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■ Abstract Kaposi’s sarcoma–associated herpesvirus (KSHV) is a newly identi-
fied gammaherpesvirus associated with all clinical forms of Kaposi’s sarcoma (KS),
body-cavity–based, primary effusion lymphomas (PELs), and a subset of Castleman’s
disease (CD). Sequence analysis of the KSHV genome demonstrates an extensive array
of genes with homology to cellular genes involved in cell cycle regulation, cell prolifer-
ation, apoptosis, and immune modulation. Functional studies indicate that these genes
may modify the host cell environment, contributing to the pathogenesis of KSHV-
associated disorders. Several KSHV genes have been found to cause dysregulated cell
proliferation or to interfere with established tumor suppressor pathways. The epidemi-
ologic association of KSHV with malignancies and the coding features of its genome
suggest that it is a new DNA tumor virus.

INTRODUCTION

Kaposi’s sarcoma (KS) remained a rare curiosity to clinicians and cancer re-
searchers for over 100 years before it shot to prominence as the sentinel diagnosis
of AIDS. In 1872, the Austrian-Hungarian dermatologist Moritz Kaposi published
the case histories of five patients with “idiopathic multiple pigmented sarcomas”
of the skin (1). This form of the disease was designated Kaposi’s sarcoma in 1891
at the suggestion of another prominent dermatologist of the time, Kobner, and is
now called classic KS. Classic KS occurs predominantly in elderly male patients
of Southern European ancestry. A high frequency is also seen in Israel and other
Middle Eastern countries.

KS existed for many decades before HIV in some equatorial countries of Africa.
This form, referred to as endemic KS, is found in younger patients as well as the
elderly, and is generally a more aggressive disease than classic KS (2). In particular,
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endemic KS in African children is associated with prominent lymphadenopathic
involvement. The majority of these children die from the disease (3).

During the past 20 years, the incidence of KS among renal transplant recipients
and other patients receiving immunosuppressive therapy (known as post-transplant
KS or iatrogenic KS) has increased. Patients of Mediterranean, Jewish, or Arab
ancestry are over-represented among immunosuppressed patients who develop KS
in this setting (4).

In 1981, the US Centers for Disease Control and Prevention (CDC) became
aware of an increased occurrence of two rare diseases in young gay men from
New York and California: KS andPneumocystis cariniipneumonia (5). This ush-
ered in the AIDS epidemic, and today AIDS-KS is the most common form of
KS. In many HIV-seropositive individuals, immunosuppression leads to the clin-
ical presentation (or manifestation) of KS, which starts with a few skin lesions
but without treatment often develops into disseminated disease affecting various
organs including lung, liver, gut, and spleen.

THE KAPOSI’S SARCOMA “AGENT”

Studies of AIDS case surveillance data support the existence of a sexually trans-
missible KS cofactor. Among AIDS patients, KS occurs predominantly in gay
and bisexual men, less commonly in those who acquired HIV through heterosex-
ual contact, and rarely in hemophiliacs or intravenous drug users (6). However,
a viral etiology for this tumor was suspected long before the onset of the AIDS
epidemic (7). In 1972, electron microscopy revealed herpesvirus-like particles in
KS tumor cells, which were later attributed to cytomegalovirus (CMV) (8, 9). Sub-
sequently, DNA sequences of CMV, human herpesvirus-6 (HHV-6), human papil-
loma viruses, and BK virus (also called human polyoma virus), as well as other
viral (including retroviral) or bacterial pathogens, have all been detected in KS
lesions and suspected to be agents of KS (10–12). However, these agents, includ-
ing CMV, HHV-6, and papilloma viruses, are only found in some lesions, and BK
virus is a ubiquitous agent present in many tumors and tumor cell lines (13).

A NEW HERPESVIRUS: Kaposi’s Sarcoma–Associated
Herpesvirus (KSHV)

Chang et al employed representational difference analysis, a PCR-based subtrac-
tive hybridization method, to identify sequences of KSHV (14). Initial analysis
allowed KSHV to be classified as a gammaherpesvirus (genusRhadinovirus) (15)
with sequence similarity to several other oncogenic gammaherpesviruses, includ-
ing herpesvirus saimiri (HVS) and Epstein-Barr virus (EBV). These herpesviruses
are transforming agents that cause tumors in their hosts or in experimental animals.
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The genome of KSHV was subsequently mapped and sequenced by Russo et al
using cosmid and lambda phage genomic libraries from a PEL-derived cell line,
BC-1, stably coinfected with KSHV and EBV (16). The KSHV genome consists
of an estimated 140.5-kb long unique coding region flanked by terminal repeat
sequences. More than 85 open reading frames (ORFs) have been identified, in-
cluding 66 with sequence similarity to HVS ORFs. Nonconserved genomic regions
contain a wide array of homologs to cellular genes (16). Neipel et al generated a
second sequence of a KSHV genome, derived from a KS lesion, which is virtually
identical to the KSHV strain in the BC-1 lymphoma cell line (17). Examination
of select regions of the KSHV genome from numerous KS lesions and PEL cell
lines led Hayward et al to propose four variant genotypes, A, B, C, and D, based
on the K01 gene (18), and two allelic forms, primary (P) and minor (M), based on
the K15 gene (19). The geographic distribution of these virus genotypes has been
interpreted to support the notion that KSHV is an ancient human herpesvirus that
has diversified under selection pressures following the migrationary divergence of
host human populations.

Subsequent to the discovery of KSHV, several new nonhuman primate rhadi-
noviruses were isolated that appear to have an even closer phylogenetic relationship
to KSHV than either HVS or EBV. These new members define two distinct rhadi-
novirus lineages. One lineage is closely related to KSHV and includes retroperi-
toneal fibromatosis herpesvirus (20), Chlorocebus rhadinovirus 1 (ChRV1) (21),
and some chimpanzee and gorilla rhadinoherpesviruses (PanRHV1, PanRHV2,
GorRHV1) (22). The second lineage includes a rhesus monkey rhadinovirus (23)
and ChRV2 (21). The finding of two lineages of rhadinoviruses in nonhuman pri-
mates raises the issue of whether there is also an unidentified RRV/ChRV2 type
virus in humans.

MOLECULAR DETECTION

An overwhelming number of polymerase chain reaction (PCR) studies have deter-
mined that KSHV is found in all clinical subtypes of KS lesions but is generally
absent in non-KS tissues from KS patients, in other vascular neoplasms, and in
other forms of skin tumors from immunosuppressed patients (for review see 24).
Exceptions include saliva and blood (25). In peripheral blood mononuclear cells,
KSHV DNA can be detected by PCR in approximately 50% of KS patients. Fur-
ther, KSHV detection in peripheral blood mononuclear cells of HIV-seropositive
individuals can predict who will subsequently develop KS (26, 27). Although one
group reported the frequent detection of KSHV in the semen of healthy Italian
donors (28), KSHV is not detectable in semen donors in North America and the
United Kingdom and only rarely in patients with KS (29–32). Reports of KSHV
detection in bone marrow stromal cells of multiple myeloma patients and in sarcoid
tissues are controversial and have not been confirmed (33–37).
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SEROEPIDEMIOLOGY

Immunofluorescence, western blot, and ELISA assays to detect antibodies against
KSHV latent and lytic antigens have been developed. Most current testing uses
assays that detect antibodies against the major latency-associated nuclear antigen
(LANA) in conjunction with one of the lytic antigens encoded by ORF65 or K8.1
(38–40). These serologic tests demonstrate that individuals with KS (or at risk of
developing KS) are more likely to have detectable antibodies to KSHV in their
sera and that infection precedes development of clinical KS (41–43). Although
some early assays estimated the prevalence of KSHV infection in general blood
donors to be as high as 25% (44), the accumulating evidence suggests that the
seroprevalence of the general population in the North American, European, and
Asian countries is actually<5% (40, 43, 45–47). Agreement exists that infection
by KSHV, unlike most other herpesviruses, is not ubiquitous.

