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Most human herpesviruses are ubiquitous in most popula-
tions. They usually persist as long-term latent infections, and
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INTRODUCTION asymptomatic shedding of infectious virus is common. This

shedding is responsible for horizontal primary transmission,
usually from mother to child, so that initial infection occurs
very early in life. Because they are so common, it has been very
difficult to prove their role in the pathogenesis of malignant or
nonmalignant diseases.

An important exception to this rule, because of its limited

Phone: (301) 470-3220. Fax: (301) 497-9773. E-mail: dablashi@abionline ~ and uneven distribution, is human herpesvirus 8 (HHV-8), also
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called Kaposi’s sarcoma-associated herpesvirus (KSHV). In
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sub-Saharan Africa, antibodies to HHV-8 can be found in
upwards of 30% of the general population (55, 134, 258, 263).
From 10 to 25% of people from the Mediterranean area are
seropositive for the virus. Geographic pockets in this area with
higher or lower prevalences can be found. In the rest of the
world, the seroprevalency is low, 2 to 5% (58).

HHV-8 was first detected by Chang et al. (56) in Kaposi’s
sarcoma (KS) tissues from a patient with AIDS by represen-
tational difference analysis. Since its initial discovery, HHV-8
has been found in all forms of KS: classical, endemic, and
AIDS-associated iatrogenically acquired KS (265). In situ hy-
bridization techniques have pinpointed the location of HHV-8
in the vascular endothelial cells and perivascular spindle-
shaped cells in KS lesions (31,172). This association has been
supported both by molecular analysis (33, 50, 212, 262) and by
seroepidemiological studies (11, 51, 134, 258, 263). The patho-
genic role of HHV-8 in other malignancies, such as multicen-
tric Castleman’s disease and primary effusion lymphoma, was
again based on molecular, seroepidemiological, and cell biol-
ogy studies (264).

On the basis of phylogenic analysis (205, 248), HHV-8 is the
first human rhadinovirus (gamma-2 herpesvirus) identified.
HHV-8 is related to the rhadinoviruses herpesvirus saimiri,
found in squirrel monkeys, and herpesvirus ateles, found in
spider monkeys. Both primates are native to South America.
HHV-8 is also in the lineage of rhadinoviruses that infect
macaques and African green monkeys (30, 70). More recent
studies (5, 70, 121, 122, 261, 267) have found additional rhadi-
noviruses that are closely related to HHV-8 infecting monkeys
and chimpanzees. PCR has detected the DNA polymerase
from rhadinoviruses in rhesus monkeys and pigtail macaques
suffering from retroperitoneal fibromatosis (virus strains
FHVMm and RFHVMn) and also in asymptomatic African
green monkeys (virus strain ChRV-1). Retroperitoneal fibro-
matosis is characterized by a proliferation of spindle cells that
is somewhat similar to KS. HHV-8 homologues were also de-
tected in drill, mandrill, and a hybrid of Mandrillus leucopha-
eus-Mandrill sphinx, nonhuman primates living in Cameroon
and Gabon, central Africa (155). Gamma-2 herpesviruses of
higher primates closely related to HHV-8 were isolated from
chimpanzees and gorillas after finding that they expressed
KHSYV antigens (154).

STRUCTURE AND MORPHOLOGY

Before the discovery of HHV-8 (56), herpesvirus particles
were described in a short-term tissue culture of a KS lesion (92,
115), and they were subsequently identified as cytomegalovirus
(116). HHV-8 exhibits typical herpesvirus morphology: 100- to
150-nm particles with a lipid envelope and an electron-dense
central core (242). Figure 1 is an electron micrograph showing
the morphology of HHV-8 particles in KS-1 cells, a primary
effusion body cavity B-cell lymphoma cell line which is persis-
tently infected with HHV-8 (250). Its capsid is icosahedral,
with a 110-nm diameter, and consists of 162 hexagonal cap-
someres (295). Mature virions with a glycoprotein coat are 140
nm in diameter. The tegument is a protein-filled region be-
tween the capsid and the envelope. The 75-nm torus-shaped
core is a complex of DNA and protein.

In appearance, HHV-8 is indistinguishable from alpha-, be-
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ta-, and other gammaherpesvirus particles (134). Orenstein et
al. (219) found herpesvirus particles in electron micrographs of
KS lesions from three patients. Since HHV-8 has been found
to productively infect spindle cells derived from microvascular
endothelial cells and mononuclear cells, the particles found in
the KS lesions are consistent with HHV-8. PCR analysis on the
skin, lymph node, and spleen from the three patients was
positive for HHV-8; however, the lymph node was positive for
Epstein-Barr virus (EBV) as well.

When the envelope glycoproteins of HHV-8 bind the pro-
teoglycans on the surface of the host cell, penetration can
occur by fusion of the viral envelope with the plasma mem-
brane of the cell (134). HHV-8 infects dividing B cells
(CD45™") during mitosis, much like EBV, the human gamma-
herpesvirus. Following circularization of the viral genome
DNA replication and capsid assembly occur in the nucleus of
the host cell.

Pulsed-field gel electrophoresis of DNA extracted from pu-
rified HHV-8 virions shows that the full-length genome is 165
to 170 kb (Fig. 2). Primary characterization of the genome was
done by Moore et al. (205), and others (213, 248) have done
additional studies. The genome of HHV-8 is similar to that of
herpesvirus saimiri in that it has a single contiguous region, 140
to 145 kb, containing all the coding regions. Some permissive
and nonpermissive tumor cell lines harbor forms of HHV-8
viral DNA up to 270 kb in size (14). The genome has repeats
of 803 bp in length that are 85% guanidine and cytosine. Each
molecule harbors 35 to 45 such repeats, but they are not ar-
rayed uniformly or symmetrically at each end (158). Like EBV,
the latent HHV-8 genome appears to have a circular confor-
mation, but the active DNA found during lytic replication is
linear (242).

Strain variation is very common among human herpesvi-
ruses, e.g., herpes simplex virus types 1 and 2 in the alphaher-
pesvirus group, HHV-6 variants A and B in the betaherpesvi-
rus group, and EBV types A and B in the gammaherpesvirus
group. Hayward (126) found similar variation in the gene prod-
ucts of KSHV ORF-K1 and ORF-K15. Both of these seem to
code for membrane-signaling proteins; they contain conserved
tyrosine kinase interaction motifs within their C-terminal cy-
toplasmic domains (165, 214). ORF-K1 and ORF-15 may play
a key role in the biology and disease manifestation associated
with HHV-8 (126). Based on the analysis of the ORF-K1 and
ORF-15 genes, five HHV-8 variants (groups A to E) have been
identified. Group B is dominant in Africa; D and E are con-
fined to Pacific Island and Amerindian populations. In Europe
and North America, groups A and C predominate (264). Geo-
graphic strain variation in gene sequences has been identified
in viruses isolated from Japan, Kuwait, Europe, Russia, Aus-
tralia, South America, and the United States (94, 153, 195, 196,
297). Although specific variants have not been associated with
different pathologies, the high level of strain variability in
HHV-8 may have important functional implications, although
no serological differences have been noted using the currently
available serological assays.

HHV-8 has many homologies with closely related viruses
(134, 267) but also has many unique sequences (30). ORF-26
of HHV-8, which encodes the minor capsid protein, has 51%
homology to VP23 of herpesvirus saimiri and is 39% homolo-
gous to the EBV open reading frame (ORF) for tegument, BD
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LF1 (56). Of the approximately 95 genes in the HHV-8 ge-
nome, nearly 25 encode novel proteins not found in other
human herpesviruses. Many of these represent captured and
diverged homologues of cellular genes that are referred to by
ORF-K numbers if they do not have homologues in the her-
pesvirus saimiri genome. A number of genes seem to be re-
sponsible for KS pathogenesis: K1, K2, vMIPS, K4, K4.1, K5,
K9, K12, ORF-6, ORF-71, ORF-73, ORF-74, and K15 (212).
The products and functions of these genes in pathogenesis
have been reviewed by Neipel and Fleckenstein (212).

BIOLOGY, INFECTIVITY, TRANSFORMATION,
AND TUMORIGENESIS

Biology

To date, HHV-8 has been detected in tissues from KS,
multicentric Castleman’s disease (MCD), and primary effusion
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FIG. 1. Morphology of KSHV (HHV-8) virions produced in PEL cell line KS-1. Arrows indicate fully mature virions.
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lymphoma (PEL) (Table 1). Although it is difficult to get in-
fectious virus from culture explants of KS and MCD tissues,
two studies have been performed with cells cultured from KS
lesions. Virus was detected in the cultured cells (26, 93). Cell
lines derived from PEL do exhibit HHV-8 particles (250),
although many PEL-derived lines are also infected with EBV
(e.g., BC-1 and BC-2) (14, 52). However, PEL cell lines BCBL,
BCP-1, BC-3, and KS-1 (which are free of both EBV and
human immunodeficiency virus [HIV] as well as other herpes-
viruses) have proven very valuable for studies of HHV-8.
These cells are latently infected with the virus and rarely pro-
duce many virus particles, but if they are chemically induced
with phorbol myristate acetate (PMA) and butyrate, the virus
undergoes DNA synthesis, and infectious virus is produced.
Although BC-3 and KS-1 were derived from the same patient
(14, 52), the KS-1 line, which has been passed through immu-
nodeficient mice, gives much higher yields of virus with suc-
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FIG. 2. Structure of the KSHV (HHV-8) genome. The central portion of the genome is flanked by the terminal repeats, labeled TR. The KSHV
genome contains close to 100 open reading frames. Many of these are conserved in most herpesviruses; these are present in the conserved blocks
(white boxes) and are not indicated. Other open reading frames are unique to rhadinoviruses, gammaherpesviruses, or KSHV and are present in
more divergent areas of the genome (indicated by gray boxes). ORFs that have homology with herpesvirus saimiri are assigned the corresponding
numbers, and ORFs without recognizable homologues were numbered separately and given the prefix K (K1 to K15) (248). Adapted from
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references 212 and 248 with permission of the publishers.

cessive passages, but the BC-3 line gave its highest yields in
early passages.

Negative staining of HHV-8 particles derived from KS-1
cells (Fig. 3) reveals that 35% of the virions are intact and the
remaining 65% are defective, with viral capsids of 100 to 150
nm in diameter. Both KS-1 and BC-3 cell lines have been fully
characterized (14, 250) and have been found to express CD45
but no other B- or T-cell lineage-restricted antigens, an un-
usual immunophenotype. They exhibit immunoglobulin gene
rearrangements typical of B-cell clonal populations, and they
retain the germ line configuration for T-cell genes, indicating
their B-cell derivation. Immunoglobulin (Ig) chain genes, the
Ia heavy-chain genes, and kappa and lambda light-chain genes
retain the germ line configuration for Ty genes.

Both of these cell lines, as well as others listed above, are
easily propagated in standard cell culture medium, RPMI 1640
with 10% or less fetal bovine serum. They generally grow in
large clumps, and <1% of the cells express lytic viral antigen by
immunofluorescence assay with monoclonal and polyclonal an-
tibody (Advanced Biotechnologies Inc., Columbia, Md.) to
ORF-59 (DNA polymerase processing gene), ORF-K8.1 A or
A/B (envelope protein), rabbit anti-ORF-65 (capsid protein),

and serum from a classical-KS patient. When KS-1 cells are
induced with PMA and butyrate, >70% of cells express lytic
antigen in approximately 72 h and become an excellent source
of infectious virus or purified virus for immunological and
molecular biology studies.

