
through PKC, PKB, Akt, NF-κB, and MAPK pathways increases expression of
genes involved in cellular proliferation, cell survival, and transformation, rendering
vGPCR as one of the potential key factors involved in KSHV-induced
malignancies.18,22,114,183,298,299,310,339,386,404,406,407 vGPCR increases expression of a
number of autocrine and paracrine cytokines and growth factors such as 
IL-1β, IL-6, IL-8, GM-CSF, TNF-α, bFGF, Gro-α, VEGF, and MCP-1, which
might be essential for early KS cell proliferation and KS tumor angiogenesis and
inflammation.22,299,339,386,396,407 Thus, vGPCR may contribute to KS development
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via an autocrine and paracrine mechanism albeit it is a viral lytic gene. Expression
of vGPCR in endothelial cells leads to constitutive activation of VEGF receptor
and cell immortalization,23,183,406 and transgenic mice expressing vGPCR devel-
oped highly vascular “KS-like” lesions.218,486 Interestingly, vGPCR may also regu-
late the expression of both latent and lytic genes.64,421

vIL-6

vIL-6 is a viral early gene. As a homologue of cellular IL-6, vIL-6 can stimulate
multiple cellular pathways to promote cellular proliferation, cell survival, and
extrahepatic acute-phase response through engagement of the gp130 coreceptor
independently of IL-6 receptor gp80.104,202,236,297,300,308,324,332,453 vIL-6 also plays an
important role in KSHV immune modulation, protecting PEL cells from IFN-α-
induced antiviral response.92 In addition, vIL-6 induces the secretion of cellular 
IL-6 and VEGF to support cell growth of IL-6-dependent cells, and contribute to
hematopoiesis, tumorigenesis, and angiogenesis.15,153,159,269,305

K1 (KIS)

K1, the first ORF in the KSHV genome, encodes a type 1 membrane glycoprotein
that is significantly induced during viral lytic replication.254,448 K1 can activate B
cells and induce inflammatory cytokines to regulate immune responses.254 K1
promotes cell growth and causes immortalization of primary endothelial cells.255,460

Expression of K1 in rodent fibroblasts produces morphological changes and foci
formation, characteristics of cellular transformation.255 K1 transgenic mice develop
sarcomas and plasmablastic lymphomas and display constitutive activation of NF-
κB, Oct-2, and Lyn.349 In addition, it has been shown that K1 can induce matrix
metalloproteinase-9 and VEGF in endothelial cells,457,461 two factors implicated in
angiogenesis and cell invasion.

K7/vIAP

vIAP is a homolog of the cellular protein survivin-∆Ex3 and is not found in any
other herpesviruses. Both the viral and cellular survivin-∆Ex3 contain a conserved
BH2 domain and a partial IAP repeat domain.456 vIAP is a 19–21 kDa glycoprotein
that localizes to the host cell mitochondrial membrane and inhibits apoptosis
induced by the Fas and TRAIL pathways, Bax, TNF-α as well as cycloheximide,
staurosporine, and ceramide.143,456,490 vIAP protects KSHV-infected cells from apop-
totic death in two distinct ways. First, it enhances cytosolic Ca2+ influx and prevents
mitochondrial damage.143 Second, it acts as protein bridge between the host mito-
chondrial protein Bcl-2 and caspase 3 to effectively suppress caspase 3 function.456

MIR-1/K3 and MIR-2/K5

Two similar proteins, MIR-1 and MIR-2, have been shown to actively prevent the
expression of cell surface MHC Class I antigen that serve to alert the cytolytic 
T-lymphocytes (CTLs), the main protagonists of virus elimination.110,111,214 Most
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virus-specific CTLs are CD8+ T cells that recognize cytosolic, usually endoge-
nously synthesized, viral antigens in association with Class I MHC on any nucle-
ated cell. MIR-1 and MIR-2, expressed during lytic replication and localized in
the endoplasmic reticulum (ER), negatively modulate the CTLs-dependent
immune response by triggering endocytosis of the surface MHC Class I molecules
for degradation.110,214 This function of MIR-2 is specific for human leukocyte
antigen (HLA)-A and HLA-B, which are responsible for presenting antigens to
CTLs, and to a lesser extent, HLA-E, but not HLA-C.110,214 In contrast to MIR-2,
MIR-1 downregulates HLA-A, -B, -C, and -E.214 Consequently, KSHV-infected
cells expressing reduced levels of MHC Class I molecules, are deficient in antigen
processing and presentation, and are therefore less susceptible to CTL killing.49

In addition, MIR-2 also reduces the expression of molecules involved in T-cell
activation, reducing the visibility of KSHV-infected B cell to T-helper cells,
thereby decreasing T-cell responses, cytokine release and the production of 
co-stimulatory signals for CTL generation.111 Both MIR-1 and MIR-2 may also
help KSHV evade natural killer cell immune responses, which cause immediate
killing of virus-infected cells through exocytosis of perforin- and granzyme-
containing granules and secreting cytokines, mainly IFN-γ, to activate CTLs and
macrophages.213,375

vCCL-1, vCCL-2, and vCCL-3

vCCLs are three KSHV lytic proteins formerly known as vMIPs. vCCL-1 (K6),
vCCL-2 (K4), and vCCL-3 (K4.1) share 25–40% homology with human MIP-1α
(macrophage inflammatory protein1α) a βCC chemokine.300,324 Chemokines are
molecules that interact with G-protein coupled chemokine receptors and recruit
leukocytes to sites of inflammation, and also are involved in angiogenesis,
haematopoiesis, and lymphocyte development.4,102,271,313,314 All three vCCLs are
able to induce angiogenesis in the chorioalantonic membranes of chicken eggs41

suggesting that they may act synergistically with host factors such as VEGF, bFGF,
and IL-6 to promote the abnormal angiogenesis in KS lesions. vCCL-1 is able to
bind to a broad range of chemokine receptors including CCR1, CCR2, CCR5,
CXCR4, and CX3CR1.234 vCCL-1 may act as a competitive antagonist with the
host chemokines, since it does not induce a Ca2+ influx after binding these recep-
tors. In vitro, vCCL-1 blocked the chemoattractive properties of host CC and CXC
chemokines,41,97,234,300 while in a rat model, vCCL-1 suppressed the host inflam-
matory response and decreased the infiltration of inflammatory leukocytes.97

vCCL-1 and vCCL-2 bind to CCR-8, and vCCL-1 is able to induce the secre-
tion of VEGF-A in PEL cells.269 Both vCCL-1 and vCCL-2 are able to block
dexamethasone-induced apoptosis in PEL cells.269 vCCL-3 binds to CCR-8 and
CCR-4, and has been shown to be selectively chemoattractant for Th2 cells.425

KSHV vCCLs can polarize the adaptive immune response toward a predominantly
Th2-type (i.e., humoral) response at sites of KSHV infection, potentially reducing
the efficacy of the antiviral response.
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KCP (ORF4)

Complement bridges both innate and adaptive immune responses and humoral and
cell-mediated immunity.The ORF4-encoded complement-control protein (KCP)
inhibits the activation of the complement cascade.309,417–419 KCP is also associated
with the envelope of purified KSHV virions where it potentially protects them
from complement-mediated immune response.418

K14 (vOX2)

vOX2 is a homolog of the cellular protein OX2,a glycosylated cell surface protein and
member of the immunoglobulin superfamily that restricts cytokine production in a
paracrine fashion. vOX2 has structure similar to cellular OX2; however, in contrast
to cellular OX2, it potently activates inflammatory cytokine production.105

vOX2 induces the production of IL-1β,TNF-α, and IL-6 from various cell types,
including monocytes/macrophages, and dendritic cells, and cooperates with 
IFN-γ in a paracrine manner to induce cytokine production in a B-cell line.105

vBcl-2 (ORF16)

vBcl-2 is a viral lytic protein expressed in both spindle cells and monocytes in KS
lesions.378,475 vBcl-2 only displays 15–20% amino acid identity to cellular Bcl-2, but
it contains the critical BH1 and BH2 domains required to heterodimerize with
cellular Bcl-2, and potently suppress caspase 3 death effector functions.98,378 vBcl-2
is an even more potent suppressor of apoptosis than its cellular homolog, Bcl-2.
vBcl-2 has been shown to prevent apoptosis induced by vCyclin, and unlike cellu-
lar Bcl-2, vBcl-2 cannot be converted to a pro-apoptotic form by caspase-mediated
cleavage.33,98

SUMMARY

KSHV has been established as the causative agent of KS, PEL, and MCD, malig-
nancies occurring more frequently in AIDS patients. The aggressive nature of
KSHV in the context of HIV infection suggests that interactions between the two
viruses enhance pathogenesis. KSHV latent infection and lytic reactivation are
characterized by distinct gene expression profiles, and both latency and lytic
reactivation seem to be required for malignant progression.As a sophisticated onco-
genic virus, KSHV has evolved to possess a formidable repertoire of potent mech-
anisms that enable it to target and manipulate host cell pathways, leading to
increased cell proliferation, increased cell survival, dysregulated angiogenesis,
evasion of immunity, and malignant progression in the immunocompromised host.

Worldwide, approximately 40.3 million people are currently living with HIV
infection.2 Of these, a significant number are coinfected with KSHV.118,129,381 The
complex interplay between the two viruses dramatically elevates the risk for
development of KSHV-induced malignancies, KS, PEL, and MCD. Although
HAART significantly reduces HIV viral load, the entire T-cell repertoire and
immune function may not be completely restored.99 In fact, clinically significant
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immune deficiency is not necessary for the induction of KSHV-related
malignancy.81 Because of variables such as lack of access to therapy, noncompliance
with prescribed treatment, failure to respond to treatment and the development of
drug-resistant strains of HIV, KSHV-induced malignancies will continue to present
as major health concerns.
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INTRODUCTION

Twenty five to thirty percent of all human cancers are etiologically linked to an
infectious agent, such as a virus or bacterium.These microbes are normally kept in
check by the host immune system. However, in individuals that are immunodefi-
cient, such as acquired immunodeficiency syndrome (AIDS) patients or those
receiving immunosuppressive drugs following organ transplantation, this check-
point fails and there is a correspondingly higher risk for the development of can-
cers associated with infectious agents. Viruses contribute to the development of
neoplasia either cell autonomously through the activities of viral oncogenes, or
through paracrine mechanisms that modulate the transformed cell as well as the
supporting microenvironment.

Prior to the onset of the AIDS epidemic and the emergence of HIV, Kaposi’s sar-
coma (KS) was described in 1872 by Moritz Kaposi, the then head of the Vienna
Dermatology clinic, as “idiopathisches multiples Pigmentsarkom,” a rare angiosarcoma
in elderly men of Mediterranean descent.1 In the early and mid-1980s, the HIV
epidemic lead to a dramatic increase in the incidence of KS. KS remains the most
common neoplasm seen in individuals with AIDS today. In 1994, KSHV (also
known as human herpesvirus 8; HHV-8) was initially identified in KS lesions of
AIDS patients by Chang et al.2 using representational difference analysis.



KSHV AND THE DEVELOPMENT OF KS

KS is divided into four subtypes with distinct clinical manifestations: classic,
endemic, epidemic or AIDS associated, and iatrogenic. Classic KS is a disease of
elderly Mediterranean and Eastern European men, while endemic KS is found in
parts of equatorial Africa such as Uganda and Zambia3 where it is responsible for an
estimated 1% of all tumors. Hence, in these regions, transmission of KSHV is
thought to occur vertically. Endemic KS tends to be more aggressive than classic KS.

Widespread HIV-1 infection has resulted in an epidemic of KS. Prevalence levels
for KSHV antibodies reach 30% in black South African HIV patients, and child-
hood KS has become the most common neoplasm in many regions of sub-Saharan
Africa that are ravaged by HIV infection. In 1981, KS was recognized as a defining
pathology for the diagnosis of AIDS. Highly active antiretroviral therapy (HAART)
has led to a substantial decline of AIDS-related KS in the United States. However,
even in the current post-HAART era, standardized incidence rates for KS are
higher than that of any other AIDS-defining or AIDS-associated cancers.4 This
suggests that KS will remain a permanent health problem for years to come.

Iatrogenic KS occurs after solid-organ transplantation in patients receiving
immunosuppressive therapy5 and KS comprises an estimated 3% of all tumors
associated with transplantation.6 This is seen particularly in regions of high KSHV
prevalence, such as Southern Italy,Turkey, and Saudi Arabia. KSHV present in the
recipient may be acquired during iatrogenically induced immunodeficiency after
transplantation or may be transmitted through the graft itself.7 The frequency of KS
in AIDS patients is 20,000 times higher than in the general population and the
frequency of KS in transplant recipients is 500 times higher than in healthy
individuals.8 It is important to note that 95% of all KS lesions, regardless of clinical
type or HIV status, contain KSHV viral DNA thus strongly linking KS to KSHV
infection.

In the mid-1980s, incidence rates for KS showed a greater than exponential
increase.At that time KS was only observed in AIDS patients with a history of men
who had sex with men, but not in individuals who became HIV infected through
blood transfusion.9 In AIDS-associated KS, incidence rates correlated significantly
with the lifetime number of male sexual partners,3 which established KSHV as a
sexually transmitted agent responsible for the development of this cancer. Today,
more women have become infected with HIV and consequently KS has now also
been reported in this group. African KS also affects both genders; while classic
(Mediterranean) KS affects predominantly elder men. The reason for the gender
bias in classic KS is unknown. In the US, KS incidence rates per age group follow
a bimodal distribution that peaks at ages 30–36 and again at ages >70. Since inci-
dence rates for most spontaneously occurring cancers increase exponentially with
age due to the accumulation of spontaneous mutations in tumor suppressor genes
and oncogenes, the bimodal distribution of KS posits an infectious agent with
oncogenic potential as the cause of the disease.

The KS lesion itself is highly angiogenic and comprises spindle-shaped cells, slit-
like endothelium-lined vasculature, and infiltrating blood cells. The spindle cells
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form the majority of the cell population, and are thought to arise from lymphatic
endothelial cells.10 In fact experimental KSHV infection can reprogram the
endothelial gene expression profile into that of the lymphatic endothelium.11,12

KS lesions are classified as plaque, patched, or nodular. As the KS tumor pro-
gresses clinically, the number of KSHV-infected cells increase and the endothelial
cell population within the lesion expands.KS lesions range from patches or plaques,
to nodules and there is evidence for both polyclonality and monoclonality of the
lesions.13,14 It is thought that KS probably initiates as a polyclonal hyperplasia and
develops into a clonal neoplasia. KS not only affects the skin but also involves
multiple organs such as the liver, lung, spleen, and gastrointestinal tract.Very aggres-
sive types of KS can lead to foci formation in the visceral organs and ultimately
result in hemorrhage and death.

KSHV viral load in PBMC rises in the one-to-six months that precede lesion
formation.15 A rise in viral load predicts imminent clinical lesions independent of
HIV or immune status16 (also Dittmer and Martin, unpublished). KSHV is found
in circulating B cells as well as macrophages and endothelial cells.17–19 The presence
of anti-KSHV antibodies documents prior exposure but does not allow a predic-
tion of KS development, since in HIV-positive individuals the median time from
seroconversion to disease is 7 years or greater.3,9

KS-tumor explants lose the virus after serial passage in tissue culture over time.
This suggests that ex vivo passage selects for cells that no longer depend on the
virus for survival and that the cells previously infected with KSHV have undergone
epigenetic mutations or changes that allow the cells to persist without the virus.
KSHV-infected endothelial cell preparations in culture generally also lose the virus
over time,20,21 though KSHV-positive tumor cell lines have recently been derived.22

KSHV AND THE DEVELOPMENT OF LYMPHOMAS

In addition to KS, KSHV is also found in B lymphoproliferative diseases; primary
effusion lymphoma (PEL) and multicentric Castleman’s disease (MCD). In fact, the
first association of KS and a B-cell lymphoproliferative disorder, MCD, was
reported in a patient who presented with both diseases.23 Greater than 50% of
KSHV-positive transplant recipients develop lymphoproliferative disease24 and
KSHV transmission can occur from organ donor to organ recipient7.

The association between KSHV and MCD and PEL has been firmly estab-
lished.25,26 MCD is a B-cell lymphoproliferative disorder that is sometimes referred
to as multicentric angiofollicular hyperplasia.As the name implies, patients usually
present with diffuse lymphadenopathy and a series of constitutional symptoms.The
disease is characterized by vascular proliferation of the germinal centers of the
lymph node.There are two forms of MCD: (1) a plasmablastic variant form that is
associated with lymphadenopathy and immune dysregulation and (2) a hyaline vas-
cular form, which presents as a solid mass. Nearly 100% of AIDS-associated MCD is
associated with KSHV, while approximately 50% of non-AIDS-associated MCD
contains KSHV DNA. AIDS-associated MCD is usually accompanied by the
development of KS in the affected individual.
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MCD is a polyclonal tumor and is highly dependent on cytokines such as inter-
leukin-6 (IL-6). KSHV itself encodes a viral IL-6 that is also expressed in these
lesions.27 Viral antigens can be detected in the immunoblastic B cells in the mantle
zone of the lymph node. The plasmablasts in MCD express monotypic IgM light
chains28 yet MCD is a polyclonal disorder with MCD patients frequently developing
cytopenia, autoimmune disease, and other malignancies such as KS and non-Hodgkin’s
lymphoma.29

PELs, sometimes referred to as body cavity based lymphomas, represent a specific
subset of non-Hodgkin’s B-cell lymphomas that involve body cavities and form a
distinct clinicopathologic group.30 Most PELs are KSHV-positive, and are often
coinfected with EBV as well. PELs may involve the peritoneal, pleural, or pericardial
cavities.These tumors are typically large-cell immunoblastic or anaplastic large-cell
lymphomas that express CD45, clonal immunoglobulin gene rearrangements, and
lack c-myc, bcl-2, ras, and p53 gene alterations.29,30

PELs have the characteristics of a preterminal stage of B-cell differentiation.
Since PELs have mutations in their immunoglobulin genes, they are thought to
arise from post-germinal center B cells. Most PELs express CD138/syndecan-1
antigen, which is normally expressed by a subset of plasma cells, but they do not
express immunoglobulins.

Although KSHV has been associated with PEL and MCD in HIV patients,
other reports describe cases of KSHV-positive lymphomas that do not fit the
classic PEL phenotypes. For instance, KSHV has been linked to cases of ger-
minotropic lymphoproliferative disease (GLD).31 This disease also involves plasma-
blasts but unlike plasmablastic lymphomas, the GLD lymphomas contain polyclonal
immunoglobulin receptors. Another report suggests a high incidence of KSHV
infection in solid HIV-associated immunoblastic/plasmablastic non-Hodgkin’s
lymphomas that developed in patients lacking PEL and MCD32 and yet others
have found KSHV associated with solid lymphomas, which resemble PEL cell
morphology but do not present as effusions.33 This suggests a model in which KSHV
infects an early germinal center B cell that can still differentiate into multiple
lymphoma phenotypes dependent on secondary mutations to the cellular genome.

The evidence linking KSHV to KS, PEL, and MCD is overwhelming and has
been confirmed by multiple laboratories. KSHV DNA has also been detected in
multiple myeloma, primary pulmonary hypertension, angiosarcomas, as well as
malignant skin tumors in post-transplant patients such as Bowen’s disease, squamous
cell carcinomas, actinic keratosis, and extramammary Paget’s disease. However, these
disease associations are at present controversial.29

PREVALENCE OF VIRAL INFECTION

Several serology studies have suggested that KSHV infection is widespread in Africa
with 30–60% of people being KSHV-positive, but is uncommon in the United
States and Western Europe with seropositivity ranging from 3 to 10% in these
areas.34 Regions such as Italy and Greece show a higher prevalence of KSHV at
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about 4–35%,35 which correlates with correspondingly higher incidence rates for
classical or transplant-associated KS. Transmission routes include sexual transmis-
sion, mother-to-child transmission, as well as salivary transmission.3,36,37

THE KSHV GENOME

Herpesviruses are a diverse group of DNA viruses that differ in their biology and
disease induction. A hallmark of herpesviruses is their ability to establish a latent
infection for the lifetime of their host. Pathogenesis caused by these viruses is usu-
ally seen in the context of host immune suppression.All herpesviruses share a com-
mon evolutionary origin, which is highly evident from the homology seen among
a substantial number of herpesviral genes.38 Based on biological characteristics and
genomic organization, herpesviruses are classified into three subfamilies: alpha, beta,
and gamma.The gamma herpesviruses are lymphotropic and some are capable of
undergoing lytic replication in epithelial, endothelial, or fibroblast cells. The
gammaherpesvirinae are grouped into two classes: lymphocryptoviruses (gamma-1)
and rhadinoviruses (gamma-2). Epstein-Barr virus (EBV) or human herpesvirus 4
(HHV4) is a lymphocryptovirus while KSHV (HHV8) is a rhadinovirus.

During latent infection, viral gene expression is highly attenuated and the viral
genome remains stably associated with the cell. In the lytic phase of infection, viral
gene expression and DNA replication ensue, leading to the production of progeny
virions and eventual lysis of the cell.The KSHV viral genome comprises a ~140 kb
long unique region flanked by multiple terminal repeat sequences with the total
genomic size being ~160–170 kb. KSHV has at least 80 open-reading frames
(ORFs) that encode for proteins greater than 100 amino acids.39 The viral genes
encoded by KSHV can be divided into three classes: (1) genes common to all her-
pesviruses, (2) genes unique to KSHV (these are generally given a “K” designation
followed by the number of the open reading frame (ORF), and (3) KSHV-encoded
genes that are homologous to cellular genes (these may be unique to KSHV or
shared with other herpesviruses), and are likely to have been usurped from the host
genome during the course of evolution. It is likely that several viral genes con-
tribute to the neoplastic process38 (Wong, 2005).

MOLECULAR BIOLOGY OF KSHV-ASSOCIATED DISEASE

A relatively recent concept in understanding KSHV gene expression in human KS,
PEL, and MCD disease has involved the use of microarrays to profile viral gene
expression. Since the KSHV genome is orders of magnitude smaller than the
human genome, it has been feasible to develop whole genome arrays based upon
real-time quantitative RT-PCR for all individual viral genes and to analyze primary
KS biopsy samples and KSHV-infected lymphomas.40,41 Conventional microarray-
based viral gene expression in KSHV-infected lymphomas has also been
performed.42,43 These new techniques generate a viral signature for each disease
state and offer a chance to classify KS beyond Moritz Kaposi’s observational
diagnosis. High-throughput genomic profiling offers the chance to accelerate our
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investigations into KSHV-associated cancers as much as it has benefited research
into nonviral cancers. Microarray analyses of host cell transcription44–46 proved that
KSHV-positive PEL differ from other types of B-cell lymphomas.This is consistent
with the idea that KSHV reprograms the tumor cell. Recently it was shown that
KSHV infection reprograms endothelial cells toward a specialized cell fate; that of
lymphatic endothelium, which expresses characteristic lineage markers, such as
LYVE-1.11,12 Several studies have ascertained the host transcription profile in tissue
culture models of KSHV infection.47–50 Potentially interesting drug targets emerged
in each of these studies but a consensus among the different models has yet to be
found. KS will almost certainly have a cellular transcription signature that is distinct
from other cancers and tied to the unique pathology of this disease, as an angio-
proliferative, cytokine driven disease. For instance, c-Kit and other growth factor
receptors in microarray studies of KSHV-infected endothelial cells led to a suc-
cessful pilot study using the kinase inhibitor gleevec (imatinib).51 Another recent
phase II study found a significant response rate of KS to a matrix metalloproteinase
inhibitor.52

Every KS tumor transcribed high levels of the canonical KSHV latency genes
LANA, vFLIP, vCyclin, and Kaposin. These genes are under control of the same
promoter and are expressed in every KS tumor cell.53,54 Kaposin is located imme-
diately downstream of these three genes and, in addition to the common promoter,
can be regulated by a promoter located between LANA and cyclin55 and during
lytic reactivation yet another, ORF-proximal promoter.56 Like LANA, Kaposin too
is expressed in every tumor cell18 and has recently been shown to stabilize cellular
cytokine mRNAs.57 In addition to these latent proteins, many KS tumors as well
as PEL engrafts58,59 express an extended set of proteins that were initially classified
as lytic viral genes, but in the context of the tumor may be the result of abortive
or incomplete viral reactivation.These include the KSHV interferon regulatory fac-
tor (vIRF-1) and G-coupled receptor (vGPCR) homologs41 and the K1 signaling
protein,59,60 which suggests that a subset of KS phenotypes may be attributable to
these genes and the paracrine mechanisms that they invoke.61–63 Interestingly,
vIRF-3, a duplicated KSHV IRF homolog, is constitutively transcribed in KSHV-
infected PEL,64 but not KS.Thus we speculate that KSHV has to interfere with the
host cell’s innate interferon response in every infected cell regardless of cell lineage
or mode of infection and has thus placed multiple copies of the vIRFs, all of
which interfere with normal interferon signaling, under different control elements,
e.g., vIRF-3 is specific for B cells while vIRF-1 is specific for endothelial cells.
Thus, both latent and select lytic genes can be considered tumor-specific therapy
targets for KS.

THERAPIES TO TREAT KS, PEL, AND MCD

Currently, treatment modalities for KS include observation, local therapy, or
systemic chemotherapy such as paclitaxel and liopsomal anthracycline,65 depend-
ing on the severity of the disease. Interferon alpha is also used to treat KS. KS is a

134 AIDS-Associated Viral Oncogenesis



highly angiogenic tumor but a clinical trial targeting the angiogenic nature of KS
using IM862 proved ineffective in obliterating KS.66 However, a clinical trial
involving daily doses of imatinib mesylate (Gleevec), which targets c-kit and
platelet derived growth factor receptor signaling, resulted in clinical and histologic
regression of cutaneous KS,51 as did a trial of a matrix metalloproteinase
inhibitor.52

A recent report suggested that recipients of organ transplants, who were suscepti-
ble to KS due to immunosuppressive therapy, benefited from treatment with
sirolimus (also called rapamycin) since sirolimus displayed both immunosuppressive
and antineoplastic properties.8 Sirolimus likely acts via an antiangiogenic mechanism
ultimately reducing the levels of VEGF and of VEGF receptor on endothelial cells.

Currently many clinical investigations are underway for treating KS. These
include (1) bevacizumab, a recombinant human anti-VEGF antibody, (2) valproic
acid, which can activate KSHV lytic replication in vitro leading to lysis of the
infected cells,67 (3) halofuginone, an inhibitor of matrix metalloproteinases, and (4)
IL-12 therapy, with and without liposomal doxorubicin.68

Risk for KS and virally associated lymphomas increases rapidly as the CD4+ cell
counts of HIV-infected individuals diminish,69 and the risk of developing AIDS-
associated cancers is lower for individuals who are less severely immune suppressed.
Since the prevalence of KS in AIDS patients is very high, and HIV coinfection is
thought to be an important factor in the development of KS, attempts to control
KS by improving the immune system of HIV-infected individuals through
HAART is recommended. Indeed, the incidence of KS has declined considerably
following the introduction of HAART therapy and often HAART alone will lead
to KS regression in AIDS patients. However, it is important to note that even in the
face of HAART therapy, the likelihood of an HIV-positive individual developing
KS is still 20 times higher than uninfected individuals.69

Current treatments for MCD, PEL, and other AIDS lymphomas include standard
chemotherapy such as CHOP, which contains four drugs – prednisone, vincristine,
cyclophosphamide, and doxorubicin, or EPOCH, which in addition contains
etoposide.These can be given simultaneously with HAART.70,71 Case reports in the
literature also suggest that rituximab (rituxan) is effective against PEL and MCD.
Rituximab is an anti-CD20 antibody, but because rituximab targets normal B cells
as well, it can be associated with an increased risk of infection when used in AIDS
patients.72 Scott et al. have reported on two MCD patients that went into sustained
remission with just oral etoposide.71 Another line of thinking has lead to
exploratory studies using antiherpesviral drugs that inhibit herpesviral replication
such as ganciclovir or AZT73–75 in patients, suggesting a mechanism of action that
suppresses viral reactivation and dissemination rather than direct tumor toxicity.
Cidofovir, another herpesvirus polymerase inhibitor, did not show a clinical bene-
fit.76 HAART therapy has resulted in varying degrees of success with respect to
decline in the incidence of non-Hodgkin lymphoma. It is estimated that HAART
therapy decreases the incidence of non-Hodgkin lymphoma anywhere in the range
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of 40–76%. Moreover, there is emerging, but as of yet controversial evidence that
protease inhibitors such as indinavir, which also inhibit matrix metalloproteinase
may have direct anti-KS activity in addition to HAART-associated reconstitution
of the immune system.77

More information on current trials that are underway to treat KS, PEL,
and MCD can be gleaned by visiting the National Cancer Institute 
(NCI) website: http://www-dcs.nci.nih.gov/branches/aidstrials/adlist.html or 
http://www.amcoperations.com.

CONCLUSIONS

As a consequence of HAART therapy, the life expectancy of HIV-infected indi-
viduals has increased tremendously. It is likely that as these HIV-infected patients
continue to age, there will be a corresponding increase in the incidence of AIDS-
defining as well as non-AIDS defining cancers. Most of the current therapies with
the exception of antiherpesviral drugs do not take advantage of the unique viral
etiology of KSHV-associated cancers, and antiherpesviral drugs themselves are not
effective against latent virus. Thus it will be important to show that “traditional”
anticancer therapies are safe in the context of HAART and HIV infection, and to
develop future therapies that directly impact upon, and obliterate, the function of
viral genes.
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INTRODUCTION

Epstein-Barr virus (EBV) was first isolated from cultures stemming from a biopsy
of a Burkitt’s lymphoma in 1958.12 It was identified as a large DNA virus belong-
ing to the gammaherpesvirus family.26 Soon afterward, it was shown to possess the
ability to transform primary B lymphocytes in vitro, leading to blast formation and
uncontrolled proliferation.38 This in vitro transformation ability supported an
oncogenic potential associated with the virus. Since then, EBV has been shown to
be associated with a number of human malignant disorders.