Although the exact risk factors for acquisition of KSHV infection remain elu-
sive, epidemiologic serosurveys indicate that KSHV is largely transmitted sexually
in the United States and Northern European countries. In the San Francisco Men’s
Health Study, Martin et al found that the prevalence of KSHV infection is high
among homosexual men and correlates with the number of homosexual partners
(48). In the Amsterdam Cohort Study (1984–1996), Dukers et al found strong ev-
idence for orogenital transmission of KSHV among homosexual men (49). From
this same cohort, HIV-infected individuals who seroconvert to KSHV after ac-
quiring HIV have a higher risk for developing KS (hazard ratio 5.04–95% CI:
2.94–8.64) than HIV-infected individuals with KSHV antibodies prior to or con-
current with their acquisition of HIV (hazard ratio 3.15–95% CI: 1.89–5.25) (50).
In African countries however, the transmission of KSHV appears also to occur
by casual routes, with antibodies against KSHV detectable in children (probably
acquired by horizontal transmission) (51–53) and increasing with age (54–56).

KAPOSI’S SARCOMA: Histogenesis and Clonality

Histologically, KS is a complex lesion composed of interweaving bands of spindle
cells that form irregular vascular channels. These lesions are frequently associated
with an inflammatory infiltrate. Because spindle cells form the bulk of established
KS lesions, they are thought to represent the neoplastic component, but controversy
exists over the histogenesis of these cells. Although the majority of the spindle
cells stain positive for endothelial cell markers, including Factor VIII and CD34,
other cells express proteins characteristic of smooth muscle cells, macrophages,
or dendritic cells (57, 58). Some spindle cells simultaneously express antigenic
determinants of several different cell lineages, suggesting that KS spindle cells
might be derived from a pluripotent mesenchymal progenitor cell or a mesenchy-
mal cell with anomalous differentiation. Several antibodies against viral proteins
have been found to be suitable for tissue localization studies. The major viral
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LANA encoded by ORF73 appears to be expressed in virtually all KSHV-infected
cells (59–61).

The evolving nature of KS lesions, in concert with instances of occasional
spontaneous remission, has led to the notion that KS may represent a reactive
hyperplasia rather than a true malignancy. Studies analyzing X chromosome inac-
tivation patterns have produced varied results that suggest monoclonal patterns of
inactivation in some KS lesions and polyclonal patterns of inactivation in others
(62–64). Although this technique is PCR-based and therefore quite sensitive, it
suffers from the infiltrative growth pattern of KS lesions that frequently leads to
the incorporation of normal tissues or cells in the analysis. Recently, a terminal
repeat analysis assay using pulsed field gel electrophoresis has been used to deter-
mine viral clonality in KSHV-infected disorders. Although this study did not report
findings from early or multicentric KS lesions, 6/16 (38%) nodular KS lesions
showed monoclonal, oligoclonal, and polyclonal patterns of viral infection (65).

The histologic, clinical, and molecular features would be reconciled by a model
for KS in which early lesions are nonclonal, possibly virus-infected proliferations
of endothelial cells or endothelial precursors, and advanced disease represents
oligoclonal or monoclonal neoplasms. This model is comparable to EBV-driven
polyclonal lymphoproliferative disorders in immunodeficient individuals, which
can progress to clonal lymphomas. The contribution to pathogenesis of lytically
replicating virus in a subset of KS spindle cells has not been determined; however,
a paracrine model for neoplasia, in which viral gene products expressed in one
cell may affect the growth characteristics of surrounding cells, has been suggested
(65a).

KSHV AND LYMPHOPROLIFERATIVE DISORDERS

Body Cavity–Based Primary Effusion Lymphomas

Knowles et al first recognized the unique aspects of some effusion-based lym-
phomas in patients with AIDS (66). Subsequently Walt et al described similar
cases (67). The cells in these cases were negative for most lineage-associated anti-
gens, although gene rearrangement studies indicated a B cell origin with clonal
rearrangement of the immunoglobulin genes. Karcher et al further demonstrated
the distinctiveness of the syndrome, reporting a high prevalence of EBV and ab-
sence of c-mycrearrangements (68). They also noted the tendency of the disease to
remain confined to body cavities without further dissemination. Concurrent with
the identification of KSHV in KS, KSHV was first detected by Chang et al in
three of these distinctive lymphomas (14). This finding was later followed up by
a comprehensive report (69), which found that KSHV was associated specifically
with body cavity–based primary effusion lymphomas (PELs) but not with other
Hodgkin’s and non-Hodgkin’s lymphomas.

PELs possess a unique constellation of features that distinguishes them from
all other known lymphoproliferations. PELs present predominantly as malignant
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effusions in the visceral cavities, usually without significant tumor mass or lym-
phadenopathy. These lymphomas occur predominantly in HIV-seropositive indi-
viduals with advanced stages of immunosuppression (70) but are occasionally
seen in HIV-seronegative patients (71–73). Like KS, with which they are closely
linked, PELs are seen primarily in gay men (71, 74). PELs usually do not express
surface B cell antigens except for CD138/syndecan-1, a molecule selectively as-
sociated with late stages of B cell differentiation (75). This finding and the lack
of expression of BCL-6, specific to germinal center B cells, define PEL cells as
preterminally differentiated, post–germinal-center-stage B cells (76).

PEL cells consistently lack molecular defects commonly associated with neo-
plasia of mature B cells, including activation of the proto-oncogenes c-myc, bcl-2,
bcl-6, n-ras, and k-ras, as well as mutations of p53 (71, 77). Southern blot anal-
ysis of PEL cells shows the presence of the KSHV genome in very high copy
number (50–150/cell) compared with that seen in KS. Cell lines from PELs have
been established (78–82). Some cell lines are positive for KSHV only; others are
coinfected with EBV. In addition to cell lines established from lymphomatous
effusions, the BCP-1 cell line was established from the peripheral blood of a pa-
tient with PEL, which suggests that the malignant cells are present not only in the
malignant effusions but also in the peripheral blood (83).

Castleman’s Disease

Castleman’s disease is a rare and usually polyclonal hematolymphoid disorder
thought to be mediated by interleukin (IL)-6 overexpression (84–86). Two dis-
tinct histopathological variants with different clinical characteristics have been
described: the hyaline vascular type and the plasma-cell variant. The more com-
mon hyaline vascular type usually presents as a solitary mass in the mediastinum or
retroperitoneum and is frequently curable by surgical resection. The rarer plasma
cell variant often presents with generalized lymphadenopathy, B symptoms, and
immunological abnormalities. The systemic variety, also designated multicentric
Castleman’s disease (MCD), is typically of the plasma-cell variant. An increased
risk for developing KS and B cell lymphomas is noted in patients with MCD (87).

Soulier et al were the first to report the presence of KSHV in MCD biopsies
(88). They found KSHV in 14 out of 14 lesions from HIV-seropositive French
patients with MCD. These included plasma cell, hyaline vascular, and mixed
variants. Among HIV-seronegative cases, 7 of 17 lesions were positive for KSHV.
Other investigators have since confirmed the presence of KSHV in Castleman’s
disease biopsies and its association with the MCD variant in HIV-seronegative
patients (89–91). These HIV-seronegative patients who are KSHV-infected tend
to experience a worse clinical prognosis; their disease is frequently complicated
by autoimmune hemolytic anemia and polyclonal gammopathies (92).

In MCD, KSHV is present in cells belonging to the B cell lineage. A subset of
these cells have a centroblastic/immunoblastic morphology and have been termed
plasmablasts by Dupin et al. They are not present in KSHV-negative MCD (92, 93).
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KSHV-positive MCD is therefore a distinct disease entity and has been designated
as a plasmablastic variant of MCD (93). The rearranged heavy-chain–variable
regions of the KSHV-positive plasmablasts are not mutated, implying that these
infected cells originate from naive B cells (M Du, unpublished). Their mature
phenotype may result from KSHV infection, possibly because of expression of
vIL-6 rather than from a germinal center reaction.

KSHV GENES AND DISEASE PATHOGENESIS

A newly recognized feature of some DNA viruses, and in particular herpesviruses
and poxviruses, is the piracy and incorporation of host cell genes into their viral
genomes (94). KSHV encodes homologs of human cyclin D (vCYC, ORF72) (95),
an IL-8–like G-protein coupled receptor (vGPCR, ORF74) (96), three chemokine
homologs, vMIP-I, vMIP-II and vMIP-III (ORFs K6, K4, K4.1) (16, 17, 94), a
homolog of IL-6 (ORF K2) (17, 94, 97), two ORFs with some sequence similarity
to interferon regulatory factors (vIRFs, ORFs K9 and K10.5) (94), a new member
of the virus encoded family of FLICE inhibitory proteins (vFLIP, ORF13) (98, 99),
and a bcl-2 homolog (ORF16) (100, 101). In addition, KSHV encodes genes simi-
lar to the complement-binding proteins CD21/CR2 (ORF4) and an NCAM-like
adhesion protein (ORF14) (16). Presumably, all of these genes help the virus to
survive and replicate successfully in its host.