Infectivity of HHV-8

HHV-8 does not readily infect most cell types. Mesri et al.
(197) and Moore et al. (205) have shown transmission of
HHV-8 DNA from the BC-1 cell line into Raji (EBV-positive,
nonproducing B-cell line), BJAB (EBV genome-negative B-
cell line), MoLT-3 (CD4-positive mature T-cell line), and owl
monkey kidney cell lines as well as into human cord blood
mononuclear cells. No active infection occurred, however, and
no viral DNA could be detected after several passages. HHV-8
from KS lesions has been propagated in embryonal kidney 293
cells (93); however, the transmission was very limited, and the
viral DNA could be detected only by PCR amplification (Fig.
4). Renne et al. (241) were able to transmit HHV-8 from
BCBL-1 cells to 293 cells by using a spliced HHV-8 late mRNA
and a sensitive reverse transcriptase (RT)-PCR technique;
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TABLE 1. Spectrum of HHV-8-associated diseases”

Disease type Description
Primary infection Infectious mononucleosis-like illness
Very strong HHV-8 association............. KS (all types), i.e., endemic, classic, and AIDS related

Multicentric Castleman’s disease in HIV-infected and non-HIV-infected individuals
Primary effusion lymphoma, also known as body cavity B-cell lymphoma (a rare tumor, but more cases

in HIV-infected individuals)

Development of KS or PEL in transplant recipients; PEL of T-cell origin has also been reported
Evidence of HHV-8 DNA ..........cccccccec. Non-KS skin lesion in transplant recipients

Reactive lymphadenopathy Bowen’s disease

Pemphigus vulgaris with or without HIV infection

Salivary gland tumors (bilateral MALT lymphoma of the parotid gland in HHV-8-seropositive patients)

HIV-infected patients with interstitial pneumonitis

Persistent HHV-8 viremia with coinfection of human T-lymphotropic virus type 1 and myelofibrosis

Hemophagocytic syndrome
Noncleaved cell lymphoma
Multiple myeloma

Kikuchi’s disease (histocytic necrotizing lymphadenitis)

Sarcoidosis

“ HHV-8 association with the listed infections was based on DNA PCR, IgG antibody responses, in situ hybridization on tumor cells, and immunohistochemistry on

tissue sections with HHV-8 monoclonal antibodies.

minimal amounts of viral RNA were expressed and could not
be detected by RT-PCR. Thirty-eight additional cell lines, in-
cluding B cells, endothelial cells, and cells of fibroblastic origin,
were used as targets for transmission, but all failed.

KS-1, BC-3, and BCBL-1 cell lines produce infectious virus,
but the infectivity of this virus is very low. HHV-8 from the
KS-1 cell line concentrated over a sucrose gradient has a very
high particle count. Preparations concentrated 1,000-fold have
been found to contain =1.8 X 10 virus particles/ml and a
protein concentration of >1.0 mg; however, complete infec-
tious particles constitute only 10° of these particles. The rest
are either immature or noninfectious particles. Thus far, to our
knowledge, no primary cell or cell line is readily permissive for
HHV-8 infection and produces quantities of infectious virus.

Cultures of primary human monocytes-macrophages from
patients with AIDS-associated KS can be infected with
HHYV-8, and treatment with cytokines seems to enhance viral
production and allow the cells to maintain the virus for a
longer period (21). An infection of primary cells with HHV-8
obtained from induced KS-1 cells is shown in Fig. 4.

Microvascular endothelial cells transformed with the papil-
lomavirus type 16 E6 and E7 genes were also permissive for
HHV-8 derived from the BCB-1 cell line (206). Successful
transmission was demonstrated by DNA PCR, RT-PCR, im-
munofluorescent assay for cellular proteins, electron micros-
copy for morphological changes, and morphological changes in
soft-agar colonies of the infected cells. The viral genome was
maintained indefinitely and remained in latent form, as indi-
cated by reaction with monoclonal antibody for ORF-73, an
indicator gene of HHV-8 latency. The virus in these infected
endothelial cells could be induced to go into the lytic cycle.
This transition caused the cells to go from a cobblestone
growth pattern to a spindle-shaped morphology, a growth pat-
tern typical of KS lesions.

Untransformed primary fetal dermal microvascular endo-
thelial cells, derived from large blood vessels or capillaries,
have also been successfully infected with HHV-8 from PEL cell
lines (JSC-1, BC-3, and BCP-1) (39, 294). In this system, the
best results were obtained with virus from the JSC-1 line.

Infection caused the dermal microvascular endothelial cells to
change morphology from a cobblestone pattern to spindle-
shaped cells, similar to the change seen in the transformed
endothelial cells described above. This change is accompanied
by loss of contact inhibition. Infected cells expressed latent
nuclear antigen (LNA or LANA) and showed increased mito-
sis. Ten percent of the spindle-shaped cells spontaneously go
into the lytic cycle and express K8 and other lytic cycle pro-

FIG. 3. Purified HHV-8 virions. Supernatant from PMA-butyrate-
induced KS-1 cells was harvested and fractionated by sucrose gradient
centrifugation. The micrograph shows a cluster of negatively stained,
mature HHV-8 virions (arrows), having a nucleocapsid core, defined
tegument region, and outer lipid envelope. Surface spikes are evident
on some particles.
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FIG. 4. Detection of KSHV (HHV-8) DNA in various clinical sam-
ples from KS patients and infected cells. Genomic DNA was extracted
with DNAzol reagent (Gibco-BRL, Gaithersburg, Md.), and 1 pg of
total DNA was used in the PCR. For the detections of KSHV/HHV-8
expression, two primers were synthesized from the minor capsid region
of the HHV-8 sequence. The sense primer was 5'-TCG AGC AGC
TGT TGG TGT ACC ACA T, and the antisense primer was 5'-TCC
GTG TTG TCT ACG TCC AG. These primers, used in the PCR, were
designed to amplify 142 bp of HHV-8. Each PCR cycle consisted of
denaturation at 94°C for 1 min, primer annealing at 60°C for 45 s, and
extension at 72°C for 2 min. The samples were amplified for 30 cycles.
A positive reaction for PCR of HHV-8 showed amplified product of
142 bp. Molecular weight markers (marker VI) were from Boehringer
Mannheim, Indianapolis, Ind. (A) PBMCs from classic KS patients
and HIV-infected KS patients, KS lesions, and skin from HI'V-infected
KS patients. (B) HHV-8-infected cells: PBMCs, monocytes, primary
monkey peripheral blood cells, PBMCs from KS patients, the KS-1 cell
line, which is persistently infected with HHV-8, and KS lesions from
two patients. (C) HHV-8 DNA detected in plasma of two Israeli
patients from Ethiopia.
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teins, as demonstrated by immunofluorescence assay. The
JSC-1 line is coinfected with HHV-8 and EBV, but EBV ex-
pression in dermal microvascular endothelial cells is extremely
low. It is not yet clear what, if any, role EBV may play in
HHV-8 infectivity in dermal microvascular endothelial cells.

Virus from PEL cell lines and virus from KS lesions passed
to 293 cells were used to infect the EBV-negative Loukes
B-cell line (99). After infection, viruses from both sources
induced apoptotic cell death. Transient expression of the
HHV-8 vBCL-2 homologue delayed apoptosis and prolonged
the survival of the infected 293 cells. From this, it was con-
cluded that HHV-8 induces apoptosis through a BCL-2-depen-
dent pathway. The virus derived from KS lesions and grown in
293 cells has distinct characteristics compared to the virus from
PEL cell lines and therefore may play different roles in the
pathophysiology of KS.

Transformation

The first direct evidence of transformation caused by
HHV-8 was shown by Flore et al. (92). In this study, human
primary bone marrow cells were infected with purified HHV-8
from BC-3 PEL line cells. This infection led to increased long-
term proliferation and survival, which were associated with the
acquisition of telomerase activity and anchorage-independent
growth. Only a subset of the transformed cells contained
HHV-8, suggesting that paracrine factors were responsible for
the survival of the cells that did not contain virus. Survival may
be mediated by upregulation of a receptor for vascular endo-
thelial growth factor. The cells could be induced to go into the
lytic cycle and produce a productive infection by PMA. Eight
months postinfection, 1 to 5% of the cell population expressed
LNA, but the phenotype of these cells was indistinguishable
from that of their uninfected normal primary endothelial cell
neighbors. Kinase domain receptor downregulation is consid-
ered an important milestone in senescence and death of nor-
mal endothelial cells, and it is possible that upregulation by
KSHYV is involved in the long-term survival of infected cells.
These findings show that HHV-8 can induce transformation of
primary endothelial cells; however, the mechanism of transfor-
mation is different from that of other transforming viruses such
as EBV.

Six days postinfection, cultures of primary human keratino-
cytes infected with HHV-8 have demonstrated transcription of
viral genes by RT-PCR and protein expression by immunoflu-
orescence assay for ORF-73 (49). This infection was tried
because HHV-8 DNA can be found in endothelial keratino-
cytes in the basal layer of the epidermis in nodular lesions of
the plaque stage of KS. HHV-8 DNA can also be found in the
epithelial cells of the eccrine glands within KS lesions, in sal-
ivary glands, and rarely in prostate tissues (75, 227). Infected
cultures of keratinocytes could be induced to go into the lytic
cycle and transcribe lytic genes such as ORF-26. The cells
continued to proliferate, and the growth pattern of the culture
was changed from the pattern of uninfected cultures. They lost
contact inhibition and demonstrated telomerase activity, an-
chorage-independent growth, and changes in cytokine produc-
tion. In the study by Flore et al. (92) on primary bone marrow
endothelial cells, HHV-8 could always be detected in a subset
of transformed cells after culture for more than 1 year, but in
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the keratinocyte study, HHV-8 was undetectable after 8 weeks
by nested PCR.

Viral Genes and Transformation

HHV-8-associated malignancies such as KS have been found
to express a unique protein called kaposin, encoded by an
abundant, latent-cycle transcript of 0.7 kb, T 0.7 or HHV-8
ORF-K12 (208, 209). The kaposin gene induces tumorigenic
transformation in transfected Rat-3 cells. The fact that trans-
formed Rat-3 cells contained mRNA for kaposin localized in
the cells’ cytoplasm suggests that kaposin plays a role in the
maintenance of the transformed phenotype. Kaposin has also
been detected in PEL cell lines which are persistently infected
with HHV-8, supporting a role for kaposin in the development
of HHV-8-associated malignancies, such as KS.

Most KSHV genes with oncogenic potential (Fig. 2) appear
to be transcribed to some extent in PELs. Still, patterns of
KSHYV gene expression in de novo infection and during initial
steps of lymphomagenesis are not known. KSHV carries 11
open reading frames that encode homologues to cellular pro-
teins involved in signal transduction, cell cycle regulation,
and/or inhibition of apoptosis (248) (Fig. 2). Four of these
genes, K9, the viral interferon regulatory factor (vIRF) (107,
170, 299), ORF-74, the KSHYV viral G protein-coupled recep-
tor (GPCR) (15, 17), ORF-K1 (165, 166), and ORF-K12 (ka-
posin) (208, 209), can transform rodent cells and/or cause
tumors in animal models.

The KSHV GPCR and K1 oncogenes are potentially impor-
tant in PEL lymphomagenesis because they can trigger signal-
ing cascades relevant for B- and T-cell growth. KSHV GPCR
is a constitutively active G protein-coupled receptor able to
trigger the mitogen-activated protein kinase signaling cascades
and induce secretion of vascular endothelial growth factor
(17). Mitogen-activated protein kinase cascades such as those
triggered by KSHV GPCR are activated by inflammatory cy-
tokines and mitogens. Vascular endothelial growth factor is an
angiogenic and vascular permeability factor that could contrib-
ute to the effusion phenotype. K1 has an ITAM motif that can
activate cytoplasmic tyrosine kinases and mimic signaling by
the B-cell antigen receptor (165, 166).