EBV has all the hallmarks of an extremely successful virus. Current estimates
indicate that EBV infects approximately 95% of the world’s adult population.133 In
most healthy individuals EBV infection does not lead to any overt pathogenesis,
thus ensuring survival of both the host and the virus. EBV infection is able to per-
sist, and escape clearance, for the lifetime of the host. Primary infection is followed
by long periods of latency, during which the viral DNA is replicated along with
the host cell, but little or no virus particles are produced.93 This is in large part
responsible for successful immune evasion by EBV.These long periods of latency
are interspersed by occasional short periods of reactivation.29 It is during these peri-
ods that fresh virus particles are produced and these find new host cells either in
the same or in a different individual. Thus, many millennia of coevolution along



with humans have ensured that EBV exists along a fine line between pathogenesis
accompanied by possible death of the individual and clearance by the immune sys-
tem. Primary or acquired immunodeficiency on the part of humans disturbs this
equilibrium and leads to the development of EBV-associated diseases (Table 1).
Ironically, this is not likely to be in the best interest of the virus.

During the past decade, substantial gaps in our understanding of the biology of
EBV in the healthy host, the molecular mechanisms involved in viral proliferation
and in oncogenesis, have been somewhat narrowed.This progress has provided the
building blocks for development of novel therapeutic approaches that will eventually
make a significant impact on clinical management of EBV-associated lymphoid
malignancies. In this chapter, we discuss the molecular biological aspect of
EBV-associated malignancies, and focus on recent advances in our understanding
of the functions of specific latent viral antigens and their contribution to disease
pathogenesis.

THE EPSTEIN-BARR VIRUS LIFECYCLE

As mentioned earlier, EBV belongs to the herpes virus family.The viral genome is
~184 kb and 85 open reading frames (ORFs) have thus far been identified.7 Most
of these genes have cellular homologs and play a part in either viral replication or
immune modulation. Like all herpes viruses, EBV has a biphasic lifecycle.82

Infection can occur by exchange of bodily fluids including but not limited to
saliva.32 EBV predominantly infects human primary B lymphocytes and certain
epithelial cells of the nasopharynx. Primary infection is followed by a brief period
of virus replication at the site of infection. In a healthy individual, this is usually
modulated by the immune system and is believed to be as short as 24 h.This repli-
cation period allows for the systemic spread of the virus and allows establishment
of latency in memory B cells, which are infected in the lymphoid organs.29 Latent
infection is characterized by minimal viral gene expression and no lytic replication
of the virus occurs during this period.93 The viral genome is maintained episoma-
lly and replicates at the same time, using the same machinery, as host cells DNA
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Table 1. EBV-associated diseases. EBV-associated malignancies and other contributing factors are tabulated

Disease AIDS association Other association

Burkitt’s lymphoma Yes Immunosuppression, endemic 
(parts of Africa)

B-lymphoproliferative disease Yes Post-transplant
Infectious mononucleosis No Immunosuppression
Nasopharyngeal carcinoma No Endemic (parts of Asia)
Primary effusion lymphoma Yes Kaposi’s sarcoma-associated herpes 

virus
Natural killer cell lymphoma Yes
Hodgkin’s disease No
X-linked lymphoproliferative disease No Human XLP gene
Post transplant lymphoproliferative disease No Immunosuppression after organ transplant



replication.2 Typically, 11 of the 85 identified ORFs are expressed during virus
latency program III.93 This low profile likely helps the virus evade immune surveil-
lance, a key requirement for lifetime persistence. Differentiation of the memory
B cells can cause reactivation of the latent virus into lytic replication.67 This is
important for shedding and transmission of the virus. Onset of lytic replication
is characterized by a preprogrammed pattern of virus gene expression.77 Genes
expressed during this phase have been divided into three subgroups, immediate-
early, early, and late genes, depending on the timeframe of their expression.77

Immediate early genes are mostly transcriptional inducers of early gene expression,
early genes are involved in facilitating host cell independent virus DNA replication
and late genes facilitate production of viral structural genes, virus assembly and
egress.77 Thus, while the latent program ensures immune evasion and host survival,
the occasional lytic reactivation of a small fraction of the latently infected pool
ensures virus shedding and transmission (Fig. 1).

There are three distinct types of the EBV latent programs. Each type is charac-
terized by a distinct viral gene expression pattern and is associated with different
disease states (Table 2). It is generally believed that the first latency program established
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Figure 1. Schematic of the biphasic lifecycle of Epstein-Barr virus (EBV). EBV, like most herpes viruses,
follows a biphasic life cycle.82 The virus infects a naïve B cell, which then differentiates into a B memory cell.
In these long-lived memory cells, the virus establishes a latent program where the virus genome replicates at
the same time as the host cell DNA, using the host cell DNA replication machinery, and is efficiently portioned
into daughter cells during mitosis.This expands the pool of cells carrying the viral genome with minimal
expression of viral antigens. Certain stimuli, like B-cell receptor signaling, can lead to lytic reactivation of
the virus in these infected B memory cells.Triggering of the lytic cascade leads to productive replication
of the virus and eventual lysis of the cell.These newly formed particles can infect fresh cells within the same
individual or be transmitted by exchange of body fluids to an uninfected individual leading to the spread of
virus (adapted from Laichalk et al., J.Virol 2005).
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Table 2. EBV protein expression in AIDS-associated malignancies. EBV antigen expression and the type of
latency program

Disease Type of latency EBV proteins expressed

Burkitt’s lymphoma Type I EBNA1, EBERs, BARTs
B-lymphoproliferative disease Type III EBNAs (EBNA1, 2, 3A, 3B, 3C, LP), LMP1,

LMP2, EBERs, BARTs
Primary effusion lymphoma Type III
Natural killer cell lymphoma Type II EBNA1, LMP1, LMP2, EBERs, BARTs

by EBV is latency type III, also known as the growth program.93 This is character-
ized by the expression of six EBV nuclear antigens (EBNAs; EBNA1, EBNA2,
EBNA3A, EBNA3B, EBNA3C, and EBNA-LP), two membrane proteins (latent
membrane protein (LMP); LMP1 and LMP2), two small viral RNAs (EBERs), and
the BamA rightward transcripts (BARTs).These proteins drive the infected B cells
to proliferate. Since the viral genome is replicated at the same time as the host cell
DNA, this type of latency thus expands the pool of infected B cells, and hence the
name growth program. However, this large gene expression profile engenders a
robust T-cell response and clearance of cells expressing this type of latency. This
leaves some B cells in which gene expression has been further tempered to mini-
mize a possible T-cell response. These B cells are in either latency type II (also
known as the default program) or in latency I (or the latency program). Type II
latency is characterized by the expression of EBNA1, LMP1, LMP2, EBERs, and
BARTs. In latency type I, only EBNA1, EBERs, and BARTs are expressed.134

EBV-RELATED DISEASES

EBV infection in healthy individuals is characterized by a rapid IgM viral capsid
antigen (VCA) antibody response.This usually wanes within 2–3 months postin-
fection and is replaced by an IgG VCA response which persists for the lifetime
of the infected individual. At the same time, antibodies against the EBNA are
produced, which also persist for life. In healthy individuals, the number of
infected B cells is tightly controlled by EBV specific cytotoxic T lymphocytes.
These cells are responsible for the shift from the growth program, established
immediately postinfection, to either the default or the latency program, and thus
prevent uncontrolled proliferation of infected B cells. It is estimated that in these
healthy individuals, approximately 1 in 105–106 circulating B cells is infected. In
immunosuppressed individuals, on the other hand, in the absence of a robust
cytotoxic T lymphocyte response, the virus is free to revert to the growth pro-
gram.The resultant unchecked proliferation of B cells provides ideal conditions
for the development of lymphoproliferative disorders. In such individuals, EBV is
associated with a number of such proliferative diseases, including Burkitt’s lymphoma,
B-cell lymphoproliferative disease, infectious mononucleosis, nasopharyngeal
carcinoma, natural killer cell lymphoma, primary effusion lymphoma, Hodgkin’s
disease, X-linked lymphoproliferative disease and post-transplant lymphoprolifer-



ative disease. The immunosuppressed state leading to the development of the
mentioned disorders in infected individuals could be either acquired, as is the
case in AIDS, or it could be induced, such as in transplant patients. Accordingly,
Burkitt’s lymphoma, B lymphoproliferative disease, primary effusion lymphoma,
and natural killer cell lymphoma have been shown to be exacerbated by dint of
the patient being HIV positive (Table 1). EBV infection also poses a significant
problem in transplant patients who are generally immunosuppressed in order to
prevent organ rejection. Interestingly, patients that are EBV seronegative at the
time of transplant are at greater risk of developing post-transplant lymphoprolif-
erative disease than previously infected patients.114 Other factors that are believed
to contribute to the development of post-transplant lymphoma are the type of
organ transplanted and the level and type of immunosuppression.114 Therefore,
children in general are at a higher risk of developing PTLD than adults, as they
are more likely to be EBV seronegative before transplant. Early-onset PTLD is
usually of a polyclonal origin, expresses the latency III repertoire of EBV anti-
gens, and is often successfully treated by reduction of immunosuppression and/or
administration of antiviral drugs. Late-onset PTLD is, on the other hand, usually
monoclonal and has a down-regulated EBNA expression of latency type I or II.
Patients with late-onset PTLD or recurring PTLD have a poor prognosis, and the
disease is often fatal.114 These diseases have been grouped into three categories
based on the type of latency and the corresponding range of EBV antigens
expressed by the infected cell (Table 1). In the subsequent sections, each of the
viral antigens expressed in one or more disease associated with AIDS is discussed
in detail.

EBV LATENT GENES EXPRESSED IN AIDS-ASSOCIATED MALIGNANCIES

All or some of the following genes are expressed in at least one of the AIDS-
associated malignancies (Table 2).

EPSTEIN-BARR VIRUS NUCLEAR ANTIGEN 1

It is now well established that EBV is capable of maintaining its genome extra-
chromosomally in dividing mammalian cells,128,131 with only infrequent incidences
of integration reported.66 Replication of the viral genome using the host cell repli-
cation machinery and segregation into daughter cells upon mitosis is the established
form of replication in all types of EBV-associated latencies.23,104,130 Two compo-
nents are thought to be necessary to accomplish this, the viral origin of plasmid
replication (oriP),129 and the EBV nuclear antigen 1 (EBNA1)70 (Fig. 2). Proof for
this is provided by the fact that inclusion of both these components on conven-
tional plasmids lacking the eukaryotic origin of replication is sufficient to allow
them to replicate and be retained in dividing cells.130,131

EBNA1 is believed to maintain the viral genome by binding to both the episome
and the host chromatin, thus acting as a protein anchor78 (Table 3). EBNA1 is there-
fore deemed the most important of all EBV nuclear antigens and is accordingly
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Table 3. EBV latency proteins.The major function and other associated roles of the EBV latency proteins

EBV Required for 
protein Latency Major function Other functions Immortalization Size

EBNA1 I, II, III Episomal Tethers viral genome Yes 641 aa 
maintenance to host cell (64–69 kDa)

chromosome, viral 
DNA replication,
transcriptional 
activation, immune 
evasion

EBNA 2 III Transcriptional Interacts with RBP- Yes 487 aa 
modulation Jκ and modulates (85–87 kDa)

notch signaling
Targets: cMyc,

LMP1 and 2, CD21,
CD23

EBNA 3A III Transcriptional EBNA2 antagonist Yes 944 aa 
modulation and coactivator (~190 kDa)

EBNA 3B III Transcriptional Interacts with No 938 aa 
modulation RBP-Jκ (~195 kDa)

EBNA 3C III Transcriptional EBNA2 antagonist Yes 992 aa 
modulation and coactivator, (~192 kDa)

recruits SCFSKP2

ubiquitin ligase to 
degrade pRb, p27 
(cell cycle 
deregulation)

EBNA-LP III Transcriptional EBNA2 coactivation Yes/no 506 aa
modulation

LMP1 II, III Transcriptional Induces constitutive Yes 386 aa 
modulation NF-κB activation, (63 kDa)

cytotoxic T 
lymphocyte 
modulation

LMP2A II, III Maintenance Disrupts B-cell No 497 aa 
of latency receptor signaling (54 kDa)

BARTs I, II, III Function unclear Modulation of No –
notch signaling

EBERs I, II, III Antiapoptotic Disrupt α-Interferon- No –
mediated apoptosis

Figure 2. EBV nuclear antigen 1. The EBV nuclear antigen 1 (EBNA1) is one of six nuclear antigens
encoded by EBV. It is expressed in all EBV-infected cells and is the only nuclear antigen expressed in cells in
type I latency.93 Its most important function is maintenance of the viral episome by binding both the viral
genome and the host cell chromosome.126 Accordingly, it has two identified DNA-binding domains and a
nuclear localization signal.78 The glycine-alanine repeat domain of EBNA1 is responsible for its resistance to
proteosomal degradation and relative nonimmunogenicity.9,72 The transactivation domain plays a role in
EBNA1 mediated regulation of transcription.126



expressed in all EBV-infected cells.100 Indeed, in latency type I, which has the low-
est viral antigen expression profile of all known latency types, EBNA1 is the only
nuclear antigen expressed.100 Until recently, it was believed that EBV persists in this
EBNA1-only latency program without detection by the immune system.

EBNA1 is generated from the Bam HI-Q/U/K fragments of EBV genome, and
is approximately 64–69 kDa (641 aa), depending on number of the internal
repeats.56 A number of domains fulfilling specific functions have been identified
within EBNA1 (Fig. 2). It has two separate glycine-arginine repeats, a transactivation
domain, a glycine-alanine repeat, two separate DNA-binding domains, a nuclear
localization signal, and a dimerization domain.87 The glycine-alanine repeat of
EBNA1 is thought to confer resistance of the viral protein to proteasomal degradation
and therefore prevent antigen presentation.9,72 This has been demonstrated by fus-
ing the glycine-alanine repeat with labile cellular proteins, which then become
resistant to degradation.72 This apparent lack of antigen presentation is believed to
be the primary reason for cytotoxic T lymphocyte escape by EBV in latency type
I and is thought to be crucial for maintenance of the viral reservoir in healthy
infected individuals.

Several cellular proteins that interact with EBNA1 have been identified.These
include the cellular origin recognition complex17 and other components of the
prereplication complex, replication protein A, and the telomere repeat binding
factor 2 (TRF2).21 EBNA1 also binds specifically to two clusters within the EBV
viral origin of plasmid replication (oriP).This is a 1.7 kb cis-acting region in the EBV
genome, and is composed of 21 families of repeat sequences (FR) and four dyad
symmetry elements (DS). Binding of EBNA1 to oriP and its recruitment of the
host cell replication machinery elements demonstrate its importance in mediating
EBV genome replication.30

Additionally, EBNA-1 has also been shown to play a role in transcriptional reg-
ulation of the three EBNA promoters,Wp, Cp, and its own latent promoter Qp.100

EBNA1 has also been shown to bind to the metastasis suppressor protein Nm23-H187

and to specific viral RNA sequences, EBER1.110 It has a demonstrated tumorigenic
potential in vivo.124 These experimental data suggest that EBNA1 has a critical role
in EBV-associated human cancers.

EPSTEIN-BARR VIRUS NUCLEAR ANTIGEN 2

EBNA2 is one of the first viral proteins expressed following EBV infection.4 It is
encoded by the Bam HI W/Y/H region of the EBV genome (BHRF1) and its
size depends on the length of the polyproline domain, which is, 82–87 kDa in type
I: B95-8 and 75 kDa in type II:AGS and P3HR-1 (Fig. 3). EBNA2 is essential for
transformation of human B lymphocytes and is a transactivator of the EBV genome
as well as many host cell encoded genes.18,35 In a positive feedback loop, it is known
to transactivate its own promoter.125 Other genes known to be upregulated by
EBNA2 include EBV proteins EBNA1, EBNA3A, 3B, 3C, LMP1, and
LMP2A,1,27,94,123,139 and cellular genes c-myc, CD21, c-fgr, and CD23.65,112,121,122

Consistent with this observation is the fact that EBNA 2, 3A, 3B, and 3C are either
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coexpressed, as in latency-III, or not at all, as in latency programs-I and II. Despite
its functions as a major transcriptional modulator, EBNA2 does not directly bind
DNA.138 Its transcriptional modulation is a result of its association with various
cellular DNA-binding proteins such as CBF1, RBP-Jκ, and PU.1.37,68,74

Although a wide array of genes is regulated by EBNA2 via its association with
cellular transcription factors, its predominant mechanism of activation is its ability
to mimic the activities of activated notch-I.127 RBP-Jκ/CBF-1/CSL is a ubiquitous
DNA-binding protein which recognizes the sequence CGTGGGAA.81 The intra-
cellular region of notch (ICN) has been shown to possess transactivation ability
when overexpressed in various cell lines. ICN directly binds the nuclear protein
RBP-Jκ at two regions: the RAM domain located immediately C terminal to the
transmembrane region118 and the CDC 10/ankyrin repeats. EBNA2 has been
shown to bind to this same part of RBP-Jκ and can functionally replace the intra-
cellular region of notch.54,99 Therefore, EBNA2 acts as a constitutively activated
form of notch-I and results in activation of the notch-I signaling pathway and its
downstream genes.54 The ability of EBNA2 for B-cell immortalization correlates
directly with its ability to ameliorate transcriptional repression by RBP-Jκ.127 Also,
the ability of EBNA2 to functionally mimic ICN is further demonstrated by the
fact that ICN can modulate expression of EBNA2 target genes.39 Interestingly,
EBNA2 transactivates the human immunodeficiency virus (HIV) LTR, and this
transactivation is dependent on the NF-κB sites in the HIV LTR.103 The exact
repercussions of this transactivation are, however, not well understood.

EPSTEIN-BARR VIRUS NUCLEAR ANTIGEN LEADER PROTEIN

The Epstein-Barr virus nuclear antigen leader protein (EBNA-LP) contains multi-
ple copies of a 66 aa repeat domain encoded by two exons in the internal repeat 1
(IR1), repeats W1 (22 amino acids), and W2 (44 amino acids) followed by a unique
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Figure 3. EBV nuclear antigen 2. EBV nuclear antigen 2 (EBNA2) along with EBNA-LP are the first two
genes that are expressed following EBV infection.4 EBNA2 is a potent transcriptional regulator and controls
the transcription of various viral as well as cellular genes.1,27,68,139 It does not bind directly to DNA and exerts
its effect by binding to and regulating the activity of cellular transcription factors.68 In infected cells EBNA2
mimics a constitutionally active intracellular notch, interacts with and releases transcriptional suppression
mediated by the corepressor RBP-Jκ {Huen, 1995 #110}. It also binds other cellular DNA-binding proteins
CBP1 and PU.1.68 It has been shown to transactivate the HIV LTR via its NF-κB sites.103 



45 aa domain encoded by the Y1 and Y2 exons located within the BamY fragment
just downstream of the IR1 repeats.101 EBNA-LP and EBNA2 are the first viral
proteins expressed after EBV infection.4,97 EBNA-LP is phosphorylated on many
serine residues, and this phosphorylation occurs during late G2 phase of the cell
cycle.58,59,90 The kinases implicated in mediating the phosphorylation of EBNA-LP
are casein kinase II (CKII) and cyclin dependent p34/cdc2 kinase.58,59 The main
function of EBNA-LP seems to be co-stimulation of EBNA-2-mediated activation
of cellular and viral gene expression, which has been shown to be critical for
immortalization of B cells by EBV.45,108 Therefore, EBNA-LP is potentially an
important contributor in EBV-induced immortalization, but thus far the data do
not support the claim that it is essential.

EBNA-LP is expressed as one of two species and is localized in nuclear structures
called nuclear domain 10 (ND10) bodies47 or promyelocytic leukemia-associated
protein oncogenic domains.90 EBNA-LP is localized to both the cytoplasm and
nucleus, and a major part of the nuclear localized EBNA-LP is associated with the
nuclear matrix.90 It is known to form complexes with cellular proteins HA95 and
protein kinase A (PKA), and has been shown to bind to tumor suppressor proteins
(p53) and retinoblastoma protein (pRb).36 However, coexpression of EBNA-LP
and pRb or p53 did not result in any functional effect on pRb- or p53-dependent
transcription from reporter plasmids.45 EBNA-LP also interacts with viral and
cellular bcl-2 proteins through HS1-associated protein X-1 (HAX-1).49 Thus,
EBNA-LP has a potential function in the regulation of EBV-infected B-cell signal
transduction and apoptosis. Recently, microarray expression profiling identified
thymus- and activation-regulated chemokine (TARC), a member of the CC
chemokine family, as a novel cellular gene induced by EBNA-LP.48 TARC is a
functional ligand for CC chemokine receptor 4, which is selectively expressed
on Th2 cells and has been shown to induce chemotaxis of Th2-type CD4+

T lymphocytes.44 Thus expression of EBNA-LP may have an important role in the
immune evasion of EBV-infected B cells.

EPSTEIN-BARR VIRUS NUCLEAR ANTIGEN 3A, 3B, AND 3C

Although the three EBNA3 genes, EBNA3A, 3B, and 3C, have dissimilar amino
acid sequences, they share a similar gene structure (Fig. 4).53 They lie in tandem on
the EBV genome, indicating that they may have evolved from a common ancestral
gene to perform similar and in some cases divergent functions.95 An indication of
similarity in function comes from the fact that the most highly conserved domain
in the N-terminus of all three proteins interacts with RBP-Jκ.95 It is via this inter-
action that the EBNA3 genes differentially modulate EBNA2-mediated release of
transcriptional repression by RBP-Jκ.94 In some cases they seem to act as coactiva-
tors of EBNA2-activated genes and at the same time they block its activation of
EBV LMP1 and LMP2 genes.94 An indication of the divergence in function of
the three EBNA3 genes comes from the fact that only EBNA3A and 3C have been
found to be essential for B-cell transformation.28
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EBNA3C is the most extensively studied out of the three EBNA3 genes. Its
C-terminus has been shown to recruit histone deacetylase (p300) and interact with
Prothymosin alpha (ProTalpha), both of which put together suggest a possible role
for EBNA3C in modulation of histone acetylation and in chromatin remodeling.60,113

EBNA3C has a potential basic leucine zipper (bZIP) domain characteristic of
transcriptional activators,91 and it has been shown that EBNA3C associates with
the transcription factor PU1/Spi-1.137

A series of recent studies challenge the notion that EBNA3C is merely a large
transcription factor. Here, EBNA3C was shown to physically interact with the
CyclinA/cdk2 complex and possibly play a direct role in regulating cell cycle.61,62

Further proof of this was obtained, when EBNA3C was shown to recruit the
ubiquitin E3 ligase SCFSKP2 complex,64 and mediate the ubiquitylation of its
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Figure 4. EBV nuclear antigens 3A, 3B, and 3C.The three EBNA3 genes encoded by EBV are expressed from
adjacent loci in the EBV genome.95 It is believed that these genes have evolved from a common ancestral
gene to mediate slightly divergent functions.The amino termini of all three genes have a conserved domain
that binds to the transcriptional corepressor RBP-Jκ and enables these proteins to differentially regulate
EBNA2-mediated transcription.95 EBNA3A and 3C are critical for EBV-mediated in vitro transformation of
B cells and both proteins bind Ct-BP, although via different sequences. EBNA3C associates with various tran-
scription factors and regulates transcription of various cellular genes60,113 It also recruits the E3 ubiquitin ligase
complex SCFSKP2 and mediates the degradation of critical cell cycle regulators contributing the increased
proliferation of EBV-infected cells.61–64 



known targets retinoblastoma (Rb) and p27 leading to their degradation.63,64 Both
these proteins are critical regulators of the cell cycle and reduction in their cellular
levels is likely to play a critical role in unregulated cell growth associated with EBV
infections. Interestingly, HPV E7 recruits the same ubiquitin ligase complex and
causes the degradation of Rb,10 indicating a degree of conservation in pathways
adopted by seemingly unrelated viruses to circumvent cell cycle check points.

LATENT MEMBRANE PROTEIN 1

LMP1 is encoded by the Bam HI N region of the EBV genome (BNLF1),41 and
the size of full length LMP1 is 63 kDa (386 aa) (Fig. 5). Another gene transcript
starts at methionine-129 of the full-length LMP1, and encodes for a truncated
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Figure 5. Latent membrane protein 1.The latent membrane protein 1 is a transmembrane protein with six
transmembrane domains, a short intracellular N-terminus and a relatively long intracellular C-terminus.42,52 The
C-terminus of the protein is functionally homologous to a constitutively active CD40 receptor.42 It binds to
members of the TRAF family, interacts with JAK3 and members of the STAT family, and activates the AP-1 tran-
scription complex.22,25,34,55,83 All these interactions contribute to uncontrolled proliferation of LMP1 expressing
cells. Its degradation by the proteosome is believed to result in an immunosuppressive peptide homologous to the
retrovirus-encoded transmembrane protein p15E, which strongly tempers cytotoxic T lymphocyte response.6 



LMP1 (258 aa).3 The truncated LMP1 is made up of the fifth and sixth transmem-
brane domains and cytoplasmic carboxy terminus of full length LMP1.3 LMP1 is
one of the essential proteins for B-cell transformation, and has been identified as a
viral oncogene due to experimental evidence both in vitro and in vivo.46,50–52 It is
an integral membrane protein composed of a 24 aa long cytoplasmic amino ter-
minus domain, six hydrophobic transmembrane spanning domains separated by
short turns, and a 200 aa long cytoplasmic carboxy terminus domain.73 LMP1 is
functionally homologous to CD40, a member of the tumour necrosis factor recep-
tor (TNFR) family, and substitutes for CD40 providing growth and differentiation
responses in B cells.25 Thus, LMP1 has the ability to activate the NF-κB signaling
pathway42 and, similar to CD40, has been shown to interact with various members
of the TNFR-associated factor (TRAF) family,22,25,83 as well as with Janus-activated
kinase 3 (JAK3) to activate signal transducers and activators of transcription
(STATs).34 Moreover, LMP-1 has been known to activate the activator protein 1
(AP-1) transcription complex through the c-Jun N-terminal kinase (JNK) signal-
ing pathway.55 Activation and interaction of these various pathways suggest that
LMP1 is functionally similar to CD40 and leads to the same B-cell fate. Due to the
lack in any distinct sequence homology, LMP1 and CD40 do not interact with
exactly the same sets of molecules.85 Unlike CD40 however LMP1 fails to target
TRAF-2 and -3 for proteasomal degradation, resulting in their constitutive activa-
tion.11 Thus, LMP1 acts as a constitutively active CD40 molecule. This ability to
drive B-cell proliferation and prevent apoptosis supports the view that LMP-1 is
essential for B-cell transformation by EBV.

LMP-1 is a relatively short-lived protein, with a reported half-life of 2 h.84 Its
ubiquitylation has been shown to occur at its N-terminus leading to rapid degra-
dation by ubiquitin-dependent proteolysis.6 Paradoxically, several components of
the antigen presentation pathway have also been shown to be upregulated in
LMP-1-expressing cells. Coupling of rapid degradation of a viral antigen and
enhanced antigen presentation would normally result in robust cytotoxic T-cell
activation and rapid clearance of antigen expressing cells. However, LMP-1 has
been found to contain two peptides with strong homology to an immunosuppressive
peptide found in the retrovirus-encoded transmembrane protein p15E.24

Recombinant peptides corresponding to these sequences have been shown to
strongly inhibit cytotoxic T lymphocyte and natural killer cell responses
in vitro.24 Therefore, proteasomal processing of LMP-1 probably results in the
generation of these suppressive peptides and the corresponding inhibition of
immune response.

LATENT MEMBRANE PROTEIN 2A AND 2B

LMP2A and 2B are transcribed from the same strand as the EBNA genes and
opposite to the strand from which LMP1 is transcribed.13 Thus, LMP2A transcript
is antisense to the LMP1 transcript and vice versa.The first exon of LMP2A and 2B
are the only unique exons,with all the other exons being shared by two molecules.13
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The first exon of LMP2A encodes a 119 aa hydrophilic amino terminal cytoplas-
mic domain.76 The translation of LMP2B initiates at a methionine in the common
second exon, almost at the start of the first transmembrane sequence.69,102 The
remaining exons encode 12 hydrophobic integral membrane sequences separated
by short turns and a 27 aa cytoplasmic carboxy terminal domain (Fig. 6).The sizes
of LMP2A and 2B protein are 54 kDa and 40 kDa, respectively.The first exon of
LMP2A bears considerable homology to the B-cell receptor and contains the same
immunoreceptor tyrosine-based activation motifs (ITAMs).31,92 The B-cell receptor
has been shown to associate with Lyn, a member of the Src family of tyrosine
kinases.120 Phosphorylation of tyrosine residues within the ITAM by Lyn leads to
recruitment of the Syk tyrosine kinase, a 70 kDa phosphoprotein identified in
LMP2A immunoprecipitates, and the activation of nonreceptor tyrosine kinases.120

These downstream effectors of the B-cell receptor can lead to B-cell proliferation
and/or survival.120 Despite the homology in sequence and interaction with the
same effectors, LMP2 fails to activate either of these signals. In fact, LMP2 was
found to effectively block B-cell receptor signaling.120 This opposite effect of
LMP2 on B-cell receptor-mediated signaling has been attributed to its recruitment
of HECT-domain E3 ubiquitin ligases and the consequent degradation of the
effector nonreceptor tyrosine kinases.43 Triggering of the B-cell receptor has been
associated with the activation of lytic viral replication.67 Thus, LMP2A prevents
effective B-cell receptor activation and thus plays a critical role in maintenance of
viral latency by blocking normal receptor signaling.

EBV ENCODED SMALL RNA’S 1 AND 2

EBER1 and EBER2 (Fig. 7) are EBV encoded small nonpolyadenylated RNA’s
that are transcribed by the RNA polymerase III.117 They do not encode for any
protein, but an estimated 107 copies of EBER’s are present per infected cell.40,93

EBER1 and 2 are 167 bp and 173 bp long, respectively.117 Most of the molecules
localize to the infected cell’s nucleus where they form complexes with the cellular
La protein,71 the L22 ribosomal protein and a novel nuclear protein EAP.119 Thus
they are used as markers for detection of EBV infection. EBERs, the adenovirus VA,
and the U6 cell RNA have similar primary sequences, secondary structures and
associate with the La protein to accomplish similar functions. In adenovirus
infection, VA1 RNA acts to directly inhibit activation of an interferon-induced
protein kinase.105 Recent studies have shown EBERs contribute to the induction
of human interleukin-10,57 and resistance to alpha interferon induced apoptosis by
inhibition of the PKR pathway88 in B-cell lines. In epithelial cells, they have been
found to bind PKR and mediate resistance to Fas-mediated apoptosis.89

BamHI-A RIGHTWARD TRANSCRIPTS

The EBV BamHI-A rightward transcripts (BARTs) were first detected in nasopha-
ryngeal carcinomas, where they are the most abundant viral transcripts.109 It was
soon discovered, however, that BARTs are expressed in all EBV latently infected
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Figure 6. Latent membrane proteins 2A and 2B. Latent membrane protein 2A (LMP2A) is a transmem-
brane protein with 12 transmembrane domains, a short intracellular C-terminal domain and a relatively
long intracellular N-terminal domain.69,102 LMP2B is an amino terminal truncated form of LMP2A, with
transcription beginning just before the first transmembrane domain.69,102 The N-terminus of LMP2A is
homologous to the B-cell receptor cytoplasmic domain and contains the same ITAM motifs.31,92 LMP2A
inhibits B-cell receptor signaling by sequestering nonreceptor tyrosine kinases, which are downstream
effectors of the B-cell receptor.31 LMP2A also mediates the degradation of these same effectors by recruiting
a HECT-domain E3 ubiquitin ligase.43 Signaling via the B-cell receptor leads to lytic reactivation of the
virus,67 and LMP2A by preventing B-cell receptor signaling helps preserve latent replication of the virus.