KSHV v-Cyclin

Cellular cyclins regulate cell proliferation and cell cycle progression (102, 103).
The G1 cyclins D and E accelerate transit through the G1 phase of the cell cycle into
the S phase and therefore commit cells to a further cycle of DNA synthesis. The
aberrant expression of cellular D-type cyclins is strongly implicated in the patho-
genesis of various malignancies (104, 105). All cyclins function by associating
with cyclin-dependent kinases (CDKs) to phosphorylate and inactivate cell cycle
checkpoint molecules. The cyclin encoded by KSHV (vCYC) associates predom-
inantly with CDK6, and this complex can phosphorylate, and therefore inactivate,
pRB (95, 106, 107). Like cellular cyclins, KSHV vCYC in concert with CDK6 can
also activate cyclin A expression (108). Unlike cellular cyclins, KSHV vCYC-
Cdk6 complexes are resistant to inhibition by the CDK inhibitors p16(Ink4a),
p21Cip1, and p27Kip (109, 110). Although the protein expression of vCYC in
KSHV-associated disorders still needs to be confirmed, this protein probably pro-
motes cell cycle progression by a mechanism analogous to that of overexpressed
cellular D-type cyclins.

KSHV G-Protein–Coupled Receptor

The KSHV G-protein coupled receptor (vGPCR, ORF74) encodes for a consti-
tutively active receptor and is one of the potential oncogenes encoded by KSHV
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(111). Cellular GPCRs that are constantly stimulated or that become constitu-
tively active by mutation can transform cells and are involved in the pathogenesis
of some human tumors (112). KSHV vGPCR is most homologous to the human re-
ceptors for IL-8 (CXCR-1 and CXCR-2) (96, 113), an endothelial cell chemokine
and angiogenic factor. KSHV vGPCR activates the phosphoinositide pathway (a
mitogenic signaling pathway) in COS-1 cells, and in vitro transfection of rat fibrob-
lasts with KSHV vGPCR leads to cell proliferation (111). NIH3T3 cells expressing
vGPCR form foci and induce tumors when injected into nude mice (114). Addi-
tionally, supernatants from cells transfected with vGPCR contain elevated levels
of vascular endothelial growth factor (VEGF), which induces an angiogenic phe-
notype when applied to human umbilical-vein endothelial cells (114). Recently,
Yang et al raised transgenic mice with vGPCR under T-cell promoter control. The
expression of vGPCR in hematopoietic cells did not induce identifiable lympho-
proliferation but resulted in the development of angioproliferative lesions in mul-
tiple organs that morphologically resemble KS lesions (115). This suggests that
KSHV-GPCR signaling not only is linked to cellular proliferation and possible
transformation but also could induce paracrine responses, such as angiogenesis,
which may be relevant to KS pathogenesis.

KSHV vbcl-2

KSHV encodes a gene (ORF16) with sequence similarity to cellular bcl-2
(100, 101). The EBV and HVS genomes also each carry a bcl-2 homolog. Mem-
bers of the bcl-2 family of genes regulate programmed cell death within a cell
in either a pro-apoptotic or an anti-apoptotic manner by dimerization with other
members of the family. Although the mechanism is poorly understood, the het-
erodimerization of cellular bcl-2 with bax is important in overcoming bax-mediated
apoptosis (116). Whether KSHV-bcl-2 dimerizes with other bcl-2 family mem-
bers in vivo is not yet clear; however, KSHV-bcl-2 can overcome bax-mediated
apoptosis (100, 101). vbcl-2 transcripts are present predominantly in the lytic
phase of viral replication (101, 117). This expression pattern, along with the
homology between KSHV ORF16 and other members of the bcl-2 family, sug-
gests that KSHV-bcl-2 might prolong the lifespan of virus-infected cells. Dereg-
ulated bcl-2 expression has been shown to occur in some human malignancies,
such as follicular lymphomas (118, 119), suggesting that ectopic expression of
KSHV-bcl-2 may also contribute to tumorigenesis through its anti-apoptotic
effect.

KSHV Interleukin-6

The IL-6 protein encoded by KSHV (vIL-6) demonstrates sequence similarity to
human IL-6, a cytokine that enhances B cell survival and proliferation, and is
functional in preventing apoptosis of the IL-6–dependent mouse plasmacytoma
cell line, B9 (94, 120). Immunohistochemical studies using polyclonal antibodies
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specific for vIL-6 demonstrate that this viral cytokine is not expressed in the spindle
cells of KS lesions (60, 94); however, in patients with KS, vIL-6 expression can be
found in hemopoietic cells and in lymph nodes. vIL-6 is also expressed in PELs,
cell lines derived from these lymphomas, and a subset of mantle-zone cells in
KSHV-infected MCD lymph nodes (92). Like cellular IL-6, vIL-6 induces JAK1
phosphorylation and STAT1/STAT3 DNA binding activity. Human IL-6 also uses
this pathway after associating with the human IL-6 receptor complex, composed
of an IL-6Rα subunit that binds the cytokine ligand and a gp130 subunit that
transduces the cytokine signal across the cell membrane.

Although identical pathway signaling is employed by both vIL-6 and human
IL-6 (121), important differences in receptor recognition exist (122, 123). Mon-
oclonal antibody and polyclonal antisera directed against the IL-6Rα receptor
subunit failed to abolish vIL-6 activity, whereas antisera to gp130 blocked STAT
induction (122). NIH3T3 stably expressing vIL-6 and injected into athymic mice
resulted in increased multilineage hematopoiesis as well as angiogenesis mediated
through VEGF (124).

Utilization of preexisting IL-6 signaling pathways appears to be a strategy
employed by KSHV (as well as EBV) in infected hematolymphoid cells to promote
cell survival and prevent apoptosis. It leads to plausible pathogenic mechanisms
for disease association involving lymphoproliferative disorders.

KSHV FLICE-Inhibitory Proteins

A new family of viral inhibitors, the vFLIPs (for FLICE-inhibitory proteins), has
recently been identified. The vFLIPs interfere with apoptosis signaled through
death receptors. vFLIPs are present in several gammaherpesviruses (including
KSHV ORF13), as well as the oncogenic human molluscipoxvirus 1 (98, 99). Cells
expressing vFLIPs are protected against apoptosis induced by CD95 or by tumor
necrosis factor receptor–1 (TNFR-1) (98, 99). Interestingly, all FLIP-encoding
gammaherpesviruses also have a bcl-2 homolog. These viruses may therefore
exploit two complementary anti-apoptotic pathways provided by a bcl-2 homolog
and a vFLIP.

KSHV Interferon Regulating Factor

For the gammaherpesviruses, like all other herpesviruses, the ability to evade
host immune defenses is critical to survival. KSHV encodes a gene, KSHV vIRF
(ORF K9), which has low but significant sequence similarity to the interferon
regulating factor (IRF) family of proteins (94). IRFs are transcriptional factors
involved in transducing or modifying interferon signal transduction to specific
interferon-responsive genes by binding to interferon-stimulated response elements
(ISREs) in their promoters (125). Two members of this family, human IRF-1
(huIRF-1) and huIRF-2, are antagonistic to each other in their effector functions
(126). vIRF appears to share functional homology with huIRF-2, which is known
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to be a repressor of interferon-induced gene transcription because vIRF can inhibit
interferon signaling as measured by reporter assays (127–129). In vIRF, unlike its
human counterpart, no evidence of direct binding to DNA has been experimentally
demonstrated.

Human IRF-2 has also been shown to have oncogenic activity in NIH3T3
cells, which can be reversed by IRF-1 overexpression (126). Likewise, vIRF can
transform NIH3T3 cells, causing focus formation and tumor in nude mice (127).
This viral gene therefore not only apparently contributes to the escape of virus-
infected cells from immunosurveillance but also is another potential oncogene
involved in KSHV tumorigenicity.