KSHYV also encodes homologues of cytokine and cytokine
response genes: a viral interleukin 6 (vIL-6), K2, and the vIRFs
(Fig. 2). vIL-6 can bind the gp130 receptor to activate IL-6-
responsive genes and promote B-cell survival (201, 204, 215).
vIRF1 can inhibit interferon-induced transcriptional activation
(107, 170, 299) (Fig. 5). KSHYV also contains ORFs homolo-
gous to cellular oncogenes involved in lymphomagenesis.
These are the viral cyclin D (ORF-72), which is homologous to
the BCL-1 gene, and the viral BCL-2 (ORF-16). The KSHV
cyclin homologue is a functional cyclin that can associate with
CDKG®, induce phosphorylation of retinoblastoma (Rb) pro-
tein, and overcome Rb-mediated cell cycle arrest (169; Y.
Chang, P. S. Moore, S. J. Talbot, C. Boshoff, T. Zarkowska, D.
Godden-Kent, R. Weiss, and S. Mittnacht, letter to the editor,
Nature 382:410, 1996). The viral cyclin D differs from the
cellular cyclin D in its ability to induce degradation of the CDK
inhibitor p27%? when complexed with CDK6 (85, 182). The
viral BCL-2 can block apoptosis as efficiently as cellular BCL-2,
BCL-xL, or the EBV BCL-2 homologue BHRF1 (61). Inter-
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estingly, the KSHV BCL-2 cannot homodimerize or het-
erodimerize with other BCL-2 family members, suggesting that
it may have evolved to escape any negative regulatory effects of
the cellular Bax and Bak proteins. In addition to BCL-2,
KSHYV carries a viral FLIP (VFLIP, K13), which is an inhibitor
of the proapoptotic molecule FLICE/caspase-8 (281).

Expression in PELs in vivo is well documented for vIL-6
protein (204) and v-cyclin mRNA (53). Additionally, vFLIP
(K13), kaposin (K12), and LANA2/v-IRF3 (ORF-K10.5) are
transcribed during latency in PEL cell lines (257). This obser-
vation suggests that these genes may be involved in the main-
tenance of the malignant status and the effusion phenotype of
PELs.

LNA-1 (ORF-73), the protein most frequently identified in
KS tumor cells (Fig. 5), has also been found to be tumorigenic.
It transforms primary rat embryo cells (236), seems to act as a
transcription cofactor, and contributes to HHV-8-induced on-
cogenesis by targeting the retinoblastoma protein E2F tran-
scriptional regulatory pathway.

Receptor for HHV-8

Recently, heparan sulfate was found to be a receptor that
interacts with the K8.1 envelope glycoprotein (23). Cell surface
glycosaminoglycans play a crucial role in HHV-8 target cell
recognition, and K8.1 is at least one of the proteins involved.

METHODS OF DETECTING VIRAL INFECTION

Serological and molecular methods have been employed
independently and in concert to detect the presence of HHV-8
KSHYV in cells, tissues, and body fluids.

Nucleic Acids

The majority of studies for the detection of HHV-8 DNA
used PCR methods. HHV-8 DNA has been detected in 95% of
HIV-associated KS, classical KS, and endemic KS (33, 134,
135, 257, 258, 262, 263). The DNA from either fresh or frozen
KS samples can be detected by PCR after 30 to 35 amplifica-
tions (Fig. 4). Detection of HHV-8 DNA PCR products can be
enhanced by hybridization; however, false positives are not
reduced by this method. Nested PCR has been used to detect
HHYV-8 in paraffin-embedded tissues from KS and multicentric
Castleman’s disease biopsies, lymphoid tissues from PEL pa-
tients (37), semen, plasma, peripheral blood, and saliva.
HHYV-8 has been detected in 30 to 60% of the peripheral blood
mononuclear cells (PBMCs) of KS patients by nested PCR
(205, 291). HHV-8 PCR template sequences have been gen-
erated from various regions of the viral genome; these tem-
plate sequences include latent genes (e.g., ORF-73) and lytic
genes (e.g., ORF-65). While the use of PCR has been very
useful in obtaining extensive information about the distribu-
tion of HHV-§, it has also led to the publication of multiple
studies with disease associations that have not been confirmed,
likely due to the high risk of contamination and false-positive
results using this methodology.
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In Situ Hybridization

In situ hybridization can be used to localize the specific cells
that harbor HHV-8 in KS-involved tissues (31, 67, 75, 239, 274,
283). While in situ hybridization has been used effectively with
several targets as probes, it is being replaced as a diagnostic
procedure by immunohistochemical methods.

Immunohistochemistry

The detection of KSHV can now be easily achieved in for-
malin-fixed, paraffin-embedded tissues with commercially
available monoclonal antibodies to several different viral anti-
gens, both lytic and latent (Fig. 5D, F, H, and I). With this
technique, KSHV has been detected in the spindle cells and
some epithelial cells of KS lesions, in PEL tumor cells, in
KSHV-positive lymphomas involving solid tissues, and in scat-
tered cells in the mantle zone of multicentric Castleman’s
disease (51, 82). This technique has also been used to identify
scattered KSHV-positive cells in reactive lymph nodes from
HIV-positive, KSHV-positive individuals (A. Chadburn, per-
sonal communication). The ease of this technique makes it
available to standard pathology laboratories to confirm a diag-
nosis of KS. It also can be used to evaluate the KSHYV status in
patients with multicentric Castleman’s disease or non-
Hodgkin’s lymphomas. A polyclonal antiserum to vIL-6 has
been produced that works in paraffin sections and can detect
KSHYV in PEL (Fig. 5I) and multicentric Castleman’s disease
(Fig. S5F) but only rarely in KS and therefore is not useful for
KS diagnosis.

Serology

Latent and lytic antibodies to HHV-8 have been detected by
immunofluorescence assay (Fig. 5J and K), Western blots, and
enzyme-linked immunosorbent assay (ELISA). Recently (247),
an additional latent nuclear protein, LANA-2, encoded by
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HHV-8 ORF-K10.5, has been identified (Fig. 5K). Like
LNA-1, this protein is localized in the nucleus and has been
found to be expressed in multicentric Castleman’s disease tis-
sue and PEL cells, but not in KS spindle cells. LANA-2 is
thought to suppress apoptosis by inhibition of p53-induced
transcription. This is a classic mechanism in tumorigenesis, and
the hemopoietic cells that lead to multicentric Castleman’s
disease and PEL may be particularly susceptible to LANA-2.

The PEL cell lines BCP-1, KS-1, BC-3, and BCBL-1 are
commonly used as substrate cells for immunofluorescence as-
say (IFA) for the detection of antibodies to both latent and
lytic proteins (Fig. 5J and L). In order to detect latent anti-
body, a harsher fixation method has been used to permeate the
cells so that the test sera can react with LNA (108, 268). This
latent nuclear protein is 226 to 236 kDa and is localized in the
cell nucleus of infected cells. Typical IFA of LNA shows dotted
fluorescence in the nucleus of infected cells, found in more
than 95% of PEL cells (Fig. 5J). LNA IFA detection was the
primary method first used in HHV-8 serology to detect anti-
body prevalence in patients and healthy donors. Recently, an
ELISA with recombinant LNA (ORF-73) baculovirus protein
has been developed and is available commercially; this assay
can detect latent antibody in more specimens from patient
groups and healthy blood donors than the traditional IFA-
LNA. The recombinant ORF-73 ELISA and IFA-LNA gave
similar results in over 90% of testing trials (C. R. Lee, M.
Roman, D. Thomas, D. Bourboulia, C. Boshoff, O. Flore, A.
Friedman-Kien, P. S. Gill, R. Masood, T. Schulz, J. E. Whit-
man, B. Chandran, and D. V. Ablashi, HHV-8 ORF-73 latent
antigen [LNA-1] ELISA: development and performance com-
parison with LANA IFA, Fifth International AIDS Malig-
nancy Conference, 23-25 April 2001, National Cancer Insti-
tute, abstract 31). This ELISA to detect latent antibody is
highly specific. The assay has >10% more sensitivity than IFA-
LANA.

For the detection of lytic antibody to HHV-8, both IFA (Fig.

FIG. 5. KS, PEL, and MCD: morphology and immunohistochemistry for viral antigens and detection of latent and lytic antigens to KSHV by
IFA, with human sera and monoclonal antibody. (A) KS lesions in the lower extremities typical of a sporadic case. (B) Hyperpigmented KS lesions
in the upper arms. (C) Histological section stained with hematoxylin and eosin of a nodular tumor stage lesion of KS. Note the spindle cell
proliferation and abundant vasculature. (D) KSHV LANA (ORF-73) expression in KS. Staining with a rat monoclonal antibody revealed LANA
positivity (diaminobenzidine, brown) in the nuclei of many spindle cells in a KS lesion. Positivity was also identified in endothelial cells lining the
larger vascular spaces that may represent lymphatic vessels. (E) Histology of multicentric Castleman’s disease. Hematoxylin- and eosin-stained
section of a lymph node with HIV-associated Castleman’s disease showing a single follicle with a large, concentrically arranged mantle zone
surrounding a germinal center. The interfollicular area contains a network of small vessels. (F) KSHV vIL-6 expression in MCD. Immunohisto-
chemical staining with polyclonal antiserum to vIL-6, showing cells with cytoplasmic positivity (diaminobenzidine, brown) in the mantle zone
surrounding an atrophic germinal center. (G) Wright-Giemsa stain air-dried cytocentrifuge preparation of a KSHV-positive primary effusion
lymphoma. The two tumor cells in this image are considerably larger than normal benign lymphocytes and neutrophils. The cells display significant
polymorphism and possess moderately abundant basophilic cytoplasm. A prominent, clear perinuclear Golgi zone can be appreciated in the largest
cell. The nuclei vary from large and round to highly irregular, multilobated, and pleomorphic and often contain one or more prominent nucleoli.
(H) KSHV LANA (ORF-73) expression in KSHV-positive lymphomas. Staining with a rat monoclonal antibody revealed LANA positivity
(alkaline phosphatase, red) in the nuclei of large, atypical lymphoma cells seen infiltrating reactive lymphoid tissue. This section was double stained
with a polyclonal antiserum to kappa light chains (diaminobenzidine, brown), showing cytoplasmic positivity in a few of the surrounding cells but
not the tumor cells. (I) KSHV vIL-6 expression in PELs. Immunohistochemical staining of cell block containing the BC-3 cell line was performed
with a polyclonal rabbit antiserum to a vIL-6-specific peptide. Abundant expression is seen (diaminobenzidine, brown) in numerous lymphoma
cells. (J) Detection by IFA of KSHYV latent IgG antibody in serum from a classic KS patient. Typical nuclear speckles in the PEL cell line KS-1
are evident at a 1:50 dilution of the serum. (K) Presence of LANA-2 protein in KSHV-infected BCBL-1 cells. Diffuse finely speckled nuclear
pattern of LANA-2 (green) is observed by IFA with LANA-2 monoclonal antibody. (L) Detection by IFA of KSHV lytic antibody in serum from
a classic KS patient, using induced KS-1 cells. Apple green diffusely stained cells carry lytic antigen. Original magnifications: X200 (D, E, F, and
I), X600 (C and H), and X1,000 (G). Panels C to I copyright Amy Chadburn (Weill Medical College of Cornell University, New York, N.Y.). Panel
K reproduced from reference 247 with permission.
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5L) and ELISA have been used. In order to test for lytic
antibodies by IFA, the PEL cell lines must be chemically in-
duced to express the lytic antigens. Positive cells range from 20
to 70% depending on the cell line used, the time course of
induction, and other biological factors. Chatlynne et al. (59)
described an IFA with the KS-1 cell line (253) and a lytic
antibody ELISA that uses sucrose-purified whole virus from
the same cell line. Both of these assays have proven to be
sensitive and specific, correlate very well with other assays and
disease incidence, and are commercially available (Advanced
Biotechnologies Inc.). Homemade ELISAs for antibodies to
small viral capsid antigen (175) and to the major capsid protein
with recombinant ORF-65 have also demonstrated good re-
sults (38, 234, 268).

KS patients are 80 to 90% positive and demonstrate elevated
lytic antibody titers in the whole-virus ELISA. By the same
test, normal healthy donors show a prevalence of 2 to 5%,
varying slightly with the population except for areas of central
Africa, where the virus is endemic (1). Gao et al. (108) used
ORF-73 isolated from the nuclei of BC-1 PEL cell line for
immunoblots, with which 80% of AIDS-related KS sera tested
positive. With a combination of Western blots and an ORF-65
ELISA to test serological samples, the following percentages
were positive: 75 to 85% of AIDS-KS, 31% of homosexual
men, 2% of hemophiliacs in the United Kingdom, 1.7 to 5% of
healthy blood donors from the United Kingdom and United
States, and 35% of control groups from Uganda (134, 175,
268). An ELISA using targeted peptides from ORF-65 and
ORF-K8.1 to detect lytic I[gG HHV-8 antibodies found the
following were positive: 92% of KS patients, 3% of United
States blood donors, and 55% of HIV-positive men (40).