Figure 7. EBV encoded RNAs 1 and 2. EBV encoded RNAs 1 and 2 (EBERs) do not encode for any
known protein product.93 The sheer numbers (107 per infected cell) of EBERs present in an infected cell
points to a potentially important role for these RNAs. Preliminary evidence suggests a role in induction of
IL-10 and prevention of IFNα mediated apoptosis.57,89 Investigators are currently looking at a potential
shRNA like silencing of target cellular genes by EBERs.



cells.135 The region containing BARTs can be deleted from the EBV genome,
without any effect on the transformation potential of the resulting virus.96 BARTs
are therefore not essential for EBV-mediated B-cell transformation.

Three alternatively spliced ORFs have been identified in the region of the
genome containing BARTs.33 There is an ongoing debate about whether the genes
encoded by these ORFs are actually expressed.The products of two of the ORFs,
RPMS, and BARF0, when overexpressed have been shown to interact with the
notch pathway.109 RPMS appears to be an EBNA2 antagonist,136 and prevents it
from displacing the transcription corepressor RBP-Jκ and BARF0 interacts with
notch4 and potentiates its function.109

LYTIC REACTIVATION OF EBV

A small fraction of cells in Latency type III malignancies undergo lytic replication
at any given time. It is thus important from a disease standpoint to have some
understanding of the events leading to and following lytic reactivation of the virus.
Clues to cellular, viral, and environmental triggers of lytic reactivation in vivo are
provided by experiments showing how this reactivation can be achieved in cell
lines derived from EBV-associated malignancies in vitro. Cells in latency type I
(e.g., Akata cells from Burkitt’s lymphoma) can be reactivated by crosslinking of
the B-cell receptor by anti-IgG antibodies.106,116 This may mimic physiological
events in B-cell differentiation and consequent lytic reactivation in vivo.As briefly
mentioned previously, viral gene expression upon lytic reactivation follows a
sequential order. The first genes to be expressed are the immediate early genes,
which are mostly transcriptional inducers of early gene expression. In the specific
case of EBV, two genes that fall in this category, BZLF1 and BRLF1, have been
shown to contribute to its reactivation.8 BZLF1, also known as Zta, is expressed
by direct signaling from the B-cell receptor, independent of any other gene
expression.Expression of Zta alone is sufficient to trigger the entire lytic cascade.19,98

Accordingly, transfection with plasmids encoding for Zta is another way to
induce lytic reactivation in latently infected cells in vitro.79 Zta is a transcription
factor that has been shown to activate several viral early gene promoters, cellular
gene promoters and bind to the origins of viral genome replication.111 In addition
Zta has also been shown to activate its own promoter, resulting in a positive feedback
loop that ensures full fledged lytic reactivation upon trigger.75 In contrast,
BRLF1 by itself is not sufficient to trigger the entire lytic cascade.20 Zta and
BRLF1 together are sufficient to activate most of the viral early genes.20 Early
genes are involved in facilitating host cell independent virus DNA replication and
late genes facilitate production of viral structural genes, virus assembly and egress.5

Other means to trigger lytic reactivation include treatment with chemicals like TPA
and sodium butyrate.15These chemical induction methods,while useful, are unlikely
to have a physiological equivalent in EBV reactivation in vivo. More importantly,
in vitro lytic reactivation provides a means for production of infectious virus from
infected cell lines and is therefore an invaluable tool in EBV-related research.
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IN VITRO MODELS FOR EBV INFECTION

Peripheral blood lymphocytes from an infected individual give rise to EBV-
transformed cell lines in culture in the presence of cytotoxic T-cell suppression
agents. Such cell lines can also be generated by infecting primary B cells in vitro,
with EBV obtained from lytic reactivation of infected cells. In addition, tumor cell
lines have been established from EBV positive B-cell lymphomas and epithelial cell
carcinomas. A number of such cell lines have been generated and are available to
EBV researchers (Table 4).The type of latency and therefore the consequent viral
antigen expression profile has been well characterized for these cell lines.While, most
EBV tumor cell lines exhibit a strict control over latency, some cell lines do con-
tain a small fraction of cells undergoing lytic replication.

Cell lines identified above are invaluable tools for EBV researchers. Comparison
with EBV negative Burkitt’s lymphoma cells and/or resting primary B cells can
answer questions about differential regulation of cellular genes/processes in these
cells. Isolation of the viral genome and manipulation by genetic recombination can
arm researchers with mutant viruses that can be used to address questions about
functions mediated by various viral genes.

FUTURE RESEARCH DIRECTION

The availability of many excellent in vitro model systems makes EBV a prime candi-
date for helping us understanding many of the more fundamental questions about our
own biology.Viruses have coevolved along with humans since the very beginning of
humanoid life-forms and are therefore quite adept at utilizing cellular and molecular
processes in a more energetically efficient manner than us humans.Viral research has
already provided important insights into cancer biology and has lead to the discovery
of many important proto-oncogenes.The evolution of EBV to coexist in the face of
host immunity is undoubtedly a perfect mirror, in which we can see how host immu-
nity works.This will not only have repercussions for EBV pathogenesis, but also give
us insights into autoimmune diseases and immunosuppressive diseases.
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Table 4. In vitro models of EBV infection

Cell line Type of cells Type of latency Reference

Akata Burkitt’s lymphoma Type I 107
MUTU-1 Burkitt’s lymphoma Type I 14
C666-1 Nasopharyngeal carcinoma Type II 14
C15 Nasopharyngeal carcinoma Type II 14
Raji Burkitt’s lymphoma Type III 16
Namalwa Burkitt’s lymphoma Type III 115
GT-38 Gastric carcinoma Type III 86
GT-39 Gastric carcinoma Type III 86
B95.8 Marmoset LCL Type III 80
Human LCLs In vitro transformed B cells Type III 132



SUMMARY

Epstein-Barr virus (EBV) is a gammaherpesvirus of the Lymphocryptovirus genus,
which infects greater than 90% of the world’s population. Infection is nonsymptomatic
in healthy individuals, but has been associated with a number of lymphoproliferative
disorders when accompanied by immunosuppression. Like all herpesviruses, EBV
has both latent and lytic replication programs, which allows it to evade immune
clearance and persist for the lifetime of the host. Latent infection is characterized
by replication of the viral genome as an integral part of the host cell chromosomes,
and the absence of production of infectious virus.A further layer of complexity is
added in that EBV can establish three distinct latency programs, in each of which
a specific set of viral antigens is expressed. In most malignant disorders associated
with EBV, the virus replicates using one of these three latency programs. In
the most aggressive latency program, only 11 of the hitherto 85 identified open
reading frames in the EBV genome are expressed.The other two latency programs
express even smaller subsets of this repertoire of latent genes. The onset of
the AIDS pandemic and the corresponding increase in individuals with acquired
immunodeficiency resulted in a sharp increase in EBV-mediated AIDS-associated
malignancies.This has sparked a renewed interest in EBV biology and pathogenesis.
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INTRODUCTION

Epstein-Barr virus (EBV) is a ubiquitous gammaherpesvirus, infecting 98% of
people worldwide and, like all herpesviruses, establishing a life-long latent infection
(for review see 78). These properties clearly increase its potential to be involved
with a large number of diseases. Indeed, it is estimated that infectious agents may
play a causal role in as many as 20% of human cancers, and EBV is one of a lim-
ited number of such agents.121,175 Normally, however, the virus has a commensal
relationship with its human host and is controlled by the immune system. Once the
balance afforded by the immune system is removed, EBV is associated with a
number of diseases, including as many as 50% of all AIDS-associated lymphomas.
The exact roles of EBV and HIV in lymphomagenesis have not yet been fully
elucidated.While HIV-related T-cell lymphomas have been described,7 studies of
immunoglobulin heavy-chain rearrangement have demonstrated that the majority
of AIDS-related lymphomas are of a B-cell origin.90 A variety of AIDS-associated
lymphomas occur including B-cell immunoblastic lymphoma, small noncleaved
lymphoma, i.e., Burkitt’s lymphoma (BL) and primary effusion lymphoma
(PEL),43,79 and EBV likely plays differing roles in the development of each of these.
In addition to these cancers, EBV has a strong association with leiomyosarcomas
that occur most frequently in HIV-positive children. Although Hodgkin’s
lymphoma is not an AIDS-defining illness, there is a greater association with EBV
and a more serious progression of disease in AIDS patients. Because HIV does not



directly infect B cells or muscle cells and has not been detected in these
lymphomas, HIV likely does not play a direct role in tumor development, although
HIV does increase the levels of cytokines that affect B-cell proliferation.22,143,144

A major contribution of HIV, however, is to promote a disrupted immunologic
milieu with diminished regulatory T-cell functions that ultimately allows for the
establishment of hyperplasia. Because the EBV genome can be detected in varying
degrees in these malignancies and molecular analysis reveals that EBV infections
precede the onset of clonal proliferation, it is predicted that EBV acts, at least
minimally, as a cofactor in the establishment of some of these tumors.158

EBV LATENCY

There are two phases in the viral life cycle: the lytic cycle, where new virus is
produced, and the latency program where no virus is produced. In the lytic cycle,
the BZLF1 protein is a viral transcription factor that initiates a cascade of viral gene
expression culminating in the formation of new viral particles (for review see 78).
When these viral particles infect primary B lymphocytes in vitro, the virus estab-
lishes a latent infection where the full complement of latency-associated proteins is
expressed and induces cellular proliferation and immortalization. Hence, this type
of latency is known as the growth program or latency III.This is the least restric-
tive of the latency programs and is associated with the expression of all of the
latency-associated genes: a group of nuclear proteins, EBNAs-1, -2, -3A, -3B, -3C,
and -LP; three membrane proteins, LMPs-1, -2A, and -2B; and several virally
encoded RNAs: the EBV-encoded RNAs (EBERs) and the BamHI A rightward
transcripts (BARTs).This pattern of expression is also believed to occur in newly
infected naive B lymphocytes in vivo. However, the growth-promoting viral pro-
teins are also key targets of the immune system, particularly the EBNA-3 proteins,
which are predominant targets of cytotoxic T lymphocytes.112 Thus, continued
expression of these proteins would likely lead to an eradication of virally infected
cells.The virus is adept at escaping detection from the immune system with one
approach being the downregulation of expression of these immunogenic proteins
to a more restricted pattern of latency-associated gene expression. In memory B
cells in peripheral blood, cells that do not require the virus to maintain survival,
latency (or latency I) is associated with expression of only EBNA-1 and none of
the proteins that promote cellular proliferation, though the EBERs and BARTs are
expressed, allowing the virus to escape detection by the immune system and persist
indefinitely.10 In nonproliferating memory B cells, it is believed that not even
EBNA-1 is expressed. A slightly less restricted form of latency, where LMP-1
and LMP-2A are expressed, has also been detected in tonsillar germinal center
cells and memory B cells, a pattern known as latency II.9 These different latency
programs are also found in different malignancies.

The major function of EBNA-1 in latency is to maintain the viral genome
(described in more detail elsewhere in this volume; for review, see 77). EBNA-1
functions by binding to the origin of viral replication, oriP, and also to mitotic
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chromosomes.118,132 Thus, EBNA-1 is expressed in all forms of latency in prolifer-
ating cells where the viral genome would otherwise be lost. EBNA-2 functions as
a viral transactivator, targeting promoters through interactions with the cellular
transcription factors PU.1 and CSL (alternatively known as CBF-1 or RBP-Jκ), to
activate the promoters of all of the latency proteins as well as cellular
genes.55,60,72,85,93,174 The EBNA-3 proteins also bind to CSL but prevent its associ-
ation with DNA.134,172 In reporter gene assays, the EBNA-3 proteins counter
regulation by EBNA-2 but this function may not occur in EBV-infected cells
where CSL is present in excess.71,73 EBNA-2’s transactivating capacity is increased
on some promoters by EBNA-LP and EBNA-3C.58,115,173 One of these targets is
LMP-1, often referred to as the viral oncoprotein. Although LMP-1 is not suffi-
cient for transformation of B lymphocytes, its expression does result in transforma-
tion of rodent fibroblasts and tumor formation in nude mice.166 Thus, it is often
referred to as the viral oncoprotein. LMP-1 functions similarly to a constitutively
activated CD40 molecule and activates NFκB.110,161 In vitro, LMP-2A is not essen-
tial for EBV-mediated immortalization of B lymphocytes but it prevents activation
of the lytic cycle.94,95,107 However, expression of LMP-2A in mouse primary B cells
results in inappropriate survival signals, suggesting that it may facilitate the persist-
ence of EBV in vivo.31 The EBERs are small nonpolyadenylated RNAs that are
expressed in the cell nucleus during all forms of EBV latency.65 Although the
EBER transcripts bind to and inhibit activation of the double-stranded RNA-
dependent protein kinase PKR in cell-free systems, it is not clear that this function
operates in latently infected cells.137,138 Thus, the function of the EBERs is largely
unknown.Although the EBERs are dispensable for EBV-mediated immortalization
of primary B lymphocytes, they augment the tumorigenicity of BL cells in
xenograft assays.81,138,152 A second group of alternatively spliced RNAs known as
the BARTs are also expressed during all types of latency and within different EBV-
associated malignancies.26,38,39 These RNAs contain open reading frames but
whether proteins are actually produced has been debated. Nevertheless, the func-
tions of these putative protein products have been studied demonstrating that
RPMS-1 and RK-BARF0 associate with CSL and NOTCH, respectively, whereas
A73 binds to RACK1.83,171

IMMUNE CONTROL OF EBV

In normal individuals, EBV is readily controlled by the immune system. Early in
infection, a robust T-cell response is directed against both latent and lytic antigens.
In the memory response, the most dominant epitopes are within the EBNA-3
proteins.30 EBNA-1 contains a large glycine-alanine repeat that inhibits proteosomal
processing, and therefore, EBNA-1 does not efficiently induce a response by CD8
cytotoxic T cells, though EBNA-1-reactive cells can be detected.88,92,157 It has long
been known that immunodeficient populations are unable to control EBV-mediated
proliferation. In X-linked lymphoproliferative syndrome, a rapid EBV-related
lymphoproliferative disease frequently follows primary EBV infection,and lymphoblasts
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expressing a latency III program can be readily detected. Similar lymphoprolifera-
tions are observed post-transplant (PTLD). These EBV-infected cells express the
full complement of viral latency genes that are normally targeted by the immune
system.The importance of immune control is underscored by the fact that reduc-
tion of immunosuppression often results in regression. Furthermore, treatment of
these patients with donor CTLS or EBV-specific CTLs rapidly decreases tumor
growth.64,142 It is not surprising that similar lymphoproliferations occur in AIDS
patients whose T-cell counts are very low, suggesting that these tumors are a result
of the loss of immune regulation normally controlling growth of the EBV-infected
cells. Indeed, AIDS patients often exhibit an increased EBV load. As might be
expected, the incidence of these tumors has decreased among patients receiving
HAART. By contrast, the incidence of BL tumors, which only express EBNA-1
and not the more immunogenic viral proteins, has not appreciably changed since
the introduction of HAART. Perhaps this finding is not surprising because BL
often occurs before significant immunosuppression has occurred.

HOW IS THE PRESENCE OF EBV DETERMINED?

In order to conclude that EBV is associated with a particular disease, it is essential
to demonstrate that EBV is present in the majority of cells in the tumor. The
EBERs are present at very high copy numbers in all forms of latency are not
homologous to any cellular RNAs, and, thus, represent a very sensitive measure of
latent EBV infection.6,89 In situ hybridization with EBER-specific probes has,
therefore, become the method of choice for detection of EBV in tissue samples.65,76

It is also important to determine whether any viral proteins are expressed, and anti-
bodies for EBNA-2 and LMP-1, in addition to some lytic cycle proteins, are par-
ticularly suitable for these studies.136,170 Because EBV is a ubiquitous virus, whether
EBV plays a specific role in disease development or is merely a carrier is an essen-
tial consideration. One way that this has been addressed is to determine whether
viral infection has preceded malignant transformation.To address this possibility, an
assay that examines viral termini has been used.128 This assay takes advantage of the
fact that linear or replicating viral DNA contains variable numbers of terminal
repeats. Once circularized, each distinct linear fragment can give rise to an episome
with a distinct number of repeats.The number of repeats contained within the viral
genome in a given tissue sample can be examined by Southern-blot analysis of
DNA that is restricted near the terminal repeats. Replicating DNA will give rise
to smaller fragments than episomal or latent DNA, with the size of the episomal
(latent) DNA fragment dependent on the number of terminal repeats.A single size
fragment is indicative of expansion of a single infected cell, suggesting that EBV
may have played an initiating role in tumor development. Thus, this assay readily
identifies a monoclonal or oligoclonal tumor with respect to the viral genome.
Recently, it has been suggested that low numbers of terminal repeats may facilitate
expression of LMP-2A.108 While LMP-2A is dispensable for B-cell immortalization,
it may have transforming effects in epithelial cells.3,109,123,145 Thus, in some cells, it
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is possible that clonality may represent an event that occurs after infection of cells
where tumorigenesis has already been initiated, suggesting that EBV may play a
greater role in tumor progression rather than in initiation. Nevertheless, this
scenario still argues for an important role of EBV in tumor development.

BURKITT’S LYMPHOMA

In 1958, Burkitt described a “sarcoma” affecting the jaw of African children which
could also present as visceral tumors.27,28 In 1961, these tumors were more fully
characterized by O’Conor as malignant lymphomas, and the disease became known
as Burkitt’s lymphoma.116,117 These lymphomas appeared endemic within equato-
rial Africa and Burkitt proposed that an infectious agent might be responsible.
Electron microscopic analysis of these lymphomas revealed the presence of
herpesviral particles, making EBV the first identified human tumor virus. As the
first discovered EBV-associated disease, BL is one of the best studied. Nearly four
decades later, it is becoming apparent that BL does not represent a single patho-
logical entity but instead BL should be considered a family of closely related
tumors.140 Histologically, BL can be partly defined as a small noncleaved tumor of
B-cell origin, i.e., tumor cells stain positive for the B-cell specific markers including
CD19 and CD20. BL cells are monomorphic and contain well-rounded nuclei
with multiple nucleoli and exhibit an extremely high rate of proliferation,15,33

shown by staining for Ki-67 expression, a proliferation marker expressed in all
active stages of the cell cycle but absent in resting cells.146 Furthermore, a high rate
of apoptotic death accompanies the overly high proliferative capacity of BL cells.
Invading macrophages which phagocytose the apoptotic remnants can be viewed
among the proliferating lymphoma cells, imparting a distinctive “starry sky”appearance
to histological preparations.15,33

Overall, the clinical aspects of BL differ in different regions of the world.While
classification of BL should take into consideration these geographical/clinical
differences, the presence of EBV within tumor cells and the HIV status of the
patient should also be weighed. Consequently, the World Health Organization now
formally recognizes three subtypes of BL: (1) endemic or African (eBL), (2) sporadic
(sBL), and (3) HIV or AIDS associated,15,97 although some overlap does occur, e.g.,
both the sporadic and AIDS-associated forms of BL can occur in endemic areas.86

Taken together, the subtypes are among the most aggressive lymphomas and
account for 3–5% of all lymphomas worldwide.14

Virtually all cases of eBL (98–100%) are associated with clonal EBV.11 The World
Health Organization reports an annual eBL incidence of 6–7 cases per 100,000
with a peak incidence at 6–7 years of age.The highest prevalence of eBL, accounting
for 50–70% of all pediatric malignancies,2 occurs within the equatorial belt of
Africa and Papua New Guinea in a region also known for a very high incidence
of malaria.14 This long-time association of malaria with the development of
EBV-positive BL has led to the speculation that immune suppression, brought
about by parasitic infection, leads to weakened anti-EBV surveillance, and ultimately
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to an increase in BL precursors. However, despite strong epidemiologic
correlations, molecular connections that malaria predisposes one to BL through an
interaction with components of EBV have not yet been made (reviewed in 140).
Furthermore, the EBV growth-promoting latency genes are typically not expressed
in BL.155 Consequently, the role that EBV plays in the growth and development of
these tumors has not yet been elucidated.Although abdominal masses do occur, the
most common anatomical site of the primary tumor in eBL involves the jaw and
other facial bones.29

Sporadic BL occurs predominately in the United States and Europe with an
annual incidence of 2–3 cases per million.122 Although sporadic BL has been
reported in the head and neck of some pediatric patients, involvement of the jaw is
quite rare, in contrast to eBL. Instead, a predilection for the abdomen, especially the
terminal ileum, ascending colon, and mesentery has been reported.91 Unlike eBL,
where bone marrow and CNS involvement is rare, as many as two thirds of
sporadic BL cases exhibit marrow involvement. Typically, the sporadic form
affects children around the age of 12 years.91 In the United States and Europe, only
20–30% of sporadic BL cases exhibit elevated EBV titers.14 Interestingly, the
sporadic BL typically seen in Brazil is associated with a much higher incidence of
EBV infection (70–90%).5,11,141

Six out of every 1,000 AIDS patients develop AIDS-associated BL accounting
for 30% of all HIV/AIDS-associated lymphomas. In the US, only 20–30% of these
cases are believed to be EBV associated whereas a greater percentage are EBV asso-
ciated in Africa. Like the sporadic form,AIDS-associated BL rarely presents as a jaw
tumor; abdominal masses and marrow involvement are most frequently reported.14

In contrast to eBL and sporadic BL,where the anatomical boundaries are more well
defined (i.e., jaw or abdomen) uncharacteristic sites have been reported in AIDS-
associated BL patients. These sites include heart, gingiva, anus, bile duct, and
muscles.150 Clinically,AIDS-associated BL is more aggressive and less responsive to
chemotherapy than either the endemic or sporadic form and presently only 40%
(compared to 90% in both the endemic and sporadic subtype) of patients diagnosed
with an AIDS-associated lymphoma survive.14 Treatment of AIDS-associated BL
remains much less successful than treatment of the other BL subtypes further
underscoring the need for novel therapeutics. Despite success with other
lymphomas within the HAART era, there has been no significant decline in the
incidence of AIDS-related NHL.44,102,129,159

Despite the differences in BL subtypes, all share a diagnostic chromosomal
translocation that places the MYC allele under control of a B-cell-specific
immunoglobulin enhancer (reviewed in 97). The consequence is constitutive,
deregulated expression of MYC resulting in uncontrolled cell proliferation.
Deregulated MYC expression is likely the underlying reason that BL cells share a
common morphology regardless of their subtype. Finally, BL cells share the cellular
phenotype of a germinal-center cell.15,33 In this regard, tumor cells stain BCL-6-
positive/MUM1-negative/syndecan-1-negative closely reflecting the phenotype of
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B cells within germinal centers.33 Consequently, the prevailing theory is that BL
arises from precursors within germinal centers.15

As previously mentioned, the diagnostic determinant for BL regardless of its
subtype is the translocation which joins the MYC allele from chromosome 8 with
an Ig heavy chain locus (IgH) from chromosome 14, or with the κ or λ Ig light
chain locus (IgL) from chromosomes 2 and 22, respectively.97 The t(8;14) occurs in
80% of the translocations and results in the placement of the MYC allele
downstream of the IgH locus. The t(2;8) and t(8;22) translocations comprise the
remaining 15% and 5%, respectively, and result in the transfer of an IgL locus
downstream of MYC on chromosome 8.59 The result of all of these translocations
is deregulated, constitutive expression of the MYC oncoprotein.

MYC is the human homolog of v-Myc, a viral oncoprotein encoded by the avian
MC29 myelocytomatosis transforming virus.148 Altered expression of MYC in
greater than 70% of human cancers114 underscores the importance of this oncogene,
especially in BL where 100% of the cases33 have aberrant MYC expression. The
MYC gene comprises three exons. Generally, translation begins at an AUG start site
within the second exon producing a 439 amino acid (64 kDa) protein although
alternative initiation sites can result in the production of both longer (p67 MYC)
and shorter (MYCS) isoforms.17 Interestingly, the chromosomal breakpoints which
allow for Ig/MYC juxtaposition differ for the different BL subtypes. For example,
the breakpoint described for eBL can occur as far as 100 kb upstream of the first
MYC exon whereas the breakpoints for both the sporadic and the AIDS-associated
subtypes occur between the first and second MYC exon (reviewed in 140).

MYC is a member of a family of transcription factors known as the basic
helix–loop–helix leucine zipper (bHLH-Zip) family.The HLH-Zip domain which
defines this family of proteins resides in the C-terminal region of MYC and
facilitates homotypic and heterotypic dimerization with other bHLH-Zip family
members. Heterodimerization of MYC with MAX, another member of the
bHLH-Zip family, allows for the binding of MYC:MAX to a hexanucleotide DNA
sequence (CAYGTG) known as an E-box.19–21,126 MYC:MAX heterodimers likely
target transcriptional coactivators and histone acetyltransferases to the promoters of
genes containing E-boxes.47,105,106,119,120 In addition to activating transcription,
MYC has also been reported to repress transcription of a number of gene
products.114 To date, MYC has been shown to affect the transcription, either
directly or indirectly, of over 1,400 genes (http://www.myc-cancer-gene.org).

As an oncogene, MYC has often been referred to as the “master regulator” of the
cell cycle and is required for sustained proliferation of tumor cells.51,68 In this
regard, MYC promotes cell proliferation via its effects on genes that directly
regulate the cell cycle.This is accomplished through the upregulation of D cyclins,
cyclin-dependent kinases (CDKs) 4 and 6, and cdc25A. As previously mentioned,
MYC also effects the downregulation of a number of gene products. Central to its
role in cell cycle regulation, MYC promotes the downregulation of the CDK
inhibitors p21Cip1 and p27Kip1.52,59,62,100,111
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While MYC deregulation is without a doubt a founding event in the establishment
of BL, aberrant MYC expression alone is not sufficient to cause BL. Despite the
positive influences MYC imparts on cell cycle progression, MYC overexpression
also results in profound programmed cell death or apoptosis.50 Consequently,
tumorigenesis necessitates the ability to disable MYC-mediated apoptotic
pathways. MYC-induced apoptosis is mediated by the ARF-HDm2-p53 tumor
suppressor pathway.50 p53 is a transcription factor activated in response to aberrant
oncogene expression (e.g., MYC) and DNA damage. Central to its role as a tumor
suppressor, p53 can either induce cell cycle arrest or provide time for the cell to
repair itself or (in the case of overly severe damage) initiate apoptosis. MYC has
been shown to rapidly induce p19ARF which, in turn, effectively stabilizes p53 by
binding HDm2 (the human equivalent of Mdm2) and neutralizing its functions, i.e.,
the ubiquitinization and shuttling of p53 from the nucleus to the cytoplasm for
proteosomal degradation (reviewed in 50).An understanding of the role that MYC
plays in p53-mediated apoptosis has been determined through studies involving
Eµ-myc transgenic mice. In this model, the myc transgene is under control of the Eµ
IgH enhancer.1 Analogous to BL involving the t(8;14) translocation, following a
protracted subclinical course, these transgenic mice develop clonal pre-B and B-cell
lymphomas.1,50 In this setting, early hyperproliferation of B cells in the peripheral
blood and bone marrow are countered by an equally high apoptotic index.67

Crosses of Eµ-myc mice with p53−/+66 or Eµ-bcl-2151 transgenic mice significantly
enhanced lymphomagenesis, suggesting that disabling proapoptotic mechanisms is
a requirement for progression to malignancy.

A majority of the tumors arising in Eµ-myc transgenic mice have demonstrated
a disruption in the ARF-Mdm2-p53 pathway. For example, analysis of Eµ-myc-
derived lymphomas revealed a loss of p53 function in 28% of the tumors exam-
ined. Of these, the majority (86%) harbored mutations in p53; rarely, biallelic
deletion of p53 was recorded.50 In this regard, the Eµ-myc mouse model system
recapitulates BL where 30–40% of BL tumors have been shown to harbor muta-
tions in p53.127 The Mdm2 antagonist, ARF, was targeted for biallelic deletion in
24% of the lymphomas examined. In tumors that retain wildtype p53, Mdm2
(a negative regulator of p53) was frequently upregulated.50 Clearly, the results
obtained from the studies using Eµ-myc transgenics have demonstrated the
requirement for inactivation of apoptotic pathways for the establishment of MYC-
mediated lymphomagenesis. Consequently, the data gleaned from these studies is
applicable to the development of BL. In this context, however, the contributions
that EBV makes to the development of BL have not been addressed.