KSHV Latent Proteins Without Known Cellular Homologs

At the far right-hand end of the KSHV genome, the ORF K15 encodes a puta-
tive latent transmembrane protein in the same genomic location as EBV’sLMP2A
(19, 130). K15 has various splice mRNA transcripts, which are predicted to trans-
late into proteins consisting of 4 to 12 transmembrane-spanning domains. Two
highly divergent forms of K15, the predominant (P) and minor (M) forms, have
been identified. These two alleles have only 33% amino acid homology to each
other yet retain the 12 transmembrane-spanning domains and a cytoplasmic signal-
transducing carboxyl terminus (C terminus). The cytoplasmic domain of K15, like
LMP2A of EBV, has signaling motifs including potential SH2 and SH3 binding
sites. K15 appears to be constitutively tyrosine-phosphorylated within a YEEVL
motif in the C terminus. Like LMP2A, K15 modulates B cell receptor signal trans-
duction, but the mechanism(s) appears to be distinct from that of LMP2A and
does not involve the mobilization of intracellular free calcium. In addition, a pu-
tative TRAF binding site is present at the C terminus of K15. K15 induces NF-κB
activation, and this activity localizes within the last 18 amino acids of K15, which
contains the putative TRAF binding motif (T Sharp, C Boshoff, unpublished). Be-
tween the P and M forms of K15, the last 18 amino acids are conserved for both
the putative TRAF binding and the SH2 (YEEVL) binding motifs. Like LMP1,
K15 is also able to activate JNK. This ability to activate JNK, like that of NF-κB
activation, is located within the last 18 amino acids of the K15 extreme C ter-
minus. The JNK signaling pathway is known to lead to the activation of AP-1, a
pleiotropic transcription factor implicated in cellular transformation and pheno-
typic changes.

Open reading frame 73 (ORF73) encodes the major immunogenic latency-
associated nuclear antigen (LNA or LANA) of KSHV (131–133). LANA is ex-
pressed in all tumor cells of KSHV-related malignancies. LANA has been shown
to maintain the KSHV episome and, via histone H1, tethers the viral genome to
chromatin during mitosis (134, 135). In addition, LANA interacts with the tumor
suppressor protein p53 and represses its transcriptional activity (136). LANA
therefore appears essential for KSHV persistence and might be an important tran-
scription factor used by KSHV to transform cells.
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KSHV: A New DNA Tumor Virus

The array of genes encoded by KSHV, some unique to it and others shared only
among the rhadinoviruses, has provided hints and directions in dissecting out the
mechanisms of viral pathogenesis and oncogenesis. Investigation of these genes
has begun to demonstrate their functional activity in cellular signaling and regula-
tory pathways. Candidate oncogenes have been identified that may cause dysreg-
ulated proliferation or interfere with established tumor suppressor pathways.

Epidemiologic evidence is overwhelming in support of KSHV as the central
factor in the development of KS, the most common AIDS-related malignancy.
KSHV is also associated with body-cavity–based primary effusion lymphomas
and therefore likely to be a new oncogenic DNA tumor virus.

Visit the Annual Reviews home page at www.AnnualReviews.org

LITERATURE CITED

1. Kaposi M. 1872. Idiopathic multiple pig-
mented sarcoma of the skin.Arch. Dermatol.
Syphil.4:265–73

2. Wabinga HR, Parkin DM, Wabwire-Mangen
F, Mugerwa J. 1993. Cancer in Kampala,
Uganda, in 1989–91: changes in incidence
in the era of AIDS.Int. J. Cancer54:5–22

3. Ziegler JL, Katongole-Mbidde E. 1996. Ka-
posi’s sarcoma in childhood: an analysis of
100 cases from Uganda and relationship to
HIV infection. Int. J. Cancer65:200–3

4. Franceschi S, Geddes M. 1995. Epidemiol-
ogy of classic Kaposi’s sarcoma, with spe-
cial reference to Mediterranean population.
Tumori81:308–14

5. Service PH. 1981. Kaposi’s sarcoma and
Pneumocystispneumonia among homosex-
ual men–New York City and California.
MMWR30:305–8

6. Beral V. 1991. Epidemiology of Ka-
posi’s sarcoma. InCancer, HIV and AIDS,
pp. 5–22. London: Imp. Cancer Res. Fund

7. Oettle AG. 1962. Geographic and racial
differences in the frequency of Kaposi’s
sarcoma as evidence of environmental or
genetic causes. InSymposium on Kaposi’s
sarcoma: Unio Internationalis Contra
Cancrum, ed. LV Ackerman, JF Murray,
pp. 330–63. Basel: Karger

8. Giraldo G, Beth E, Haguenau F. 1972.
Herpes-type particles in tissue culture
of Kaposi’s sarcoma from different ge-
ographic regions.J. Natl. Cancer Inst.
49:1509

9. Giraldo G, Kourilsky FM, Henle W, et al.
1975. Antibody patterns to herpesviruses
in Kaposi’s sarcoma: serological associ-
ation of European Kaposi’s sarcoma with
cytomegalovirus.Int. J. Cancer15:839–48

10. Monini P, Rotola A, de LL, et al. 1996.
Latent BK virus infection and Kaposi’s
sarcoma pathogenesis.Int. J. Cancer66:
717–22

11. Rappersberger K, Tschachler E, Zonzits
E, et al. 1990. Endemic Kaposi’s sarcoma
in human immunodeficiency virus type
1–seronegative persons: demonstration
of retrovirus-like particles in cutaneous
lesions.J. Invest. Dermatol.95:371–81

12. Huang YQ, Li JJ, Rush MG, et al.
1992. HPV-16-related DNA sequences in
Kaposi’s sarcoma.Lancet339:515–18

13. Kempf W, Adams V, Pfaltz M, et al.
1995. Human herpesvirus type 6 and
cytomegalovirus in AIDS-associated
Kaposi’s sarcoma: no evidence for an
etiological association.Hum. Pathol.26:
914–19

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



P1: FUI

November 13, 2000 12:44 Annual Reviews ar122-26

464 BOSHOFF ¥ CHANG

14. Chang Y, Cesarman E, Pessin MS, et al.
1994. Identification of herpesvirus-like
DNA sequences in AIDS-associated Ka-
posi’s sarcoma.Science265:1865–69

15. Moore PS, Gao SJ, Dominguez G, et al.
1996. Primary characterization of a her-
pesvirus agent associated with Kaposi’s
sarcoma.J. Virol. 70:549–58

16. Russo JJ, Bohenzky RA, Chien MC, et al.
1996. Nucleotide sequence of the Kaposi
sarcoma-associated herpesvirus (HHV8).
Proc. Natl. Acad. Sci. USA93:14862–67

17. Neipel F, Albrecht JC, Fleckenstein B.
1997. Cell-homologous genes in the Ka-
posi’s sarcoma–associated rhadinovirus
human herpesvirus 8: determinants of its
pathogenicity?J. Virol. 71:4187–92

18. Zong JC, Ciufo DM, Alcendor DJ, et al.
1999. High-level variability in the ORF-K1
membrane protein gene at the left end of the
Kaposi’s sarcoma–associated herpesvirus
genome defines four major virus subtypes
and multiple variants or clades in different
human populations.J. Virol. 73:4156–70

19. Poole LJ, Zong JC, Ciufo DM, et al. 1999.
Comparison of genetic variability at mul-
tiple loci across the genomes of the major
subtypes of Kaposi’s sarcoma–associated
herpesvirus reveals evidence for recombi-
nation and for two distinct types of open
reading frame K15 alleles at the right-hand
end.J. Virol. 73:6646–60

20. Rose TM, Strand KB, Schultz ER, et al.
1997. Identification of two homologs of the
Kaposi’s sarcoma–associated herpesvirus
(human herpesvirus 8) in retroperitoneal fi-
bromatosis of different macaque species.J.
Virol. 71:4138–44

21. Greensill J, Sheldon JA, Renwick NM,
et al. 2000. Two distinct gamma-2 her-
pesviruses in African green monkeys:
a second gamma-2 herpesvirus lineage
among Old World primates?J. Virol. 74:
1572–77