Rabkin et al. (234) and later Enbom et al. (86) did compar-
ative studies of most of the serological methods available at
that time and found considerable variations in the specificity
and sensitivity of the assays. They found no reliable consistency
between all the assays. In Enbom’s study, the samples that
were positive by the K8.1 ELISA were positive in all the other
assays used, but very few samples were positive by this assay.
More recently, Schatz et al. (260) compared many second-
generation assays plus some novel ones and found much better
concordance than had been seen previously. Five panels of
serum were sent to seven European laboratories and tested
with 18 different assays, 9 of which were used to screen all five
panels. The panels contained samples from Uganda, Germany,
Switzerland, and Italy, from people both with and without KS,
people both positive and negative for HIV-1, and various com-
binations of these states. Since no “gold standard” for deter-
mining positivity for HHV-8 antibodies is yet available, they
assumed that all KS patients were infected with HHV-8 be-
cause all KS lesions are HHV-8 positive by PCR.

Using this assumption as a basis, they compared the nine
assays for specificity and sensitivity by statistical methods. All
nine showed excellent concordance with AIDS-KS sera, HIV-
1-positive/KS-negative sera, and Italian blood donors. The
combination of the lytic IFA from the Laboratory of Virology,
Istituto Superiore di Sanita, in Rome and the latent nuclear
antigen IFA from the Department of Medical Microbiology of
the University of Liverpool was found to be the most specific,
but only marginally better than the ELISA ORF-K8.1 and
ELISA ORF-K12 from the Institute for Clinical and Medical
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Virology, University of Erlangen-Niirberg, Germany, and the
Munich mix 2 peptide ELISA from the Max von Pettenkofer
Institute, Gezentrum, Munich, Germany. For sensitivity in this
survey, the Rome lytic IFA and the Liverpool LANA IFA also
performed the best, but several other assays proved almost as
sensitive. The ORF-K8.1 and ORF-K12 ELISAs, while shown
to be very specific, did not prove to be as sensitive as other assays.

TRANSMISSION
PBMCs

HHV-8 can be found in the PBMCs of people carrying
HHV-8 (Fig. 4B) (84, 131, 270, 286); in one case, it was even
found in the PBMC:s of a healthy North American blood donor
(24). The likelihood of finding such infected cells varies with
the seroprevalence for a particular region. In areas of low
prevalence, such as the United Kingdom, France, United
States, and Canada, nested PCR turned up no positive PBMCs
in healthy individuals (167, 184, 291). HHV-8 was detected in
PBMC:s in 9% of HIV-1 patients in parts of Italy. In Uganda,
a country with a high incidence of classical KS, 14% of the total
population had HHV-8 detected in PBMCs (11). HHV-8 can-
not be demonstrated in the PBMCs of all patients with classical
or AIDS-related KS (Fig. 4) (68), but the cases where it can be
found suggest that HHV-8 can replicate in the PBMCs of KS
patients. Blasig et al. (25), by immunohistochemical staining
and in situ hybridization, found HHV-8 replication in cells of
monocytic origin from KS lesions. Evidence for the presence of
HHYV-8 infection of the PBMCs from other patients has been
reported (27, 74, 84, 131, 157, 203, 269, 270, 287, 293).

It is probable that the viral load in the blood of HHV-8-
infected subjects may vary considerably depending upon the
state of infection, as demonstrated by Sitas et al. (269), who
found that HHV-8 peripheral blood viral load and the IgG
antibody to HHV-8 were well correlated. Ariyoshi et al. (13)
also found that in Gambia, West Africa, KS is less frequent in
HIV-2-positive individuals in spite of evidence of HHV-8 in-
fection. In HIV patients with no diagnosis of KS, HHV-8 DNA
has been found in 13% (18 of 135) of the PBMCs of the
patients studied (198). Furthermore, HHV-8 DNA in PBMCs
and lower CD4" cell counts correlated with elevated plasma
levels of HIV mRNA, giving good evidence for the relationship
between immunosuppression, HIV replication, and HHV-8
expression (84, 198). After finding a high copy number (9,000
copies) of HHV-8 DNA in the PBMCs of 45% of KS patients
studied, several researchers (87, 156) raised the question of
why there has been no evidence of blood-borne viral transmis-
sion.

Saliva and Mucosal Shedding

Vieira et al. (285) found that HHV-8 DNA recovered from
saliva was similar to HHV-8 DNA recovered from the cultured
293 cells that had been infected with saliva fluid and carried for
up to 13 passages. PMA treatment of infected 293 cells in-
creased the amount of HHV-8 DNA produced. This study
suggests not only that infectious virus is carried in the saliva of
men with a history of KS, but also that the virus can be trans-
mitted via saliva.

HHV-8 DNA was detected in the saliva of 75% of HIV-1
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patients tested plus in the saliva of one HIV-negative patient
(150), where concentrations ranged from 10** to 10°/ml, but
no HHV-8 DNA was found in the saliva of healthy donor
controls. This suggests that HHV-8 is transmitted in the saliva
like other human herpesviruses (EBV, cytomegalovirus,
HHV-6, HHV-7, and human herpes virus simplex type 1) (28,
47,157,177, 178). In a study, LaDuca and colleagues (46, 156)
quantitated HHV-8 DNA (33,000 copies per pg) in the saliva
of 37% of the KS patients studied. HHV-8 DNA was also
found in PBMCs of 46% (9,000 copies per wg), plasma of 7%
(40 copies per pg), semen of 12% (300 copies per ug), normal
skin of 23%, and KS skin lesions of 92% (64,000 copies per pu.g)
of the same KS patients. The finding of high copy numbers of
HHV-8 DNA in the saliva makes it a likely route for transmis-
sion of the virus.

Mucosal Shedding

HHV-8 DNA was found in oropharyngeal cells in 30% of
HHYV-8-seropositive males who had sex with other men but in
only 1% of their anal and genital samples (227). The DNA
PCR copy number from the oral samples was also twice as high
as the copy number from the other tissue samples. Pauk et al.
(227) concluded that exposure to infectious saliva is a risk
factor for infection with HHV-8. Although transmission of
HHV-8 via saliva is possible, it is not likely to be common,
because even in those infected with HHV-8, only a 15% fre-
quency of salivary virus shedding has been demonstrated. In
immunosuppressed individuals, such as those with AIDS, viral
shedding via saliva is, in contrast, much more frequent. Luc-
chini et al. (177) came to similar conclusions about mucosal
shedding of HHV-8. These data suggest that oral transmission
may be possible, but with so little shedding of HHV-8, the
transmission may be difficult. Biggar and Goedert (22) stated
that HHV-8 transmission via the oral route may depend on the
infectious virus shed and that HHV-8 levels could be low in
HHYV-8-infected persons who are not HIV positive. This may
include homosexual men.

Semen and Prostate Glands

Corbellino et al. (64) found that prostate tissues harbored
the HHV-8 genome, suggesting that the prostate is a major site
of infection. Later, in situ hybridization of the prostatic glan-
dular epithelium for the presence of a latent HHV-8 gene
showed that viral gene expression in prostatic biopsy tissue is
common, evident even in some men without KS (274). Fur-
thermore, two studies reported that HHV-8 is preferentially
detected in semen rather than spermatocytes, suggesting se-
cretion into seminal fluids (129, 202). Later studies by Dia-
mond et al. (75) measured the quantities of the virus in the
seminal secretions. HHV-8 DNA was detected in the nuclei of
>90% of the glandular epithelial cells. Solution-based PCRs
on prostate ultrasound-guided biopsies from HIV-KS patients
and HIV patients without KS were positive for HHV-8 DNA.
Histological sections stained by in situ hybridization showed
that the infection localized to discrete areas of the prostate.
From 1 to 5% expressed mRNA transcripts associated with
HHV-8 replication, and 90% expressed the T-0.7 transcript
associated with HHV-8 latency. The authors of this study con-
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cluded that if these prostate cells shed virus into the semen,
this may be a crucial factor in determining whether HHV-8 is
transmitted through sexual activity.

HHV-8 DNA was found in 8% of 184 semen samples
of HIV-infected individuals by Pellett et al. (228), indicating
that semen can carry the virus, albeit in small amounts. This
was confirmed by other reports (74, 129, 202), except that of
Lin et al. (173), in which a high prevalence of HHV-8 was
detected. In a note to Lancet, Lin et al. (174) retracted the
previous report by stating that the high incidence of HHV-8
DNA reported previously was probably due to contamina-
tion.

Sexual Transmission

On the assumption that HHV-8 can be sexually transmitted,
the virus has to be at a higher titer in the semen than in
PBMCs. The presence of HHV-8 in the semen of healthy
subjects is controversial. Almost all of the studies on semen
samples reveal either a very low number of HHV-8 positive
samples (0 to 33%) regardless of the KS or HIV status of the
patients or the absence of HHV-8 DNA (124, 129, 202, 271,
280). A study (271) of female commercial sex workers in Hon-
duras found that those positive for HIV had an HHV-8 sero-
prevalence rate four times as high as those that were HIV
negative (36% versus 10%). Martin et al. (186), in a multi-
center cohort study, found a correlation between HHV-§ in-
fection and the number of male homosexual partners a man
had. A study of 130 male homosexuals in Sydney, Australia
(123), found that HHV-8-seropositive men reported having
more casual sex partners than seronegative men and were also
likely to report oroanal contact with these partners, but the
numbers were not statistically significant. This study found that
in 3 years, 53% of HHV-8-seropositive men developed KS
(137, 185).

HHV-8 was detected in the genital tract of women who were
HHV-8 seropositive (293). Sexual transmission of HHV-8 was
also reported in young men who have sex with other men (76).
High-risk sexual behavior and drug use were factors in the
incidence of HHV-8 infection in a study of a group of 1,295
women from the United States (40). The independent associ-
ation of HHV-8 infection with injection drug use suggested
that HHV-8 can be transmitted via needle sharing, albeit less
efficiently than EBV, hepatitis C virus, or HIV-1. HHV-8 se-
ropositivity increased with the frequency of injection drug use
(P < 0.001), e.g., in women who used drugs daily; in women
who used cocaine, the HHV-8 seropositivity was three times
higher.

If HHV-8 can be transmitted via needle sharing, it should
also be able to be transmitted via blood transfusion and
through blood derivative products. To date, no studies have
been published regarding the potential risk of HHV-8 trans-
mission or its association with disease development. The lack
of detectable HHV-8 in the semen of non-KS HIV-infected
individuals is highly suggestive that it may be a rare event in
transmitting HHV-8 by the genital route in HIV-1 and HHV-8
antibody-positive patients (74).
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Transmission during Childhood and Adolescence

There is now enough epidemiologic evidence and laboratory
data to support that the high seroprevalence of HHV-§8 in
eastern Africa and in Egyptian children is due to a nonsexual
mode of viral transmission. Furthermore, saliva and close in-
terpersonal contact are the main routes of transmission in
these populations (9, 34, 72, 113, 144, 168, 190, 298).

The pattern of familial aggregation between mother and
child and among siblings in French Guiana plus the variation
with age in the seroprevalence of HHV-8 suggests transmission
from mother to child and between siblings in areas of Africa
where HHV-8 is endemic (185, 230). Similar evidence of hor-
izontal transmission has been found in the central African
country of Cameroon (113). Additional evidence for horizontal
transmission from mother to child has been reported in South
Africa by Bourboulia et al. (34) and by Andreoni et al. (9) in
Egyptian children. In another report, high correlations of se-
ropositivity were found between mother and child and among
siblings but not between spouses (230).