As previously mentioned,AIDS-associated BL most often does not involve EBV
infection.14 Consequently, the role that the virus plays in the development of this
malignancy is indeterminate. However, because many of the lymphoproliferative
disorders arising in immunocompromised individuals represent polyclonal prolifer-
ations of EBV-infected B cells,57,98 the role that this transforming virus might play
cannot be discounted. It is most probable that the inability of the immunosuppressed
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to mount an effective immune response against EBV-infected cells results in their
uncontrolled, polyclonal proliferation. Moreover, it has been reported that some
polyclonal lymphoproliferative processes evolve into monoclonal lymphomas56 and
that many of these bear the characteristic Ig:MYC translocations of BL.98,169

Treatment of BL often involves high-dose chemotherapy and radiation.12

However, because AIDS patients do not tolerate high-dose chemotherapy well,
these individuals are generally treated with lower-dose chemotherapeutic regi-
mens.45 Newer approaches for the treatment of BL advocate the combination of
standard chemotherapy in conjunction with monoclonal antibodies that strictly
target B cells. One such antibody currently in clinical trials for the treatment of
AIDs-related BL is Rituximab, a monoclonal antibody that binds specifically to
CD20 (human B-lymphocyte-restricted differentiation antigen).CD20 is expressed
on the surface of pre-B and mature B lymphocytes including >90% of NHL,4,49,163

but not on hematopoietic stem cells or plasma cells.156 Antibody binding to CD20
positive B cells likely promotes cytolysis through antibody-dependent cell-mediated
cytotoxicity and/or activation of the complement pathway.131

HODGKIN’S LYMPHOMA

Hodgkin’s disease or lymphoma is characterized by the presence of Hodgkin’s or
Reed-Sternberg (HRS) cells, very large tumor cells that comprise only about 1%
of the cells in the tumor. HRS cells are large multinucleate cells whose origin has
been debated for many years. In many lymphomas, these cells bear few, if any, B cell
markers and may in fact express markers of other cell lineages.Though HRS cells
are the malignant cell type, the tumor comprises a minority of these cells, as low as
1%, in the presence of a large number of infiltrating lymphocytes.This fact made it
difficult to analyze HRS cells in any detail until the advent of microdissection.This
technique has allowed the analysis of immunoglobulin genes, which has revealed
rearrangement of both heavy and light chain genes.74,82 Because of this analysis, the
disease has been renamed as Hodgkin’s lymphoma. Further analysis of
immunoglobulin V genes revealed extensive mutation.25 Because hypermutation
typically occurs in germinal centers, this finding suggested that HRS cells arise
from a postgerminal center B cell. Curiously, many of these mutations have
rendered the immunoglobulin gene product nonfunctional, an occurrence that
would normally be associated with apoptosis within the germinal center.

In the absence of infection with HIV,approximately 50% of Hodgkin’s lymphoma are
associated with EBV although the role of the virus has not been definitively delineated.
The incidence of HL increases between 10–20-fold in the context of HIV and almost
all of the lymphomas are associated with EBV. This finding suggests that immunosup-
pression facilitates the development of EBV-positive HL. Interestingly, while HL is only
50% EBV associated in developed countries, the association is much higher in other
countries: 57% in China, and the majority of cases in Peru and Kenya.103,121 One study
has detected rearranged genomes in a significant number of EBER-negative cases of HL
raising the possibility that an even greater number of cases may be associated with EBV.53
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What is the evidence that EBV is involved in this disease? Some of the first evi-
dence was epidemiological data indicating that people who have had infectious
mononucleosis, associated with a primary EBV infection, had an enhanced risk for
the development of HL. In biopsies from EBV-positive tumors, EBV EBER
RNAs, a diagnostic marker for EBV infection, can be detected within HRS cells.
Furthermore, EBV genome analysis suggests that infection is monoclonal. HRS
cells express the viral proteins LMP-1 and LMP-2A as detected by immunohisto-
chemistry, and the BART RNAs have also been detected. Although LMP-1 is
required for EBV-mediated transformation of B lymphocytes and its expression
results in transformation of rodent fibroblasts, the contribution of LMP-1 to tumor
development is not clear. On a molecular level, LMP-1 functions similar to a
constitutively active CD40 molecule and increases NFκB activity.110 Most HL,
regardless of their EBV status, exhibit activated NFκB, which can occur as a result
of mutations in IκB molecules, overexpression of c-Rel or by affecting signaling
pathways that activate NFκB.13 Thus, one contribution of EBV is likely to be the
constitutive activation of NFκB by LMP-1.A second potential role stems from the
observation that HRS cells contain crippling mutations in immunoglobulin genes
that should result in apoptosis, suggesting the possibility that a viral gene product
could protect the cells from apoptosis. Of considerable interest is the report that the
majority of the HRS cells containing crippling mutations that would prevent BCR
expression are EBV positive, suggesting that EBV plays a role in the survival of
these cells. In support of this possibility, three groups have recently infected either
tonsillar germinal center or BCR-negative B cells with EBV and isolated lym-
phoblastoid cell lines unable to express a functional B-cell receptor, suggesting that
EBV is indeed capable of rescuing BCR-deficient GC B cells from apoptosis.14,36,99

A good candidate for a gene product that may be involved in increasing cell sur-
vival is LMP-2A. In transgenic mice, LMP-2A provides inappropriate survival sig-
nals to primary B lymphocytes, allowing B cells that fail to express a function BCR
to survive.31 One of these signals could be activation of the Akt pathway, which is
constitutively activated in the majority of HL and is also activated by LMP-
2A.48,145,153 Although it has been known for some time that HRS cells generally
lack B-cell antigens, more recent gene profiling of HRS cells has demonstrated that
there is a global downregulation of B-cell-specific genes.147 The mechanism by
which this change in gene expression occurs is not totally understood but recent
reports have provided some insight.The downregulation of a large number of genes
suggests that transcription factors that play important roles in B-cell-specific tran-
scription might be downregulated. In fact, Oct-2, OBF-1, and PU.1 levels are very
low or absent in HRS cells whereas Pax-5 is expressed although perhaps at
decreased levels.63 In addition, protein levels of E47/E12 was modestly downregu-
lated but its DNA-binding ability, as measured by electrophoretic shift assay, was
greatly decreased.63 Two cellular proteins that decrease expression of B-cell-specific
genes when transfected into B-cell lines are overexpressed in HRS cells. The
inhibitor of differentiation and DNA-binding protein, Id2, is a helix–loop–helix
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transcription factor that can dimerize with other transcription factors but which
itself lacks a DNA-binding domain.101,133 ABF-1 is another helix–loop–helix
protein that contains a potent transcriptional repression domain and is expressed in
HRS cells and in EBV-transformed cells.101 Perhaps as a result of transcriptional
silencing, B-cell-specific genes are methylated in HRS cells.162 Interestingly,
expression of LMP-2A in B-cell lines results in downregulation of B-cell-specific
genes similar to that found in HL, suggesting that in the EBV-positive tumors, EBV
may play a role in gene silencing.125 Although there are numerous changes in
cellular genes, HL is unlike BL in that there are generally no mutations in p53.

PRIMARY CENTRAL NERVOUS SYSTEM LYMPHOMA

AIDS-related primary central nervous system lymphoma (PCNSL) occurs with pro-
found immunosuppression and is typically fatal within a short time frame. As indi-
cated by its name, PCNSL is limited to the central nervous system. Histologically,
these lymphomas are classified as large cell lymphomas or immunoblastic lymphomas
of B-cell origin. By contrast to other AIDS-related non-Hodgkin’s lymphomas,
PCNSL is universally associated with EBV infection.EBERs are detected in all biop-
sies from AIDS-related PCNSL, but are absent in many PCNSL occurring after renal
transplant.96 Both LMP-1 and EBNA-2 are expressed in almost all cases of AIDS-
related PCNSL whereas LMP-1 may be occasionally detected in the absence of
EBNA-2 in cases arising in other patients.8,96 High levels of EBV DNA in the CSF
is predictive of PCNSL and analysis of EBV DNA in CSF has become useful as a
minimally invasive diagnostic tool.42 The presence of very high levels of DNA in the
CSF, together with the detection of some lytic cycle proteins within tumors, sug-
gested that lytic replication may be occurring either in the CSF or in a subset of
malignant cells. Because treatment options for PCNSL are few, novel therapeutics is
desperately needed. Two patients were treated with low-dose hydroxyurea, a treat-
ment suggested by in vitro studies that found that treatment of cell lines with low
doses of hydroxyurea led to a loss of EBV episomes.40,149 Both patients had a reduc-
tion in tumor size following treatment, with no further progression of the tumor up
to 24 months posttreatment.A second study has corroborated these findings.37 Agents
that reduce EBV lytic replication have been reported to function in EBV-associated
lymphomas, and a study in patients with AIDS-related PCNSL has found that gan-
ciclovir dramatically reduced the amount of EBV in CSF of patients with PCNSL.24

Control patients exhibited stable levels of EBV DNA in the CSF whereas levels
increased in two patients removed from ganciclovir. Although the treated patients
still succumbed to disease, they had a longer survival time, suggesting that antiviral
therapies may be useful.

PRIMARY EFFUSION LYMPHOMAS

A minority of AIDS-associated lymphomas are those growing mainly in the
pleural, pericardial, or abdominal cavities as a lymphomatous effusion. These
lymphomas, known as PELs or body cavity-based lymphomas (BCBLs), represent
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a distinct entity occurring in AIDS patients and are categorized as primary effusions
that are almost always associated with the Kaposi’s sarcoma-associated herpesvirus
(KSHV or HHV-8) (reviewed in more detail elsewhere in this volume).34,75

Although the lymphomas lack many B lineage restricted antigens, the analysis of
immunoglobulin genes indicates the consistent presence of immunoglobulin gene
rearrangements, indicating a B-cell derivation.34,75,80,113 Surprisingly, most of the
AIDS-related BCBLs also contain EBV. Analysis of the EBV genomes reveals a
monoclonal infection suggesting that EBV infection occurred at an early stage.34

Analysis of EBV expression within these tumors, or in cell lines derived from the
tumors, has revealed the expression of the EBERs, EBNA-1, and LMP-2A with
variable expression of LMP-1.32,34,84,154 While the role of EBV in the development
of these tumors is currently unknown, the presence of EBV renders BCBL cell
lines more tumorigenic in nude mice.160 BCBLs are resistant to cytotoxic
chemotherapy but it is possible that further study of the roles of the two viruses
may allow use of specific treatments that target one of these viruses or their
gene products.

ORAL HAIRY LEUKOPLAKIA

Oral hairy leukoplakia (HLP) is a benign lesion of oral epithelium, generally
observed as white patches along the sides of the tongue. HLP occurs most com-
monly in HIV-infected persons.These lesions contain rapidly replicating EBV with
virions readily detectable by ultrastructural analysis, and inhibition of EBV replication
by acyclovir results in clinical remission.16,61,130 Both EBV strains type 1 and type
2 have been found within a single lesion as well as multiple strains of each type.164

Recombination between different strains can be detected, suggesting coinfection of
a single cell by multiple viruses.165 Curiously, despite the degree of lytic replication,
latency-associated genes continue to be expressed. EBNA-2, EBNA-3B, and
EBNA-3C have been demonstrated to be transcribed mainly from the W promoter
(latency specific), whereas EBNA-1 is transcribed from either the W or F (lytic)
promoters.167,168 These lesions are unusual in that the EBERs, which are normally
highly expressed in EBV-associated malignancies and are generally used as a diag-
nostic marker for EBV infection, are not expressed, which has suggested that these
RNAs are a marker for latent infection.54 LMP-1, LMP-2, and the BART tran-
scripts are also expressed.168 Moreover, LMP-1, EBNA-2, and EBNA-LP proteins
can be detected.167 Several pieces of data suggest that LMP-1 is functionally active
within these cells. Normally, LMP-1 binds to cellular proteins such as the TNF
receptor-associated proteins (TRAFs), an interaction that activates NFκB and
results in altered cellular gene expression.TRAF-1,TRAF-2, and TRAF-3 are also
expressed, and activated NFκB can be detected within nuclei in HLP biopsies.167

Furthermore, cellular genes known to be induced by LMP-1 can be detected. One
of these genes is A20 which blocks apoptosis induced by p53.167 Levels of
antiapoptotic proteins such as bcl-2 and bcl-xl do not appear to be altered but
BHRF1, a viral homologue of bcl-2, is highly expressed in HLP.41,167
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LEIOMYOSARCOMA

In the normal population, leiomyosarcomas are a rare malignant tumor of smooth
muscle with a frequency of less than two cases per ten million children.These tumors
occur more commonly in immunocompromised patients and are most commonly
seen in HIV-1 infected children where they can occur in a variety of anatomic loca-
tions.35,139 In fact, leiomyosarcomas represent the second most common cancer in
HIV-1 infected children.18,124 This tumor is less commonly seen in HIV-1 infected
adults and the reason for this difference is unknown.103 Despite the high prevalence of
this tumor in HIV-infected populations, HIV-1 has not been detected in leiomyosar-
comas, suggesting that the immunosuppression may be contributing to tumor devel-
opment as is thought to be the case with HIV-associated lymphomas. Using in situ
hybridization with EBER-specific probes, EBV can be detected in virtually all cells of
tumors from immunocompromised patients but not in adjacent normal tissue or, in
AIDS patients, in KS lesions located nearby.23,104 By contrast, EBV cannot be detected
in smooth muscle tumors from immunocompetent patients.104 Using quantitative
PCR, the viral load was estimated in one study to be approximately three or four EBV
genomes per cell,69 but a much larger study has shown that copy number can range
from 1 to 100.46 These data confirm that EBV is present within the tumor and not
detected in infiltrating cells.To determine the contribution of EBV to the develop-
ment of the tumors, the clonality of several tumors has been examined, and tumors are
either monoclonal or contain a couple of distinct viruses.46,69,87 Interestingly, immuno-
suppressed patients often develop multiple leiomyosarcomas at distinct sites that can
contain genomes with different numbers of terminal repeats, suggesting that each has
a distinct origin.46,104 As a first step in defining the role of the virus in the develop-
ment of these tumors, attempts have been made to determine which viral proteins are
expressed.The most extensive analysis has been performed in cells explanted from a
leiomyosarcoma.70 In this study,EBNA-1 could be detected as well as various lytic cyle
antigens such as BZLF1 (an immediate early gene) and late antigens such as the viral
capsid antigen p160 and the glycoprotein gp350.Virus could be isolated from these
cells and used to generate EBV-immortalized LCLs.Thus, infectious EBV can be pro-
duced by smooth muscle tumors though it is not clear whether virus can also be
produced in vivo.Extensive RT-PCR was performed on RNA prepared from a tumor
that arose following a heart transplant, and EBNA-1, EBNA-2, LMP-1, and LMP-2A
could be detected whereas BZLF1 could not.135 Immunohistochemistry has been used
to detect EBNA-2 expression in nuclei of two patient samples whereas LMP-1 was
detected in only a few cells in one sample.87 Both strains of EBV have been detected
with type 2 EBV detected in 4/4 samples in one study. Although the receptor that
EBV might use to gain access to smooth muscle cells is not known, the EBV receptor
used in lymphocytes, CD21, has been reported on the surface of leiomyosarcomas of
HIV-1 infected persons, whereas tumors that develop in immunocompetent patients
show little or no staining.69,104 These findings suggest that EBV can infect smooth
muscle cells and that it plays a causal role in the development of leiomyosarcomas in
the immunocompromised population.
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SUMMARY

EBV-associated malignancies remain a considerable problem in HIV-infected
individuals, even in the era of HAART. Although EBV is a common factor, each
disease has a unique pathogenesis. Study of these diseases reveals the viral proteins
expressed in the malignancies that might contribute to the development of the
disease as well as the molecular basis for pathogenesis. It is likely that this
knowledge will contribute to the development of novel therapeutics that will result
in more favorable outcomes in the future.
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BASIC BIOLOGY AND EPIDEMIOLOGY OF HUMAN PAPILLOMAVIRUS 
AND CERVICAL CANCER

Infection with human papillomavirus (HPV) has been implicated and now is widely
accepted as a prerequisite for the development of the majority of anogenital malig-
nancies, accounting specifically for more than 90% of cervical carcinomas.119 Although
the incidence of cervical cancer has decreased in the United States over the past 40
years, it is the second most common malignancy of women worldwide with about
500,000 new cases reported each year.84 The lower incidence of cervical cancer in the
United States is presumably due chiefly to the increased screening of women via
Papanicolaou (Pap) smears. Despite the drop in cervical cancer rates over the past
30–40 years, in recent years a disturbing rise in cancer rates has occurred from a low
of 7.8 per 100,000 in 1994 to a level of 8.8 per 100,000 in 2003 (Centers for Disease
Control and Prevention Web site, www.cdc.gov).The reasons for this rise are unclear
but may be related to an increase in HPV-related disease in HIV-infected (HIV+)
women. As described in detail below,men and women infected with HIV have higher
rates of HPV infection, longer persistence of HPV, increased incidence of genital warts,
cervical dysplasia, anal dysplasia, cervical cancer, and anal cancer as well as more recur-
rences after definitive therapy.91,99 Recent data from Africa have demonstrated that cer-
vical cancer is the most common AIDS-defining malignancy in women.21 The impact
of highly active antiretroviral therapy (HAART) has led to some improved resolution
of abnormal Pap smears but still leaves the majority of HIV+ women at risk for cer-
vical cancer55 and has had little to no impact on HIV+ men with HPV-related disease.



HPV is a small double-stranded DNA virus, 8 kb in length, which is difficult to
propagate in culture (Fig. 1).The genes E6 and E7 are responsible for the onco-
genic potential of the high-risk HPV types with E6 protein binding and degrad-
ing the p53 tumor suppressor gene and the E7 protein inactivating the
retinoblastoma (Rb) tumor suppressor gene.62 These viral proteins interact and
inhibit their cellular targets thus allowing for immortalization of the cervical
epithelial cell. During the oncogenic process, the viral genome integrates into the
host chromosome leading to unchecked expression of the E6 and E7 oncopro-
teins.62 There are over 100 types of HPV, with approximately 40 of them infecting
the anogenital tract.Types of HPV are defined by a greater than 10% difference in
DNA sequence of L1, E6, and E7.124 The genital types of HPV are subdivided
according to their oncogenic potential. HPV types 16, 18, 31, and 45 are the most
common cancer-causing types worldwide, accounting for more than 75% of the
HPV types found in tumors (Fig. 2).62 The low oncogenic risk viruses HPV 6 and
11 are found in approximately 80% of genital warts.

HPV is also the most common viral sexually transmitted infection (STI), with
prevalence ranging from 10–50% in sexually active men and women.The vast majority
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of these infections clear without sequellae with only 7% of all women having an
abnormal Pap smear each year.62 The development of cervical abnormalities occurs
gradually with precursor lesions, squamous intraepithelial lesions (SIL) on Pap smear
or cervical intraepithelial neoplasms (CIN) on biopsy being detectable clinically and
in the research laboratory. Detection of these precursor lesions is the goal of routine
cervical cancer prevention efforts comprising repeat speculum examination, Pap
smear analysis, and colposcopy with directed cervical biopsy.12 The majority (75%)
of low-grade SIL (LSIL) Pap smears have CIN I on biopsy, and the majority of these
cases regress (60%).This is felt by many to be the natural history of cervical HPV
infection (Fig. 3).100 In contrast, 70% of high-grade SIL (HSIL) have CIN II or III
on biopsy and the majority of these lesions progress to cancer (Fig. 4). Thus,
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therapeutic intervention is recommended for CIN II and III.123 Atypical cells of
unclear significance (ASCUS) refer to cervical cells that appear somewhat abnormal
but not to the degree that would classify them as LSIL or HSIL. Studies have found
that roughly 33% of ASCUS cases are due to HPV infection and these women are
at higher risk for the development of cervical abnormalities.107 ASC-H is atypical
squamous cells favoring high-grade dysplasia.This is an uncommon Pap smear diag-
nosis (<5%) but is associated with significant pathology (CIN II and greater) on
biopsy in 50% of cases. Men who have sex with men (MSM) have higher rates of
HPV-related anal disease29 and anal dysplasia is felt to progress in stages in a similar
manner as HPV-related cervical disease.88

HIV+ WOMEN

Increased Detection of HPV Infection in HIV+ Women

There have been numerous studies that have shown an increase in HPV DNA
detection from genital samples in the HIV+ woman.The prevalence rates of HPV
in these women depend on the population studied, the method to collect the
sample, and the assay used to detect HPV.The initial studies utilized relatively insen-
sitive tests (hybrid capture 1,Viratype, and Southern blot) and demonstrated HPV
infection rates in HIV+ women to be 37–52% as compared to 8–24% in HIV-
negative women.65,66,97,115 These initial studies examined relatively few women
(HIV+, n = 47–124, HIV-negative, n = 48–126) and were cross sectional in design.
These studies did show statistically significant increases in HPV detection in HIV+
women with odds ratios (OR) between 1.7 and 7.5. Subsequent studies that
utilized more sensitive assays [polymerase chain reaction, (PCR) and hybrid cap-
ture II] to detect HPV showed higher rates of infection in both HIV+ (60–69%)
and HIV-negative (27–49%) women.51,109,113,122 Indeed, most studies from this time
period (mid to late 1990s) showed that about two thirds of HIV+ women had
detectable HPV from cervical samples.15,51,109,122

Additional small studies from diverse areas have also demonstrated an increased
HPV infection rate in HIV+ women but with rates that differ from the 60 to 69%
mentioned above. Levi et al. showed extremely high rate of HPV infection (98%),
utilizing the SPF10 primer system and PCR in a cohort of women from Brazil.69

These high rates either reflect an extremely at risk population, extreme sensitivity
of this primer set or concern for contamination of clinical samples. Taiwanese
HIV+ women were HPV infected at a rate of 48% as compared to 20% of HIV-
negative women.17 Thai HIV+ women were HPV+ 35% of the time as compared
to 23% for HIV-negative women.7

The demonstration of increased HPV detection in HIV+ women as well as other
important questions led to the establishment of large multicenter cohorts. The
Women’s Interagency Health Study,WIHS, is a prospective multicenter study from
six cities in the United States (San Francisco, New York City – Bronx/Manhattan
and Brooklyn, Chicago, Los Angeles,Washington, DC).The goal of the WIHS is to
characterize the natural history of HIV infection in women. This has included
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extensive studies on HPV infections and HPV-related disease. From the initial
report of this study, HPV infection ranged in HIV+ women from 53% (Los
Angeles) to 73% (New York City) and HIV-negative women from 12% (Chicago)
to 36% (Washington, DC).91 Similarly the HIV Epidemiological Research Study
(HERS) is a longitudinal study of HIV+ women from four US cities (Providence
Rhode Island, Baltimore, New York City – The Bronx, Detroit) and has shown
similar rates of HPV infection in HIV+ women (64% cumulative) as compared to
HIV-negative women (28%).26 In a more recent update of the HERS, similar rates
of HPV initial infection were seen in HIV+ (64%) versus HIV-negative (27%)
women.58

Risk Factors for HPV Infection

The risk factors for HPV infection in HIV+ women have been examined by the
initial smaller studies and more extensively studied in the subsequent larger
cohorts. For the most part, these studies have shown an increase in HPV DNA
detection in women with lower CD4 T cell counts and higher peripheral HIV
viral loads. Sun et al.109 studied 344 HIV+ women and in multivariate analysis
found that HIV+ status, low CD4 (<200), younger age (<30 years old) and being
single were risk factors for cervical HPV infection. Hankins et al.,51 studying the
Canadian Women’s HIV study group, showed that lower CD4 cell count (<200),
non-white race, inconsistent condom use in past 6 months and lower age (<30
years old) were all independent predictors of HPV cervical status. Studies from the
WIHS and HERS confirm these findings with ORs as high as 10.1 for CD4 cell
counts less than 20058,91 and show other risk factors being non-white race,
younger age, and smoking. The more recent studies have shown similar associa-
tions for increased HIV viral load and increased HPV cervical prevalence.7,91 In a
nice study by Minkoff et al.,82 examining a large number of the women in the
WIHS, smoking was found to be positively associated with HPV infection rates
with a specific increased risk for HPV-18 cervical infection.The most consistent
risk factors for prevalent HPV cervical infection in HIV+ women are lower CD4
cell counts, higher peripheral HIV viral loads, non-white race, younger age, and
smoking.

HPV Persistence

Longitudinal studies have been performed that have also examined the influence of
HIV status on the persistence of HPV cervical infections.8,27,58,108,115The initial study
by Vernon et al.115 studied 124 HIV+ women and followed them at monthly inter-
vals for 8 months. They showed an increased prevalence rate of HPV in HIV+
women (43%) versus HIV-negative women (13%) but no significant association with
lower CD4 cell counts. Persistent HPV infection (defined as being HPV at >1 visit)
was seen more often in HIV+ women, especially those with lower CD4 cell counts.
Branca et al.8 followed 89 HIV+ and 48 HIV-negative women over a 14-month
period. HIV+ women had a higher incidence of HPV infection (27% vs. 3%), and
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less clearance of prevalent HPV infections (23% vs. 69%). The study by Strickler
et al.108 followed 1848 HIV+ and 514 HIV-negative women enrolled in the WIHS.
They showed increased HPV prevalence, persistence, and decreased resolution of
infection in HIV+ women as compared to HIV-negative women.They showed that
the CD4 cell counts and HIV peripheral viral load are highly interactive.This study
followed sufficient numbers of women so that both of these factors could be shown
to contribute to the persistence and/or resolution of HPV infection.The greatest
risk for HPV cervical infection was in those women with the lowest CD4 cell count
and the highest systemic HIV viral load. However, even women with undetectable
HIV peripheral viral load and the highest CD4 cell counts had higher rates of HPV
infection than HIV-negative women. Greater increases in incident infection and
larger decreases in resolution of HPV infection were seen in the women with the
lowest CD4 cell counts and the highest HIV viral loads. The study also strongly
suggested that a significant proportion of the incident HPV infections were in women
with little to no sexual activity.This implies either nonsexual routes of transmission
or reactivation of latent virus.

HPV Types in HIV+ Women

Increases in both high oncogenic risk HPV types and nononcogenic risk HPV
types have been seen in HIV-infected women. However, the majority of studies
either utilized less-specific HPV tests such as hybrid capture which detects a group
of high oncogenic risk viruses or the specific type(s) of HPV infection were not
analyzed separately.The study by Palefsky et al.91 did report the individual preva-
lence of 29 HPV genotypes in HIV+ and HIV-negative women. In general, no
specific type or types of HPV were found exclusively in HIV+ women. Instead,
increases of most, if not all, HPV types were seen in the HIV-infected women.
Similar findings have been found in the HERS58; e.g., HPV types 6 and 11 were
both found to be more prevalent in HIV+ women than HIV-negative women.104

A few reports have shown unique HPV types to be found only in HIV+ women.49

On a genotype basis, most HPV infections were seen in increased numbers in
women with lower CD4 cell counts.91 In addition, many studies have shown an
increase in multiple HPV infections (defined as simultaneous infection with more
than one HPV genotype) in HIV+ women (23–45%) as compared to HIV-negative
women (11–26%).16,58,91,109 These multiple HPV infections appear to be acquired
independently of each other without any clear evidence of synergy or antagonism
between types.16

HPV Types Variants in HIV+ Women

An HPV type variant is defined as a certain strain of HPV whose DNA sequence
varies less than 10% from the parental strain.Type variants for HPV 16 have been
implicated in an increased risk of cervical dysplasia. It has been hypothesized that
the type variant seen in HIV+ women could be unique and would dictate the
increased persistence and pathogenicity of HPV types in these women. Indeed, the
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study by Chaturvedi et al. demonstrated an increase frequency of the HPV-16 non-
European variants in HIV+ women in the New Orleans cohort.14 However, the
presence of these variants did not correlate with an abnormal Pap smear and merely
may reflect the sexual networking of these women. Other studies by Schlect et al.
for HPV 16 and 18 variants101 and Gagnon for HPV-3143 demonstrate associations
of specific type variants with ethnicity and not HIV status.The study by Schlect
et al. also demonstrated a relatively high frequency (6%) of multiple variants in the
same HIV+ women.101

HPV Viral Load in HIV+ Women

It is not surprising that studies have shown an increase in viral load of a specific HPV
type viral load in HIV+ women as compared to HIV-negative women.39,67,110,120,122

Initial comparison utilized the strength of the hybrid capture signal as a crude
measure of HPV viral load122 or defined those positive by Southern blot and PCR
being of higher viral load than those positive by PCR alone. Using more sophisti-
cated real time PCR assays, HPV 16 viral load was not only increased in HIV+
women but also higher in those HIV+ women with low CD4 cell counts67,110,120

(Brinkman and Hagensee unpublished observation).

Detection of an Abnormal Pap Smear in the HIV+ Woman

A large number of studies have focused on the detection and resolution of abnormal
Pap smears in HIV+ and HIV-negative women.65,66,109 Similar to the detection of
HPV infection, the initial studies enrolled relatively few women in a cross-sectional
design. These studies demonstrated an increase in abnormal Pap smears in HIV+
women as compared to HIV-negative women. Kreiss et al.65 showed that 50% of
HIV+ women had CIN as compared to 8% of HIV-negative women whereas Laga
et al.66 showed 27% of HIV+ women had an abnormal Pap smear as compared to
3% of HIV-negative women. Studies from the HERS showed an increase in
ASCUS diagnosis in HIV+ women as compared to HIV-negative women36 and
these HIV+ women were more likely to progress to higher grade lesions. Initial
studies from the WIHS showed increased rates of abnormal Pap smears in HIV+
women (38% as compared to 16% in similarly risked HIV-negative women).78 This
study also showed increases in each Pap category – ASCUS, LSIL, and HSIL for
HIV+ women as compared to HIV-negative women. Independent risk factors for
an abnormal Pap smear included high systemic HIV viral load, low CD4 cell
counts, detection of cervical HPV DNA, prior history of an abnormal Pap smear
and increased number of recent sex partners. Studies on African HIV+ cohorts
showed similar findings with lower CD4 cell counts and higher HIV viral loads
with higher rates of abnormal Pap smears particularly with increases in high-
grade lesions.54 Furthermore, this study showed higher rates of HSIL in women
infected with HIV-2 as compared to HIV-1.This may be explained by women
with HIV-2 having slower CD4 cell count declines and overall lower mortality
so that these women survive to have the HSIL diagnosed.
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From these cross-sectional studies, larger cohorts were examined longitudinally
to describe not only the prevalence of abnormal Pap smears in HIV+ women but
also the incidence of SIL and rates of resolution. Six et al. followed 271 HIV+
women and 71 HIV-negative women over a 1 year period and showed higher rates
of abnormal Pap smears in HIV+ women (31% vs. 7%).105 In addition, the inci-
dence of SIL was elevated in HIV+ women (27% vs. 5%) and progression seen only
in women with lower CD4 cell counts (<500 cells). Regression was seen more
often in the HIV+ women with higher (>500 cells) CD4 cell counts (52% vs. 20%).
Risk factors for SIL were the detection of high oncogenic risk HPV infection,
increased number of lifetime sexual partners, younger age, past history of SIL and
lack of cervical screening. Ellerbrock et al.37 showed increased incidence of SIL in
HIV+ women (8.3 vs. 1.8 cases per 100 person years) with the vast majority of
these lesions being low grade (91%). Risks for SIL development were again HIV
infection, high oncogenic risk HPV infection (transient or persistent), and younger
age. Delmas et al.31 described similar findings from the European cohort with a
twofold increases in prevalence, incidence, and lack of resolution of SIL in HIV+
women as compared to HIV-negative women. Multivariate models of HIV+ women
showed that the presence of HPV, a low CD4 cell count, younger age, history of
untreated SIL, history of warts, and Nordic location were all independent risk factors
for having an abnormal Pap smear. Branca et al.8 also showed an increase in pro-
gression of an abnormal Pap smear (13% vs. 4%) and less resolution of an abnormal
Pap smear in HIV+ women (8% vs. 13%).The HERS group again showed similar
findings but with a larger population of 774 HIV+ women and 391 HIV-negative
women with an average follow-up of 5.5 years.102 The incidence of SIL was 35%
(11.5 cases/100 person years) in HIV+ women versus 9% (2.6 cases/100 person
years) for HIV-negative women.Women with detectable HPV and those with lower
CD4 cell counts had higher rates of dysplasia. Finally, one study showed that life stress
was a risk factor for the progression and persistence of an abnormal Pap smear.92

A series of articles examined the rates of abnormal Pap smears in women enrolled
in the WIHS. HIV+ women without detectable HPV DNA had rates of abnormal
Pap smears similar to HIV-negative women.53 In addition, no cases of HSIL devel-
oped in these women.This implies that these HIV+ women can be followed in a
similar manner to HIV-negative women. Women (HIV+-391, HIV-negative-103)
with ASCUS or LSIL were followed for 4 years.77 Progression was seen more often
in HIV+ women (12%) as compared to HIV-negative women (4%). Detection of
highly oncogenic HPV and African-American race.The rates of progression were
similar for the first two years of the study but there were more late progressors in
the HIV+ group. Interestingly, on average, it took longer for the HIV+ women to
progress (2.7 years) as compared to the HIV-negative women (1.1 years). Finally,
Massad et al. examined the natural history of CIN I in 202 HIV+ women and 21
HIV-negative women.79 Progression occurred only in HIV+ women (8 out of 202).
Regression occurred in 67% of the HIV-negative women and only 33% of the
HIV+ women. Progression included hormonal contraception, cervical HPV infection
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and persistent LSIL. Again, these lesions appear to be relatively rare and clinical
management of these women can be similar to HIV-negative women.

