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1. ABSTRACT 
 
 Human herpesvirus 8 (HHV-8) is a gamma-2 
herpsvirus, related genetically to simian herpesvirus saimiri 
(HVS), the prototype virus of this subgroup of the 
gammaherpesvirus subfamily.  HHV-8 DNA is present in 
all forms of Kaposis’s sarcoma (KS) and primary effusion 
lymphoma (PEL), and in most forms of multicentric 
Castleman’s disease (MCD), especially in HIV infected 
individuals.  Of relevance to attempts to explain the 
molecular basis of HHV-8 associated neoplasia, are the 
unique genes specified by this virus, in particular 
angiogenic cytokines viral interleukin-6 (vIL-6) and viral 
CC-class chemokines (vCCL-1, vCCL-2, vCCL-3), 
mitogenic signaling membrane proteins variable ITAM-
containing protein (VIP) and latency associated membrane 
protein (LAMP), pro-survival latently-expressed viral 
interferon regulatory factor (vIRF3), and the kaposin family 
of proteins that promote cell growth and cytokine 
production.  Also of relevance are the angiogenic and

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cytokine-inducing viral G protein-coupled receptor 
(vGPCR), pro-proliferative and pro-survival latency 
proteins viral FLICE inhibitory protein (vFLIP) and 
latency-associated nuclear antigen (LANA), and G1-S 
phase cell-cycle promoter viral cyclin (v-cyclin), 
proteins specified also by other gamma-2 herpesviruses.  
The enormous progress on the characterization of the 
properties and biological activities of these proteins over 
the last ten years has provided insight into the potential 
mechanisms of HHV-8-induced neoplasia.  Present data 
suggest that there operates a combination of cell 
transformation mediated by latently expressed proteins 
that promote cell proliferation and survival coupled with 
paracrine signaling functions mediated by either the 
viral cytokines or viral receptor-induced secreted 
cellular proteins.  This review discusses the properties 
of the viral proteins believed to contribute to viral 
neoplasia via these mechanisms. 
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2. INTRODUCTION 
 

Human herpesvirus 8 (HHV-8) is a gamma-2 
subfamily herpesvirus that is associated with Kaposi’s 
sarcoma (KS) and two rare forms of B cell malignancy, 
primary effusion lymphoma (PEL) and mutlicentric 
Castleman’s disease (MCD).  Before the discovery of 
HHV-8 in 1994, interleukin-6 (IL-6) had been implicated in 
KS and MCD as a pro-proliferative factor.  The discovery 
of a functional homologue of IL-6 (viral IL-6, vIL-6) was 
therefore highly significant in attempts to explain the basis 
for HHV-8 induced disease.  As KS is an angioproliferative 
disease in which various angiogenic, EC growth factors and 
pro-inflammatory cytokines are believed to be involved, the 
subsequent recognition of angiogenic activities of vIL-6, 
each of three HHV-8-encoded viral chemokines (vCCL-1, 
2, 3) and the viral G protein-coupled receptor (vGPCR), 
and cytokine-inducing activities of the latter, expanded the 
candidate HHV-8 proteins mediating pathogenesis and the 
potential mechanisms of HHV-8-induced KS.  
Subsequently, evidence emerged that vascular endothelial 
growth factor (VEGF), a key angiogenic protein, was also 
important for PEL growth and dissemination in 
experimentally inoculated mice.  Yet, each of the HHV-8 
cytokines and vGPCR are expressed during productive 
(lytic) replication, and so any involvement would 
presumably be mediated in a paracrine fashion, from cells 
supporting lytic replication to latently infected and 
uninfected cells in the locality. 