Experimental Transmission

Dittmer et al. (77) transmitted HHV-8 to SCID-hu Thy/Liv
mice. In spite of the fact that no disease was evident, this
model should be useful for the detailed study of HHV-8 la-
tency and tropism and testing of antiviral drugs.

SEROEPIDEMIOLOGY

Many studies (reviewed in reference 58) have been done to
measure the prevalence of antibodies to HHV-8. A variety of
techniques have been used in these studies, but to date there is
no gold standard against which to measure the efficacy of these
techniques, so some may overestimate the number of positives,
and some may underestimate the number. Nonetheless, certain
trends are clear (264). Unlike most human herpesviruses,
HHV-8 is not spread universally among all human populations.
The highest seroprevalences in healthy populations are found
in sub-Saharan Africa, where approximately 40% are positive
for antibodies to HHV-8 (1, 264). In black South African blood
donors and patients with cancers other than KS, the seropreva-
lence is 32%; in KS patients, it rises to 83% (269). In countries
surrounding the Mediterranean Sea, the seroprevalence aver-
ages 10%, although population pockets where the prevalence
is higher can be found (7, 10, 58, 66, 264); this may be why
classic KS is most often diagnosed in men of Italian or Jewish
extraction.

In northern Europe, southeast Asia, and the Caribbean,
seroprevalence falls into the 2 to 4% range (1). In Japan, the
seroprevalence of HHV-8 antibodies in 1,000 blood donors
was measured at 0.2% and rose to 11% in HIV-1-positive
patients (n = 276) (102). In northern Europe, the prevalence
of HHV-8 and the incidence of KS are so low that HHV-8
antibodies can be used to track the risk for KS. In Amsterdam,
HHV-8 antibodies were most often found in HIV-infected
men who had recently seroconverted and could be used to
predict risk for KS (119). In the French-speaking part of Swit-
zerland, no cases of classic KS were recorded before 1983;
thereafter, most KS was found in HIV patients, but the assays
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used were unable to predict the incidence of KS by testing for
HHV-8 antibody (232). The exception for northern Europe is
Sweden, where 20% of blood donors were reported to test
positive for HHV-8 antibodies; however, the same report
shows a wide variety of results depending on the assay used
(86).

In the United States, prevalences have been measured in the
5 to 20% range. In populations infected with HIV-1, the prev-
alence of HHV-8 can rise from 20 to 50% above that in the
local healthy population. No rise in prevalence in HIV-1 pa-
tients is seen in the Caribbean or southeast Asia, areas where
no AIDS-associated KS has been reported (1).

In patients with one of the diseases associated with HHV-8,
such as KS, primary effusion lymphoma, and multicentric
Castleman’s disease, prevalence rates can rise to 100% (58,
260). In contrast, HIV-associated non-Hodgkin’s lymphoma, a
disease which is not associated with HHV-8, showed no cor-
relation with HHV-8 antibodies (110). In areas of Africa where
juvenile KS is endemic, such as Uganda and Zambia, the se-
roprevalence of HHV-8 is the same as in the Gambia and the
Ivory Coast where endemic juvenile KS does not occur (118),
suggesting that other factors may be involved in disease ex-
pression.

The seroprevalence in children tends to reflect that in the
adult population, but in somewhat lower percentages (3). In-
crease in seroprevalence with age has been found in many
studies (7, 246, 269). In central African countries with high
seroprevalences, such as Cameroon (112), French Guiana
(230), and Uganda (190), seropositivity increased with age and
usually reached adult prevalence before puberty. For example,
in Cameroon, the overall prevalence for children and young
adolescents studied was 27.5% and rose to 48% in those above
15, similar to the rate of 54.4% in pregnant women. Similar
results were found in Italy, with seroprevalences in children
reflecting those of the surrounding adult population but in
somewhat lower percentages that rose with age (292). In Italy,
only 2 of 57 infants studied carried antibody, but in older
children, the rate rose to 4.4% (292). This clustering is strongly
indicative of nonsexual horizontal transmission before puberty.

KAPOSI’'S SARCOMA

In 1872, Moriz Kaposi reported several cases of a multifocal
pigmented sarcoma in elderly Viennese men (140). These pa-
tients had cutaneous lesions, typically on the lower extremities
(Fig. 5A). All the patients described by Kaposi eventually died
of what is now known as “classic” KS, which predominantly
affects older men of Mediterranean and eastern European
descent. Since Kaposi’s initial description, three more forms of
KS have been identified. The second type, endemic-African
KS, which is more aggressive than classic KS, may involve
lymph nodes in addition to skin and often affects HIV-negative
hosts and children (298). A third, iatrogenic form of KS occurs
after solid-organ transplantation in patients on immunosup-
pressive medications. Like classic KS, this form is more com-
mon in those of Mediterranean ancestry (62, 97). A fourth and
very aggressive type of KS was described in the early 1980s in
otherwise healthy homosexual men (100) (Fig. 5B). AIDS-KS
not only involves skin (Fig. 5B) and lymph nodes but often
disseminates to the lung, gastrointestinal tract, liver, and
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spleen. Early in the epidemic, lifetime incidence of KS in gay
men was around 50% (145), but this incidence has declined in
the 1980s and then more precipitously with the introduction of
effective HIV therapy in the late 1990s (117, 163).

The four clinical-epidemiological forms of KS have indistin-
guishable histologic features. KS is composed of a variable
mixture of ectatic, irregularly shaped, round capillary and slit-
like endothelium-lined vascular spaces and spindle-shaped
cells accompanied by a variable inflammatory mononuclear
cell infiltrate. Red blood cells and hemosiderin pigment are
frequently present, often extravasated between the spindle
cells. Small granules of intracytoplasmic or extracellular hyalin
material may be identified. Sometimes the earliest patch and
plaque stage lesions are difficult to distinguish from granula-
tion tissue. The spindle cells eventually become the predomi-
nant cell population, forming fascicles that compress the vas-
cular slits, and the lesions become progressively nodular (63,
99).

The histogenesis of the KS spindle cell has not been
easy to trace. Although KS cells stain for certain endothelial
cell markers such as CD34" and factor VIII, some studies
show that they express proteins similar to dendritic cells,
macrophages, or smooth muscle cells (275). It is debated,
therefore, whether KS cells represent a heterogeneous pop-
ulation of cells or, instead, arise from a pluripotent mesen-
chymal precursor cell. More recent cell surface marker stud-
ies suggest that spindle cells may be of lymphatic endothelial
cell origin (82). It has also been questioned whether KS
represents a clonal, neoplastic process or a polyclonal in-
flammatory lesion.

In early KS lesions, there are few spindle cells compared to
the surrounding inflammatory cells. Furthermore, KS cells in
culture are dependent on exogenous growth factors and, when
implanted into nude mice, can induce an inflammatory and
angiogenic reaction but do not induce tumors as would fully
transformed cells (255). Moreover, regression of KS can hap-
pen spontaneously or when immunosuppression is corrected.
Such characteristics, along with the multifocality of KS lesions,
argue that the process is primarily one of dysregulated inflam-
mation. Confusing the picture, however, X chromosome inac-
tivation studies within single lesions as well as comparisons of
multiple lesions from a single patient support a clonal origin in
a subset of advanced cases (233).

More recent studies have shown varying monoclonality, oli-
goclonality, and polyclonality from lesions of various patients
(114). Furthermore, three neoplastic cell lines have been es-
tablished from KS lesions (18, 179). A likely possibility is that
KS starts as a hyperplastic polyclonal lesion that later gives rise
to a clonal cell population only under specific circumstances,
such as immunosuppression and selective pressures. KS may be
similar to posttransplantation lymphoproliferative disorders,
which are EBV-driven B-cell proliferations, which may
progress from a polyclonal hyperplasia to monoclonal tumors
with no evident genetic abnormalities, to frank malignant lym-
phomas with oncogene and tumor suppressor gene alterations
(148). Figure 4 shows HHV-8 sequences detected by PCR in
PBMCs, KS lesion skin, and plasma from KS patients with an
HHV-8 primer sequence.
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PRIMARY EFFUSION LYMPHOMAS

The first reported cases of malignant lymphoma occurring as
body cavity effusions were described as AIDS-associated lym-
phohematopoietic neoplasms displaying an indeterminate im-
munophenotype (149). In this report of three cases, two of
which were lymphomatous effusions, a B-cell lineage and the
presence of EBV were demonstrated by using DNA-based
assays. Subsequent studies recognized these lymphomatous ef-
fusions as occurring relatively frequently in HIV-infected in-
dividuals (120, 288; D. Karcher, F. Dawkins, C. T. Garret, and
R. S. Schulof, abstract, Lab. Investig. 66:80, 1992). However,
these were thought of as unusual AIDS-related lymphomas,
and it only became clear that they represent a quite distinct
clinicopathological entity with the recognition of the presence
of KSHV within them (50).

The initial study documenting this association revealed
KSHV DNA in all AIDS-related lymphomas presenting in
body cavities as lymphomatous effusion; therefore, they were
initially called body cavity-based lymphomas and, subse-
quently, PELs. This virus was not found in other AIDS- and
non-AIDS-related non-Hodgkin’s lymphoma disease or lym-
phoid leukemia (50). These lymphomas contained very large
amounts of viral DNA, ranging between 40 and 80 copies per
cell; therefore, this virus was easily identifiable by Southern
blot analysis, in contrast to KS tissues, which may contain less
than 1 copy per cell, making it necessary to perform PCR for
its detection in some cases.

The specific association between KSHV and PEL has been
confirmed by multiple investigators (42, 112, 143, 220, 225; A.
Carbone, U. Tirelli, A. Gloghini, C. Pastore, E. Vaccher, and
G. Gaidano, letter to the editor, Eur. J. Cancer 32A:555-556,
1996). In addition, cases of PEL occurring in HIV-negative
men as well as in women have been identified, and these PEL
cases also contained KSHV (42, 210, 253; R. G. Nador, E.
Cesarman, D. M. Knowles, and J. W. Said, letter to the editor,
N. Engl. J. Med. 333:943, 1995). Lymphomas lacking KSHV
can, however, involve body cavities as lymphomatous effusions,
even in the absence of a tumor mass. Effusions are particularly
common in Burkitt’s lymphomas but can also be seen in non-
Hodgkin’s lymphomas; therefore, certain criteria should be
used for the diagnosis of PEL (210). In our experience these
criteria include (i) presentation as a lymphomatous effusion in
the pleural, peritoneal and/or pericardial cavity without a con-
tiguous tumor mass (86%), frequently remaining localized to
the body cavity of origin (81%); (ii) morphology bridging large-
cell immunoblastic lymphoma and anaplastic large-cell lym-
phoma (100%) (Fig. 5G); (iii) expression of CD45 and one or
more activation-associated antigens (95%) in the frequent ab-
sence of B-cell-associated antigens (95%) and immunoglobulin
expression (76%); (iv) B-cell origin as demonstrated by the
presence of clonal immunoglobulin gene rearrangements
(97%); (v) coinfection with Epstein-Barr virus (86%); (vi) lack
of c-myc gene rearrangements (97%); and (vii) lack of bcl-2,
ras, and p53 gene alterations (87%).

Small series and isolated cases reported by other investiga-
tors have shown a similar set of characteristics (220, 225; A.
Carbone, U. Tirelli, A. Gloghini, C. Pastore, E. Vaccher, and
G. Gaidano, letter to the editor, Eur. J. Cancer 32A:555-556,
1996; D. S. Karcher and S. Alkan, letter to the editor, N. Engl.
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J. Med. 333:797-798, 1995). AIDS-related lymphomas display-
ing several of these features should be evaluated for the pres-
ence of KSHV/HHV-8 to confirm the diagnosis of PEL. Pa-
tients with this type of lymphoma have a very poor clinical
outcome, with a median survival of 5 months. PELs are ex-
tremely rare tumors, estimated to account for about 3% of
AIDS-related lymphomas and 0.4% of all AIDS-unrelated dif-
fuse large-cell non-Hodgkin’s lymphomas (42).