22. Lacoste V, Nauclere P, Dubreuil G,
et al. 2000. Novel gamma-herpesviruses
highly related to human herpesvirus 8 and

Epstein-Barr virus in chimpanzees and go-
rillas. Nature.In press

23. Desrosiers RC, Sasseville VG, Czajak
SC, et al. 1997. A herpesvirus of rhesus
monkeys related to the human Kaposi
sarcoma–associated herpesvirus.J. Virol.
71:9764–69

24. Olsen SJ, Moore PS. 1998. Kaposi’s
sarcoma–associated herpesvirus (KSHV/
HHV8) and the etiology of KS. InHer-
pesviruses and Immunity, ed. H Freidman,
P Medveczky, M Bendinelli, pp. 115–47.
New York: Plenum

25. LaDuca JR, Love JL, Abbott LZ, et al.
1998. Detection of human herpesvirus 8
DNA sequences in tissues and bodily flu-
ids.J. Infect.Dis.178:1610–15

26. Whitby D, Howard MR, Tenant-Flowers
M, et al. 1995. Detection of Kaposi’s
sarcoma–associated herpesvirus (KSHV)
in peripheral blood of HIV-infected indi-
viduals predicts progression to Kaposi’s
sarcoma.Lancet364:799–802

27. Moore PS, Kingsley LA, Holmberg SD,
et al. 1996. Kaposi’s sarcoma–associated
herpesvirus infection prior to onset of Ka-
posi’s sarcoma.AIDS10:175–80

28. Monini P, de Lellis L, Fabris M, et al. 1996.
Kaposi’s sarcoma–associated herpesvirus
DNA sequences in prostate tissue and hu-
man semen.N. Engl. J. Med.334:1168–72

29. Howard MR, Whitby D, Bahadur G, et al.
1997. Detection of human herpesvirus 8
DNA in semen from HIV-infected individ-
uals but not healthy semen donors.AIDS
11:F15–19

30. Ambroziak JA, Blackbourn DJ, Herndier
BG, et al. 1995. Herpes-like sequences in
HIV-infected and uninfected Kaposi’s sar-
coma patients.Science268:582–83

31. Tasaka T, Said JW, Koeffler HP. 1996.
Absence of HHV-8 in prostate and semen.
N. Engl. J. Med.335:1237–38

32. Pellett PE, Spira TJ, Bagasra O, et al. 1999.
Multicenter comparison of PCR assays for
detection of human herpesvirus 8 DNA in
semen.J. Clin. Microbiol.37:1298–301

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



P1: FUI

November 13, 2000 12:44 Annual Reviews ar122-26

KAPOSI’S SARCOMA–ASSOCIATED HERPESVIRUS 465

33. Rettig MB, Ma HJ, Vescio RA, et al. 1997.
Kaposi’s sarcoma–associated herpesvirus
infection of bone marrow dendritic cells
from multiple myeloma patients.Science
276:1851–54

34. Di Alberti L, Piattelli A, Artese L, et al.
1997. Human herpesvirus 8 variants in sar-
coid tissues.Lancet350:1655–61

35. Olsen SJ, Tarte K, Sherman W, et al. 1998.
Evidence against KSHV infection in the
pathogenesis of multiple myeloma.Virus
Res.57:197–202

36. Tarte K, Chang Y, Klein B. 1999. Kaposi’s
sarcoma–associated herpesvirus and multi-
ple myeloma: lack of criteria for causality.
Blood93:3159–63; discussion 3163–64

37. Lebbe C, Agbalika F, Flageul B, et al.
1999. No evidence for a role of human her-
pesvirus type 8 in sarcoidosis: molecular
and serological analysis.Br. J. Dermatol.
141:492–96

38. Pau CP, Lam LL, Spira TJ, et al. 1998.
Mapping and serodiagnostic application of
a dominant epitope within the human her-
pesvirus 8 ORF 65–encoded protein.J.
Clin. Microbiol. 36:1574–77

39. Zhu L, Wang R, Sweat A, et al. 1999.
Comparison of human sera reactivities
in immunoblots with recombinant human
herpesvirus (HHV)–8 proteins associated
with the latent (ORF73) and lytic (ORFs
65, K8.1A, and K8.1B) replicative cycles
and in immunofluorescence assays with
HHV-8-infected BCBL-1 cells.Virology
256:381–92

40. Katano H, Iwasaki T, Baba N, et al.
2000. Identification of antigenic proteins
encoded by human herpesvirus 8 and sero-
prevalence in the general population and
among patients with and without Kaposi’s
sarcoma.J. Virol. 74:3478–85

41. Gao S-J, Kingsley L, Hoover DR, et al.
1996. Seroconversion to antibodies against
Kaposi’s sarcoma–associated herpesvirus–
related latent nuclear antigens before the
development of Kaposi’s sarcoma.N. Engl.
J. Med.335:233–41

42. Kedes DH, Operskalski E, Busch M, et al.
1996. The seroepidemiology of human her-
pesvirus 8 (Kaposi’s sarcoma–associated
herpesvirus): distribution of infection in
KS risk groups and evidence for sexual
transmission.Nat. Med.2:918–24

43. Gao SJ, Kingsley L, Li M, et al. 1996.
KSHV antibodies among Americans,
Italians and Ugandans with and without
Kaposi’s sarcoma.Nat. Med. 2:925–
28

44. Lennette ET, Blackbourn DJ, Levy JA.
1996. Antibodies to human herpesvirus
type 8 in the general population and in
Kaposi’s sarcoma patients.Lancet 348:
858–61

45. Kedes DH, Ganem D, Ameli N, et al.
1997. The prevalence of serum anti-
body to human herpesvirus 8 (Kaposi
sarcoma–associated herpesvirus) among
HIV-seropositive and high-risk HIV-
seronegative women.JAMA277:478–81

46. Simpson GR, Schulz TF, Whitby D, et al.
1996. Prevalence of Kaposi’s sarcoma as-
sociated herpesvirus infection measured
by antibodies to recombinant capsid pro-
tein and latent immunofluorescence anti-
gen.Lancet348:1133–38

47. Regamey N, Cathomas G, Schwager M,
et al. 1998. High human herpesvirus 8
seroprevalence in the homosexual popu-
lation in Switzerland.J. Clin. Microbiol.
36:1784–86

48. Martin JN, Ganem DE, Osmond DH, et al.
1998. Sexual transmission and the natural
history of human herpesvirus 8 infection.
N. Engl. J. Med.338:948–54

49. Dukers NH, Renwick N, Prins M, et al.
2000. Risk factors for human herpesvirus
8 seropositivity and seroconversion in a co-
hort of homosexual men.Am. J. Epidemiol.
151:213–24

50. Renwick N, Halaby T, Weverling GJ,
et al. 1998. Seroconversion for human her-
pesvirus 8 during HIV infection is highly
predictive of Kaposi’s sarcoma.AIDS
12:2481–88

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



P1: FUI

November 13, 2000 12:44 Annual Reviews ar122-26

466 BOSHOFF ¥ CHANG

51. Mayama S, Cuevas LE, Sheldon J, et al.
1998. Prevalence and transmission of
Kaposi’s sarcoma–associated herpesvirus
(human herpesvirus 8) in Ugandan chil-
dren and adolescents.Int. J. Cancer77:
817–20

52. Lyall EG, Patton GS, Sheldon J, et al.
1999. Evidence for horizontal and not ver-
tical transmission of human herpesvirus 8
in children born to human immunodefi-
ciency virus–infected mothers.Pediatr. In-
fect. Dis. J.18:795–99

53. Bourboulia D, Whitby D, Boshoff C, et al.
1998. Serologic evidence for mother-to-
child transmission of Kaposi sarcoma–
associated herpesvirus infection.JAMA
280:31–32

54. Olsen SJ, Chang Y, Moore PS, et al. 1998.
Increasing Kaposi’s sarcoma–associated
herpesvirus seroprevalence with age in a
highly Kaposi’s sarcoma endemic region,
Zambia in 1985.AIDS12:1921–25

55. Gessain A, Mauclere P, van Beveren M,
et al. 1999. Human herpesvirus 8 pri-
mary infection occurs during childhood in
Cameroon, Central Africa.Int. J. Cancer
81:189–92

56. Sitas F, Carrara H, Beral V, et al. 1999.
Antibodies against human herpesvirus 8 in
black South African patients with cancer.
N. Engl. J. Med.340:1863–71