 
 HHV-8 proteins expressed during latency 
comprise the ORF73-71 locus-encoded latency-associated 
antigen (LANA, ORF73), viral cyclin (v-cyclin, ORF72) 
and viral FLICE inhibitory protein (vFLIP, ORF71), a 
group of proteins called kaposins transcribed from an 
adjacent but distinct transcription unit, K12, and one of 
four viral interferon regulatory factors (vIRFs), namely 
vIRF3.  As v-cyclin promotes G1-S transition and cell 
cycle progression, vFLIP mediates pro-survival signaling, 
LANA effects pro-proliferative and pro-survival functions, 
and kaposins induce cytokine expression and cell growth, 
each of these latency genes may contribute to HHV-8 
neoplasia.  vIRF3 blocks pro-apoptotic anti-viral interferon 
signaling and could also contribute.  A model in which 
these latency functions effect cell proliferation, survival 
and transformation and in which paracrine activities 
mediated directly or indirectly by the lytically-expressed v-
cytokines and vGPCR, perhaps at early stages of disease 
development, provides the most satisfactory mechanistic 
explanation of HHV-8-induced neoplasia, particularly KS. 
 
 In addition to the viral cytokines, vGPCR, and 
the four latency genes mentioned, there are two constitutive 
signaling membrane proteins encoded by genes and the left 
and right ends of the genome that may be involved in 
HHV-8 associated neoplasia.  These genes are K1 and K15, 
specifying proteins VIP (variable ITAM-containing 
protein) and LAMP (latency associated membrane protein).  
While viral transcripts from K1 and K15 are most abundant 
during HHV-8 lytic replication, there is evidence that at 
least one form of LAMP is expressed during latency, and 
functional properties of VIP suggest that it may be of 

relevance to viral-induced cellular transformation if it is 
expressed during latency.  VIP signals via Src-family 
kinases and mediates cell transformation in both in vitro 
and in vivo experimental models, and LAMP may specify 
anti-apoptotic functions. 
 This paper will review the properties of the v-
cytokines, vGPCR, latency proteins and VIP and LAMP 
signaling receptors and discuss their possible contributions 
to HHV-8 induced neoplasia. 
 
3. LATENCY PROTEINS 
 

3.1. Latency-Associated Nuclear Antigen (LANA) 
 LANA is encoded by open reading frame (ORF) 
73 and is part of a tricistronic transcription unit that 
includes ORFs 72 (v-cyclin) and ORF71 (vFLIP) (1-3).  
Two, alternatively spliced latency transcripts have been 
identified; one encodes all three ORFs [73, 72, 71 (5’ to 
3’)] while the other splices out ORF73.  The promoter that 
drives expression of this latency transcription unit lies a 
short distance upstream of ORF73 and contains elements 
both 3’ and 5’ of the transcription initiation site that are 
required for full activity (4, 5). 
 
 LANA is a pleiotropic protein, with functions 
that include latent origin binding and replication (6), 
chromosome tethering to enable viral genome segregation 
during cell division (7), pro-survival effects via inhibitory 
interactions with p53 (8), pro-proliferative functions via 
binding and inactivation of Rb and GSK3 to mediate 
release of E2F and activation/stabilization of β-catenin (9-
11), respectively, and direct activation or repression of viral 
and cellular gene expression via interactions with 
transcription factors or promoter-recruitment of co-
repressor complexes (5, 12-17) (Figure 1). 
 