An additional complication to the understanding of PELs is
the finding that lymphomas containing KSHV can present as
solid tissue masses, usually extranodally, similar to other
AIDS-related non-Hodgkin’s lymphomas. While some of these
lymphomas subsequently develop an effusion, others appar-
ently do not. In fact, we have seen several cases that have
presented as solid extranodal lymphomas and were diagnosed
as diffuse large-cell, immunoblastic, or anaplastic large-cell
lymphomas, in which the presence of KSHV in practically all
the lymphoma cells could be demonstrated by in situ hybrid-
ization and immunohistochemistry (Fig. SH). In support of the
notion that these lymphomas fall in the spectrum of PEL are
the observations that they usually lack expression of B-cell
antigens and immunoglobulin, have an immunoblastic or ana-
plastic morphology, and are frequently coinfected with EBV.
In addition, a recent epidemiologic study found a statistically
significant association between the presence of KS and immu-
noblastic lymphoma in patients with AIDS (88). Therefore, it
appears that KSHV-associated lymphomas represent a distinct
pathobiologic category which is frequently, but not exclusively,
associated with a lymphomatous effusion, comprising approx-
imately 5% or less of all AIDS-related lymphomas.

Cases of AIDS-related lymphoma which have been positive
for KSHV by PCR but not by Southern blot analysis have been
identified by us, as well as by others (112, 220), suggesting low
viral copy numbers in the tumor tissue. In situ hybridization
studies of these cases have shown that the virus is present only
in scattered atypical cells and some reactive-appearing cells in
these cases (R. G. Nador et al., unpublished data). The cases
we identified were not reminiscent of PEL, since they exhibited
a polymorphic morphology and expression of B-cell-associated
antigens CD19 and CD20. While KSHV may be playing an
indirect role in these lymphomas as well, cases containing low
copy numbers of KSHV should not be considered part of the
spectrum of PEL. Further studies are necessary to determine
whether KSHV is acting as an antigenic stimulus or using
paracrine mechanisms to stimulate a proliferation of B cells
and therefore is involved in the pathogenesis of these lesions,
or whether its presence in these lymphomas is merely the result
of disseminated viremia in KSHV-positive patients.

Additional cases of lymphoma that do not have the features
of PEL but containing KSHV have been identified (161). Lym-
phomas arising from multicentric Castleman’s disease with
plasmablastic morphology, lacking EBV, and expressing
lambda light chain have been reported (80). In addition, a case
of Burkitt’s lymphoma was found to contain KSHV by PCR
and to occur in a child who had IgG antibody to KSHV lytic
antigens (1:640). Therefore, the spectrum of KSHV-associated
lymphomas may expand, but these observations await identifi-
cation of additional similar cases and confirmation by other
investigators.

Closer examination of PELs has provided information about
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the biology of this type of disease and its place in the spectrum
of non-Hodgkin’s lymphomas. Most cases have been B-cell
lymphomas, as determined by the presence of clonal immuno-
globulin gene rearrangements. However, two biphenotypic
cases expressing CD3 have been identified, both of which con-
tained B- and T-cell antigen receptor gene rearrangements
(220, 252), as well as one case with a T-cell phenotype and
genotype (164). PELs usually lack expression of B-cell-associ-
ated antigens, although some of them have been reported to
express monotypic k or A mRNA (103, 104), and others have
been shown to express surface or cytoplasmic immunoglobulin
(210, 220). In our experience, faint but distinct cytoplasmic
staining using antisera to k or \ can be seen in a subset of cells
in some PEL cell lines (unpublished observation).

Most PELs are thought to originate from post-germinal cen-
ter B cells, since they have hypermutation of the immunoglob-
ulin genes (89, 189). In addition to an immunoblastic morphol-
ogy, PELs have a set of immunophenotypic features that
suggest they are at a preterminal stage of B-cell differentiation.
Loss of expression of B-cell antigens occurs in plasma cells,
and this is a frequent finding in multiple myeloma as well as in
immunoblastic lymphomas. Furthermore, most PELs express
CD138/syndecan-1, an adhesion molecule that is selectively
expressed by a subset of pre-B cells and by plasma cells, in-
cluding myeloma plasma cells. The expression of CD138 by
PELs seems to be quite specific, as it is not expressed by other
lymphomatous effusions, primary or secondary, or by most
other solid lymphomas (103).

The almost invariable presence of KSHV in lymphomas
having the features described above suggests that this virus is
necessary for the development of PELs. However, since PELs
are so uncommon, even in populations in which the seropreva-
lence of KSHV is relatively high, it is evident that infection by
this virus represents only one of several genetic events involved
in their development. One other such factor appears to be
EBV infection, as the vast majority of PELs, especially in
immunocompromised hosts, contain both viral genomes. The
specific role of each of these viruses and their interaction is still
poorly understood, but analysis of the genes expressed by both
of them has shed some light on their possible roles. Both
herpesviruses can be lytic or latent, expressing distinct subsets
of genes. PELSs in vivo as well as in culture (see below) express
mostly latent genes, but there is always a small proportion of
cells in which EBV and KSHV lytic gene expression occurs.
However, most cells have a latent pattern of gene expression.

It is known that EBV can establish different types of latency.
Latency type I (restricted latent gene expression) is seen in
Burkitt’s lymphomas, while latency type III (full pattern of
latent gene expression) is seen in lymphoblastoid cell lines and
large-cell lymphomas in immunocompromised patients, partic-
ularly those with immunoblastic features. While the EBNA1
gene, necessary for EBV replication, is expressed in all latency
types, other latent genes, including the EBV transforming
genes LMP1 and EBNA 2, are only expressed in latencies type
IT (LMP1) and type III (LMP1 and all EBNAs). It is thought
that expression of these transforming genes in Burkitt’s lym-
phomas is not “necessary,” since these carry a translocated
c-myc oncogene, and the lack of expression of these immuno-
genic proteins further provides this type of lymphoma with an
advantage to evade the immune system.
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Analysis of the pattern of EBV gene expression in PELs
revealed that only EBNA1 was expressed, corresponding to
type I latency (128, 276). This was an unexpected finding, given
the resemblance of PEL cells to immunoblastic lymphoma
cells. This observation suggests that KSHV is playing a trans-
forming role in PELs, as the major EBV oncogenes are not
expressed. Also consistent with this hypothesis is the lack of
structural alterations in the cellular transforming genes fre-
quently involved in malignant lymphomas. In particular, c-myc
gene rearrangements have been identified in only one case (E.
Cesarman, unpublished observation); they are extremely un-
common in contrast to other lymphomatous effusions and
EBV-associated lymphomas, where alterations in this gene are
a frequent finding.

While mutations of the p5S3 gene have been identified in only
one case of PEL (210), mutations in the noncoding, presum-
ably regulatory region of the BCL-6 gene have been reported
in a significant proportion of cases (41). The BCL-6 gene is
frequently mutated in diffuse large B-cell lymphomas, although
the functional significance of these mutations remains unclear.
Cytogenetic analyses have not provided additional concrete
evidence for the presence of a single specific genetic alteration.
Among nine PEL cell lines examined, it appears that numerous
abnormalities are present, with complex hyperdiploid karyo-
types. Frequent abnormalities are trisomy 7, trisomy 12, and
aberrations of chromosomal bands 1q21-q25 (79, 148). Trans-
locations specific to other lymphoma types have not been iden-
tified.

MULTICENTRIC CASTLEMAN’S DISEASE

KSHYV has also been found to be present in MCD (54, 272;
A. Gessain, A. Sudaka, J. Briere, N. Fouchard, M.-A. Nicola,
B. Rio, M. Arborio, X. Troussard, J. Ausouin, J. Diebold, and
G. de Thé, letter to the editor, Blood 87:414-416, 1995). Mul-
ticentric Castleman’s disease is a poorly understood atypical
lymphoproliferative disorder, thought to be related to immune
dysregulation (101). Castleman’s disease is usually described as
a polyclonal, nonneoplastic disorder. It presents in two distinct
histopathologic subtypes with different clinical characteristics.
The first and more common is the hyaline vascular type, which
presents as a solitary mass that is usually curable surgically.
The second is the plasma cell type, which is associated with
more generalized lymphadenopathy and immunological abnor-
malities. This disease occurs more frequently in older individ-
uals and is more common in men. The patients usually present
with multiple lymphadenopathies, this giving rise to the name
“multicentric” Castleman’s disease, and a variety of constitu-
tional symptoms. They may develop autoimmune phenomena,
cytopenias, skin rashes, and intercurrent infections. Patients
with MCD frequently develop malignancies, most commonly
KS and non-Hodgkin’s lymphoma (272).

KSHYV is present in almost all cases of MCD occurring in
patients with AIDS. The identification of KSHV in AIDS- and
non-AIDS-associated MCD supports an even closer relation-
ship between MCD and KS than previously hypothesized, as in
both KSHV may be playing a crucial role. In fact, in HIV-
positive patients, MCD has been found to be frequently asso-
ciated with KS and is usually observed in men infected with
HIV by sexual contact (217). Notably, MCD, also called mul-
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ticentric angiofollicular hyperplasia, is characterized by vascu-
lar proliferation in the germinal centers which is reminiscent of
KS. However, this virus is present in MCD in patients with
AIDS whether accompanied by KS or not. Furthermore,
KSHYV has also been identified in approximately half of the
cases of MCD occurring in HIV-negative individuals, suggest-
ing that it is not a coincidental association occurring in HIV-
positive individuals. KSHV sequences have also been detected
in PBMCs of patients with MCD (272).

The role of KSHV in the pathobiology of MCD remains
poorly understood, and it is not clear whether the KSHV-
positive cases differ clinically from KSHV-negative ones in
individuals without AIDS. It has been shown that the germinal
centers of hyperplastic lymph nodes of patients with Castle-
man’s disease produce large quantities of IL-6. This may ex-
plain the large proportion of plasma cells in these lymph
nodes, since IL-6 induces B-cell differentiation. Notably,
KSHYV encodes a viral IL-6 homologue, which is also expressed
in MCD in scattered cells surrounding the lymphoid follicles
(204, 223). KSHYV has been found in mantle zone large immu-
noblastic B cells by using an ORF-73 monoclonal antibody
(82). These cells are monotypic for lambda light chain and can
sometimes proliferate to give rise to monoclonal expansions
and frank lymphomas, which are called plasmablastic lympho-
mas and are distinct from PEL (80).

EVIDENCE OF HHV-8 IN OTHER DISEASES

The following diseases have been associated with KSHV, but
many of these associations have been disputed in the literature.

HHV-8 in Patients with Pemphigus

Pemphigus vulgaris and pemphigus foliaceus are autoim-
mune diseases of the skin characterized by separation of the
dermis and epidermis; the origin is unknown, but KS is the
most frequent malignancy observed in pemphigus patients
(284). A group studying pemphigus patients without HIV in
Texas (193, 194) found HHV-8 DNA in the lesional skin of
four of six patients with pemphigus vulgaris and six of six
patients with pemphigus foliaceus who were studied. The PCR
DNA sequences differed among all these patients. No HHV-8
DNA was found in normal skin from 10 controls tested from
the same area. Patients with pemphigus vulgaris have a more
frequent incidence of KS than those with pemphigus foliaceus.

It has been suggested that HHV-8 has a tropism for pem-
phigus lesions. Researchers in New Mexico have found a high
incidence of pemphigus in a New Mexican population, identi-
fied by self-identification and HLA typing as descendants of
Sephardic Jews who came to the southwestern United States to
avoid persecution during the Spanish Inquisition (29). It could
well be that the patients from Texas have a similar heritage and
that there is no cause and effect between HHV-8 and pemphi-
gus, but both have a high frequency in this unique population
that traces its origin to the Mediterranean basin. Other inves-
tigators have failed to identify an association between KSHV
infection and pemphigus (20, 45, 81, 83).
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KS in Association with Bullous Phemigoid

At least five cases have been reported in which KS has
developed in association with bullous phemigoid (91, 109, 284).
With the exception of one case, these were not studied for the
presence of HHV-8. In the case that was investigated (109), KS
developed during a 3-year period of radiotherapy for bullous
phemigoid. HHV-8 DNA sequences were found in two sepa-
rate KS lesions but not in control skin from the same patient.
The immunosuppressive therapy that the bullous phemigoid
patient received could have activated HHV-8, which led to the
development of KS.