Finally, two recent studies focused on the development and resolution of HSIL in
HIV+ populations. Moscicki et al.83 followed 182 HIV+ and 84 HIV-negative
adolescents for the development of HSIL. HSIL was seen more frequently in the
HIV+ girls (21%) as compared to the HIV-negative girls (5%). Independent risk
factors for the development of HSIL included use of hormonal birth control, HPV
cervical infection, persistent LSIL, and a high concentration of cervical Interleukin
IL-12. Hawes et al.54 studied 627 women from Senegal for the development of
HSIL. HSIL developed in 11% of these women; whose risk correlated with detec-
tion of oncogenic HPV either transient or persistent. Rates were higher for women
with lower CD4 cell counts and higher HIV viral loads but these factors were not
independent of the presence of HPV DNA. In summary, the HIV+ woman is at
higher risk for cervical abnormalities – in terms of prevalence, incidence, and lack
of regression. Fortunately, established guidelines for the care of both HIV+ and HIV-
negative women appear to be able to prevent cervical cancer in both populations.

Cervical Cancer in HIV+ Women

Kaposi’s sarcoma and non-Hodgkin’s lymphoma are increased in HIV+ individuals.
Similarly, HIV+ positive women are at greater risk for progression of HPV-related
genital pathology. Chin-Hong et al.19 demonstrated that HIV+ women had a rate of
invasive cervical cancer of 10.4/1,000 women as compared to HIV-negative women’s
rate of 6.2/1,000 women.The rate of cancer was higher for younger women (aged
20–34), and women of African-American or Hispanic decent. However with the
extremely high rates of cervical dysplasia seen in advanced HIV+ women, the overall
increases in cervical cancer have been rather minimal.38 Frisch et al.41 reviewed the
cases of HPV-related cancers in the HIV+ population.They demonstrated increases in
cancer rates in HIV+ individuals for in situ tumors from the cervix, vulva, anus, and
penis.They also noted increases in invasive cervical, vulvar, anal, penile, tonsillar, and
conjunctival cancer which all may be caused, in part, by HPV.They saw no relation-
ship to lower CD4 cell counts for these cancers. In a meta-analysis of 15 studies,HIV+
women (OR 8.8) were more likely to have HPV-related cancer than HIV-negative
women (OR 5.0).74 Finally, in a review by Chin-Hong and Palefsky,19 HIV+ individ-
uals are at increased risk for anogenital malignancy but there is no correlation between
lower CD4 cell counts and cancer development.This is a very interesting conundrum
which has not been well explained. Increased risk of oncogenic HPV cervical infection
which increases with lower CD4 cell count.They also have increased risk of abnor-
mal Pap smears and severity of the cervical lesions with lower CD4 cell counts.The
lack of progression to cancer in these women with lower CD4 cell counts implies that
either these women die of HIV/AIDS complications before invasive cervical cancer
(ICC) can be detected or there are other, yet unknown, risks for the development of
ICC.Additional studies focusing on HIV+ women with LSIL and HSIL are necessary
to explain these findings.
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Other Genital Sites of HPV Infection and Disease

HIV+ women have been shown by a few studies to have an increased prevalence
of genital warts as compared to HIV-negative women.A rate of 8.2 cases/100 per-
son years of genital warts was seen in New York City HIV+ population, which was
significantly increased as compared to the 0.8/100 person years for HIV-negative
individuals.20 Others have also seen a 6–10-fold increase in the prevalence of genital
warts in HIV+ women as compared to HIV-negative women.18,22,104

Vaginal neoplasia is overall quite rare but the premalignant changes seen in vulvar
intraepithelial neoplasia (VIN) have been shown to be more prevalent in the
HIV+ woman.VIN developed in 3–6% of HIV+ women as compared to 0–0.8%
of HIV-negative women.18,22 These lesions tend to be in the upper one third of the
vagina and it is not clear if this arises from a separate HPV genital infection or as
an extension of current or previous cervical disease. Indeed, the HIV+ woman
needs a thorough examination of the vaginal and surrounding vulvar area for any
suspicious premalignant lesions. Furthermore, since vulvar cancer is so rare even in
the HIV+ population, there are not clear recommendations as to treatment modal-
ities for these women. One study22 showed that HAART had no impact on the
prevalence of vulvar disease in the HIV+ women.

Anal dysplasia and cancer is more common in women than men and is also
increased in the HIV+ woman. Hillemanns et al.57 followed 102 HIV+ and 96
HIV-negative women and noted anal cytological abnormalities in 26% of the
HIV+ women and only 7% of the HIV-negative women. HPV DNA was detected
in 58% of the anal samples from HIV+ women as compared to 8% of the HIV-neg-
ative women. For both anal dysplasia and anal HPV infection, HIV and lower CD4
cell counts were the most significant risk factors. Palefsky et al.90 followed 251
HIV+ and 68 HIV-negative women showing increased rates of anal HPV detection
(76% vs. 42%) with significant risk factors being younger than 36 years old, and
being Caucasian.The prevalence of anal HPV infection was greater than the rates
of cervical HPV infection collected simultaneously.These rates of anal disease make
routine examination and anal Pap smear evaluation recommended at least for those
women with current cervical HPV disease.

The Role of Highly Active Antiretroviral Therapy in HPV Infection and Disease in
the HIV+ Woman

A number of studies have examined the role of HAART on the prevalence of HPV
infection and HPV-related disease in HIV infected women. Heard et al.55 followed
49 women over a 5-month time period. Sixty-eight percent of the women had an
abnormal Pap smear at the start of the study which was significantly reduced to
54% with HAART. Improvements were seen in the women with SIL but still the
majority of women maintained an abnormal Pap smear and remained at risk for
the development of cervical cancer.This study also showed no significant change
in the rate of HPV cervical infection on or off HAART. Women with improve-
ment in Pap smear status were found to have higher CD4 cell counts.A follow-up
study from this same group56 followed a larger cohort (n = 168) of women with
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CIN and examined the rates of regression or progression after 18 months of follow-up.
Regression was observed in 40% of the women at 12 months with twofold higher
regression rates in those women on HAART. However, again the majority of the
women (60%) either had a persistent abnormal Pap smear or progressed. Other
studies have demonstrated conflicting results. An initial study from Italy70 showed
no impact of HAART on HPV infection rates or HPV-related SIL.Another study
from Italy showed an increased rate of LSIL regression for those women on
HAART but no impact on HSIL regression rates.30

The two large cohorts of women from the United States, the WIHS and HERS,
also showed conflicting results. Minkoff et al.81 found that women with persistent
HPV infection were more likely to have their abnormal Pap smear progress
whereas women on HAART were 40% more likely to regress and less likely to
progress. On the other hand, Schuman et al.102 found in the HERS that SIL was
more likely in women with lower CD4 cell counts and higher HIV viral loads but
there was no impact of HAART. Both of these studies focused on at risk inner city
women and followed them for an extended period of time (5 years or more). It is
not clear why the disparate results were obtained. Clearly, HAART is not a panacea
when it comes to cervical dysplasia – it may have a role in improving abnormal Pap
results but these women clearly need close follow-up and frequent Pap smear eval-
uations to prevent cervical cancer.

Identification and Treatment of Cervical Dysplasia in HIV+ Women

Since the HIV+ woman is more likely to be infected with HPV, this infection per-
sists for a longer period of time and may have more virus being shed, it is possible
that self-sampling techniques could be developed that would reliably reflect the
HPV infection status of the cervix. Indeed, the study by Brinkman et al. showed
comparable HPV infection frequencies between physician obtained cervical swabs
and self-collected urine.10 In addition, the study by Petignat et al. showed an
increase prevalence of HPV and more types detected by a self-vaginal swab as com-
pared to physician obtained vaginal swab.93

The treatment of the HIV+ women with dysplasia is essentially the same as for
the HIV-negative women (Fig. 5).The initial management of the newly diagnosed
HIV+ woman is to obtain Pap smears at 6-month intervals. If two sequential tests
are normal then she can return to yearly testing.This approach has been shown to
be cost-effective.46 There is a lower threshold for referring the HIV+ women for
colposcopy and biopsy for an ASC-US or LSIL diagnosis with most authors
recommending that all of these women be referred.At this time, screening at longer
intervals than yearly cannot be recommended as a relatively recent study37 found
that 20% of HIV+ women with no prior abnormal Pap history developed SIL
within 3 years.This underscores the need for close follow-up of these women.
A study by Belafsky et al.4 noted 20% of the HIV+ women with LSIL would
progress to high-grade lesions and this was not significantly improved by the appli-
cation of isoretinoid.98 The reliable HIV+ women with higher CD4 cell counts
who has LSIL, it is appropriate to watch them closely for signs of progression rather
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than referring for colposcopy and biopsy. On the other hand, if the patient is less reli-
able or has any other complicating situation then referral to colposcopy and biopsy
is indicated. Indeed, those younger women (<30 years old) and those with lower
CD4 cell counts are more likely to progress and should be referred to colposcopy.
Treatment of higher grade lesions,CIN II and III, leads to recurrence rates in the 50%
range.Thus, attention to follow-up is critical in the management of these women.
The study by Fruchter et al.42 demonstrated that 62% of the 127 HIV+ women expe-
rienced a recurrence within 3 years of therapy. Subsequent recurrence rates were 42%
for the second recurrence and 50% for the third. Risk factors for recurrence included
HIV infection and lower CD4 cell count. Indeed 25% of these women progressed on
Pap smear as compared to 2% of HIV-negative women.These findings are corrobo-
rated by the study by Robinson et al. which demonstrated a 57% rate of recurrence.
These women may benefit from treatment with 5-flourouracil (5-FU) which has
been shown to reduce the recurrence rate from 47 to 28%.73

HIV+ MEN

Detection of Anal HPV in HIV+ Men

Similar to the studies in women, rates of HPV from anal samples in men initially
started with small cross-sectional prevalence studies which expanded larger studies
and then a few longitudinal studies.The vast majority of these studies have come
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from the San Francisco area with Dr. Joel Palefsky being the leader in this field.The
initial studies3,9,13,60,80 estimated an anal HPV prevalence rate in HIV+ men to be
between 15 and 61% with the lower rates reflecting use of less sensitive assays to
detect HPV (Virapap, Southern blot) and the higher rates reflecting the use of
PCR-based assays.This is compared to rates in the HIV-negative male of 12–29%
using similar HPV detection assays. Critchlow et al.24 examined 322 HIV+ and 287
HIV-negative men in a cohort from Seattle, Washington. Utilizing a PCR-based
assay to detect HPV, they noted an extremely high rate of anal HPV infection in
HIV+ (92%) as compared to HIV-negative gay men (66%).Additional high rates of
HPV anal infection were also seen in HIV+ men from the Netherlands (65%), New
York City (61%), and San Francisco (95%).90,121 High rates of HPV infection (46%)
were also seen in a substantial number of men who deny anal intercourse and
acquired HIV by intravenous drug use.This may imply that HPV can either spread
throughout the genital tract or can be transferred by shared objects. Finally,
Moscicki et al.83 studied a unique population of adolescent boys and girls with HIV
infection.They noted a high rate of HPV from anal samples from HIV+ boys (48%)
but this was not statistically different than HIV-negative boys (36%). These high
rates of oncogenic HPV infection lend support to the routine screening of men for
anal cytological abnormalities.

Risk Factors for Detection of Anal HPV

Initial studies did note an increase in anal HPV DNA detection in those HIV+ men
with lower CD4 cell counts.3,13 A larger cohort determined risk factors for anal
HPV to be lower CD4 cell count and a history of anal warts for HIV+ men and
lifetime number of sexual partners, recent anal sex, and anal warts for HIV-negative
men.24 Other studies also demonstrated these risk factors and also noted increased
HPV anal DNA detection in those HIV+ men not on HAART.121 The adolescent
male was more likely to have anal HPV if there was a history of anal warts.83

HPV Types in HIV+ Men

There are fewer studies looking at the specific HPV types in the anal canal of
HIV+ and HIV-negative men. Smaller studies did note an increase in HPV 16, 18,
31, 33, and 52 in anal samples from HIV+ men as compared to HIV-negative
men.9 Multiple infections were quite common in the anal canal of HIV+ men.
Reported rates are between 47 and 88% with some men having six or more
different HPV types detected in anal samples.24,89,95 In contrast to the case of
HIV+ women with cervical HPV-16 infection, there has only been a single study
looking at the HPV 16 type variants in HIV+ men.This study28 analyzed 628 anal
specimens from 193 HIV+ and 59 HIV-negative men. The G131 variant was
present in only 6% of samples but these men had an increased risk of HSIL with
an OR of 3.4.
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HPV Persistence in HIV+ Men

HPV detection from anal samples was also more persistent in HIV+ as compared
to HIV-negative men. An initial study followed men only for 6 months but saw
more persistence in those HIV+ men with a clinical diagnosis of AIDS as compared
to those HIV+ without AIDS.9 Palefsky et al.87 followed 346 HIV+ and 262
HIV-negative men and noted increased persistence of anal HPV in HIV+ (63%)
versus HIV-negative (23%) men over a 4-year period. Critchlow reported similar
findings from Seattle,24 with 38% of the HIV+ men having persistent anal HPV as
compared to 23% of the HIV-negative men over a period of 28 months.This study
also noted an increase in anal HPV DNA acquisition of 1.8-fold in HIV+ as com-
pared to HIV-negative men and less clearance of anal HPV in HIV+ men (13%)
versus HIV-negative men (45%). In summary, anal infection by HPV in HIV+ men
is very common, is found more frequently than in HIV-negative men with more
multiple infections and longer persistence. In general, these rates are much higher
than the rates of cervical infection in HIV+ women.

Detection of Abnormal Anal Pap Smears in the HIV+ Man

The majority of the studies on HIV+ men have focused on the prevalence, inci-
dence, and progression of anal squamous intraepithelial lesions (ASIL).The earliest
study by Frazer et al.40 noted anal dysplasia in 9 of 14 HIV+ men with associations
with lower CD4 cell counts, anal warts and receptive anal intercourse. Other cross-
sectional studies noted significant anal dysplasia in HIV+ men (16–24%) as
compared to HIV-negative men (7%).13,80 The subsequent larger studies not only
confirmed these findings but those longitudinal in design were also able to meas-
ure the incidence rate of anal lesions and the rates of progression to higher grade
lesions. Palefsky et al.87 noted a 3.7 increased relative risk for HIV+ men in the
development of HSIL with incidence rate of HSIL being 49% after 4 years of
follow-up.This compares to an incidence rate of only 7% for HIV-negative men.
Overall, HSIL incidence rates as high as 62% have been reported by this group.87

Risk factors for anal dysplasia include lower CD4 cell counts, anal HPV DNA
detection, and multiple HPV types detected from anal specimens.80,87,89 In one
recent study, HAART actually increased the risk of anal Pap smear abnormalities.89

These findings support the need for active and longitudinal following of anal Pap
smears and appropriate treatment for high-grade anal lesions.

Anal Cancer in HIV+ Men

The rates of anal cancer have been reported to be as high as 37 cases per 100,000
men who have sex with men (MSM).This is comparable to the estimated rate of
cervical cancer in women (40–50 per 100,000) prior to the implementation of cer-
vical Pap smear screening.19 The relative risk for invasive anal cancer in HIV+ indi-
viduals is 37-fold in men and sevenfold in women as compared to HIV-negative
individuals.The risks for in situ disease is similar at 70-fold in HIV+ men and tenfold
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in HIV+ women as compared to HIV-negative individuals.76 Tumors in the HIV+
individuals tend to occur at a younger age and are larger at initial diagnosis.44 Anal
cancers are not increased in HIV+ men with lower CD4 cell counts which is simi-
lar to the study of cervical cancer in the HIV+ woman. One author19 has proposed
that other factors such as host chromosomal mutations may be responsible for deter-
mining who progresses to anal malignancy. Conversely, the critical CD4 cell count
threshold for control of HPV may be higher such as over 500 cells/ml. Furthermore,
there may be other, yet unidentified risk factors for the development of invasive anal
cancer in the HIV+ man.

Other Genital Sites of Infection in HIV+ Men

There is less data on the prevalence of other genital sites infected with HPV in
HIV+ men. One study noted rates on the penis to be 23% in HIV+ men versus
15% in HIV-negative men. A small prevalence study was performed in New
Orleans on 50 HIV+ men. These men were tested for HPV infection by swab-
bing six different locations in the anogenital tract.The combination of data from
all six locations indicated that HPV DNA could be detected in 50% of the men.
By far the anal (44%) and perianal (36%) regions were the most commonly
infected; however, the coronal sulcus (18%) and shaft (16%) of the penis were also
commonly infected (Fig. 6) (Teitz and Hagensee et al., unpublished observation).
These infections may be important for both future development of anal and
penile cancers and the ability to transmit the virus to others. It is somewhat sur-
prising that relatively few penile cancers have arisen in the HIV-infected males
to date, given the large numbers of HIV+ men with oncogenic HPV penile
infection. Nevertheless, the frequency has been reported to be two to three times
greater than the rate of occurrence in HIV-negative men.1,111
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Treatment of HIV+ Men with HPV Infection and HPV-Related Disease

The role of HAART in the disease course of anal HPV infection and anal dyspla-
sia has been investigated. For most of the studies, there has been no impact of
HAART on either HPV anal infection or disease. Palefsky et al. noted that 75% of
the men with anal disease did not improve despite being on HAART.87 Piketty
et al.96 intensely studied 45 HIV+ men and noted no difference in the prevalence
of HPV anal infection or disease in those with a significant increase in CD4 cell
count after initiating HAART as compared to those with no CD4 cell count
increase. Finally, there has been no decline in the rates of anal cancer in HIV+ indi-
viduals since the routine use of HAART in 1996.96

The management of the HIV+ male with a history of receptive anal intercourse
is not clear.There have been numerous studies from the Palefsky group that indi-
cate the need for routine and longitudinal screening for anal abnormalities in this
population. A cost analysis study by Goldie et al. indicates that yearly anal Pap
smears appears to be the most cost-effective.45 Who to screen is also not clear; rates
of anal HPV infection and dysplasia indicate that at least the HIV+ male who is a
MSM should be screened. Furthermore, all HIV+ men and all MSM could be con-
sidered for routine screening.The treatment guidelines are similar to that of women
with cervical disease in that AIN I can be watched carefully whereas AIN II and
III should be followed by high resolution anoscopy and biopsy of abnormal areas.
Treatment of these anal lesions is also not delineated. Dr. Palefsky is the expert in
this field and he recommends that smaller lesions be treated by local treatment such
as liquid nitrogen, purified podophyllin toxin,TCA, coagulation, or imiquimod.89

Larger and more circumferential lesions are much more difficult to treat and may
require surgical excision. However, the rates of side effects are greater than similar
cervical treatment with the concern of rectal stenosis and pain. In addition, recur-
rent rates are high and these men need to be followed at 4–6-month intervals.
Invasive cancer is usually treated with 5-FU, mitomycin D, or cisplatinin with radi-
ation. All of these treatments have more significant side effects in the HIV+ indi-
vidual. Alternatives include continuous infusion of 5-FU, and lower doses of
mitomycin D.

HPV INFECTION AND DISEASE IN THE ORAL CAVITY 
OF THE HIV+ INDIVIDUAL

HIV-Associated Oral Warts: Pathology and Etiology

The widespread administration of HAART in the United States has had a profound
impact on the incidence of HIV-associated oral-opportunistic infections. Since the
advent of HAART, the incidences of oral thrush (oropharyngeal candidiasis, OPC)
and oral hairy leukoplakia (OHL) have significantly decreased.47 In stark contrast,
Dr. Janet Leigh, Director of the HIV Dental Clinic at the Medical Center of
Louisiana, New Orleans, reported an increase in incidence of oral warts since the
advent of HAART.68 Dr. Leigh’s report was followed by a report in Lancet by
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Greenspan et al. (San Francisco), which clearly demonstrated not only a rise in the
incidence of oral warts in the 1990s but also a significant association between the
rise in warts and HAART.47 Increased incidence of oral warts concurrent with a
drop in plasma HIV viral load was subsequently reported in the Atlanta HIV cohort
by King et al.59

Unlike OHL, which occurs almost exclusively on the tongue, and OPC, which
occurs on either the tongue or buccal mucosa, papillomas due to HPV infection
can occur on virtually all oral mucosal surfaces.48 While the majority of papillomas
occur on the labial mucosa, they can also occur on the buccal mucosa, the tongue,
the soft palate, and the gingiva. While the histopathology of oral warts almost
invariably demonstrates poorly differentiated, large, vacuolated koilocytic cells, the
gross appearance varies greatly. Often the clinical appearance of lesions is reflective
of the specific HPV genotype causing the lesion. For instance, HPV genotypes 6
and 11, the most common causes of genital warts, tend to cause soft, sessile, cauli-
flower-like lesions (condyloma accuminatum) in the oral cavity. HPV genotypes 1,
2, and 7, which are associated with cutaneous warts, cause firm, sessile, oral
common warts (verruca vulgaris). HPV genotypes 13 and 32, which have been
described exclusively in the oral cavity, are the cause of oral focal epithelial hyper-
plasia, a dysplastic lesion characterized by multiple small, flat papules generally
found on the lower lip. While there is some degree of HPV genotype-specific
clinical presentation, unusual manifestations of oral HPV disease in the HIV+
patient frequently occur.48 Examinations of oral-wart biopsies from HIV+ individ-
uals prior to the routine use of HAART contain a range of HPV genotypes, includ-
ing cutaneous type 2; genital types 6, 11, 16, and 18; and oral type 13.48 However,
the most common HPV genotypes identified in HIV-associated oral warts are the
oral-specific HPV type 32 and the cutaneous HPV type 7.48

Genotype Prevalence and Risk Factors for Oral HPV Infection

The majority of oral HPV infections are asymptomatic, and the development of
HPV pathology is a rare event that occurs only after prolonged infection.Therefore,
epidemiological studies often examine the risk factors for asymptomatic detection
of oral HPV.As for cervical and anal HPV infection, HIV+ individuals have higher
rates of oral HPV carriage than do HIV-negative individuals.23 Oral HPV infection
is associated with markers of sexual risk, such as homosexuality, unprotected oral
sex, and a history of previous sexually transmitted disease, indicating that HPV
is likely transmitted to the oral cavity through sexual contact. Kreimer et al.64

examined tonsillar brushes and oral rinses from 190 HIV+ and 396 HIV-negative
individuals. They noted an increased prevalence of oral HPV infection in HIV+
individuals. In the HIV+ individual, independent risk factors for having oral HPV
infection were low CD4 cell counts (<200), being seropositive for HSV-2, having
an oral mucosal abnormality, and having more than one oral sex partner over the
last year. In the HIV-negative population, increased age, male gender, and HSV-2
seropositivity were associated with oral HPV infection.The oral cavity may serve
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as a reservoir of HPV infection, allowing for transmission of HPV to the genital
tract of a receptive partner.

A recent study by Cameron et al. demonstrated 36% of saliva samples from HIV+
individuals to be HPV positive as compared to 8% of HIV-negative individuals.11

HPV types 16, 52, and 83 were the most common types detected. Risk factor
analysis for oral HPV infection in HIV+ individuals from this study noted increases
in Caucasians (57% vs. 24%) and males (68% vs. 25%). It is of interest that neither
CD4 cell count nor HIV viral load correlated with the presence of oral HPV.
Interestingly, in the Caucasian population, there was a sixfold increase in oral HPV
detected in those on HAART (71% vs. 28%). An additional study examined the
types of HPV involved in oral warts in the HIV+ individual in the setting of rou-
tine use of HAART.The vast majority of these samples were HPV-32 positive with
other HPVs detected being 6, 7, 53, 73, and 84. (Fig. 7). Examination of local
cytokine and chemokine production yielded no specific pattern found in the HIV+
individual with oral warts.71

A follow-up study examined the site-specific prevalence of various HPV types
from various locations in the oral cavity (buccal mucosa, tonsil, labia, lingula, palate,
and gingival, Fig. 8). Data from 180 HIV+ individuals noted 37% of these people
had HPV detected on at least one oral swab and 20% of all samples collected were
positive. Most common site of infection (~30% positive) were the labial and lin-
gual tissue.The addition of specific screening tests for HPV-32 demonstrated that
HPV-32 was, in fact, the most common type detected (Fig. 9).

The detection of genital HPV genotypes may be masking concurrent infections
with oral-specific genotypes in the oral cavity.The role of genital HPV infections
of the oral cavity in disease is uncertain, though most of these infections are high-
oncogenic-risk HPV genotypes (16, 18, etc.), which have been identified in up to
50% of head and neck carcinomas.103 There is a potential for an increase in HPV-
related oral malignancies with long-term HAART leading to an increased lifespan
of HIV+ individuals. Indeed, some recent studies have noted an increase in head
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and neck cancer in HIV+ individuals6 and these cancers tend to occur at a younger
age than in HIV-negative individuals.32 It has been reported that oral warts in
HIV+ individuals containing HPV 16 or 18 can undergo dysplastic changes.The
role of HPV in these tumors is not yet known.

Treatment and Prognosis of HIV-Associated Oral Warts

The treatment of oral warts in the HIV patient is difficult due to both the wide
distribution of lesions throughout the oral mucosa and the high recurrence rate.
Although these lesions are generally painless, they can become traumatized and
interfere with eating and talking and can also look unsightly when present exter-
nally on the lips.Treatments utilized include both medical and surgical modalities,
depending upon the site of the wart, the characteristics of the wart, and the num-
ber of lesions. Surgical techniques include excision, electrosurgery, cryosurgery, and
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CO2 laser, whereas medical modalities include podophyllin resin and, more
recently, interferon-α injections.35 Despite recent advances in the treatment of
cutaneous and genital warts with the introduction of imiquimod, this topical
medicine is not approved for use in the oral cavity.

Surgical excision is difficult when multiple warts cover a large area. However,
surgical or electrosurgical debulking of the wart is useful prior to use of topical
agents or the CO2 laser.The use of the CO2 laser has proven problematic because
the dispersal of HPV in the laser plume can lead to nasal warts in either operator
or patient.35 The use of surgical techniques does not often lead to postoperative
scarring of the intraoral mucosa, but scarring of the lips can occur, leading to stric-
ture and diminished opening.The use of podophyllin resin 25% as a topical agent
has proven disappointing. Recent case reports showed promising results with the
use of interferon-α as a topical and systemic combination with weekly intralesional
injections in addition to twice-weekly subcutaneous injections. Follow-up ranged
from 12 months to three years, with no recurrence of warts at the site of treat-
ment.72 A recent case report noted the utility of topical cidofovir gel 1% which
successfully treated a case of recalcitrant oral warts in a HIV+ individual.33

Other Sites of HPV-Related Cancers

Conjunctival cancer has emerged as a possible cancer caused by HPV. Studies have
noted an increase in conjunctiva tumors in HIV+ individuals from Africa and
Waddell118 had noted HPV-16 in 35% of conjunctival tumors. Interestingly,
Tornesello et al.112 found HPV in 25% of conjunctival lesions but this was more
common in low-grade lesions than high-grade lesions.This implied that HPV may
not be related to these tumors.This type of data needs to be carefully interpreted
and additional larger studies need to be done to better define the role of HPV in
these tumors.