 The Rb and p53 inactivating function are 
analogous to the those specified by viral oncoproteins of 
well-characterized tumor-inducing viruses, such as SV40 
and adenovirus, and it would be reasonable to speculate 
that these activities of LANA could contribute to all forms 
of HHV-8 associated neoplasia.  Thus, while the normal 
functions of these LANA activities may be to allow the 
latently infected cell to proliferate and survive, thus 
maintaining or expanding the latent viral reservoir, these 
activities could also lead to neoplasia by allowing the 
development and propagation of potentially transforming 
cytogentic changes.  Also of potential relevance to HHV-8 
pathogenesis is that one of the cellular genes induced by 
LANA is human telomerase reverse transcriptase (hTERT); 
transcription of hTERT appears to be mediated via 
interactions of LANA with the transcription factor Sp1 
(17).  hTERT activity is found at very low levels in normal 
cells but is activated in many cancers and allows survival of 
these cells.  Clearly, LANA’s activation of hTERT in 
latently infected cells could contribute to HHV-8 
malignancies.  Coupled with the predicted survival 
functions mediated by LANA through p53 inactivation and 
induction of hTERT expression and pro-proliferative 
effects of Rb inactivation (to release E2F and induce S-
phase genes), the activation and stabilization of β-catenin is 
likely to contribute to cell proliferation and transformation 
and to HHV-8 disease.  β-catenin is found at elevated
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Figure 1. Overview of LANA functions.  Pleiotropic activities of LANA include transcriptional activation, either directly at the 
promoter through interactions with transcription factors such as SP1 or Jun or via inactivation of glycogen synthase kinase 
3(GSK3) or retinoblastoma protein (Rb) to stablize β-catenin and release E2F, respectively.  β-catenin and E2F activation 
promote cell proliferation, which would be expected to expand the population of cells latently infected with HHV-8 and which 
could contribute to neoplasia.  LANA can induce expression of hTERT (via SP1), Id-1 and hIL-6 (via Jun), and such gene 
regulation may also promote neoplasia via survival and proliferative effects as well as maintenance of the latently infected cell 
population.  LANA also mediates transcriptional repression, one mechanism being through promoter recruitment of corepressor 
complexes.  Repression of lytic genes would be important for latency maintenance.  A further activity of LANA is the direct 
binding to and inhibition of the G1-S phase checkpoint protein and tumor suppressor, p53.  Inhibition of p53 activity would be 
expected to promote cell survival and contribute to neoplasia. 
 
levels in several cancers (18) and this can occur by various 
mechanisms.  At least one mechanism by which LANA 
activates β-catenin is by nuclear sequestration of GSK3, a 
kinase that normally is cytoplasmic.  One substrate of 
GSK3 is β-catenin, which when phosphorylated is targeted 
for proteasomal degradation.  Therefore, by removing 
GSK3 from its site of action, LANA mediates activation of 
β-catenin.  The biological relevance of this is emphasized 
by the presence of β-catenin at elevated levels in every 
primary effusion lymphoma (PEL) cell line examined, but 
not in EBV transformed B cells, for example, and that viral 
vector-transduced LANA can induce S-phase entry, the 
GSK3-binding region of LANA being required for this 

activity (9).  Another group demonstrated independently 
that LANA-transduced human umbilical vein endothelial 
cells (HUVECs) had a higher rate of proliferation and 
prolonged life span compared to empty vector-transduced 
controls (19). 
 
 In addition to hTERT, other genes induced by 
LANA are human interleukin-6 (hIL-6), targeted via the 
transcription factor c-Jun that binds to the hIL-6 promoter 
(12), and the helix-loop-helix protein Id-1.  Both proteins 
may play roles in HHV-8 pathogenesis.  hIL-6 has been 
reported to stimulate KS cell growth, is found at elevated 
levels in the serum of MCD patients and to correlate with 
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disease severity (20, 21) and can support the clonal growth 
of PEL cells (22).  In the case of Id-1, it has been 
demonstrated that expression of the protein in keratinocytes 
leads to their immortalization, accompanied by increased 
telomerase activity and Rb inactivation (23), and targeted 
expression of Id-1 in intestinal epithelial cells or 
thymocytes of transgenic mice leads to the development of 
intestinal adenomas and thymic lymphomas, respectively 
(24, 25).  LANA expression in or HHV-8 infection of 
HUVECs has been shown to result in increased expression 
of Id-1, and Id-1 overexpression in primary ECs delays cell 
senescence (26, 27).  KS tumor cells and KS-derived cells 
grown in culture express high levels of Id-1 (26). 
 