57. Nickoloff BJ, Griffiths CE. 1989. The
spindle-shaped cells in cutaneous Kaposi’s
sarcoma. Histologic simulators include
factor XIIIa dermal dendrocytes.Am. J.
Pathol.135:793–800

58. Stürzl M, Roth MK, Brockmeyer NH,
et al. 1992. Expression of platelet-derived
growth factor and its receptor in AIDS-
related Kaposi sarcoma in vivo suggests
paracrine and autocrine mechanisms of tu-
mor maintenance.Proc. Natl. Acad. Sci.
USA89:7046–50

59. Dupin N, Fisher C, Kellam P, et al. 1999.
Distribution of human herpesvirus-8
latently infected cells in Kaposi’s sar-
coma, multicentric Castleman’s disease,

and primary effusion lymphoma.Proc.
Natl. Acad. Sci. USA96:4546–51

60. Parravicini C, Chandran B, Corbellino
M, et al. 2000. Differential viral pro-
tein expression in Kaposi’s sarcoma–
associated herpesvirus–infected diseases:
Kaposi’s sarcoma, primary effusion lym-
phoma, and multicentric Castleman’s dis-
ease.Am. J. Pathol.156:743–49

61. Katano H, Sato Y, Kurata T, et al.
2000. Expression and localization of
human herpesvirus-8-encoded proteins
in primary effusion lymphoma, Ka-
posi’s sarcoma, and multicentric Castle-
man’s disease.Virology269:335–44

62. Rabkin CS, Bedi G, Musaba E, et al.
1995. AIDS-related Kaposi’s sarcoma is
a clonal neoplasm.Clin. Cancer Res.
1:257–60

63. Rabkin CS, Janz S, Lash A, et al. 1997.
Monoclonal origin of multicentric Ka-
posi’s sarcoma lesions.N. Engl. J. Med.
336:988–93

64. Delabesse E, Oksenhendler E, Lebbe C,
et al. 1997. Molecular analysis of clonal-
ity in Kaposi’s sarcoma.J. Clin. Pathol.
50:664–68

65. Judde JG, Lacoste V, Briere J, et al.
2000. Monoclonality or oligoclonality
of human herpesvirus 8 terminal re-
peat sequences in Kaposi’s sarcoma and
other diseases.J. Natl. Cancer Inst.92:
729–36

65a. Cesarman E, Mesri EA, Gershengorn
MC. 2000. Viral G protein-coupled re-
ceptor and Kaposi’s sarcoma: a model
of paracrine neoplasia?J. Exp. Med.
191:417–22

66. Knowles DM, Inghirami G, Ubriaco A,
Dalla-Favera R. 1989. Molecular genetic
analysis of three AIDS-associated neo-
plasms of uncertain lineage demonstrates
their B-cell derivation and the possible
pathogenetic role of Epstein-Barr virus.
Blood73:792–99

67. Walts A, Shintaku R, Said JW. 1990.
Diagnosis of malignant lymphoma in

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



P1: FUI

November 13, 2000 12:44 Annual Reviews ar122-26

KAPOSI’S SARCOMA–ASSOCIATED HERPESVIRUS 467

effusions from patients with AIDS by gene
rearrangement.Am. J. Clin. Pathol.194:
170–75

68. Karcher DS, Dawkins F, Garrett CT. 1992.
Body cavity–based non-Hodgkin’s lym-
phoma (NHL) in HIV-infected patients:
B-cell lymphoma with unusual clinical,
immunophenotypic, and genotypic fea-
tures.Lab. Invest.92:80a (Abstr.)

69. Cesarman E, Chang Y, Moore PS, et al.
1995. Kaposi’s sarcoma–associated her-
pesvirus-like DNA sequences are present
in AIDS-related body cavity based lym-
phomas.N. Engl. J. Med.332:1186–91

70. Komanduri KV, Luce JA, McGrath MS,
et al. 1996. The natural history and molec-
ular heterogeneity of HIV-associated pri-
mary malignant lymphomatous effusions.
J. Acquired Immune Defic. Syndr. Hum.
Retrovirol.13:215–26

71. Nador RG, Cesarman E, Chadburn A, et al.
1996. Primary effusion lymphoma: a dis-
tinct clinicopathologic entity associated
with the Kaposi’s sarcoma–associated her-
pes virus.Blood88:645–56

72. Strauchen JA, Hauser AD, Burstein DA,
et al. 1996. Body cavity–based malignant
lymphoma containing Kaposi sarcoma–
associated herpesvirus in an HIV-negative
man with previous Kaposi sarcoma.Ann.
Intern. Med.125:822–25

73. Said JW, Tasaka T, Takeuchi S, et al. 1996.
Primary effusion lymphoma in women: re-
port of two cases of Kaposi’s sarcoma her-
pes virus–associated effusion-based lym-
phoma in human immunodeficiency virus–
negative women.Blood88:3124–28

74. Jaffe E. 1996. Primary body cavity–based
AIDS-related lymphomas. Evolution of a
new disease entity.Am. J. Clin. Pathol.
105:221–29

75. Gaidano G, Gloghini A, Gattei V, et al.
1997. Association of Kaposi’s sarcoma–
associated herpesvirus–positive primary
effusion lymphoma with expression of
the CD138/syndecan-1 antigen.Blood
90:4894–900

76. Carbone A, Gaidano G, Gloghini A,
et al. 1998. Differential expression of
BCL-6, CD138/syndecan-1, and Epstein-
Barr virus–encoded latent membrane
protein–1 identifies distinct histogenetic
subsets of acquired immunodeficiency
syndrome–related non-Hodgkin’s lym-
phomas.Blood91:747–55

77. Carbone A, Gloghini A, Vaccher E, et al.
1996. Kaposi’s sarcoma–associated her-
pesvirus DNA sequences in AIDS-related
and AIDS-unrelated lymphomatous effu-
sions.Br. J. Haematol.94:533–43

78. Cesarman E, Moore PS, Rao PH, et al.
1995. In vitro establishment and charac-
terization of two AIDS-related lymphoma
cell lines (BC-1 and BC-2) containing
Kaposi’s sarcoma–associated herpesvirus-
like (KSHV) DNA sequences.Blood
86:2708–14

79. Renne R, Zhong W, Herndier B, et al.
1996. Lytic growth of Kaposi’s sarcoma–
associated herpesvirus (human herpesvirus
8) in culture.Nat. Med.2:342–46

80. Gaidano G, Cechova K, Chang Y, et al.
1996. Establishment of AIDS-related lym-
phoma cell lines from lymphomatous effu-
sions.Leukemia10:1237–40

81. Arvanitakis L, Mesri EA, Nador RG,
et al. 1996. Establishment and character-
ization of a primary effusion (body cavity–
based) lymphoma cell line (BC-3) har-
boring Kaposi’s sarcoma–associated her-
pesvirus (KSHV/HHV-8) in the absence of
Epstein–Barr virus.Blood88:2648–54

82. Carbone A, Cilia AM, Gloghini A, et al.
1998. Establishment and characterization
of EBV-positive and EBV-negative pri-
mary effusion lymphoma cell lines har-
bouring human herpesvirus type-8.Br. J.
Haematol.102:1081–89

83. Boshoff C, Gao SJ, Healy LE, et al. 1998.
Establishing a KSHV+ cell line (BCP-1)
from peripheral blood and characteriz-
ing its growth in Nod/SCID mice.Blood
91:1671–79

84. Yoshizaki K, Matsuda T, Nishimoto N,

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



P1: FUI

November 13, 2000 12:44 Annual Reviews ar122-26

468 BOSHOFF ¥ CHANG

et al. 1989. Pathogenic significance of
interleukin-6 (IL-6/BSF-2) in Castleman’s
disease.Blood74:1360–67

85. Leger-Ravet MB, Peuchmaur M, Dev-
ergne O, et al. 1991. Interleukin-6 gene
expression in Castleman’s disease.Blood
78:2923–30

86. Brandt SJ, Bodine DM, Dunbar CE,
Nienhuis AW. 1990. Dysregulated inter-
leukin 6 expression produces a syndrome
resembling Castleman’s disease in mice.
J. Clin. Invest.86:592–99