MECHANISM OF HPV–HIV INTERACTION

There are two main theories regarding the mechanism by which HIV and HPV
interact to lead to the increase in rates of HPV infection, persistence, and pathology.
The first theory is that HIV causes immune dysfunction that leads to unchecked
HPV infection leading to pathology and the second theory is that HIV enhances
HPV-induced pathology by directly interacting with HPV infected cells. A direct
interaction between these two viruses is an intriguing proposition.There is some
epidemiological evidence that HPV persistence and HPV-related pathology is
increased in individuals with higher HIV plasma viral loads as an independent risk
factor.108 In addition, some studies showed that women with higher CD4 cell
counts still had an increased risk of HPV infection compared to similarly sexually
active HIV-negative women, implying a potential direct effect of HIV. The HIV
tat protein has been shown to directly increase gene expression by regulation of
HPV-16 transcriptional control elements in vitro and in SiHa cervical cancer cell
line.116 Similar experiments demonstrated that tat could transactivate HeLa cells
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and HPV-18 E7 expression.112 In addition, Dolei et al.34 were able to show that
expression of HIV tat protein could increase HPV-18 E1 and L1 protein expres-
sion. However, there is much evidence that does not support a direct interaction.
First, HIV predominately infects lymphoid tissue and HPV infects epithelial cells
so it is not likely that they infect the same cell. Since tat has been noted to be able
to diffuse through cell membranes, a co-infection state is not a requirement for an
association, but Unger et al. demonstrated that there was no colocalization of HIV
and HPV in cervical tissue making it less likely for a direct interaction to occur.114

On the other hand, there is much evidence that immune suppression could lead
to cervical disease. Numerous studies mentioned above for both HIV+ men and
women have shown an increase in HPV infection and HPV-related pathology in
individuals with lower CD4 cell counts. One certainly does not need to be HIV
infected to be afflicted with HPV-related disease but immune suppression seems to
potentially accelerate the progression from infection to disease.The exact mecha-
nism of how lower CD4 cells leads to a lack of HPV-related immunity is not
known.This is, in part, due to the lack of a simple cultivation system for HPV.This
makes it rather difficult to generate large quantities of highly purified antigens that
are needed for immune studies. HPV infection is felt to be controlled by CD8 acti-
vated T cells but the exact role of CD4 cells, macrophages, Langerhans cells (LC),
and various cytokines and chemokines is still unknown. One study5 showed an
increase in lymphocytes in cervical biopsies from HIV+ women with CIN.These
lymphocytes demonstrated an inverse CD4/CD8 ratio which has also been seen by
other investigators.86 On the other hand, a more recent study by Kobayashi et al.61

showed increases in B and T cells in women with HPV-related CIN 2/3 but these
numbers were decreased in HIV–HPV coinfected women.Why these two studies
appear to have opposite results is not clear but this discrepancy points to the need
for more research in this area.

There have been a number of studies that analyze the local cytokines milieu in
order to get a better understanding of HPV-related immunity. HPV cervical infec-
tion and disease has been shown to cause no significant change in any local Th1 or
Th2 cytokine measured,106 with another study showing increases in IL-6, INF-
gamma, TNF-alpha, increased macrophages, B lymphocytes, T lymphocytes, and
NK cells.61,85 In HIV+ women with cervical dysplasia, the increases in IL-6, INF-
gamma, and TNF-alpha are less but levels of IL-4, 8, and 10 are higher.85 In addi-
tion, CD8 T cells were increased and macrophages were seen in lower quantities.61

Also higher levels of IL-10 were found in HIV, HPV coinfected women.25,106

Furthermore IL-10 has been shown to be able to increase HPV-16 E7 expression
in vitro utilizing a Stat3 pathway.2

Other studies have shown an increase in LC in SIL but HIV+ women with SIL
have fewer LCs. As CIN increases in severity, one study showed that there were
increases in p53, Ki-67, apoptosis parameters, and BCL-2 expression. HIV+ women
have a rate of apoptosis that was fivefold higher than HIV-negative. All of these
studies suffer from a limited sample size, which is unfortunately necessary due to
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the complexity and expense of these assays. It may indeed be possible that a com-
bination of immune deficiencies and direct HIV–HPV interactions could explain
the clinical findings.

The detection of serum antibodies directed against the L1 protein of HPV
capsids has been measured as an attempt to better understand the immune response
to HPV. Silverberg et al. have measured changes in antibody levels over time from
women enrolled in the WIHS.104 An increase in antibody levels was seen in HIV+
women and was associated with current and past HPV-16 infection and lower CD4
cell count; potentially implicating reactivation of a previously acquired HPV infec-
tion. On the other hand, antibody increases in HIV-negative women correlated
with past HPV-16 infection, smoking, and the number of sexual partners and may
be more closely linked to new exposure to HPV. Viscidi et al.117 measured the anti-
body levels against various HPV types in 829 HIV+ and 413 HIV-negative women
enrolled in the HERS. In general, there was no protection from future HPV infec-
tion if one had serum antibodies against HPV. There was a modest amount of
protection from HPV-45 infection about 4.5 years after developing a HPV 45
serum antibody response. At a local level, cervical antibodies against HPV can be
detected.50,75,106 These have been found to be increased in HIV+ women75 but the
presence of these antibodies did not lead to increased clearance of this infection.
The exact role of the local anti-HPV antibodies is not clear.

Impact of HPV Prophylactic Vaccines on the HIV+ Individuals

Both Merck and GlaxoSmithKline are in the final developmental stages of pro-
phylactic HPV vaccines. Both of these products are based on viruslike particle tech-
nology and in published studies have been effective in phase 1 and 2 clinical
trials.52,63 These have been studies predominately in women without any prior
exposure to the types of HPV in the vaccine.The impact of these vaccines for the
HIV+ individual is not clear. There will likely not be any immediate impact as
most, if not all, HIV+ individuals have already been exposed to numerous types of
HPV due to the sexual nature of acquisition of both of these viruses. If these vac-
cines have wide application in the future, there may be a large impact to decrease
the HPV infections and HPV-related disease in the HIV+ population. On the other
hand, the HIV+ individuals tend to have multiple HPV infections. Unless vaccines
are developed with numerous HPV types in them, the impact of the current for-
mulated products on the HIV+ individual may be small.The impact of HPV vac-
cines on those women already infected with HPV has not been reported but it is
likely to be significantly less than in unexposed women. Future studies to examine
vaccine efficacy in HIV+ men and women need to be done.

SUMMARY

HPV infection of both the genital tract and oral cavity of HIV+ men and women
is increased. HPV-related pathology is also increased in the HIV+ individuals,
usually with further increases seen for those HIV+ individuals with lower CD4
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cell counts. Fortunately, the rates of cervical cancer and anal cancer are relatively
low and not related to CD4 cell count.Treatment of the HIV+ individual with
HPV-related disease is challenging and requires close long-term follow-up to
prevent recurrent disease.The mechanism of how HPV and HIV interact is still
not known but is more likely to be linked to immune suppression rather than a
direct interaction between viruses.The newly developed HPV vaccines will likely
have a significant impact on HPV-related disease in immunocompetent individ-
uals. It remains to be seen what impact these vaccine will have on the immune
depressed.
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INTRODUCTION

Immunosuppression associated with HIV/AIDS substantially increases the risk of
developing non-Hodgkin’s lymphoma (NHL).1–7 This AIDS-related malignancy
can be divided into two distinct groups, systemic and primary central nervous sys-
tem NHL2,4,7 (Table 1). A meta-analysis of the data from different cohorts in the
United States and Europe has shown a significant reduction in primary central
nervous system NHL, compared to a small decrease in systemic NHL between the
pre- and highly active antiretroviral (HAART) eras.8

HAART is recognized to have improved the survival of HIV-infected
patients. However, its present efficacy may allow patients to survive long term
with mild to moderate immunosuppression, placing them at risk for the devel-
opment of systemic NHL.9–13 Indeed, the estimated incidence of AIDS-related
systemic NHL is between 6.5 and 17.0 per 1,000 patients in the HAART
era,10,14 and data suggest that some patients have developed lymphomas despite
effective HIV suppression and relatively high CD4+ T-cell counts.10,15–19

Furthermore, outcomes of systemic NHL still remain inferior compared to
those achieved in HIV-negative individuals.20 These observations have led to the
hypothesis of different tumor biology of lymphomas among HIV-infected as
compared to HIV-uninfected patients. Therefore, it is important to develop a
better understanding of the pathogenesis and biology of this opportunistic com-
plication of HIV/AIDS.



Viral etiologies have been proposed for some HIV/AIDS-related NHL.2 Some
systemic NHL have been associated with deficient immune surveillance of Epstein-
Barr virus (EBV) and human herpesvirus 8 (HHV8) or related to the chronic anti-
genic stimulation and defective immune regulation observed in patients with
HIV/AIDS.1,3,4,6 In addition, a number of studies have detected polyomavirus
simian virus 40 (SV40) associated with some systemic B-cell lymphomas among
HIV-infected and -uninfected patients.21–33 These and other findings led the
Institute of Medicine of the National Academies to recognize that SV40 is an
emergent human pathogen and conclude that the present biological evidence indi-
cates that infections with this potent DNA tumor virus could lead to cancer in
humans under natural conditions.34

Molecular and clinical evidence suggest that patients with iatrogenic and/or
acquired immunosuppression are a population at risk for SV40 infections and per-
haps SV40-related disease.21,23,24,26,32,35–37 Importantly, experimental data have
shown that alterations in cellular immunity, such as those occurring in patients with
HIV/AIDS, may foster conditions favorable for SV40 oncogenesis in humans.38–40

This chapter examines the features of SV40 as an opportunistic human pathogen
and its potential role in AIDS-related systemic NHL. Unresolved questions about
SV40 and human cancer are considered.

SV40 AS A POTENTIAL HUMAN PATHOGEN

Nonhuman primates are hosts to many viruses, some of which are known to infect
and cause disease in humans.41 Polyomavirus SV40 as a potential human pathogen
has been tied to the development and distribution of early forms of the poliovirus
and adenovirus vaccines.34,42–45 Early lots of both inactivated and live attenuated
forms of poliovaccines were contaminated with SV40.34,44,46 Different adenovirus
vaccines distributed to the United States military also contained SV40, but the
numbers of subjects exposed to those vaccines were less than those given polio-
vaccines.47 Contamination of the early vaccine formulations occurred because
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Table 1. Features of systemic and primary central nervous system non-Hodgkin’s lymphoma in patients
with HIV infection during the HAART eraa

Characteristics Systemic NHL Primary CNS NHL Other

Histology Diffuse large B cell Diffuse large B cell –
and Burkitt’s

Median CD4 cell count ~200/mm3 <50/mm3 –
Epstein-Barr virus ~40% ~100% –
Simian virus 40b 13–46% ND –
Human herpesvirus 8 <5% 0 Primary effusion 

lymphoma (100%)
Castleman’s disease 

(100%)

aData summarized from references 10,14–21,23–26,32,37.Abbreviations used: NHL, non-Hodgkin’s lymphoma; CNS,
central nervous system; HAART, highly active antiretroviral therapy; ND, not determined.
bData from studies reporting the HIV status of patients. Many studies do not provide this information.



they were prepared in primary cultures of kidney cells from rhesus monkeys,
which are frequently infected with SV40.34,43,44 It is well known that infectious
SV40 survived the vaccine inactivation treatments, and some estimates have
suggested that up to 30 million people in the United States alone were exposed
to live SV40 when administered potentially contaminated killed (Salk) poliovac-
cines in the late 1950s and early 1960s.34,44 Millions more were exposed to SV40
worldwide because contaminated poliovaccines of both killed and live, attenuated
types were used in many countries.42,48 Recent data suggest that exposure to
SV40-contaminated oral poliovaccines in some countries may have occurred as
late as 1978 because the vaccine production method used in the USSR did not
completely inactivate the SV40 virus.49

SV40 is a potent oncogenic DNA virus.1,43 In animal models, the profile of can-
cers induced by SV40 includes brain and bone cancers, malignant mesotheliomas
and systemic lymphomas.43 Numerous studies have shown that the induction of
tumors by SV40 is the result of the disruption of different cell cycle control
checkpoints.1,50,51 Over the last decade, studies from different laboratories, using
an array of molecular techniques, have demonstrated SV40 markers in primary
human brain and bone cancers and malignant mesothelioma.42,43,45,52,53 More
recent studies have indicated that SV40 is associated with systemic NHL among
HIV-positive and -negative individuals.23–33 A meta-analysis of the molecular
evidence established a significant excess risk of SV40 with those selected human
cancers.54 It is of interest that the tumors induced by SV40 in laboratory animals
are the same as those selected human malignancies now associated with the virus.

SV40 has been detected in different specimens from children and adults not
exposed to known contaminated poliovaccines.24,55–67 This detection of SV40
markers in young persons, as well as the presence of infectious SV40 in clinical sam-
ples,35,68,69 suggests that SV40 causes infections in humans today. However, epi-
demiological studies have found no evidence of increased cancer risk in
populations which had a high likelihood of having received potentially contami-
nated poliovaccine about 50 years ago.44,70–75 On this topic, the Institute of
Medicine found that epidemiological studies of SV40 were inadequate to evaluate
a causal relationship.34 The discrepancy between the molecular studies linking SV40
with human disease and the epidemiological studies failing to find such an associ-
ation is the basis of current debate.

BIOLOGY OF SV40

Virus Properties

SV40 is a member of the family Polyomaviridae, which includes JC virus (JCV) and
BK virus (BKV). These pathogens are small, nonenveloped, icosahedral DNA
viruses. JCV and BKV share 72% DNA sequence homology and each shares
approximately 70% homology with SV40. Although these viruses have significant
sequence homology, clear distinctions can be made at the DNA and protein levels.
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The three viruses also can be differentiated serologically by neutralization and
hemagglutination inhibition assays.76–78

The SV40 genome consists of two coding regions: the so-called early region
which codes for the large and small tumor antigens and the late region which
encodes the capsid proteins VP1,VP2, and VP3 (Fig. 1). SV40 large tumor antigen
(T-ag) is an essential protein required for initiation of viral replication and for viral
effects on host cell growth regulation (Fig. 2).T-ag forms complexes with several
cellular proteins, including tumor suppressor proteins p53 and pRb.1,43,50,51 These
interactions between virus and cell proteins in infected cells underlie the tumori-
genic potential of SV40. However, it is important to recognize that the oncogenic
capacity of the virus is the result of the viral replication strategy to stimulate host
cells into a state capable of supporting viral replication, rather than oncogenesis
being an integral part of the virus life cycle.

Most of the SV40 T-ag sequence is conserved among different viral isolates, but
a variable domain at the extreme C-terminus of T-ag (T-ag-C), defined as approx-
imately the last 86 amino acids of the molecule (residues 622–708), has been iden-
tified.79,80 SV40 strains can be distinguished by nucleotide and amino acid
differences in this region.80,81 Whereas the function of the SV40 T-ag variable
domain is not known, data from in vitro studies suggest that it is important in viral
interactions with the host. Embedded within this T-ag region is a functional
domain (amino acids 682–708), defined as the host range/adenovirus (Ad) helper
function (hr/hf) (Fig. 2). A fragment of T-ag-C relieves the human Ad replication
block in monkey cells82–85 by an unknown mechanism (hf function).The hr func-
tion was identified because T-ag-C deletion mutants exhibited different growth
properties in two monkey kidney cell lines.86–90 Virions produced by the hr/hf
mutants failed to assemble properly, due to an inability to add VP1 to the 75S
assembly intermediates.91 Recent studies with new mutant viruses that express
truncated SV40 T-ag proteins suggested that the T-ag-C is active in trans and is
essential for the viral life cycle.92 However, cellular proteins that interact with the
T-ag-C and participate in hr/hf activities remain to be identified.

The functional roles for SV40 small tumor antigen (t-ag) are more elusive.This
protein is not essential for virus replication or for transformation or tumor induc-
tion. However, studies have shown that SV40 t-ag enhances T-ag-mediated trans-
formation in different cells93 and plays a role in the induction of telomerase in
SV40-infected human mesothelial cells.94 SV40 t-ag modifies cellular protein phos-
phatase 2A (PP2A) by complexing with the catalytic subunit and displacing a
regulatory subunit of the enzyme.95

The origin (Ori) of SV40 DNA replication is embedded within the noncoding
regulatory region that contains elements controlling transcription and replication.
Isolates of SV40 are known to vary in the structure of their regulatory
region.43,80,96,97 Those variants containing two 72-base-pair (bp) enhancer elements,
sequence rearrangements, and/or deletions are designated as having complex
regulatory regions and those with one enhancer and no rearrangement as having
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Figure 1. Genetic map of SV40.The circular SV40 DNA genome is represented with the unique EcoRI
site shown at map unit 100/0. Nucleotide numbers based on reference strain SV40-776 begin and end at the
origin (Ori) of viral DNA replication (0/5243).The open reading frames that encode viral proteins are indi-
cated.The beginning and end of each open reading frame are indicated by nucleotide numbers. From Butel
and Lednicky.43

Figure 2. Functional domains of SV40 large T-ag.The numbers given are the amino acid residues.The “vari-
able domain” at the T-ag-C contains amino acid differences among SV40 natural strains and is used for strain
identification. From Stewart et al.79



simple regulatory region structures.80,97 Enhancer elements in the regulatory region
of SV40 influence the replication of the virus in vitro.97,98

Virus Replication

The replication cycle of SV40 provides a basis for considering the potential etio-
logic role of SV40 in some human malignancies. The major histocompatibility
(MHC) class I molecules are the specific cell surface receptors for SV40.99,100 This
initial step in the viral cycle helps explain the broad tropism of SV40 and its ability
to infect and induce transformation in many types of cells. The identity of virus
receptors provides an important distinction among SV40, JCV, and BKV. JCV uses
an N-linked glycoprotein and BKV a glycolipid as their unique host cell recep-
tors.101 These receptor differences are believed to impact the nature of human
infections by these three viruses.

After infection of a cell, SV40 produces both T-ag and t-ag which in turn bind
and block the functions of tumor suppressor proteins p53, pRb, p107 and
p130/Rb243,45,51 (Fig. 2), and PP2A, respectively.These cellular proteins normally
function to regulate the cell cycle.50,51 SV40 T-ag binding sequesters p53, abolishing
its function, and allowing cells with genetic damage to survive and enter S phase,
leading to an accumulation of genomic mutations that promote genetic instability
and tumor growth. pRb binds transcription factor E2F in early G1 of the cell cycle;
SV40 T-ag causes dissociation of pRb:E2F complexes, releasing E2F to activate
expression of growth-stimulatory genes.50,51 Studies have shown that different types
of human cells can support SV40 replication.102–104 Importantly, some human cells
undergo visible cell lysis in response to SV40 infection, whereas others fail to
exhibit cytopathic changes and produce comparatively low levels of virus.53 Other
types of cells may produce infectious virus.

SV40 has been shown to immortalize human primary B lymphocytes in the
absence of EBV nuclear antigens105 and those SV40-immortalized cells expressed
the B-cell activation antigen CD23, as well as other B-cell markers.We are evalu-
ating the potential for SV40 to infect human lymphocytes, using a human B-cell
line, BJAB.106 As BJAB cells express the SV40 receptor MHC class I, it was antici-
pated that the cells would be susceptible to SV40 infection. Following infection
with SV40, T-ag expression was measured using intracellular staining and flow
cytometry. SV40 T-ag expression peaked in the BJAB cell cultures between days 10
and 14. In addition, recent reports demonstrated that SV40-positive human lym-
phoblastoid B-cell lines are more tumorigenic in SCID mice than are SV40-negative
B-cell lines.107 Conclusions from these studies are that SV40 can infect and
replicate in human B lymphocytes and that various human cell types display
differences in susceptibility to infection by SV40.53,102,103 While the basis for the
differences is unknown, SV40 T-ag functions are believed to be important
determinants of those distinctions.108,109 Together, these data highlight that SV40
infections in humans would have the biologic potential to interfere with critical cell
regulatory pathways which can lead eventually to the development of cancer.

220 AIDS-Associated Viral Oncogenesis
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Oncogenesis in Animal Models

The strong oncogenic capacity of SV40 has been demonstrated in laboratory ani-
mal models.1,34,43,110 The Syrian golden hamster (Mesocritetus auratus) is the only
small animal model highly susceptible to SV40 infection and carcinogene-
sis.43,111–114 The types of malignancies induced by SV40 in the hamster model
include brain and bone cancers, malignant mesotheliomas, and lymphomas.42,43,53

Systemic lymphomas developed among many animals inoculated intra-
venously,112,113,115 with the malignancies being of B-cell origin.116 Animal experi-
ments suggest that host age at the time of infection, virus dose, the route of
infection, and the duration of infection are determinants for the development of
cancers by SV40.We reported recently that virus strain distinction may represent
another factor that influences SV40 infection and oncogenesis.117

The classic example of DNA virus strains differing in oncogenic capacity is the
human papillomavirus group; of the more than 100 types described, and of which
about 30 cause genital infections, only a few types are associated with the develop-
ment of cervical carcinoma.118,119 Different natural strains of SV40 have been
identified that can be distinguished by nucleotide differences in the regulatory97 and
T-ag-C regions.80,81,96,120–122 A phylogenetic analysis of SV40 isolates from different
sources was conducted to evaluate strain relatedness and the extent of genetic
variation.81 Maximum-parsimony and distance methods revealed distinct SV40 clades
(Fig.3).One clade (clade A) contains strain 776, the historical reference strain of SV40
isolated from the adenovirus vaccine. Clade B contains strains 777 and Baylor,
recovered from poliovaccines, and strain SVCPC from human malignancies.The
T-ag-C region contains the highest proportion of variable sites in the virus genome
and a phylogenetic examination of additional SV40 strains based on just this region
indicated that further genetic diversity is likely.An additional clade (clade C) contains
strain SVPML-1 (isolated from human brain) and strains associated with some human
cancers (Fig. 4). Analysis of additional monkey and human isolates of SV40 is
necessary to determine if clade C contains only human-associated SV40 strains.

These findings have provided the rationale for asking whether viruses from
different SV40 genogroups vary in biological properties during infection. We have
addressed this question in long-term experiments with Syrian golden hamsters in
which we compared strains VA45-54, isolated originally from monkey kidney cells,
and SVCPC, identified and recovered from human cancers, including AIDS-related
systemic NHL.117 These two strains have nucleotide and amino acid differences at
several positions in the T-ag-C, in the small t-ag unique region, and differ in the struc-
ture of their regulatory region; they do not belong to the same SV40 genogroup
(Figs. 3 and 4).81 The rate of tumor development was more frequent among animals
infected with strain SVCPC than with VA45-54, in experiments of both 8 months
(11/22, 50% vs. 4/20, 20%) and 12 months (7/15, 47% vs. 3/13, 23%) duration.

SV40 antibody titers were usually higher in animals with tumors than in those
without, but not all animals exposed to large doses of the virus developed
detectable levels of long-lasting antibodies.117 These findings are compatible with
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the idea that there may be some differences in virus–host interactions among SV40
strains. One possible factor to be considered is that a faster-replicating virus, such
as VA45-54, may be cleared by the host’s antiviral immune response more efficiently
than a slower-replicating strain, such as SVCPC. Data from the lymphocytic chori-
omeningitis virus (LCMV) model supports this hypothesis as the speed of replica-
tion by LCMV strains, through effects on the host cellular immune response,
influences virus persistence within the host.123 Indeed, a slower-replicating LCMV
strain was more apt to evade immune surveillance and persist. Studies are necessary
to determine the dynamics of viral infection and disease outcomes displayed by dif-
ferent SV40 genotypes. In addition, studies involving the use of recombinant
viruses will be needed to identify the genomic region(s) that contain determinants
of tumorigenicity.

Studies in mice on immunity against SV40-transformed cells have documented
that both CD4+ and CD8+ cells are important in establishing and maintaining a
protective immune response.38–40 Although CD4+ T cells do not contribute to tumor
eradication, they provide help to CD8+ T cells to proliferate and respond against
SV40. In addition, recent experimental data suggest that SV40-encoded microRNAs
downregulate expression of T-ag, resulting in reduced cytokine production by cyto-
toxic T cells, and perhaps an increased probability of successful infection due to
immune evasion.124 Thus, the loss of CD4+ T cells in patients with HIV/AIDS may
enhance conditions favorable for SV40 infection and disease development.

Virus Transmission

SV40, like polyomaviruses JCV and BKV, establishes persistent infections, often in
the kidneys of susceptible hosts.43 Primary polyomavirus infections occur early in
life, and an association with mild respiratory tract disease, mild pyrexia and transient
cystitis has been reported for BKV.125 Symptoms of primary infections by SV40 are
not known. Recent data indicate that polyomaviruses BKV and SV40 are fre-
quently present in stool samples from children.67 SV40 has also been detected on
occasion in urine.35,36,55,68 These findings indicate that fecal-oral and/or urine-oral
routes of transmission may occur, although the major route of polyomavirus infec-
tion has not been defined.

The mode of transmission of SV40 among humans is unknown and has not yet
been directly demonstrated, but we should consider that different routes may be
involved. Studies in laboratory animals have indicated that maternal-infant trans-
mission is one possible route of spread.126 This might represent a pathway for SV40
infections in humans, albeit probably an infrequent one, as there are reports of the
detection of DNA sequences and expression of SV40 T-ag in cases of primary brain
cancers in infants and young children.58–62,127 Another possibility is that of zoonotic
transmission of SV40 in certain human populations. Laboratory and zoo workers
in contact with SV40-infected monkeys and/or tissues from those animals had a
prevalence of antibodies to SV40 in the range of 41–55%, suggesting an increased
risk for viral infection among this group of workers.128–130 Another potential
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condition favorable for transmission of SV40 to humans is the commensal relationship
of humans and rhesus monkeys in some communities in Southeast Asia. Indeed, a
recent survey of rhesus monkeys indicated that a significant number of animals
living in close proximity to people are infected with SV40.131

The natural hosts of SV40 are rhesus monkeys (Macacca mulatta). SV40 primary
infections in these animals may become latent, and the level of virus may be very
low in the immunocompetent host. SV40 shedding in the urine and/or feces is a
likely means of transmission among monkeys.46,132,133 Whereas SV40 infections
among immunocompetent monkeys appear to be asymptomatic,134 the virus causes
widespread infections among monkeys with simian immunodeficiency virus
(SIV);96,120,121 SV40 has been detected and isolated from multiple organs in animals
with SIV/AIDS. These results demonstrate that SV40 can be an opportunistic
pathogen in immunosuppressed hosts.

SV40 INFECTIONS IN HUMANS

The prevalence of SV40 infections in humans has not been established, but a battery
of evidence indicates that SV40 infections are occurring in different populations
today.These include subjects potentially exposed to SV40-contaminated vaccines,
as well as individuals not exposed to those vaccines.24,26,31–36,43–45,52,55–69,80,122,127,135–151

Studies of adult patients with renal disease and of recipients of kidney transplants
revealed that CV-1 cells cocultured with urinary cells or peripheral blood
mononuclear cells (PBMCs) from those patients developed SV40 cytopathic
effects.35,68 SV40 sequences were detected by polymerase chain reaction (PCR) in
kidney biopsies from 56% of patients with focal segmental glomerulosclerosis and
SV40 DNA was localized to renal tubular epithelial cell nuclei by in situ hybridiza-
tion in renal biopsies of those patients. SV40 regulatory region DNA sequences
were detected and identified in the allografts of immunocompromised pediatric renal
transplant recipients.56,138 Recently,SV40 markers were detected in the urine and native
kidney of a 36-year-old lung transplant patient with polyomavirus nephropathy.36

In addition, different studies have detected SV40 DNA sequences in PBMCs from
various patient populations, including HIV-positive individuals.32,63,66,68,127,137 These
results point out that patients with acquired and/or iatrogenic immunosuppression
are at risk for SV40 infections and that the kidney can serve as a reservoir for the
virus in humans. However, the natural history and dynamics of SV40 infections in
the growing patient population with compromised immunity are not clear.

There are several reasons why determining the prevalence of SV40 in human
populations is difficult.The natural history of human infections is not well understood,
so the types of specimens to screen by molecular techniques in order to reliably
reveal SV40 infection status are not known. Serologic studies in the United States
and other countries generally have estimated an SV40 prevalence between 2 and
20%,43,44,135 but the limitations of the assays used make it difficult to establish the
actual prevalence of human infections. A study conducted in the United States
showed the presence of SV40 neutralizing antibodies in 16 and 11% of adult
HIV-infected and -uninfected individuals, respectively.139 SV40 neutralizing antibodies
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were detected in 6% of hospitalized children, with seropositivity increasing with
age and significantly associated with kidney transplantation.138 In Europe, the
prevalence of SV40 antibodies was reported as 9 and 4% in subjects tested in
Hungary and the Czech Republic, respectively.151 In the United Kingdom, SV40
seroprevalence was estimated to be 5%.135 An analysis in Kazakhstan, a Central
Asian former member of the USSR, indicated a similar prevalence of SV40
neutralizing antibodies of 5%.136 Interestingly, 60% of the subjects with SV40
antibodies in the latter study were born between 1969 and the early 1980s, a period
in which some oral poliovaccines in the USSR may have been SV40 contami-
nated.49 However, SV40 neutralization assays are too laborious to support large
population surveys.

Studies using ELISA tests based on virus-like particles (VLPs) (a method more
amenable to population screens) have encountered crossreactive polyomavirus
antibodies at low serum dilutions in human and macaque sera that have hampered
true estimates of SV40 infections.74,152–157 The SV40-reactive antibodies in human
sera usually could be removed by adsorption of sera with VLPs of BKV and/or
JCV, leading to the interpretation that there was no clear evidence of recent
human infections by SV40.156 As ELISA tests can detect nonneutralizing antibod-
ies, some crossreactivity is not unexpected because JCV, BKV, and SV40 are par-
tially related. The VLP-based assays are directed against the polyomavirus VP1
proteins, a gene product that shares some sequences (and probably some nonneu-
tralizing epitopes) among the three viruses.158 Any conclusions about SV40 sero-
prevalence rates from ELISA-based studies should be viewed with caution as very
little is known about the nature and strength of the human immune response to
infections with SV40. Antibody responses in humans to SV40 are known to be
low titered159 and, as indicated recently, may wane over time.160 This difficulty was
illustrated in children who received contaminated oral poliovaccine and excreted
infectious SV40 in their stools for several weeks after vaccination; no serologic
response to the infection was observed.161 Beyond establishing that past exposure
to the virus had occurred, it is unclear how informative any serologic assay would
be regarding the pathogenesis of SV40 infections in humans as it is believed that
polyomavirus-related diseases result from reactivation of latent infections.77

Modern molecular biology assays are an excellent and preferred alternative to
serology for the analysis of SV40 infections in human populations. In addition,
sensitive and specific molecular techniques are recognized to provide insights into
the infectious etiology of some human malignancies.42,162,163 Recently described
real-time quantitative PCR assays specific for SV40, BKV, and JCV should facilitate
future analyses.164–166

ASSOCIATION OF SV40 WITH HUMAN LYMPHOMAS

Molecular Studies in Different Human Populations

Herpesviruses and a human retrovirus have been associated with certain types of
human lymphomas. EBV, HHV8, and human T-lymphotropic virus type 1 are associ-
ated with primary central nervous system NHL, multicentric Castleman’s disease and



Table 2. Detection of SV40 DNA in lymphomas: geographical differences

Study Country SV40 DNA by PCR, no. pos./no. tested (%)

Nonmalignant
lymphoid 

Lymphoma Cancer control control

Shivapurkar et al., 200226 US 29/68 (43) 5/80 (6) 0/40 (0)
Vilchez et al., 200224 US 64/154 (42) 0/54 (0) 0/186 (0)
Shivapurkar et al., 200428 US 33/90 (36) – 1/56 (1.2)
Meneses et al., 200531 Costa Rica 30/125 (24) 0/40 (0) 0/51 (0)
Vilchez et al., 200525 US 12/55 (22) 0/5 (0) 0/14 (0)
David et al., 200132 US 15/79 (19) 1/72 (1) 18/115 (16)
Martini et al., 199821 Italy 11/79 (14) – 3/50 (6)
Chen et al., 200633 Taiwan 13/91 (14) – 0/106 (0)
Nakatsuka et al., 200327 Japan 14/122 (11) – 3/64 (4.7)
Capello et al., 2003172 Spain, Italy 17/500 (3) – 0/15 (0)
Daibata et al., 200322 Japan 3/125 (2) – 0/31 (0)
MacKenzie et al., 2003173 UK 0/152 (0) 0/18 (0) 0/27 (0)
Schüler et al., 2006175 Germany 0/27 (0) 0/6 (0) 0/55 (0)
Total 241/1667 (14.4)a 31/1085 (2.9)a

ap = 0.0001.
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primary effusion lymphoma, and peripheral T-cell lymphoma, respectively, but
are absent from many systemic NHL in both HIV-infected and -uninfected
patients.1,2,9,10,167,168 Studies from our laboratory and others, using different molecular
biology techniques, have demonstrated SV40 DNA or T-ag protein in some sys-
temic NHL among HIV-positive and HIV-negative individuals.21–29,31–33,37,169–171

Studies in the United States (that were controlled by the inclusion of normal tis-
sues analyzed in parallel) have shown that 19–43% of systemic NHL among adult
patients are significantly associated with SV40 DNA sequences24–26,28,29,32 (Table 2).
Positivity rates between 11 and 24% have been reported in studies from other coun-
tries,21,27,31,33,170 whereas other studies found a low frequency or failed to detect
SV40 sequences in lymphomas.22,172–175These discordances among some studies may
occur because of variations in the assays used for analyses176 or the inclusion of many
T-cell neoplasias in the surveys. However, accumulating data suggest that more
important than technical issues is that the prevalence of SV40 infections may vary
among different geographic regions. Furthermore, the recent recognition of SV40
strains81 and differences in their biologic properties117 suggest the theoretical possi-
bility that unrecognized viral strain differences could be responsible for the variable
positivity rates reported for SV40 and human lymphomas. Of interest is a recent
analysis of stored blood samples from healthy Italian organ donors;137 11.2% of donors
were positive for SV40 regulatory region sequences.Viral strain differences were noted
between individuals born before 1947 and those born after 1958.