3.2. Viral Cyclin 
 The viral cyclin (v-cyclin) gene, ORF72, is 
located immediately downstream of that for LANA, and, 
like LANA, is expressed during latency in PEL cell lines 
(1, 3).  The HHV-8 D-type cyclin was shown to be 
functional, promoting cyclin dependent kinase 6 (cdk6) 
activation and G1-S cell cycle transition, but, unlike its 
cellular counterparts, being resistant to the inhibitory 
effects of the cdk inhibitors p16, p21 and p27 (28-30).  In 
fact, HHV-8 v-cyclin can promote the cdk6-mediated 
phosphorylation and degradation of p27, and p27-
phosphorylating cdk6-complexes have been identified in 
PEL cell lines and in KS, as have v-cyclin:cdk27 
interactions (31-33).  However, recent data indicate that in 
latently infected PEL cells, at least, v-cyclin:cdk6 mediates 
phosphorylation of serine-10 of p27, thereby enhancing its 
cytoplasmic localization rather than its degradation, 
promoted by threonine-187 phosphorylation (34).  
Interactions between v-cyclin and cdk6 have been 
demonstrated in in vitro replication assays to promote S-
phase in addition G1-S transition (35).   These results 
suggest a possible mechanism whereby HHV-8 might 
promote proliferation of latently infected cells and establish 
conditions that might lead to cell transformation and 
oncogenesis.  Indeed, v-cyclin can promote cell growth in 
culture and induce tumors in transgenic mice when 
combined with loss of p53 functions (36), as might occur 
via LANA:p53 interactions in HHV-8 latently infected 
cells.  It is perhaps worth noting, however, that the v-cyclin 
of herpesvirus saimiri (HVS) was found to be uninvolved 
in either productive replication or in development of 
lymphoma in experimentally infected animals (37). 
 
 Most other characterized gamma-2 herpesviruses 
encode a v-cyclin, that of HVS, the prototype gamma-2 
herpesvirus, being the first to be discovered and shown to 
couple functionally to cdk6 (38, 39).  The v-cyclin of 
murine gammaherpesvirus-68 (MHV-68) has been 
demonstrated to be required for lytic reactivation of virus 
from latently infected splenocytes of MHV-68 infected 
mice (40, 41).  Thus, with respect to the functions of v-
cyclins in normal virus biology, one role may be to provide 
the conditions necessary for lytic replication in normally 
non-permissive cells.  It is noteworthy on this regard that 
HHV-8 v-cyclin promotes p27 threonine-187 
phosphorylation, leading to p27 degradation, upon lytic 
reactivation in PEL cells (34).  However, while it is likely 
that the gamma-2 herpesvirus v-cyclins share biological 

roles, the HHV-8 v-cyclin is currently the only v-cyclin 
demonstrated to be expressed during latency.  Perhaps a 
role in maintaining the pool of latent virus by promoting 
proliferation of infected cells may be mediated by HHV-8 
v-cyclin. 
 
3.3. Viral FLIP 
 The viral FLICE [Fas-associated death domain 
IL-1β-converting enzyme (caspase8)] inhibitory protein, 
vFLIP, of HHV-8 is encoded by ORF71 (also known as 
K13, although it is in fact homologous to HVS ORF71).  
As shown initially for the vFLIP of HVS (42), HHV-8 
vFLIP can block apoptosis induced by death receptor 
activation, and this activity also is mediated by vFLIPs 
from equine gammaherpesvirus-2 and the poxvirus 
molluscum contagiosum virus (43, 44).  This activity of the 
viral vFLIPs therefore mimics the function of cellular FLIP 
proteins (cFLIPs, long and short form); all act by blocking 
the activating interaction of death receptor-bound adaptor 
protein FADD (Fas-associated death domain) with caspase 
8 (45, 46).  HHV-8 vFLIP appears to be expressed during 
lytic cycle replication as well as in latency, as specific 
vFLIP-encoding transcripts, in addition to a latently 
expressed transcript encoding LANA, vFLIP and v-cyclin, 
have been detected during lytic reactivation in PEL cells 
(47). 
  