87. Peterson BA, Frizzera G. 1993. Multi-
centric Castleman’s disease.Sem. Oncol.
20:636–47

88. Soulier J, Grollet L, Oskenhendler E,
et al. 1995. Kaposi’s sarcoma–associated
herpesvirus-like DNA sequences in
multicentric Castleman’s disease.Blood
86:1276–80

89. Dupin N, Gorin I, Deleuze J, et al.
1995. Herpes-like DNA sequences, AIDS-
related tumors, and Castleman’s disease.
N. Engl. J. Med.333:797–98

90. Gessain A, Sudaka A, Briere J, et al.
1996. Kaposi sarcoma–associated herpes-
like virus (human herpesvirus type 8) DNA
sequences in multicentric Castleman’s dis-
ease: Is there any relevant association
in non–human immunodeficiency virus–
infected patients?Blood87:414–16

91. Corbellino M, Poirel L, Aubin JT, et al.
1996. The role of human herpesvirus 8 and
Epstein-Barr virus in the pathogenesis of
giant lymph node hyperplasia (Castleman’s
disease).Clin. Infect. Dis.22:1120–21

92. Parravicini C, Corbellino M, Paulli M,
et al. 1997. Expression of a virus-
derived cytokine, KSHV vIL-6, in HIV-
seronegative Castleman’s disease.Am. J.
Pathol.151:1517–22

93. Dupin N, Diss TL, Kellam P, et al. 2000.
HHV-8 is associated with a plasmablas-
tic variant of Castleman disease that is
linked to HHV-8-positive plasmablastic
lymphoma.Blood95:1406–12

94. Moore PS, Boshoff C, Weiss RA, Chang

Y. 1996. Molecular mimicry of human
cytokine and cytokine response pathway
genes by KSHV.Science274:1739–44

95. Chang Y, Moore PS, Talbot SJ, et al.
1996. Cyclin encoded by KS herpesvirus.
Nature382:410

96. Cesarman E, Nador RG, Bai F, et al. 1996.
Kaposi’s sarcoma-associated herpesvirus
contains G protein–coupled receptor and
cyclin D homologs which are expressed
in Kaposi’s sarcoma and malignant lym-
phoma.J. Virol. 70:8218–23

97. Nicholas J, Ruvolo V, Zong J, et al. 1997.
A single 13-kilobase divergent locus
in the Kaposi sarcoma–associated her-
pesvirus (human herpesvirus 8) genome
contains nine open reading frames that
are homologous to or related to cellular
proteins.J. Virol. 71:1963–74

98. Bertin J, Armstrong RC, Ottilie S, et al.
1997. Death effector domain-containing
herpesvirus and poxvirus proteins inhibit
both Fas- and TNFR1-induced apoptosis.
Proc. Natl. Acad. Sci. USA94:1172–76

99. Thome M, Schneider P, Hofman K, et al.
1997. Viral FLICE-inhibitory proteins
(FLIPs) prevent apoptosis induced by
death receptors.Nature386:517–21

100. Cheng EH, Nicholas J, Bellows DS,
et al. 1997. A Bcl-2 homolog encoded by
Kaposi sarcoma–associated virus, human
herpesvirus 8, inhibits apoptosis but does
not heterodimerize with Bax or Bak.Proc.
Natl. Acad. Sci. USA94:690–94

101. Sarid R, Sato T, Bohenzky RA, et al.
1997. Kaposi’s sarcoma–associated her-
pesvirus encodes a functional bcl-2 ho-
mologue.Nat. Med.3:293–98

102. Peters G. 1994. The D-type cyclins and
their role in tumorigenesis.J. Cell. Sci.
18(Suppl.):89–96

103. Sherr CJ. 1995. D-type cyclins.Trends
Biochem. Sci.20:187–90

104. Bates S, Parry D, Bonetta L, et al. 1994.
Absence of cyclin D/cdk complexes in
cells lacking functional retinoblastoma
protein.Oncogene9:1633–40

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



P1: FUI

November 13, 2000 12:44 Annual Reviews ar122-26

KAPOSI’S SARCOMA–ASSOCIATED HERPESVIRUS 469

105. Bodrug SE, Aim´e–Semp´e C, Sato T,
et al. 1995. Biochemical and functional
comparisons of Mcl-1 and Bcl-2 proteins:
evidence for a novel mechanism of reg-
ulating Bcl-2 family protein function.
Death Differ.2:173–82

106. Li M, Lee H, Yoon DW, et al. 1997.
Kaposi’s sarcoma–associated herpesvirus
encodes a functional cyclin.J. Virol. 71:
1984–91

107. Godden-Kent D, Talbot SJ, Boshoff C,
et al. 1997. The cyclin encoded by
Kaposi’s sarcoma–associated herpesvirus
stimulates cdk6 to phosphorylate the
retinoblastoma protein and histone H1.
J. Virol. 71:4193–98

108. Duro D, Schulze A, Vogt B, et al.
1999. Activation of cyclin A gene ex-
pression by the cyclin encoded by human
herpesvirus–8.J. Gen. Virol.80:549–55

109. Swanton C, Mann DJ, Fleckenstein B,
et al. 1997. Herpes viral cyclin/Cdk6
complexes evade inhibition by CDK
inhibitor proteins.Nature390:184–87

110. Ellis M, Chew YP, Fallis L, et al. 1999.
Degradation of p27(Kip) cdk inhibitor
triggered by Kaposi’s sarcoma virus
cyclin-cdk6 complex.EMBO J.18:644–
53

111. Arvanitakis L, Geras RE, Varma A, et al.
1997. Human herpesvirus KSHV encodes
a constitutively active G-protein–coupled
receptor linked to cell proliferation.
Nature385:347–50

112. Burger M, Burger JA, Hoch RC, et al.
1999. Point mutation causing constitutive
signaling of CXCR2 leads to transform-
ing activity similar to Kaposi’s sarcoma
herpesvirus–G protein–coupled receptor.
J. Immunol.163:2017–22

113. Guo HG, Browning P, Nicholas J, et al.
1997. Characterization of a chemokine
receptor-related gene in human her-
pesvirus 8 and its expression in Kaposi’s
sarcoma.Virology228:371–78

114. Bais C, Santomasso B, Coso O, et al.
1998. G-protein–coupled receptor of

Kaposi’s sarcoma–associated herpesvirus
is a viral oncogene and angiogenesis
activator.Nature391:86–89

115. Yang BT, Chen SC, Leach MW, et al.
2000. Transgenic expression of the
chemokine receptor encoded by human
herpesvirus 8 induces an angioprolifer-
ative disease resembling Kaposi’s sar-
coma.J. Exp. Med.191:445–54

116. Sato T, Hanada M, Bodrug S, et al. 1994.
Interactions among members of the Bcl-2
protein family analyzed with a yeast two-
hybrid system.Proc. Natl. Acad. Sci. USA
91:9238–42

117. Sarid R, Flore O, Bohenzky RA, et al.
1998. Transcription mapping of the Ka-
posi’s sarcoma–associated herpesvirus
(human herpesvirus 8) genome in a body
cavity–based lymphoma cell line (BC-1).
J. Virol. 72:1005–12

118. Tsujimoto Y, Croce CM. 1986. Analysis
of the structure, transcripts, and protein
products of bcl-2, the gene involved in
human follicular lymphoma.Proc. Natl.
Acad. Sci. USA83:5214–18

119. Cleary ML, Smith SD, Sklar J. 1986.
Cloning and structural analysis of cDNAs
for bcl-2 and a hybrid bcl-2/immuno-
globulin transcript resulting from the
t(14;18) translocation.Cell 47:19–28

120. Nicholas J, Ruvolo VR, Burns WH, et al.
1997. Kaposi’s sarcoma–associated hu-
man herpesvirus–8 encodes homologues
of macrophage inflammatory protein–
1 and interleukin-6.Nat. Med. 3:287–
92

121. Osborne J, Moore PS, Chang Y. 1999.
KSHV-encoded viral IL-6 activates mul-
tiple human IL-6 signaling pathways.
J. Hum. Immunol.60:921–27

122. Molden J, Chang Y, You Y, et al.
1997. A Kaposi’s sarcoma–associated
herpesvirus–encoded cytokine homolog
(vIL-6) activates signaling through the
shared gp130 receptor subunit.J. Biol.
Chem.272:19625–31