Some SV40 sequences associated with systemic NHL have been genotyped24

(Table 3).The identification of unique SV40 strains established conclusively that the
detection of SV40 DNA in human malignancies, including lymphomas, was not
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the result of laboratory contamination. Some sequences were like that of an SV40
strain (MC028846B) detected in a contaminated killed poliovaccine from 1955.177

Another was the same (SVCPC) as sequences detected in other human
tumors57,69,178 and very similar to strain 777, also recovered from a Salk poliovac-
cine.81 These findings support the hypothesis that some SV40 infections and
morbidity in humans may be linked to past usage of SV40-contaminated vaccines.
Significantly, some of the SV40-positive lymphomas in different patient populations
developed among individuals born after 1963, the last year that SV40-contaminated
poliovaccines are accepted to have been used in different countries.24,25,31 Indeed,
33% of SV40-positive AIDS-related systemic NHL cases have occurred among
individuals born after the period of use of SV40-contaminated vaccines.25 These
observations are similar to published reports involving other selected human can-
cers,58–60,62–66 which indicate that it is likely that SV40 is causing infections in
humans today.

The frequency of SV40 positivity observed among lymphomas has been higher in
NHL from HIV-negative individuals than in those from HIV-infected patients [39 of
75 (52%) vs. 25 of 74 (34%); p = 0.03]24 (Table 4).The contribution of EBV to these
groups of systemic NHL may affect the reported frequency of SV40, as EBV was
associated with 40% of systemic NHL from HIV-infected patients and with only 16%
from the HIV-negative group. These findings are similar to EBV rates reported
previously.4 Many studies fail to report the HIV status of the cancer patients.

Among HIV-infected patients with systemic NHL, there was no significant dif-
ference in the mean CD4+ T-cell count between patients with EBV-positive and
SV40-positive lymphomas (190/mm3 vs. 112/mm3, p = 0.3) or between virus-
positive (EBV and/or SV40) and virus-negative patients (166/mm3 vs. 163/mm3,
p = 0.9). Few systemic NHL appeared to be doubly positive for both SV40 and
EBV (7%, 17%),24,28 showing that SV40 was not randomly associated with
lymphoid tumors. NHL comprises a biologically diverse group of hematologic
malignancies, but SV40 T-ag sequences have been detected most frequently in
diffuse large B-cell lymphomas (DLBCL) among HIV-infected and -uninfected
patients.24 This is the most common histologic type of lymphomas from B cells and
accounts for about 45–50% of all NHL cases worldwide.179

Table 3. Genotyping of SV40 strains found in NHL based on DNA sequences
of the C-terminal region of the large T-ag genea

Patient D.O.B. HIV+ SV40 strainb

1 1936 No MC028846B
2 1943 No MC028846B
3 1950 Yes Unique
4 1965 Yes MC028846B
5 1965 Yes SVCPC
6 1971 Yes Unique (NHL-7)

aFrom Vilchez et al.24

bGenotyping of SV40 strains described in Forsman et al.81



Table 4. Polyomavirus SV40 and herpesvirus EBV DNA sequences by histologic type of NHL in 
HIV-infected and -uninfected patientsa

HIV-infected patients HIV-uninfected patients All cases

DNA positive DNA positive DNA positive
Total SV40 EBV Total SV40 EBV Total SV40 EBV
tested T-ag LMP-2 tested T-ag LMP-2 tested T-ag LMP-2

Diffuse 
large cell 58 19 20 40 25 8 98 44 28

Follicular 1 1 0 25 11 3 26 12 3
Burkittb 13 5 8 7 2 0 20 7 8
Otherc 2 0 2 3 1 1 5 1 3
Total 74 25 30 75 39 12 149 64 42

From Vilchez et al.24

aT-cell neoplasms were negative for the presence of EBV and SV40 sequences.
bThis group included six specimens of variant Burkitt’s lymphoma.
cThis group included the other B-cell neoplasms.

Histologic
type of B-cell
neoplasm
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Gene Expression in Virus-Positive Lymphomas

Tumor viruses such as SV40 are known to express the viral transforming protein in
some cancer cells.1 A report from Italy showed the detection of SV40 T-ag staining
in 17% of SV40 DNA-positive lymphomas from HIV-infected and -uninfected
patients.21 A study among HIV-uninfected patients from France and Canada
reported negative results for SV40 T-ag staining; however, there was no analysis for
SV40 DNA sequences on the specimens, complicating the interpretation of those
observations.180 Recently, an age-matched, case-control, blinded study of systemic
NHL from patients with HIV/AIDS assessed the expression of SV40 T-ag and phe-
notypic lymphocyte markers. Immunohistochemistry (IHC) staining showed
expression of SV40 T-ag in AIDS-related systemic NHL, whereas none of the
control tissue samples were positive for T-ag (12/55, 22% vs. 0/25, 0%; p = 0.01).
Those samples had been examined previously by PCR for SV40 and EBV DNA
sequences, and when the code was broken SV40 T-ag expression was detected only
in B-cell lymphoma specimens that contained SV40 DNA sequences.25 Expression
of the viral oncoprotein was present in many malignant lymphoma cells and not in
reactive lymphocytes (Fig. 5), but the reaction was not as homogeneous and intense
as observed in SV40 hamster tumors and not all cells appeared to be positive.
Specimens taken at different time points from a patient with an SV40-positive
AIDS-related systemic NHL showed consistent expression of the viral protein.25

Similar patterns of SV40 T-ag expression have been demonstrated in B-cell lym-
phomas from HIV-negative individuals31 (Fig. 6).

These results suggest that some human lymphoma cells express SV40 T-ag,
but protein levels seem to be lower than in animal tumors, perhaps reflecting
reduced stability of T-ag or increased degradation. It is not known if cells in an
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SV40 DNA-positive lymphoma that appeared negative for T-ag staining expressed
low amounts of T-ag that were undetectable by current staining techniques.
Alternatively, it may be that the T-ag-negative cells had lost the viral genome
because tumor progression and accumulation of mutations in the lymphoma cell
had inactivated cellular growth control checkpoints and made functional T-ag
dispensable. These questions will need to be addressed by quantitative assays and
sensitive in situ hybridization approaches to determine the viral load and the
number of malignant cells that contain viral DNA in SV40-positive NHL.

Approximately two thirds of AIDS-related systemic NHL are categorized as
DLBCL type, with Burkitt’s lymphoma comprising 25% and other histologies a
much smaller proportion.20 Gene expression profiling of DLBCL among HIV-
negative patients has shown that this single diagnostic category includes more

Figure 5. SV40 T-ag expression in AIDS-related non-Hodgkin’s lymphoma. (A) SV40-induced hamster tumor
stained with PAb101 as a positive control. (B) Expression of CD20 (indicative of B cells) by lymphoma cells.
(C, D) Expression of nuclear SV40 T-ag in malignant B cells in an SV40 DNA-positive tumor from a 42-year-old
HIV-infected patient, stained with PAb101. (E) Expression of SV40 T-ag in an SV40 DNA-positive tumor from
a 29-year-old HIV-infected patient, stained with PAb416. (F) An SV40 DNA-negative diffuse large B-cell
lymphoma from a 36-year-old HIV-infected patient reacted with PAb101; no T-ag was detected. (G) Control
reaction on an SV40 DNA-negative reactive lymph node specimen from an HIV-infected subject; cells did not
react with PAb101. Arrows point to representative SV40 T-ag positive cells. A lower proportion of lymphoma
cells expressed nuclear SV40 T-ag and the reaction was less intense, as compared to the hamster tumor. Original
magnification for all panels (except panel D), 40×. Panel D, 100×. From Vilchez et al.25 
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than one molecularly distinct disease.181,182 DLBCL consist of at least three distinct
gene-expression subgroups, known as germinal center B-cell like (GCB), activated
B-cell like (ABC), and type 3 (that behave in a manner similar to the ABC subgroup).
Although limited data exist on the phenotypic features of DLBCL in HIV-
positive individuals, evidence suggests that tumor pathogenesis is heteroge-
neous.15,25,183,184 Examination of B-cell markers by IHC to determine the DLBCL
subgroup (GCB-like and non-GCB-like) among HIV-positive individuals
showed that a GCB profile was more frequently expressed in SV40-positive than
in EBV-related lymphomas (10/12, 83% vs. 6/13, 46%; p = 0.05). In contrast, a
non-GCB phenotype was more frequent in EBV-positive than in SV40-positive

Figure 6. SV40 T-ag expression in NHL from Costa Rica. (A, B) Expression of SV40 T-ag in malignant B
cells in an SV40 DNA-positive diffuse large B-cell lymphoma from a 67-year-old female, stained with
PAb101. (C, D) Expression of SV40 T-ag in an SV40 DNA-positive diffuse large B-cell lymphoma from a
45-year-old male, stained with PAb101. (E) Same tumor as in panels C and D, stained with negative control
mouse serum. (F) Expression of SV40 T-ag in an SV40 DNA-positive diffuse large B-cell lymphoma from a
70-year-old male, stained with PAb101. (G) SV40 DNA-negative lymph node stained with PAb101. (H, I)
An SV40 DNA-negative diffuse large B-cell lymphoma from a 29-year-old male reacted with PAb101. (J, K)
Expression of SV40 T-ag in an SV40-induced hamster tumor, stained with PAb101. Arrows point to T-ag pos-
itive cells in panels A–D and F. Original magnification for panels A, C, E, G, H, and J, 40×, panels B, D, F, I,
and K, 100×. From Meneses et al.31 
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lymphomas (7/13, 54% vs. 2/12, 17%; p = 0.05).25 Significantly, a GCB-cell-
like profile also has been associated with SV40-positive DLBCL from HIV-negative
individuals.31

These results are important as germinal center B cells are poised for apoptosis
unless they are rescued by positive stimuli185 and inhibition of apoptosis is a common
feature of tumorigenesis by oncogenic viruses, including SV40.186–192 Promoter
hypermethylation of tumor suppressor genes is a recognized mechanism of gene
silencing in some human malignancies, including lymphomas.150,193–196 Death-
associated protein kinase (DAPK) plays a role in apoptosis pathways in B lympho-
cytes195,196 and hypermethylation of the DAPK gene was observed more frequently
in SV40-positive than in SV40-negative NHL.28 SV40 immortalized human primary
B lymphocytes105 and SV40-positive human lymphoblastoid B-cell lines were more
tumorigenic in SCID mice than were SV40-negative B-cell lines.107 These data
suggest that SV40 has the ability to alter human B cells and support the hypothesis
that SV40 is functionally important in some AIDS-related systemic NHL.

Epidemiological Studies

In contrast to detection of SV40 markers in specific types of NHL using molecu-
lar techniques, epidemiological cohort studies have failed to demonstrate an
increased cancer risk in populations that had a high likelihood of having received
potentially contaminated poliovaccine,44,70–73,157,197,198 including patients with
HIV/AIDS.199 However, the epidemiological data have inherent limita-
tions,34,42,44,200 including a failure to know which individuals received contaminated
vaccine, the dosage of infectious SV40 present in particular lots of contaminated
vaccine, and who among the exposed vaccinees were successfully infected with
SV40. In addition, the comparison (unexposed) groups may have been SV40-infected,
either due to person-to-person transmission or, as recent data suggest, because some
SV40-contaminated oral poliovaccines were produced and used throughout the
world until at least 1978.49

Seroepidemiology studies have been carried out using the VLP-based ELISA
assays described above. Despite the limitations of the assays noted above, the results
have been interpreted to suggest there is no clear evidence of human infections by
SV40 or of an association of SV40 with human lymphomas.74,152,153,155–157,201,202

However, to know how to interpret any serological data it is necessary first to
acquire an understanding of the human immune response to SV40 infection.

CONCLUSIONS

A large number of controlled studies provide strong evidence that SV40 is causing
infections in humans today.The original source of the major virus exposure in all
likelihood was the widespread use of contaminated poliovaccines. Modern sources
of exposure are unknown, but probably involve human-to-human transmission via
close contact, perhaps by a fecal-oral route or exposure to virus-positive urine.Also
unknown are the dynamics of virus replication and tissue distribution patterns
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within infected hosts.The prevalence of SV40 infections in humans appears to be
variable among different populations. This pattern is not unexpected, as usage of
contaminated vaccines would have introduced SV40 into different numbers of vac-
cinees in only certain human populations, and the years hence have not allowed
time for the virus to become widely distributed throughout the world. Prospective
studies are needed to determine the prevalence of SV40 infections in different
human populations and to assess how the virus is transmitted from person to per-
son. Considering that molecular biology approaches provide sensitive and specific
approaches to analyze malignancies with a possible infectious etiology, studies using
these modern methods should be used to assess the distribution, dynamics, and
morbidity of SV40 infections in humans.

The association of SV40 with lymphomas, as with other specific types of human
cancer, is strong in some studies, negligible in others, and absent in still others. Such
variability is predictable, if virus prevalence differs in the populations being exam-
ined.Although decades of in vitro studies have established that SV40 disrupts crit-
ical cell cycle control pathways, it remains unknown if these perturbations are
sufficient for the virus to induce the development of lymphomas in humans.
However, as T-ag is able to exert powerful effects on cell properties, the virus is
probably functionally important in at least some SV40-positive human tumors.
Models are needed that reproduce key features of SV40 infection and disease in
humans. Such models could provide precise evidence of a particular cell pathway
in SV40 lymphomagenesis, allow further characterization of the molecular mech-
anisms of oncogenesis and virus–host interactions, and provide a preclinical system
to test therapeutic interventions for this significant and common AIDS-related
malignancy.
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INTRODUCTION

As antiretroviral therapies continue to improve, patients infected with HIV are living
longer, and the health problems that are of primary concern to these patients are
changing in recent years. Before the advent of highly active antiretroviral therapy
(HAART), HIV-infected patients were most likely to succumb to opportunistic
bacterial or fungal infections, secondary to HIV-induced immune suppression.With
longer survival times, liver disease and hepatocellular carcinoma (HCC) are becoming
increasingly important in these patients.1,2 In fact, approximately 10–15% of deaths
in HIV patients are now due to liver disease. In patients with HIV, most liver disease
is due to chronic viral hepatitis.This is not surprising considering that agents causing
viral hepatitis, like the hepatitis B virus (HBV) and hepatitis C virus (HCV), are
transmitted through similar routes as HIV. An additional complication involving
the liver in HIV-infected patients is the fact that many anti-HIV drugs cause
hepatotoxicity, which is further exacerbated by viral hepatitis.

CHRONIC HBV AND HCV INFECTIONS

Worldwide, there are over 500 million people who are chronically infected with
HBV or HCV, or both. HBV is a small, enveloped DNA virus that belongs to the
Hepadnaviridae family. HBV is unusual for a DNA virus in that replication of the
viral DNA genome is through the reverse transcription of a RNA intermediate.3

The small, 3.2 kb HBV genome encodes four open reading frames (ORFs) (Fig. 1),



which are translated to make the viral core (C) protein, the main constituent of the
viral nucleocapsid; the reverse transcriptase (RT), the enzyme responsible for DNA
replication via reverse transcription; and three envelope glycoproteins. In addition,
the HBV X (HBx) protein has a number of pleotropic effects on viral and cellular
gene expression, cell signaling, cell cycle, and apoptosis, although the significance of
these in viral replication or pathogenesis remains unresolved. HBV is transmitted
by contact with blood or other body fluids of an infected person in the same way
as HIV. However, HBV is 50–100 times more infectious than HIV.

Of the two billion people who have been infected with HBV, more than 350
million have chronic, lifelong infections.4,5 In the US alone, there are 1.25 million
chronic HBV carriers. In some areas of Asia and Africa, where HBV is endemic,
10–20% of the whole population is chronically infected with HBV (Fig. 2). In these
parts of the world, HBV infections are acquired mainly perinatally or early in
childhood and have a high (up to 90%) probability of becoming chronic. In contrast,
5–15% of adults who acquire HBV infection will become chronic carriers of the
virus. Patients who are chronically infected with HBV are at high risk of premature
death from cirrhosis of the liver and HCC, a highly malignant liver cancer.The risk
of death from HBV-related liver cancer or cirrhosis is approximately 25% for 
persons who become chronically infected. Together, these diseases kill about one
million persons each year worldwide.
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Figure 1. HBV genome organization.Solid lines, the partially double stranded, relaxed circular DNA genome;
dotted lines, viral RNA transcripts; solid arrows, encoded proteins. Core, core protein; S, surface protein, RT,
reverse transcriptase; X, X protein.Triangle, the RT protein covalently linked to the genome; checked box,
the ε RNA packaging signal; ovals, direct repeat 1 and 2, cis-acting elements involved in reverse transcription



HCV is an enveloped RNA virus belonging to the Flaviviridae family.6 Like
other flaviviruses, the 9-kb long, positive sense, single stranded RNA genome
(Fig. 3) of HCV is translated into a polyprotein, which is proteolytically cleaved
into the viral structural proteins, including a single capsid (C) protein and two
envelope glycoproteins (E1 and E2), and the nonstructural proteins required for
viral replication, including two proteases (NS2 and NS3) and the viral RNA-
dependent RNA polymerase (NS5b). Like HBV, HCV is transmitted through
blood and other body fluids.

HCV frequently causes persistent infection of the liver, although there is no DNA
form in its life cycle or latent stage known.7,8 In fact, the chance of chronic infection
with HCV is approximately 55–85% and this varies little with age, in contrast to
HBV infections. An estimated 170 million people worldwide are chronically
infected with HCV (Fig. 4).Approximately 3.9 million (1.8%) Americans have been
infected with HCV, 2.7 million of whom are chronically infected. Approximately
5–20% of chronically infected persons develop liver cirrhosis over a period of 20–30
years, and HCC develops in 1–5% of persons with chronic HCV infection.

COINFECTION OF HBV OR HCV WITH HIV

Worldwide, approximately 40 million people are infected with HIV. Roughly 1.2
million of these people live in the US. In Europe and US, approximately 8–16% of
HIV patients are also chronically infected with HBV.1,9,10 Worldwide, the number
of HIV-infected people chronically infected with HBV is estimated at 2–4 million
(Fig. 5), with a large proportion of these coming from HBV-endemic regions of
Asia and Africa.The risk of developing chronic HBV infection is about threefold
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Figure 2. Global prevalence of chronic HBV infection.A map showing the percentage of population chronically
infected with HBV in different regions of the world



to sixfold higher in HIV-infected patients than in those who are not infected with
HIV, likely due to the fact that HIV-induced immune suppression can reduce the
patient’s ability to clear HBV.11 Furthermore, HIV-induced immune suppression
may also play a role in the reactivation of latent HBV infections, which are thought
to be under immune control following clinical but not virological resolution.12

The number of HIV-infected people who are chronically infected with HCV
worldwide is approximately 4–5 million (Fig. 5). In developed countries, ~25% of
HIV patients also have chronic hepatitis C infection.The number of coinfections
varies depending on the route of transmission; for example, the incidence of
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HIV/HCV coinfection is higher in populations of injecting drug users (IDU) than
in those who were infected by sexual transmission.

HBV–HCV DUAL INFECTIONS AND OCCULT HBV INFECTION

The incidence of HBV–HCV coinfection is not uncommon (Fig. 5), as might be
predicted from their shared transmission routes.13,14 About 10–20% chronic HBV-
infected patients are also infected with HCV. In addition, occult HBV infection,
defined by the absence of the HBsAg, the main HBV envelope protein, in the
serum but the presence of antibodies against the viral core antigen (HBcAg) or
HBV DNA, is fairly common.15 This may be an important factor in the develop-
ment of HCC in patients with no serologic evidence of HBV or HCV infection,
and additionally, may play a role in the development of HCC in chronically
infected HCV patients.16

HEPATOTROPISM AND LYMPHOTROPISM OF HBV AND HCV

While there is little dispute that HBV and HCV infect the hepatocytes in the liver,
it remains controversial as to whether these viruses also infect other cell types, in
particular, lymphoid cells. It has been reported that HBV DNA can be detected
in peripheral blood mononuclear cells (PBMC) and some HBV isolates may in
fact be able to infect PBMC,17 although the question of true infection or passive
endocytosis of virus is still being debated. With respect to HCV, there are many
reports of infection of lymphoid cells, particularly B lymphocytes18 but the level
of HCV replication seems to be rather low in general and specific detection prob-
lematic. On the other hand, HIV is lymphotropic and infects only a small
percentage of CD4+ T cells.Therefore, although the possibility exists that HIV and
HCV or HBV may infect the same cell types, true dual infection of the same cell
seems unlikely.
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HEPATOCELLULAR CARCINOMA

HCC is the most common primary cancer of the liver, accounting for 60–90% of
all hepatic malignancies.19–22 It is the sixth most common cancer among men and
the 11th most common cancer in women worldwide. Particularly, in HBV endemic
regions of sub-Saharan Africa and Eastern Asia, HCC is the most prevalent cancer
and incidences can be as high as 50–150 cases per 100,000 population.23 In North
America and Western Europe where the HBV infection rate is relatively low, HCC
incidence is below 10 per 100,000. However, there has been a recent surge of HCC
in the developed world, most likely due to the prevalence of HCV infections in
these areas.24,25 Together, chronic HBV and HCV infections are responsible for over
80–90% of all HCC on a global scale, and account for 5% of all human cancer bur-
den.26 Chronic HBV carriers have been shown to be at a 100–233-fold increased
risk for the development of HCC. HBV infection is responsible for the majority of
HCC development in the developing world and accounts for 15–20% of HCC in
the US. In contrast, HCV accounts for the majority of HCC in the developed
world.27 In addition, as mentioned earlier, coinfection of both HBV and HCV is
also common and can further increase the risk of HCC development.

Despite the clear epidemiological evidence that HBV and HCV are responsible
for the vast majority of HCC, the mechanism of viral hepatocarcinogenesis remains
incompletely understood (Fig. 6).19–21,28–30 There are several possible mechanisms
by which liver cancer may develop in patients with chronic viral hepatitis.The first
is by an indirect means: chronic viral infection of the liver produces a state of
persistent inflammation, in which cancer is a nonspecific side effect of the immune
response against the HBV or HCV infection.Thus, HCC may develop as a result
of the continuous damage and regeneration of the liver cells in a mutagenic
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inflammatory environment, which ultimately leads to the aberrant activation of
one or more cellular proto-oncogenes or the inactivation of tumor suppressor
genes. Evidence is rather strong in support of this nonspecific carcinogenic mech-
anism. It is now clear that chronic inflammation and tissue damage over a long
period, per se, can be carcinogenic, regardless of the initial trigger events.Thus, not
only chronic HBV and HCV infections, but also alcoholic liver damage and
metabolic liver damage as a result of genetic mutations including α1-antitrypsin
deficiency, Wilson’s disease, and hemachromatosis all increase the risk of liver
cancer.22 Indeed, the majority of HCC, regardless of etiology, arises in the
background of liver cirrhosis resulting from chronic liver damage.

Another potential mechanism of viral hepatocarcinogenesis involves a more direct
role of viral proteins.20,28,30 Thus, although the different causes of chronic liver damage,
as outlined above, can all increase the risk of HCC, chronic HBV or HCV infections
present a much greater risk of liver cancer than other hepatic inflammatory disorders.
In addition, HCC may develop in chronic HBV infections in the absence of cirrhosis.
Although the exact viral proteins and their carcinogenic mechanism remain to be elu-
cidated, the HBx protein and the HCV core,NS3,NS4B and NS5A proteins have been
reported to have transforming potential in overexpression systems.As HCC generally
only develops after decades of HBV or HCV infections, it seems unlikely that these
viruses encode any bona fide oncogenes. Caution is therefore warranted in the inter-
pretation of these overexpression studies out of the context of natural viral infection.

A third molecular mechanism of carcinogenesis, available to HBV but not HCV, is
insertional mutagenesis as a result of HBV DNA integration into the host chromo-
somes.31 It has been known for decades that HBV DNA does integrate into the host
genome during infection although integration is not an obligatory step in viral repli-
cation, in contrast to retroviruses. In fact, most HBV-related HCCs harbor HBV
DNA integration. HBV DNA has been shown to integrate into the host DNA at
multiple sites in a seemingly random fashion, although more recent reports suggest
that there may be some preferred sites of integration.32,33 What is still unclear is the
etiological role of DNA integration in HBV carcinogenesis in humans. Elegant stud-
ies using the woodchuck hepatitis virus (WHV), a member of the mammalian hepad-
naviruses closely related to HBV, have convincingly demonstrated that viral DNA
integration, specifically the insertional activation of the cellular myc proto-oncogenes,
plays a critical role in liver cancer development in chronically WHV-infected wood-
chucks, virtually all of which develop HCC.34–36 Reports of potentially similar inser-
tional activation of cellular oncogenes in human liver cancer have appeared37,38 but
its prevalence and true significance in carcinogenesis remain to be clarified.

DOES HIV COINFECTION INCREASE THE RISK OF HCC ASSOCIATED
WITH HBV OR HCV INFECTION?

Epidemiological evidence suggests that coinfection with HIV may increase the risk
of HCC development in HBV- or HCV-infected patients, although the data so far
do not seem definitive.9,13,39–49 As mentioned above, HIV coinfection can decrease
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the rate of HBV or HCV clearance and increase the risk of chronic HBV or HCV
infection and the risk of reactivation of latent HBV infections (Fig. 6).9,11 HIV infec-
tion increases the viral load of HBV or HCV in chronically infected patients. An
inverse correlation between CD4+ T-cell count and HCV viral load has been noted.
For both HBV and HCV-infected patients, HIV coinfection seems to accelerate the
progression of liver diseases, leading to increased risk of cirrhosis and possibly liver
cancer.9,50 HIV infection alone has also been reported to increase the risk of HCC,
as well as other cancers, presumably as a result of defective immune surveillance
against tumorigenesis.49,51 Although no clear data are available, triple infection with
HIV, HBV, and HCV is not uncommon and may present an even greater risk of
HCC development than the double infections.The lack of definitive study in this
area is not without good reason. It takes years to decades for HCC to develop in
HBV- or HCV-infected patients and thus long-term follow-ups are necessary to
assess any increased cancer risks in HIV coinfected patients. Before definitive meas-
urements of liver cancer incidences, surrogate markers are sometimes used to predict
HCC development.These surrogates include the progression of cirrhosis, which, as
mentioned earlier, almost always precedes the development of HCC, and increased
viral load, which may predict increased risk of HCC (Fig. 6). In the case of HBV,
there is strong evidence now to indicate that HBV viral load is in fact directly cor-
related with liver disease progression and the risk of HCC development,52–54 and
effective antiviral treatment to decrease HBV replication has been shown to decrease
the risk of HCC development.55–58 However, HCV viral load in the blood does not
seem to be correlated directly with liver disease progression.59,60

In addition to the difficulties encountered in the epidemiological studies to assess
the HCC risk in HIV–HBV or HIV–HCV coinfections, laboratory studies to ana-
lyze coinfections are also severely limited by the lack of cell culture systems or con-
venient animal models that can be infected by both HIV and HBV or HCV.
Infection of chimpanzees, which are susceptible to all three viruses, is a possibility,
but these studies would be very costly and take years to conduct.As already alluded
to earlier, the chance of HIV coinfecting the same cell with either HBV or HCV
seems to be remote.Any effect of HIV infection on HCC risk associated with HBV
or HCV would be unlikely to be exerted at the level of direct virus–virus interac-
tions. Rather, indirect effects of HIV-mediated immune dysfunction on HBV- or
HCV-induced hepatocarcinogenesis are more likely (Fig. 6). In addition to increas-
ing the chance of chronic HBV and HCV infections, which in turn increase the
risk of HCC, increased HBV load associated with HIV coinfection could also
potentially exacerbate liver damage and thus accelerate disease progression and ulti-
mately cancer development. Recent studies suggest that under conditions of severe
immunodeficiency, the normally noncytopathic HBV can damage the infected cells
directly with uncontrolled high-level replication.61 Similarly, although HCV is usu-
ally considered to be noncytopathic, HCV replication or HCV proteins may nev-
ertheless directly induce cellular damage such as steatosis,62 which also occurs more
frequently in HCV–HIV coinfections.63 On the other hand, a decreased immune

248 AIDS-Associated Viral Oncogenesis



response against HBV or HCV might actually reduce liver inflammation and
damage49 and, thus, may slow down progression to cirrhosis and cancer (Fig. 6).The
increased HBV or HCV load in HIV coinfected patients can, in principle, also
influence cancer progression by increasing the expression of HBV or HCV proteins
involved in cellular disregulation and transformation and in the case of HBV, the
chance of insertional mutagenesis (Fig. 6).