In addition the death receptor-inhibitory activity, 
HHV-8 vFLIP can interact with the regulatory component 
of the IκB kinase (IKK) complex to activate it and induce 
NFκB signaling, by the classical and alternative pathways 
(48-51).  vFLIP-mediated activation of NFκB is able to 
protect cells against apoptosis induced by growth factor 
withdrawal (52) and is crucially important for survival of 
HHV-8 latently infected PEL cells (53).  In the former case, 
protection is accompanied by increased expression of the 
pro-survival Bcl-2 family member Bcl-xL.  HHV-8 vFLIP 
has been demonstrated to transform Rat-1 fibroblasts, as 
determined by anchorage-independent growth in culture 
and formation of tumors in nude mice, and this activity is 
dependent on NFκB activation (54).  However, another 
study using vFLIP-transduced A20 murine B lymphoma 
cells emphasized the importance of vFLIP-mediated anti-
apoptotic functions for tumor growth, as tumor-promoting 
effects of vFLIP were seen only in immune competent 
mice, not in immune-deficient animals where vFLIP 
protection against T cell responses were not relevant (55).  
Combined, these data indicate that HHV-8 vFLIP is 
necessary for the normal growth and survival of HHV-8 
transformed cells and that it may contribute to HHV-8 
neoplasia by inhibiting both intrinsic and extrinsic 
apoptotic pathways via NFκB activation and FADD 
interactions, respectively.  Presumably, these activities 
would normally serve to promote cell survival for the 
benefit of the virus, both during latency and also during 
productive replication where prolongation of cell viability 
in the face of pro-death signals induced by virus infection 
and replication would be expected to increase virus 
production. 
 
 Finally, it should be noted that the activation of 
NFκB signaling by vFLIP not only is important for cell 
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survival, but also can have other consequences.  
Furthermore, it is known that HHV-8 vFLIP can activate 
the JNK/AP1 pathway, which it does via its interaction 
with TNF receptor-associated factor 2 (TRAF2) (56, 57).  
One important effect of this dual activation of NFκB and 
AP1 is the induction of cellular IL-6 expression, and this 
has been demonstrated to occur in PEL cells (56).  
Interestingly, synergistic effects of vFLIP and LANA, 
previously shown to induce IL-6 expression (12), were 
found, suggesting that both of these latency genes 
contribute to IL-6 induction in latently infected cells.  As 
outlined previously (LANA section) and discussed below 
(vIL-6 section), IL-6 is an angiogenic and mitogenic factor 
that is likely to play a significant role in KS, PEL and 
MCD. 
 
3.4. Kaposins 
 The kaposins comprise a family of three proteins 
that are encoded by the K12 locus and expressed by via 
translation of alternative reading frames and utilization of 
non-AUG codons upstream of K12 in addition to the AUG 
codon that defines the start of the K12 ORF (58).  The three 
translation products are referred to as Kaposins A, B and C.  
Kaposin A is encoded by ORF K12; kaposin B is translated 
from the most 5’ CUG codon (in frame 2) in the major 
kaposin transcript and comprises 23 amino acid repetitive 
sequences derived from direct repeat (DR1 and DR2) 
elements but contains no K12-derived amino acids; kaposin 
C is translated from a downstream CUG codon (in frame 1) 
and comprises a fusion of DR1/DR2 and K12-encoded 
sequences.  Transcripts (“T0.7”) containing only K12 
sequences have been identified in both KS and PEL cells, 
but when detected they were found to be of very low 
abundance (58).  Translation of kaposin A from the 
abundant, larger transcript identified in BCBL-1 PEL cells 
would require internal initiation.  It is now known that in 
addition to the DR2-DR1-K12 transcript initiating just 5’ of 
DR2, there is another, spliced transcript that initiates some 
5-kb upstream, 3’ of ORF73 (59).  Potential non-AUG 
initiation codons are present both in exon 1 (3’ of ORF73) 
and exon 2 (starting 5’ of DR2) that could be utilized to 
specify translation products differing at their N-termini 
from those encoded by the unspliced transcript.  This 
spliced transcript, identified initially in primary PEL cells 
prior to culture, was found to be expressed also in multiple 
established PEL cell lines.  Importantly, in the primary 
tissue, kaposin B was not detectable while kaposins A and 
C were expressed.  This contrasts with the previously 
published data from BCBL-1 cells, in which kaposin B was 
the predominant protein (58). 
 