Presence of HHV-8 in Other Skin Diseases

HHV-8 has also been found in a variety of skin tumors. In a
study of 69 patients who were HIV positive or who were im-
munosuppressed following organ transplantation, many subse-
quently developed skin tumors. Among those that had prema-
lignant Bowen’s disease, 71.4% had HHV-8 DNA; 50% of
those who developed squamous cell carcinoma were positive
for HHV-8 DNA; and 33.3% of those with actinic keratosis, a
malignant epidermal disorder, were positive. A lower fre-
quency, 16.7%, was found in those who developed extramam-
mary Paget’s disease, in both proliferative and nonproliferative
lesions (133, 237). Similar associations were reported by a
second group (216). These studies suggested that HHV-8 in-
fection may increase the likelihood of proliferative skin dis-
ease. However, several additional well-controlled studies failed
to confirm this association (32, 151, 162).

In a study of HIV-1 carriers in Thailand (16), HHV-8 DNA
was found in 25% of those with skin diseases and only 7.4%
with no skin involvement. Carriers with antibodies to lytic
HHV-8 antigens also had low CD4 and CD8 counts, and spe-
cific HHV-8 polypeptides with a molecular mass of 34,000 to
40,000 Da were identified by immunoprecipitation. This adds
to the body of evidence linking HHV-8 to skin disorders in the
presence of immunosuppression.

An association between KSHV and some angiosarcomas has
also been reported. In one study, 7 of 24 patients with angio-
sarcoma studied plus one of five who had hemangioma, none
of whom had systemic immunosuppression, were positive for
HHV-8 DNA. The association of these two diseases involving
endothelial cells was the first evidence for disease associated
with HHV-8 other than KS that does not require immune
suppression (191). HHV-8 DNA was detected in vascular neo-
plasms, which are endothelial in origin. HHV-8 DNA was
found only in hemangioma (1 of 20) and angiosarcoma (7 of
24). While these studies indicated a tropism of HHV-8 for
endothelial cells, they did not demonstrate whether HHV-8
contributes actively to the pathology or is just a passenger
virus. Although angiosarcoma and KS are different diseases,
these tumors have a common histiogenesis from within the
vascular compartment. Other investigators have failed to iden-
tify HHV-8 in angiosarcomas, casting doubts on the specificity
of this association (12, 136, 160, 171, 187, 221, 277, 287).

HHYV-8 in Salivary Gland Tumors

It is common for healthy individuals to carry a latent infec-
tion of endemic human herpesviruses in their salivary glands,
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and shedding of EBV, cytomegalovirus, HHV-6, and HHV-7
during reactivation is well documented. Even though HHV-8 is
not as widespread as other human herpesviruses, it has been
detected in the saliva of HIV-1l-infected individuals (285),
leading to the supposition that HHV-8 could spread via saliva
as well as by sexual routes. Even though HHV-8 has been
found in saliva, to date there has been only one identification
of HHV-8 DNA by PCR in bilateral mucosa-associated lym-
phoid tissue lymphoma of the parotid gland of a female patient
with Sjogren’s syndrome (147); therefore, it is unlikely HHV-8
plays any etiological role in vascular or epithelial neoplasms in
immunocompromised patients.

HHYV-8 in Nonneoplastic Lymphadenopathies and Chronic
Interstitial Pneumonitis

HHV-8 was localized in lymphoid and monocyte-macro-
phage cells scattered in the interfollicular regions of lymph
nodes but not in the endothelial cells of two patients with
reactive lymphadenopathy (283). In another patient with
chronic interstitial pneumonitis characterized by florid hyper-
plasia, HHV-8 has been found in inflammatory cells infiltrating
the intervalvular interstitium of lung tissue, in endothelial cells
of the pulmonary vasculature, and rarely in pneumocytes (283).
This study indicates that HHV-8 can infect nonneoplastic
lymph nodes of immunocompetent individuals. HHV-8 has
also been associated with interstitial pneumonitis in HIV-in-
fected patients (207).

KS and Sarcoidosis Coexistence in Lesions of an HIV-
Seronegative Patient

Sarcoidosis has been described as a systemic disorder char-
acterized by the presence in multiple tissues of noncaseating
epithelioid cell granulomas, which may spontaneously resolve
or convert to hyaline connective tissue. The etiology of sar-
coidosis is unknown. HHV-8 DNA was found in a wide range
of sarcoid but not nonsarcoid tissues (73). The finding of a high
frequency of HHV-8 DNA was attributed to PCR cross-con-
tamination.

A diagnosis of KS coexisting in the same lesion as a sarcoid-
osis, a disease characterized by suppressed cell-mediated im-
munity, was made in an HIV-negative patient. The biopsy of
the newly disrupted skin lesion revealed a mid-dermal tumor
composed of irregularly shaped vascular spaces, proliferation
of spindle-shaped cells, and extravasated erythrocytes typical
of KS, plus multiple noncaseating tuberculoid granulomas.
HHV-8 was detected in this lesion by PCR (71).

HHYV-8 in Kikuchi’s Disease

Kikuchi’s disease (histocytic necrotizing lymphadenitis) is a
common self-limited disorder of the cervical lymph nodes that
occurs predominantly in young Asian females. It is character-
ized by fever, flu-like symptoms, elevated erythrocytes, neuro-
penia, an elevated sedimentation rate, and lymphocytosis. Huh
et al. (130) found HHV-8 DNA by PCR followed by hybrid-
ization and Southern blot analysis in six samples of archival
tissues from 26 patients with Kikuchi’s disease. The authors
concluded that HHV-8 may be an important factor in the
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pathogenesis of Kikuchi’s disease. However, this result has not
been confirmed by other researchers.

Multiple Myeloma and HHV-8 Infection

Initial studies evaluating the presence of KSHV in a large
series of lymphoid proliferations failed to identify this virus in
multiple myeloma or other plasma cell malignancies (50, 112,
220, 225). However, an association between this virus and
multiple myeloma was subsequently reported (19, 244). In that
study, KSHV DNA and RNA sequences were detected in bone
marrow stromal cell cultures from patients with multiple my-
eloma as well as two of eight patients with monoclonal gam-
mopathy of undetermined significance (MGUS). This result,
which was based on PCR and RT-PCR analyses, was subse-
quently confirmed by the same team using in situ hybridization
and PCR analysis of DNA extracted from fresh bone marrow
core biopsies (244, 249). Since transcripts of KSHV vIL-6 were
detected, it was hypothesized that KSHV uses a paracrine
mechanism through production of this cytokine to stimulate
the proliferation of the myeloma plasma cells. Multiple studies
have been published since, with conflicting results. Several
additional independent laboratories confirmed the specific
presence of KSHV DNA sequences in multiple myeloma bi-
opsies (4, 60, 238; P. Brousette, F. Meggetto, M. Attal, and G.
Delsol, Letter, Science 278:1972, 1997, M. B. Rettig, J. W.
Said, R. Sun, R. A. Vescio, and J. R. Berenson, Author’s
Reply, Science 278:1972-1973, 1997). However, other investi-
gators have been unable to confirm this association when look-
ing for KSHV DNA by PCR in bone marrow biopsies and/or
dendritic cell cultures from bone marrow or peripheral blood
(35, 44, 69, 188, 200, 218, 224, 229, 278, 279, 282, 296).

Serologic studies have been almost uniform in their findings,
demonstrating that patients with multiple myeloma lack anti-
bodies to KSHV (44, 188, 200, 224, 256, 290; J. MacKenzie, J.
Sheldon, G. Morgan, G. Cook, T. F. Schulz, and R. F. Jarrett,
letter to the editor, Lancet 350:1144-1145, 1997; A. G. Mar-
celin, N. Dupin, D. Bouscary, P. Bossi, P. Cacoub, P. Ravaud,
and V. Calvez, letter to the editor, Lancet 350:1144, 1997).
This lack of reactivity is not due to generalized immunosup-
pression, since antibodies to other more ubiquitous herpesvi-
ruses, such as EBV, HHV-6, and cytomegalovirus, are easily
detectable in these patients by using comparable methodolo-
gies. Since MGUS patients are known to develop multiple
myeloma or other lymphoproliferative diseases within 10 to 20
years (152), the serum of MGUS patients, some of whom later
developed multiple myeloma, was tested for the presence of
HHV-8 IgG antibodies to both lytic and latent antigens (2).
Even though the majority of these sera were positive for EBV
antibody, no difference was found among normal blood do-
nors, MGUS patients, and multiple myeloma patients for
HHV-8 antibody.

Our own group has also been unable to confirm the associ-
ation between KSHYV infection and multiple myeloma, using a
variety of methods (222; E. Cesarman, unpublished observa-
tion). In one paper, very weak seroreactivity to KSHV antigens
was detected by immunoblotting (106). While this may be
confirmatory of the association between KSHV infection and
multiple myeloma, it is possible that this low reactivity repre-
sents higher levels of nonspecific cross-reactivity than in con-
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trol patients because of the gammopathy in multiple myeloma
patients. Furthermore, the epidemiologic patterns of KS and
multiple myeloma are distinct, suggesting different etiologies
(65, 127). Three explanations can be proposed to explain this
controversy. (i) KSHV is not present in multiple myeloma or
MGUS, and the identification of viral sequences by a fraction
of investigators is due to technical artifacts, such as PCR con-
tamination. (ii) KSHV is present in such low copy numbers in
bone marrow and dendritic cell preparations in patients with
multiple myeloma that the technique used by most laboratories
is not sufficiently sensitive to detect them, although in several
studies sensitivity controls suggest detection of 1 to 10 copies of
KSHYV. In this instance, the absent or very low serologic reac-
tivity remains to be explained; it has been hypothesized that
HHV-8 localization within the bone marrow-based dendritic
cells may prevent the maturation of an antigenic response due
to B-cell tolerance of antigens presented in the bone marrow
(251). This reasoning would not explain, however, the discrep-
ant epidemiology of both diseases. (iii) A different virus is
present in multiple myeloma, similar enough to be recognized
by some PCR primers when certain protocols with low strin-
gency are used. Antibodies to this novel virus may not recog-
nize most KSHV antigens (2). This explanation may be sup-
ported by sequence analysis of PCR products from specimens
obtained from patients with multiple myeloma, where signifi-
cant interpatient variation has been noted.

There is higher reported homology in the sequences among
different myeloma patients than when these sequences are
compared with the KSHV sequences for KS specimens (251).
One study has suggested that sequences homologous to one of
the regions of KSHV are widely disseminated in a variety of
tissues, including multiple myeloma (282). While this last pos-
sibility appears to be the most conciliatory explanation, much
additional evidence needs to be provided to confirm the pres-
ence of a distinct KSHV-like virus and then to confirm its
specific association with multiple myeloma and MGUS. In
addition, a study using degenerate primers failed to detect
novel herpesvirus sequences in multiple myeloma, suggesting
that the presence of a novel human herpesvirus in this disease
is not likely (78).

HHYV-8 in Hemophagocytic Syndrome with KSHV-Related
Effusion Lymphomanone

Novel association of HHV-8 with hemophagocytic syndrome
(HPS) has been reported. HPS is a fulminant, fatal, systemic
illness that occurs in association with infection and malignancy.
HPS is characterized as an infiltration of the reticuloendothe-
lial system by histocytes that engulf and destroy the formed
elements of blood. Patients with HPS suffer from systemic
illness with fever, adenopathy, hepatosplenomegaly, liver fail-
ure, cytopenia, and coagulopathy. HPS is generally associated
with AIDS patients in advanced stages of the disease. Exami-
nation of the spleen of an HPS patient revealed HHV-8 DNA
by PCR. No EBV DNA was detected (226). Another case of
HPS was reported by Low et al. (176), in which the patient had
HHV-8 infection. After he was treated with the antiviral agent
foscarnet, the patient improved dramatically. This suggested
that foscarnet, an antiherpesvirus agent, blocked in vivo
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HHV-8 replication. More cases of HPS are needed to confirm
the association with HHV-8.