Although HIV is not known to infect hepatocytes, HIV proteins may nevertheless
still be able to influence the HBV or HCV-infected cells. For example, the HIV
transactivating protein, Tat, which can be present systemically during HIV infec-
tion, has been reported to enhance the development of liver cancer64 and may thus
influence the development of HCC in HIV coinfected HBV or HCV patients.

ANTIRETROVIRAL THERAPY-ASSOCIATED HEPATOTOXICITY

Antiretroviral therapy induced liver toxicity is an additional concern in HIV coin-
fected HCV or HBV patients. One out of eight patients treated with antiretroviral
drugs shows hepatotoxicity, a situation that is more likely to occur in HBV- or
HCV-infected patients and further exacerbates liver damage accompanying chronic
HBV or HCV infections.1,9,65 Antiretroviral drugs that have shown hepatotoxicity
include certain nucleoside analogs (HIV RT inhibitors) and HIV protease
inhibitors. A further complication in the treatment of HIV–HBV coinfected
patients is the fact that some nucleoside analogs, such as 3TC (lamivudine), are
active against both the HIV and HBV RT, and can select for drug-resistant mutants
of both viruses. HIV-infected patients are sometimes treated intermittently, in order
to prevent the selection of drug-resistant HIV. However, hepatic flare can result
when a patient is taken off antiretroviral therapy.This is thought to be due to HBV
viral rebound upon drug withdrawal and can lead to an increase in liver damage
and subsequent progression to cirrhosis and HCC. It is, therefore, important to
ensure that the coinfecting HBV infection continues to be treated while the patient
is off the HIV treatment, e.g., using nucleoside analogs specific for the HBV RT
but inactive against the HIV RT.

HGV–HIV COINFECTION

An intriguing interaction between HIV and another prevalent human virus, the
hepatitis G virus (HGV or GBV-C), may in fact be beneficial to the host.66,67

Although initially thought to be one of the viruses that can cause hepatitis (hence
the name HGV), HGV is not known to cause any human disease but is a relatively
common virus that is found worldwide. Like HCV, it is a single-stranded, positive-
sense RNA virus that belongs to the family Flaviviridae. HGV is transmitted
through blood and other body fluids, similar to HIV, HBV, or HCV. Different from
HCV, HGV primarily infects lymphocytes. Interestingly, in persons coinfected with
HIV and HGV, HGV appears to confer protection against the progression to
AIDS.68,69 This was largely demonstrated before the advent of HAART but has also
been shown in the post-HAART era. Furthermore, HIV replication in vitro was
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shown to be inhibited by coinfection with HGV, suggesting a mechanism involving
direct interaction between the viruses.70 However, not all studies on the effect of
HGV coinfection have reported favorable results and the mechanism that provides
this putative protection has yet to be elucidated. For the purposes of this review,
HGV does not appear to influence liver disease in HBV or HCV coinfections.

SUMMARY

Liver diseases caused by chronic HBV or HCV infection, including cirrhosis and
HCC, are emerging as an increasingly important problem faced by millions of
HIV-infected patients who are coinfected with HBV or HCV. On one hand, HIV-
induced immune suppression enhances the risk of chronic viral hepatitis, increases
HBV or HCV load, and may hasten the progression to cirrhosis and liver cancer.
On the other hand, significant hepatotoxicity is associated with a number of anti-
retroviral drugs, further exacerbating liver damage associated with chronic viral
hepatitis. The exact risk of HCC in HIV and HBV or HCV coinfected patients
remains to be fully assessed. The elucidation of the multiple virus–virus and
virus–host interactions that underlie viral hepatocarcinogenesis and potential HIV
enhancement awaits the establishment of appropriate in vitro and in vivo model
systems.As millions of HIV-infected patients in the developing countries are gain-
ing access to HAART therapy for their HIV infections, endemic HBV and HCV
infections and their associated liver diseases will only become more problematic on
a global level. To ameliorate the suffering from HBV- and HCV-induced liver
cancer in HIV patients, more effective treatment for chronic HBV and HCV
infections are needed.The long time frame of viral hepatocarcinogenesis may afford
a window of opportunity to develop and improve such treatment.
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-related MCD, rituximab for, 42
-related tumors, 35–36

Human immunodeficiency virus (HIV), 1,
see also AIDS

-associated AIN, epidemiology of, 48
-associated anal cancer, epidemiology 

of, 48
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-associated cervical cancer, epidemiology
of, 45–46

-associated SCCA, 48–50
-associated squamous cell carcinoma of

cervix, 45
coinfection, influence on risk of HCC

associated with HBV or HCV
infection, 247–249

and HPV, interaction of, 45
on HPV persistence, influence of, 189
infected individual, HPV infection and

disease in, 185
infected men (see HIV infected men)
infected women (see HIV infected

women)
infectinon (see HIV-infection)
and KSHV, interaction of, 73–74
in KS, pathogenesis of, 36
with MCD, HAART and chemotherapy

for, 43
-related BL, HyperCVAD for, 27
-related MCD, IFN-alpha for, 42
-related NHL, pathogenesis 

of, 28
RT inhibitors, 249

Human leukocyte antigen (HLA), function
of MIR-2 for, 103

Human malignancies
etiologic role of SV40 in, 220
KSHV with, 92

Human papilloma virus (HPV), 2, 21,
44–45, 69

anal infection, rates of, 197
anal, in HIV infected men, detection of,

197
anal, risk factors for detection of, 197
-associated neoplasms, 10–12
and cervical cancer, biology and

epidemology of, 185
in cervical cancer, types of, 186
CIN and genital cancers in, 11
effects of HAART on, 47
genome, 186
genotypes, in oral cavity, 203
high oncogenic, detection of, 193
in HIV infected men, 197–198
in HIV infected women, 190–191, 191
and HIV, interaction of, 45

hybrid capture II and PCR for detection
of, 188

infection (see Human papilloma virus
(HPV) infection)

oncogenic capacity of, 221
in oral warts, types of, 202
persistence, 189–190, 198
vaccines, on HIV infection, impact of,

206
by vaginal swab, detection of, 191
viral load, in HIV infected women, 191

Human papilloma virus (HPV) infection
anal and cervical, 194
detection of, 191
and disease, genital sites of, 194–195
and disease in HIV infected individual,

185
and disease in oral cavity in HIV

infection, 200
and disease, treatment of HIV infected

men with, 200
in HIV infected men, genital sites of,

199
in HIV infected women, detection of,

188–189
oral, genotype prevalence and risk

factors for, 201–203
oral, site of, 203
papillomas due to, 201
risk factors for, 189
role of HAART in, 195

Human retrovirus, 225
Humans, SV40 infection in, 224–225
Human T-lymphotropic virus type 

1, 225
Human umbilical vein endothelial cell

(HUVEC)
KSHV BAC36 infection of, 88
primary infection of, 91
primary, KSHV infection of, 79

HUVEC, see Human umbilical vein
endothelial cell

Hybrid capture II, and PCR for detection
of HPV, 188

Hybridization, in situ
for conjunctival carcinoma, 45
with EBER for EBV, 166, 175
and PCR, detection of EBV by, 34
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Hybridization, in situ (Continued )
and PCR for spindle endothelial cells in

KS, 72
vFLIP expression in KS by, 98

Hydroxyurea, lowdose, for PCNSL, 173
HyperCVAD, for HIV-related BL, 27
Hyperplasia

establishment of, 164
multicentric angiofollicular, 131
polyclonal, 131

Hypertension
pulmonary, 73
pulmonary, KSHV DNA in, 132

I
“Idiopathisches multiples Pigmentsarkom”, 129
IFN, see Interferon
IL-6, see Interleukin-6
Imatinib mesylate (Gleevec), for KS, 135
Immune control, of EBV, 165–166
Immune modulation

of KSHV, 94–95
of KSHV, role of vIL-6 in, 102

Immune reconstitution, HAART treatment
for, 13

Immunoblastic lymphoma (IBL), EBV
infection in, 28

Immunoglobulin genes, microdissection for
analysis of, 171

Infants, expression of SV40 T-ag in brain
cancers in, 223

Injecting drug users (IDU) populations,
HIV/HCV coinfection in, 245

β–Integrins, function of, 99
Interferon-alpha (IFN-alpha)

for HIV-related MCD, 42
prevention of, 154

Interferon (IFN), 74
antiviral effect of, 101
cellular effects of, 100
for KS, 38, 134
for oral warts, 204
identification of, 100
in KS, expression of, 101
vIRF-1, 134

Interleukin-6 (IL-6), 36, 132
for KSHV PEL cells, 98

in pathogenesis of MCD, role of, 42
viral (vIL-6), 102

International prognostic index (IPI),
clinical prognostic factors in, 29

Invasive cervical cancer (ICC),
development of, 194

In vitro models, for EBV infection, 156

J
Jaw, involvement of primary eBL tumor in,

168
JC virus (JCV), 217, 221, 223

BKV, and SV40, 225
real-time quantitative PCR for, 225

K
Kaposin, 134
Kaposin (ORFK12), 72, 98–99
Kaposi’s sarcoma herpesvirus (KSHV), 2,

69, see also HHV
attachment, entry, and cellular receptors

of, 88–90
biology of, 74
classification of, 4
detection of, 5
and development of KS, 130–131
and development of lymphomas,

131–132
diseases associated with, 70
and EBV, PEL with, 9
episomal persistence, mechanism of, 83
genes, functions of, 95
genome structure and organization

of, 75
and HIV, interaction of, 73–74
host range and cell tropism of, 77–78
immune modulation and, 94–95, 102
-induced angiogenesis, mechanisms 

of, 94
-induced malignancies, vGPCR involved

in, 101
-induced pathogenesis, mechanisms of,

92
infection of (see KSHV infection)
isolated from PEL, 88
in KS, involvement of, 70
LANA-1 function in, 83
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latent genes/transcripts, expression of,
81–82

lifecycle of, 80–81
lytic genes, expression of, 84
lytic replication of, 85
MCD and PEL due to, 71
-mediated transformation, role of

LANA-1 in, 95
in PEL, gene expression of, 72
regulation of cellular signaling pathways

for, 90–91
related malignancies, in animal models,

in vivo behavior of, 79–80
in relation to AIDS-associated

oncogenesis, molecular biology of,
69–70

seroprevalence of, 5
tumors (see KSHV tumors)
viral load in PBMC, 131
virion structure and assembly 

of, 74–75
Kaposi’s sarcoma (KS), 2, 21, 34, 71–72,

129, 132, see also AIDS-related KS
AIDS-associated, 2–4
cells of origin of, 77
clinical presentation of, 37–38
development, vGPCR for, 101
epidemiological forms of, 3
epidemiology of, 21, 37, 70
expression of vIRF in, 101
HAART on, Impact of, 5–6
and HHV, 4–5
HHV-8 pathogenesis in, 36
in HIV infection, 193
HIV pathogenesis in, 36
human, KSHV gene expression in, 133
impact of HAART in, 39–40
involvement of KSHV in, 70
KSHV and development of, 130–131
and KSHV/HHV-8, 69–70
KSHV lytic replication for, 92
pathogenesis of, 74
PEL and MCD, therapies for, 134–136
and PEL, NF-kB pathway in, 93
prevalence of, 3
in situ hybridization for vFLIP

expression in, 98

treatment and survival of, 38–40
tumors (see KS tumors)
types of, 36
vBcl-2 in, 104

KCP (ORF4), 104
Kidney biopsies, detection of SV40 in, 224
Kikuchi’s disease, 73
KS, see Kaposi’s sarcoma
KSHV, see Kaposi’s sarcoma herpesvirus
KSHV-associated disease

in AIDS patient, 129
molecular biology of, 133–134

KSHV genome, 133
epigenetic change and chromatin

remodeling of, 84
and genes, 76
genetic manipulation of, 75–76
transcription of latency-associated region

of, 82f
KSHV-infected cells

vIAP protects, 102
viral lytic protein synthesis in, 87

KSHV infection
endemic, prevalence of, 70
expression of COX-2 in, 94
LANA-2 in, 82
primary , expression of viral gene in, 91
promotion of cellular growth and

survival in, 92–93
promotion of oncogenesis by, 92
systems of, 79

KSHV latency
mechanisms of, 81
RTA and LANA-1 in, 85

KSHV reactivation
mechanisms of, 84
molecular mechanisms involved in,

84–85
RTA-mediated, cellular factors involved

in, 87–88
KSHV tumors

expression K12 in, 98
regulation of angiogenesis in, 93–94

KS tumors
β-catenin in, 95
involvement of endothelial cells in, 77,

79
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L
Lactate dehydrogenase (LDH), 27
Lamivudine, 249
LANA-1, see Latency-associated nuclear

antigen 1
LANA-2, see Latency-associated nuclear

antigen 2
LANA-1/LNA, 95–96
Langerhans cells (LC), in SIL, 205
La protein, for detection of EBV infection,

153
Laser therapy, for KS, 38
Latency-associated nuclear antigen 2

(LANA-2)
in KSHV-infection, PEL and MCD, 82
in PEL cells,expression of, 101

Latency-associated nuclear antigen 1
(LANA-1), in KSHV, function of, 83,
85

Latency program(s)
EBV antigen expression and type of, 144
function of EBNA-1 in, 164
for latency-associated genes expression,

164
Latent membrane protein (LMP)-1,

151–152
in AIDS-related PCNSL, expression of,

173
structure of, 151

Latent membrane protein (LMP)-2A
activation of akt pathway by, 172
and 2B, 152–153
exon of, 153
lytic cycle prevention by, 165
structure of, 154

Leiomyosarcoma(s), 21, 175
AIDS-related, 34–35
in children, 2, 34
in HIV-infected children, 34, 163
site of, 35

Leukemia, 2
promyelocytic, 149

Leukopenia, 34
Leukoplakia, oral hairy, 174, 200
Liver cancer

in HIV patients, HBV- and 
HCV-induced, 250

in patients with chronic viral hepatitis,
mechanisms of, 246

Liver cirrhosis, 243
Liver damage, causes of, 247
Liver disease, importance in HIV patients,

241
LMP, see Latent membrane protein
Lung cancer, 2
Lung carcinoma, human, 78
Lymphadenopathy(ies), 41

mediastinal, 38
nonneoplastic, 73

Lymph node biopsy, for MCD, 41
Lymphocryptovirus, 4, 22, 133, 157

HHV of, 22
B-Lymphocytes

EBV infection in, 142
by EBV, transformation of, 6
human, by SV40, infection of, 220
human, EBNA2 for transformation of,

147, 148
proliferation and transformation of, 7

Lymphocytic choriomeningitis virus
(LCMV), 223

Lymphomagenesis, MYC mediated,
establishment of, 170

Lymphoma(s), 221
AIDS-associated, 173
AIDS-related, NHL-8 and NHL-28

from, 222f
detection of SV40 DNA in, 226
human, association of SV40 with, 225
immunoblastic, 28
KSHV and development of, 131–132
natural killer cell, EBV with, 144
non-Hodgkin’s (see Non-Hodgkin’s

lymphoma)
plasmablastic, 6, 132
post-transplant, 145
primary central nervous system, 2
primary effusion, 6
virus-positive, gene expression in,

228
Lymphoproliferative diseases

EBV with, 144
KSHV in, 131

Lymphoproliferative disorders, 170
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Lytic cycle, 164
by LMP-2A, prevention of, 165

Lytic genes, transcription of, 91
Lytic protein(s), 72

expression of, 88
Lytic reactivation, of EBV, 155

M
Macacca mulatta, 224
Macrophage activation syndrome, 73
Macrophage inflammatory protein (MIP),

103
Malaria, with development of EBV-positive

BL, 167
Malignant skin tumors, KSHV DNA in,

132
Matrix metalloproteinases (MMPs), 36
MCD, see Multicentric castleman’s disease
Mesocritetus auratus, 221
Mesothelioma, malignant, due to SV40,

217
Methotrexate

AIDS-related PCNSL, 24
with RT for non-AIDS-related PCNSL,

24
Microdissection, for analysis of

immunoglobulin genes, 171
MIR-1 (K3) and MIR-2 (K5), 102–103
miRNAs, identification of KSHV, 81
Mitoses, in spindle cells, 71
MMP, see Matrix metalloproteinases
Multicentric Castleman’s disease (MCD),

21, 74
AIDS-associated, 40
clinical presentation of, 41
due to KSHV, 71
epidemiology of, 40
HHV-8 pathogenesis in, 36, 40
human, KSHV gene expression in, 133
IL-6 in pathogenesis of , role of, 42
KSHV in, 131
LANA-2 in, 82
lymph node biopsy for, 41
PEL and KS, therapies for, 134–136
role of HAART in, 43
thalidomide for, 42–43
thoracoscopic surgery for, 41

treatment of, 41–43
types of, 131

Multiple myeloma, 73
KSHV DNA in, 132

MVDEC, KSHV BAC36 infection of, 88
MYC allele, from chromosome-8, 169
Myc proto-oncogenes, activation of, 247
Myeloma, multiple, 73

KSHV DNA in, 132

N
Nasopharyngeal carcinoma(s)

detection of BARTs in, 153
EBV with, 144

Nasopharynx, EBV infection in epithelial
cells of, 142

Neoplasms, HPV associated, 10–12
Nephropathy, polyomavirus, 224
Neurotoxicity, 34
NF-kB pathway

cell growth and survival by, 93
by K1, activation of, 102
by LMP1, activation of, 152, 172
by vFLIP, activation of, 98

NHL, see Non-Hodgkin’s lymphomas
Non-HIV-infection

HL in, 32, 33
with MCD, 40

Non-Hodgkin’s lymphoma (NHL), 2, 21,
132

AIDS-associated, 6–7
AIDS-related (see AIDS-related NHL)
due to SV40 and EBV, 227
expression of SV40 T-ag in, 230
HAART for, 135
in HIV infection, 193
SV40 and EBV DNA sequences by

histologic type of, 228
NS2, NS3 and NS5, 243
NS3, NS4B and NS5A proteins,

247

O
OI, see Opportunistic infectious
Oncogenesis

AIDS-associated, molecular biology of
KSHV and EBV in, 69–70, 141–142
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Oncogenesis (Continued )
in animal models, 221–223
HHV-8 in, role of, 36
in KS, 36
KSHV infection promotes, 92

OPC, see Oropharyngeal candidiasis
Opportunistic infectious (OI), 37
Oral cavity

HPV genotypes in, 203
HPV infection and disease in, 200

Oral hairy leukoplakia (HLP) 
[diff. acronyms for same spellout
version], 174

Oral hairy leukoplakia (OHL)
effect of HAART on, 200

Oral HPV infection
genotype prevalence and risk factors for,

201–203
site of, 203

Oral warts, HIV-associated
pathology and etiology of, 200–201
treatment and prognosis of, 203–204

Oropharyngeal candidiasis (OPC), effect 
of HAART on, 200

P
P53, 220
P107, 220
Paget’s disease, KSHV DNA in, 132
Papillomas, due to HPV infection, 201
Pap smears, 46

abnormal anal, in HIV infected men,
detection of, 198

abnormal, in HIV infected woman,
detection of, 191–193

abnormal, management of, 196
anal, anal dysplasia on, 48
anal, for anal disease, 195
SIL on, 187
vs biopsy, 187

PBMC, see Peripheral blood mononuclear
cells

PCNSL, see Primary central nervous
system lymphoma

PCR, see Polymerase chain reaction
PDGF, see Platelet-derived growth factor
Pediatric cancers,AIDS-associated, 34

Pediatric malignancies, prevalence of eBL
in, 167

Pediatric patients, sporadic BL in, 168
PEL, see Primary effusion lymphoma
Pemphigus, 73
Penile cancers, 199
Pericardial effusion, 44
Peripheral blood derived spindle cells

(PBsc), 77
Peripheral blood mononuclear cells

(PBMC), 79
KSHV viral load in, 131

Phosphonoacetic acid (PAA), inhibition of
viral DNA replication by, 84

Plasmablastic lymphoma, 6, 8, 40, 132
in HIV-infection, 29
HIV infection with, 8

Platelet-derived growth factor (PDGF),
39

Pleural effusions, 38, 44
Podophyllin resin, for oral warts, 204
Podoplanin, 77
Polymerase chain reaction (PCR)

CSF by, detection of EBV in, 8
for detection of HPV, 197
detection of SV40 sequences by, 224
for determination of EBV, 175
of EBV in AIDS-related PCNSL, 23
and hybrid capture II for detection of

HPV, 188
real-time quantitative, for SV40, BKV,

and JCV, 225
real-time quantitative, for viral genes,

133
and in situ hybridization, detection of

EBV by, 34
and in situ hybridization for spindle

endothelial cells in KS, 72
and southern blot for HPV viral load,

191
Polyomavirus nephropathy, lung transplant

patient with, 224
Polyomavirus SV40

from animals with SIV/AIDS, 224
biology of, 217
and BKV present in stool samples, 223
brain and bone cancers due to, 217
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clades, 221
DNA, 224
and EBV DNA sequences by histologic

type of NHL, 228
epidemiological studies of, 231
functional domains of, 218, 219, 220
genetic map of, 218, 219
with human lymphomas, association of,

225
infection (see SV40 infection)
infection of human B lymphocytes by,

220
in kidney biopsies, detection of, 224
malignancies, induced by, 221
mode of transmission of, 223
oncogenic capacity of, 221
by PCR, detection of, 224
phylogenetic tree for, 222
properties of, 217
replication, 220
replication cycle of, 220
sequences, associated with systemic

NHL, genotyping of, 227
strains, in NHL, genotyping of, 227
T-ag expression, 228
VP1 proteins, 225

Post-transplant lymphoproliferative disease
(PTLD), 144, 145

PRb, 220
P130/Rb2, 220
PRb:E2F complexes, dissociation of, 220
Primary central nervous system lymphoma

(PCNSL), 2, 6, 8, 173, 225
AIDS-associated, treatment and survival

of, 24–26
AIDS-related, 22
clinical presentation of, 23
EBV in diagnosis of, role of, 23
EBV pathogenesis in, 22
epidemiology of, 23
HAART effects on, 10
non-AIDS-associated, treatment and

survival of, 23–24
non-AIDS-related, methotrexate with

RT for, 24
reatment of patients with, 8
whole brain irradiation for, 10

Primary effusion lymphoma (PEL), 6, 8–9,
21, 74, 173–174, 226

AIDS-associated, 43–44
due to KSHV, 71
EBV and HHV-8 etiology in, 43
with EBV and KSHV, 9
EBV with, 144
epidemiology of, 44
features of, 44
HAART for, 44
HHV-8 pathogenesis in, 36
with HIV-infectinon, 8
with HIV-infection, 8
human, KSHV gene expression in, 133
inhibitors of NF-kB for, 9
KS and MCD, therapies for, 134–136
with KSHV and HHV-8, 174
KSHV in, 131
KSHV isolated from, 88
and KS, NF-kB pathway in, 93
LANA-2 in, 82
role of EBV in, 163
treatment for, 44

Primary effusion lymphoma (PEL) cells
expression of LANA-2 in, 101
and KS tumors, β-catenin in, 95
treatment of, 98
vCCLs in, 103
viral lytic protein synthesis in, 87

Promyelocytic leukemia, 149
Prostate carcinoma, human, 78
Protein phosphatase 2A (PP2A), 218, 220
Proteosome, LMP1 degradation by, 151
Pulmonary hypertension

KSHV DNA in, 132
primary, 73

Pulmonary KS, 38

R
Radiation, for BL, 171
Radiation therapy (RT), methotrexate

with, for non-AIDS-related PCNSL,
24

Reactivation and transcriptional activator
(RTA)

DNA binding activity for, 86
downstream targets of, 86–87
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Reactivation and transcriptional activator
(RTA) (Continued )

K15 promoter and, 100
and LANA-1 in KSHV latency, 85
for latent to lytic infection of KSHV, 84

Red blood cells, extravasation of, 71
Retinoblastoma (Rb), 186

degradation of, 151
Retroperitoneal fibromatosisassociated

herpesviruses (RFHV), 80
Reverse transcriptase (RT), 242
Rhadinovirus genus, 35, 75
Rhesus macaque rhadinovirus (RRV), and

KSHV, similarity between genomes
of, 75

Rituximab
for AIDS-related BL, 171
for AIDS-related NHL, 31
for HHV-8-related MCD, 42
for MCD and PEL, 135

RNA’S 1 and 2, EBV encoded small, 153
RNA virus, 249
RRV, see Rhesus macaque rhadinovirus
RTA, see Reactivation and transcriptional

activator
RTA-mediated KSHV reactivation, cellular

factors involved in, 87–88

S
Salivary gland tumors, 73
Sarcoidosis, 73
SCC, see Squamous cell carcinoma
SCCA, see Squamous cell carcinoma of

anus
Sclerosis, nodular, 32
Sexually transmitted diseases (STD), 11
Sexually transmitted infection (STI), due to

HPV, 186
Simian immunodeficiency virus (SIV), 224
Sirolimus, for KS, 135
Skin tumors, malignant, KSHV DNA in,

132
Smoking, with HPV infection, 189
Smooth muscle tumor, 34, 175
Southern blot, and PCR for HPV viral

load, 191
Spindle-shaped cells

HIV-1-infected KS lesions, isolated
from, 78

in KS, 91, 92, 130
mitoses in, 71
in peripheral blood of HIV-1-infection,

77
vBcl-2 in, 104

Squamous cell carcinoma of anus (SCCA)
HIV-associated, 48–50
SEER program for, 48

Squamous cell carcinoma (SCC), 78
of conjunctiva, 45
HIV-associated, of cervix, 45
KSHV DNA in, 132

Squamous intraepithelial lesions (SIL), 11
abnormal pap smears in, 192
in HIV infected woman, incidence of,

192
HPV-related, impact of HAART on, 195
LC in, 205
on pap smear, 187

Steroids, and chemotherapy for MCD, 41
Stool samples, from children, BKV and

SV40 present in, 223
Surgery

for KS, 38
for oral warts, 203
thoracoscopic, for MCD, 41

Surveillance, epidemiology and end results
(SEER) program, for SCCA, 48

SVCPC, 221
SV40 infection

ELISA tests for, 225
in humans, 224–225

SVPML-1, isolated from human brain,
221

SV40 T-ag
in AIDS-related NHL, 228, 229
expression, 228
in NHL, expression of, 230

T
T-ag proteins, 226

for viral life cycle, 218
Tat protein, 36, 39, 204

and xCT for infectivity of KSHV, 90
T-cell immunity, defect of, 22
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12-O-Tetradecanoylphorbol-13-acetate
(TPA), 85

Thalidomide, for MCD, 42–43
Thoracoscopic surgery, for MCD, 41
Thrombocytopenia, 34
Transplantation

bone marrow, in HIV infection, 31
hematopoietic-cell, for AIDS-related

NHL, 31–32
Transplant patient, EBV infection in, 145
Trichostatin A (TSA), inhibition of HDAC

by, 87
Tropism, 77
Tumor(s)

conjunctival, 204
EBV related, 22
effects of MYC on, 169
growth and potential of, 29
HHV-8-related, 35–36
human, detection of SVCPC in, 227
KS, β-catenin in, 95
KS, endothelial markers on, 77
KSHV, expression K12 in, 98
KSHV, regulation of angiogenesis 

in, 93–94
KS, involvement of endothelial cells 

in, 79
malignant skin, KSHV DNA in, 132
presence of EBV within, 167
salivary gland, 73
of smooth muscle, 34, 175

Tumor suppressor
genes, inactivation of, 247
proteins, 220

Tyrosine, phosphorylation of, 153

U
Urine, from children, BKV and SV40

present in, 223

V
VA45-54

faster-replicating virus, 223
from monkey kidney cells, 221

Vac1 and Vac2, in vIRF promoter, 101
Vaccines, prophylactic HPV, on HIV

infection, impact of, 206

Vaginal neoplasia, 194
Vaginal swab, detection of HPV by, 191
Verruca vulgaris, 201
Vincristine, 30
Viral CC chemokine ligands (vCCLs), 84,

103
Viral coinfection, HBV, HCV, and HIV, 245
Viral DNA integration, demonstration 

of, 247
Viral episome, EBNA1 for maintenance 

of, 145, 146
Viral gene expression

by BZLF1 protein, cascade of, 164
Viral genes

classification of, 133
in primary KSHV infection, expression

of, 91
real-time quantitative PCR for, 133

Viral genome
isolation of, 156
replication of, 145

Viral G protein-coupled receptor
(vGPCR), 84, 101–102

Viral hepatitis, enhanced risk in HIV-
patients, 250

Viral hepatocarcinogenesis, mechanism of,
246–247

Viral infection, prevalence of, 132–133
Viral Interferon regulatory factors (vIRF)
Viral Inhibitor of apoptosis (vIAP), 102
Viral latency

LMP2A for maintenance of, 153
role of LANA-1 in, 95, 96

Viral life cycle, phases of, 164
Viral mutants, for functions of viral 

genes, 75
Viral oncogene, LMP1 identified as, 152
Viral transactivator, function of EBNA-2

as, 165
Virion structure, and assembly of KSHV,

74–75
Virus-like particles (VLPs), 225
Virus-positive lymphomas, gene expression

in, 228
Virus receptors, identity, for distinction

among SV40, JCV, and BKV, 220
Virus replication, 220
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Virus transmission, 223–224
VP1 proteins, 225
Vulval intraepithelial neoplasia (VIN), 45
Vulvar cancer, 194
Vulvar intraepithelial neoplasia (VIN), 194

W
Warts

anal, 197, 198
genital, 11, 185, 186, 194, 202
history of, 192
oral, 200, 201

Whole brain irradiation
for AIDS-associated PCNSL, 24
for PCNSL, 10

WIHS, see Women’s interagency health
study

Wilson’s disease, 247

Women’s interagency health study (WIHS)
abnormal pap smears in woman enrolled

in, 191
HIV+ and HIV-women enrolled in, 190

Woodchuck hepatitis virus (WHV), 246

X
X-linked lymphoproliferative syndrome,

EBV with, 144, 165

Y
Young male, occurrence of KS in, 71
Young persons, detection of SV40 markers

in, 217

Z
Zta, to trigger lytic cascade, expression 

of, 155
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