 With regard to the functions of the kaposins, the 
properties and biological activities of kaposins A and B 
have been investigated, and available data indicate that they 
could contribute to HHV-8 induced neoplasia.  Kaposin A 
has been shown to mediate cell transformation in Rat-3 
cell/nude mouse models (60).  Insight into its mechanism of 
action was provided from independent studies showing that 
kaposin A could mediate signal transduction via membrane 
recruitment of the ARF GTPase-activating guanine 
nucleotide exchange factor (GEF) cytohesin-1 and that 
cytohesin-1 was necessary for kaposin A-induced cell 

transformation (Kliche et al., 2001).  Data relating to the 
function of kaposin B have been published recently (62).  
These elegant studies have revealed that the DR2-specified 
23 amino acid repetitive sequences in the N-terminal half 
of the protein binds to a region (C-lobe) of the kinase MK2, 
a region targeted for phosphorylation and activation by p38 
and bound by the C-terminal region of MK2 to effect auto-
inactivation.  Kaposin B binding to MK2 leads to activation 
of the kinase.  As MK2 activity is known to stabilize 
mRNAs with AU-rich elements (AREs), including cytokine 
mRNAs, this suggests that kaposin B effects increased 
cytokine expression in HHV-8 infected cells, and indeed 
this activity of kaposin B has been demonstrated 
experimentally for mRNAs containing GM-CSF and IL-6 
AREs (62).  The biological significance of this activity of 
kaposin B is that it would be expected to lead to increased 
secretion of cytokines, such as IL-6, that are believed to 
play important roles in KS, PEL and MCD.  In addition, the 
kaposin B-mediated increases in MKK6 kinase (encoded 
by an ARE-containing mRNA) and active forms of its 
target p38 could, along with increased cytokine production, 
be important for virus biology (although this has yet to be 
determined). 
 
3.5. Viral Interefron Regulatory Factor 3 (vIRF3) 
 The HHV-8 genome contains coding sequences 
for four IRF homologues, namely vIRFs 1-4 specified by 
ORF K9 and ORFs K10, K10.5 and K11 spliced to 
upstream sequences (63-65).  Of these, vIRF3 has been 
shown to be expressed during latency in PEL cell lines, 
whereas the other vIRFs appear to be expressed exclusively 
or predominantly as lytic genes (63, 64, 66-68).  vIRF3 is 
expressed in the nucleus of PEL cell lines, and this has lead 
to its naming by some investigators as latency-associated 
nuclear antigen 2 (LANA2).  It is important to note that 
while vIRF3 is a latent protein in PEL cell lines and has 
also been detected in lymphocytes in MCD tissue, it is 
undetectable in KS cells (68).  It also appears to be absent 
in HHV-8 latently infected dermal microvascular 
endothelial cells (DMVECs) in culture (G. Hayward, pers. 
comm.).  Therefore, while vIRF3 may be relevant to HHV-
8 latent biology and disease, it seems that this is restricted 
to B cell populations and not of significance with respect to 
KS. 
 
 The fundamental role of vIRF3 in virus biology 
appears to be in blocking cellular IRF functions and IRF-
stimulated pathways that lead to apoptosis.  It has been 
reported that vIRF3 can inhibit that activities of IRF3 and 
IRF7 and, as a consequence, suppress the interferon-
induction in response to virus infection (65).  vIRF3 can 
also mediate protection against apoptosis by inhibition of 
p53 activity, which may involve direct interactions with the 
tumor suppressor (68), and can interfere with immune 
responses via inhibition of NFκB-activating IκB kinase β 
(IKKβ) (69).  Therefore the overall biological effect of 
latently expressed vIRF3 parallels that of lytically 
expressed vIRFs 1 and 2 that inhibit activation or activities 
of cellular IRFs (70-74).  While the latter activities would 
be predicted to enhance the efficiency of virus productive 
replication, by countering the cell’s response to de novo 
infection and replication, the role of vIRF3 would be 
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predicted to promote survival of latently infected cells.  
Clearly, this activity could contribute to HHV-8 
malignancies involving B cells (PEL, MCD), in which 
vIRF3 is expressed. 
 