TRANSPLANTATION RISKS

There is a 1 to 3% risk of KS with renal transplantation (95),
with the median interval to diagnosis of KS being 29 to 31
months (11, 235). In Saudi Arabia, where there is a higher
prevalency of HHV-8, the transplantation risk of KS rises to 3
to 5% (11). Cattani et al. (47) assessed the risk of development
of KS in pre- and postrenal transplantation. Overall, 23% of
the patients who were HHV-8 positive before transplantation
developed KS, whereas only 0.7% of seronegative control pa-
tients developed the disease. Posttransplantation KS has also
been associated with transplantation of heart and lungs (6, 90,
223, 240). However, it is still unclear whether posttransplanta-
tion KS is due to the reactivation of HHV-8. Most KS was from
reactivation of latent HHV-8 infection due to immunosuppres-
sion rather than from new infection from the transplanted
organ or transfusion.

Studies of renal transplant patients in regions of high
HHV-8 prevalency reveal that the immunosuppression treat-
ment that precedes transplantation can activate latent virus
and lead to iatrogenic KS (47, 96, 231). Therefore, in these
areas, serological screening of the recipients is as important as
screening of donors. Although most cases of transplant KS
seem to be due to reactivation of virus in the recipient, cases of
KS being transmitted from a donor organ have been reported
(96, 240). Serological and molecular testing on renal transplant
patients has demonstrated persistent reactivation of HHV-8§,
which can lead to KS (132).

HHYV-8 infection has been cited as a cause of bone marrow
transplant failure (180). A primary HHV-8 infection devel-
oped in two patients after both received kidneys from a sero-
positive cadaver donor. The patients developed disseminated
KS after experiencing an acute syndrome characterized by
fever with plasmacytosis. A case of HHV-8 viremia was re-
ported after transplantation of autologous peripheral stem
cells in an HHV-8-seropositive patient with non-Hodgkin’s
lymphoma, but there was no evidence of other infection. The
reactivation manifested itself with a fever and marrow anapla-
sia with plasmacytosis. HHV-8 latent antigen and transcripts
were expressed in the aplastic marrow but not in two normal
marrow samples.

It seems clear there is a high risk of KS associated with
transplants due to the immunosuppression of the recipient,
regardless of whether the HHV-8 is from the patient, the
donor, or a blood transfusion (125). HHV-8 DNA was found in
kidney allografts in two of three transplant recipients prior to
the development of KS. An increase in the level of HHV-8
DNA was detected in the third patient. This study suggested
that direct genotypic and serologic analyses in kidney allografts
in primary infection or increased viral antibody can predict the
development of KS. Therefore, monitoring the transplant re-
cipient for HHV-8 infection could be used to provide effective
antiviral therapy (259).

ANTIVIRAL THERAPY

Inhibitors of herpesvirus DNA polymerase are effective in
combating lytic but not latent DNA infection. Foscarnet and
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ganciclovir induced regression of KS lesions in a small trial of
HIV-infected patients and in three large follow-up studies
(48). In spite of these encouraging results, no change in the
number of PBMCs infected with HHV-8 was found. HHV-8
was very sensitive to cidofovir when tested in vitro, whereas
HHV-8 was only moderately sensitive to foscarnet and ganci-
clovir (146, 192). Therefore, low doses of cidofovir or a high
dose of foscarnet or ganciclovir could suppress clinical reacti-
vation of HHV-8. These antiviral drugs did not inhibit episo-
mal virus DNA polymerase, suggesting that the latent form of
viral DNA is replicated by host DNA polymerase (192).

Foscarnet is known to be very toxic, and therefore, clinical
dosages for this drug must be worked out for each patient.
Although acyclovir has been very effective in preventing EBV
(gamma-1 herpesvirus) infection of oral hairy leukoplakia
(243) in AIDS patients, it has shown no such efficacy against
HHV-8. Since these drugs work on the level of the viral poly-
merase, they are effective only in combating actively replicating
virus and have no effect on the latent stage of infection. While
the latent virus is not likely to cause damage, people at risk for
virus reactivation, such as AIDS patients, should be monitored
so that effective therapy can be instituted if the virus becomes
active.

The effect of antiretroviral therapy and the use of zidovudine
to prevent perinatal transmission were also reported (8, 139,
159, 199). Boivin et al. (27) showed that one AIDS patient with
KS had a low viral load in KS skin lesions and PBMCs while on
highly active antiretroviral therapy (HAART), suggesting a
strong relationship between tumor burden and HHV-8 viral
load in spite of HAART’s having no direct anti-HHV-8 activity
(138). Antitumor activity of fractionated doses of oral etopo-
side in the treatment of AIDS-related KS was reported (273),
with a significant reduction in KS at a manageable clinical
toxicity of the drug. These investigators, however, did not mea-
sure the effect on HHV-8.

The institution of HAART triple-drug combination therapy
has correlated with a decrease in the incidence of AIDS-re-
lated KS (128). Cattelan et al. (48) studied AIDS-KS patients
after they had been placed on the HAART regimen. Reduc-
tion in anti-ORF-65 antibody correlated with clinical improve-
ments, but LNA showed a variable pattern. Decrease in plasma
HIV-1 RNA levels and an increase in CD4 lymphocytes due to
antiviral therapy with nucleotide analogs and protease inhibi-
tors correlated with a regression of KS lesions.

Another antiviral therapy of HIV-1 also had an ameliorative
effect on AIDS-associated KS (266). Topical treatment with
10% docosanel cream inhibits a broad spectrum of enveloped
viruses in vitro, including herpes simplex virus types 1 and 2,
cytomegalovirus, HHV-6, and HIV-1; KS lesions were reduced
by 20%, and no treated patients experienced KS disease pro-
gression. In this study, no attempt was made to measure or
detect HHV-8.

CONCLUSIONS AND POINTS FOR FUTURE RESEARCH

It took more than 20 years after EBV was found for another
human herpesvirus to be discovered. HHV-6 was discovered in
1986 (254), followed 4 years later by the discovery in 1990 of
HHV-7 (98); and in another 4 years, 1994, Chang et al. (56)
detected the sequence for KSHV/HHV-8 in KS lesions by
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representational difference analysis. From serological studies,
we have learned that HHV-8 distinguishes itself from other
human herpesviruses in that it is endemic in a very restricted
geographical area—sub-Saharan Africa—as well as in pockets
of Italy, other Mediterranean countries, and eastern Europe.
These areas also have a high incidence of KS.

The methods of HHV-8 transmission reflect the pattern of
prevalence as well. In areas where HHV-8 is endemic, hori-
zontal transmission has been documented, but in the rest of the
world, transmission is mainly by sexual routes, even though
very low viral counts in the semen of infected men have been
documented. No KS or other HHV-8-associated diseases have
been found in the southeast Asian countries of India, Thailand,
Malaysia, and Sri Lanka. Low rates of seroprevalence have
been found in these countries, especially associated with the
HIV-infected population; this suggests that the virus may have
been newly introduced into these areas, and those who are
infected may be at risk for disease development. Alternatively,
there may be some factor in addition to HHV-8 that is neces-
sary for KS to develop, and that factor may be missing in
southeast Asia. Since the general population in most of the
world is free of the virus and there is documented risk of
disease associated with HHV-8 infection from transfusion and
organ transplantation, it has been suggested that the blood
supply should be screened for the presence of HHV-8, as is
presently done for HIV and HTLV.

Like the other human gammaherpesvirus, EBV, HHV-8
DNA sequences have been associated with tumorigenesis.
HHV-8 sequences have been found in the atypical tumor cells
of KS, MCD, and PEL, making a strong case for the pathoge-
nicity of the virus. When EBV was first discovered, it was
associated only with infectious mononucleosis and endemic
Burkitt’s lymphoma. HHV-8§ is always found in patients with
HIV who develop MCD, but cases of MCD have been found in
HIV-negative patients in whom no HHV-8 can be detected.
This is reminiscent of cases of nonendemic Burkitt’s lymphoma
in which no EBV is found. Since EBV was discovered, more
sensitive diagnostic techniques have been developed, and in-
vestigators have been able to link EBV to a host of additional
tumorigenic diseases. We can expect similar findings to occur
for many of the diseases listed above where HHV-8 has been
found, but its role, if any, in these diseases has not been
clarified.

Many mysteries surrounding this virus have yet to be solved.
Even where it has been established that HHV-8 is necessary
for disease development, its role in pathogenesis is not entirely
clear. Rabkin et al. (233) found that KS is a monoclonal tumor,
but this finding remains controversial because many KS lesions
are known to be polyclonal (114). Also, the link between mul-
tiple myeloma and HHV-8 remains in dispute, especially since
it cannot be supported by serology. The techniques used to link
HHV-8 to multiple myeloma leave open the possibility that
perhaps a new human herpesvirus is waiting to be found, al-
though this possibility appears unlikely based on our current
knowledge. Even in KS, where the link between HHV-8 and
disease is the strongest, it has been shown that while HHV-8 is
necessary, it is not sufficient in itself to cause KS.

The disease is caused by a cascade involving the tat gene and
various cytokines that combine to keep the tumor state intact
(105). Is HHV-8 just the trigger for KS, or is the virus neces-

HHV-8 DISEASE SPECTRUM 457

sary to maintain the cytokines that feed the tumor? To illus-
trate this quandary, a few examples are in order. HIV-1 tat can
indirectly affect tumor cell proliferation in KS via induction of
cellular growth and angiogenic factors or indirectly by the
activation of transcription regulation with cytokines such as
NF-kB (21). tat transgenic male mice that are CD4"-T-cell
depleted show much faster tumor growth when infected with
tumor cells than similar animals that lack faf. Many trans-
formed cell lines derived from KS lesions, such as SLK cells,
lack any HHV-8 DNA and appear not to be derived from KS
spindle cells (289).

The KS lesion is complex in its cellular composition, origin,
epidemiology, and pathogenesis. HHV-8 may promote cell
growth by augmentation of cell growth-promoting cytokines.
Robert Gallo (105) describes KS as starting as a hyperplasia
that may evolve into malignant clones in some individuals.
Patients on HAART see a regression in their KS tumors,
making KS one of the few tumors that can be controlled with
medication; yet HAART has little if any antiviral effect on
HHV-S itself.

The search for antiviral drugs has been hampered by the fact
that no fully permissive cell line has been found so that bio-
logical assays can be conducted. HHV-8 will infect microvas-
cular endothelial cells, but most laboratories have not found
these cells convenient to work with. On the other hand, many
serological assays have been developed with various degrees of
sensitivity and specificity, but no assay has yet been developed
that detects both lytic and latent antibodies in one assay. Fur-
thermore, most laboratories seem to prefer to use their own
in-house testing methods, so that there is, as yet, no overall
consensus on which testing methods are best. Better and more
comprehensive testing methods are being developed, and these
may use a combination of antigens made of synthetic or re-
combinant proteins.

The future for HHV-8 research is very bright. In the few
years since its discovery, a lot has been learned about its biol-
ogy, its association with disease, and the function of some of its
novel genes. These novel genes include some that are ex-
pressed during latency, such as D-type cyclin homologue,
LANA-1 and LANA-2 (VIRF-3), kaposin and vFLIP. Other
genes are expressed as early lytic genes, and by a variable
proportion of latently infected cells, including vIL-6, other viral
homologues of interferon regulatory factor (K9 and K11.1),
K1, K15 (LAMP), and vGPCR. Many other functional and
structural lytic genes have been characterized, like ORF-50,
ORF-65, and ORF-K8.1. Important reagents, including mono-
clonal antibodies, have been developed for several of these
virally encoded proteins (reviewed in reference 264). Only time
will tell what applications will be derived from this basic re-
search and how it will benefit patients who are at risk for
developing HHV-8-associated disease.

Since the prevalence of HHV-8 in the general population is
quite low but HIV-1-infected individuals are at a higher risk
for developing HHV-8-associated malignancies, would a vac-
cine be beneficial for those at risk?
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