123. Wan X, Wang H, Nicholas J. 1999.

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



P1: FUI

November 13, 2000 12:44 Annual Reviews ar122-26

470 BOSHOFF ¥ CHANG

Human herpesvirus 8 interleukin–6
(vIL-6) signals through gp130 but has
structural and receptor-binding properties
distinct from those of human IL-6.J.
Virol. 73:8268–78

124. Aoki Y, Jaffe ES, Chang Y, et al. 1999.
Angiogenesis and hematopoiesis induced
by Kaposi’s sarcoma–associated herpes-
virus–encoded interleukin-6.Blood 93:
4034–43

125. Taniguchi T, Lamphier MS, Tanaka N.
1997. IRF-1: the transcription factor link-
ing the interferon response and oncogene-
sis.Biochim. Biophys. Acta1333:M9–17

126. Taniguchi T, Harada H, Lamphier M.
1995. Regulation of the interferon sys-
tem and cell growth by the IRF transcrip-
tion factors.J. Cancer Res. Clin. Oncol.
121:516–20

127. Gao S-J, Boshoff C, Jayachandra S, et al.
1997. KSHV ORF K9 (vIRF) is an onco-
gene that inhibits the interferon signaling
pathway.Oncogene15:1979–86

128. Zimring JC, Goodbourn S, Offermann
MK. 1998. HHV8 encodes an IRF ho-
mologue that represses IRF-1 mediated
transcription.J. Virol. 72:701–7

129. Li M, Lee H, Guo J, et al. 1998.
Kaposi’s sarcoma–associated herpesvirus
viral interferon regulatory factor.J. Virol.
72:5433–40

130. Glenn M, Rainbow L, Aurad F, et al.
1999. Identification of a spliced gene from
Kaposi’s sarcoma–associated herpesvirus
encoding a protein with similarities to

latent membrane proteins 1 and 2A of
Epstein-Barr virus.J. Virol. 73:6953–63

131. Rainbow L, Platt GM, Simpson GR, et al.
1997. The 222- to 234-kilodalton la-
tent nuclear protein (LNA) of Kaposi’s
sarcoma–associated herpesvirus (human
herpesvirus 8) is encoded by orf73 and
is a component of the latency-associated
nuclear antigen.J. Virol. 71:5915–21

132. Kellam P, Boshoff C, Whitby D, et al.
1997. Identification of a major latent nu-
clear antigen, LNA-1, in the human her-
pesvirus 8 genome.J. Hum. Virol.1:19–
29

133. Kedes DH, Lagunoff M, Renne R, Ganem
D. 1997. Identification of the gene en-
coding the major latency-associated nu-
clear antigen of the Kaposi’s sarcoma–
associated herpesvirus.J. Clin. Invest.
100:2606–10

134. Ballestas ME, Chatis PA, Kaye KM.
1999. Efficient persistence of extra-
chromosomal KSHV DNA mediated
by latency-associated nuclear antigen.
Science284:641–44

135. Cotter MA 2nd, Robertson ES. 1999. The
latency-associated nuclear antigen teth-
ers the Kaposi’s sarcoma–associated her-
pesvirus genome to host chromosomes
in body cavity–based lymphoma cells.
Virology264:254–64

136. Friborg J Jr, Kong W, Hottiger MO, Nabel
GJ. 1999. p53 inhibition by the LANA
protein of KSHV protects against cell
death.Nature402:889–94

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



           Annual Review of Medicine
          Volume 52, 2001

CONTENTS
REGULATION OF LEUKOTRIENES IN THE MANAGEMENT OF 
ASTHMA: Biology and Clinical Therapy, Alan R. Leff 1
PATHOPHYSIOLOGICAL ROLE OF CYTOKINES IN CONGESTIVE 
HEART FAILURE,  Arnon Blum, Hylton Miller 15
CURRENT TREATMENT STRATEGIES FOR CHRONIC HEPATITIS 
B AND C, Otto S. Lin, Emmet B. Keeffe 29

HEALTH CARE WORKFORCE FOR THE TWENTY-FIRST 
CENTURY: The Impact of Nonphysician Clinicians, Richard A. Cooper 51
ADVANCES IN THE TREATMENT OF LUPUS NEPHRITIS, Robert 
Zimmerman, Jai Radhakrishnan, Anthony Valeri, Gerald Appel 63

BIOMEDICAL ETHICS AND THE WITHDRAWAL OF ADVANCED 
LIFE SUPPORT, Noreen R. Henig, John L. Faul, Thomas A. Raffin 79

MOLECULAR GENETICS AND PATHOGENESIS OF AUTOSOMAL 
DOMINANT POLYCYSTIC KIDNEY DISEASE, M. Amin Arnaout 93
ANTIBODY-TARGETED IMMUNOTHERAPY FOR TREATMENT 
OF MALIGNANCY, Christine A. White, Robin L. Weaver, Antonio J. 
Grillo-López 125
LIVER TRANSPLANTS FROM LIVING RELATED DONORS, 
Benjamin Samstein, Jean Emond 147
NOVEL PLATELET INHIBITORS, Joel S. Bennett 161
LUNG TRANSPLANTATION AT THE TURN OF THE CENTURY, 
Dawn L. DeMeo, Leo C. Ginns 185
PREVENTION OF UREMIC BONE DISEASE USING 
CALCIMIMETIC COMPOUNDS, Klaus Olgaard, Ewa Lewin 203
ACUTE RESPIRATORY DISTRESS SYNDROME: Physiology and 
New Management Strategies, Ann B. Weinacker, Laszlo T. Vaszar 221
NEW ORAL THERAPIES FOR TYPE 2 DIABETES MELLITUS: The 
Glitazones or Insulin Sensitizers, Sunder Mudaliar, Robert R. Henry 239
SALMONELLA: A Model for Bacterial Pathogenesis, Michael E. Ohl, 
Samuel I. Miller 259
RISK-ADJUSTED SURGICAL OUTCOMES, Jennifer Daley, William 
G. Henderson, Shukri F. Khuri 275
THE ROLE OF INFLAMMATION AND INFECTION IN CORONARY 
ARTERY DISEASE, Anton E. Becker, Onno J. de Boer, Allard C. van 
der Wal 289

EVOLVING TREATMENT STRATEGIES FOR INFLAMMATORY 
BOWEL DISEASE,  Stephen B. Hanauer, Themistocles Dassopoulos 299
IRRITABLE BOWEL SYNDROME, Yehuda Ringel, Ami D. Sperber, 
Douglas A. Drossman 319
EFFECTS OF NEUROPEPTIDES AND LEPTIN ON NUTRIENT 
PARTITIONING: Dysregulations in Obesity, Bernard Jeanrenaud, 
Françoise Rohner-Jeanrenaud 339
MIXED CHIMERISM AND TRANSPLANTATION TOLERANCE, 
Thomas Wekerle, Megan Sykes 353
GENETIC TESTING FOR CANCER PREDISPOSITION, Charis Eng, 
Heather Hampel, Albert de la Chapelle 371

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



CURRENT CONCEPTS IN THE POLYCYSTIC OVARY 
SYNDROME, Andrea Dunaif, Abraham Thomas, 401
RENAL ARTERY STENOSIS: A Common, Treatable Cause of Renal 
Failure, Stephen C. Textor, Christopher S. Wilcox 421
TISSUE ENGINEERING: Current State and Prospects, Ulrich A. Stock, 
Joseph P. Vacanti 443
KAPOSI''S SARCOMA-ASSOCIATED HERPESVIRUS: A New DNA 
Tumor Virus, C. Boshoff, Y. Chang 453
HEREDITARY DISTAL RENAL TUBULAR ACIDOSIS: New 
Understandings, Daniel Batlle, Hrishikesh Ghanekar, Sheeja Jain, Amit 
Mitra 471
GENE TRANSFER FOR ANGIOGENESIS IN CORONARY ARTERY 
DISEASE, Roger J. Laham, Michael Simons, Frank Sellke 485

ATYPICAL ANTIPSYCHOTICS: New Directions and New Challenges 
in the Treatment of Schizophrenia, Shitij Kapur, Gary Remington 503

A
nn

u.
 R

ev
. M

ed
. 2

00
1.

52
:4

53
-4

70
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
Pi

tts
bu

rg
h 

on
 0

8/
25

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 