4. LYTIC PROTEINS 
 
4.1. Viral Interleukin-6 (vIL-6) 
 The discovery of an IL-6 homologue in the HHV-
8 genome was significant because IL-6 had been implicated 
in KS and MCD even before the discovery of HHV-8 (20, 
21).  That HHV-8 encoded its own version of this cytokine 
therefore suggested that vIL-6 may play a role in viral 
neoplasia.  The amino acid sequences of vIL-6 protein is 
25% identical to human IL-6 (hIL-6) and displays 
biological properties typical of this and other other cellular 
IL-6 proteins, such as support of IL-6-dependent murine B9 
cell growth and induction of acute-phase genes in 
hepatocytes (75-77).  Also in common with its cellular 
counterparts, vIL-6 mediates signaling through the gp130 
signal transducer to activate Jak/STAT (primarily 1 and 3) 
and MAPK pathways (78-80).  However, in contrast to 
endogenous IL-6 proteins, vIL-6 does not require the gp80 
IL-6 receptor subunit (α-subunit) for formation of stable 
signaling complexes (78, 81).  Notwithstanding, gp80 can 
be involved both physically and functionally in vIL-6 
induced signaling complexes, stabilizing them and possibly 
modulating signal transduction, both quantitatively and 
qualitatively (80, 82; F. Hu & J. Nicholas, unpublished 
data). 
 
 In addressing the likely functions of vIL-6 in 
virus biology, it should be appreciated that while vIL-6 is 
expressed most abundantly during lytic replication, in both 
PEL and infected endothelial cell models, it is also 
expressed at low level in uninduced latently infected PEL 
cultures, in the absence of other lytic gene expression.  It is 
conceivable, therefore, that vIL-6 plays a role during 
latency as well as during virus productive replication.  
Indeed, Chatterjee and colleagues (83) demonstrated that 
vIL-6 specifically was induced by treatment of PEL cells 
with IFNα, and effectively blocked the cell cycle arrest and 
apoptotic activities of IFNα.  This suggests that at least one 
role of vIL-6 is to protect latently infected cells against 
anti-viral host defenses mediated by IFN, and could 
presumably perform a similar role during de novo infection 
or lytic reactivation.  Other roles of vIL-6 during lytic 
replication remain speculative, but its mitogenic signaling 
and VEGF-inducing pro-angiogenic functions (77, 79, 84-
86) suggest that it may be involved in establishing 
appropriate intracellular conditions for virus replication and 
extracellular conditions for dissemination of infected cells 
and virus from local sites of infection.  Furthermore, as 
VEGF has been reported to enhance HHV-8 entry into cells 
via post-binding events (87), VEGF induced by vIL-6 (and 
other HHV-8 proteins, see below) may contribute to initial 
stages of HHV-8 infection via paracrine effects within an 
infected cell population. 
 
 With regard to the role of vIL-6 in HHV-8 
associated disease, there is considerable evidence that it 
does indeed contribute to disease development.  As already 

mentioned, VEGF is induced by vIL-6 and consequently 
angiogenesis is promoted by the viral cytokine (84).  In 
murine models, cell lines stably expressing vIL-6, and 
secreting high levels of VEGF, are tumorigenic in nude 
mice and PEL cells introduced into nude mice develop 
lymphomatous effusions in a VEGF-dependent manner (84, 
88).  Also, vIL-6 expression in mice leads to increased 
hematopoiesis, plasmacytosis and organomegaly, features 
of MCD.  Furthermore, vIL-6 is a mitogenic factor for PEL 
cells and therefore could contribute directly to PEL 
development (89).  Similar pro-proliferative effects on 
gp130-expressing KS cells have been demonstrated and it 
has been reported that vIL-6 is able to induce endothelial 
expression of PTX3, an acute-phase protein, that would be 
expected to promote infiltration of inflammatory cells into 
sites of infection and contribute to the cytokine milieu 
supporting KS cell growth (86).  VEGF induction by vIL-6 
in endothelial/KS cells has not been investigated to date, 
but would be expected.  Theoretically, then, there is support 
for the notion that vIL-6 can contribute to KS, PEL and 
MDC, but is there any evidence that vIL-6 is actually 
expressed in these tumors/effusions in vivo?  Expression of 
vIL-6 has been probed for and found in KS, PEL and MCD 
primary tissue, although only some KS tissues (primarily 
advanced, nodular lesions) are positive for vIL-6, and vIL-6 
has been detected in the sera of most PEL patients (90-97).  
In KS, PEL and MCD tissues, vIL-6 expression is found in 
only a minority of cells, presumably those undergoing 
abortive or productive lytic reactivation.  That abortive 
rather than full lytic reactivation occurs is indicated by the 
fact that in PEL lines and KS tissue the proportion of cells 
expressing vIL-6 is higher than that staining positive for 
later lytic antigens (94, 95).  Taken together, these findings 
suggest that vIL-6 expressed from a subset of HHV-8 
infected cells during full or abortive reactivation could 
mediate mitogenic and angiogenic activities of relevance to 
HHV-8 associated malignancies (Figure 2). 
 
4.2. Viral Chemokines (vCCLs) 
 There are three HHV-8 chemokines, named 
vCCL-1, vCCL-2 and vCCL-3, specified by ORFs K6, K4 
and K4.1, respectively.  The chemokines were previously 
called vMIP-1A/vMIP-I, vMIP-1B/vMIP-II and 
vBCK/vMIP-III (75, 77, 98, 99).  All of the HHV-8 v-
chemokines are expressed during productive replication 
and chemoattract Th2 cells, via their interactions either 
with the chemokine receptor CCR8 (vCCL-1, vCCL-2) or 
with CCR4 (vCCL-3), and therefore have been postulated 
to mediate immune evasion via polarization away from 
anti-viral Th1 responses (100-104).  One of the 
chemokines, vCCL-2, is also able to interact as a neutral 
(non-signalling) ligand with a range of chemokine 
receptors, including CCR2, CCR5, CCR10, CXCR4, 
CX3CR1, XCR1, and therefore to block agonist binding to 
these receptors, potentially mediating immune evasion via 
inhibition of immune cell infiltration into sites of lytic 
replication (105-108). 
 
 With regard to the potential roles of the v-
chemokines as contributors to HHV-8 neoplasia, the most 
notable of their properties is their pro-angiogenic activities 
(103, 109).  Thus, as for vIL-6, the induction of angiogenic
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Figure 2. vIL-6 receptor complexes, signaling and activities.  Like hIL-6, vIL-6 signals via dimerization and activation of the 
gp130 signal transducer.  While vIL-6 can form hexameric complexes that include vIL-6, gp130 and the non-signaling α-subunit 
gp80 (IL-6R), analogous to the situation for hIL-6, gp80 is not required for vIL-6-induced gp130 dimerization and signaling.  
vIL-6 and hIL-6 both signal via STAT1, STAT3 and MAPK via Jak and SHP2 mediated mechanisms.  Biological consequences 
of vIL-6 signal transduction include promotion of KS and PEL cell proliferation, PEL cell survival under conditions that would 
normally promote apoptosis, pro-angiogenic activity via induction of VEGF, for example, and pro-tumorigenic effects in murine 
model systems.  These activities of vIL-6 suggest a role of the viral cytokine in HHV-8 associated pathogenesis. 
 
factors would be expected to have a positive influence on 
endothelial/KS cell activation and proliferation and also to 
play a role in the progression and dissemination of PEL.  It 
has been demonstrated that vCCL-1, at least, can induce 
VEGF expression in PEL cells, suggesting that autocrine 
signaling by the v-chemokine can promote the release of 
this and possibly other angiogenic factors (110).  Pro-
survival effects of vCCL-1 and vCCL-2, and also the CCR8 
agonist I-309, have been noted in PEL cells (110) and 
vCCL-1 and I-309 can protect BW5147 murine lymphoma 
cells against dexamethasone-induced apoptotsis (111, 112).  
Pro-survival activities of the vCCLs would be expected to 
enhance virus production by countering the pro-apoptotic 
defenses of the host cell, but could also be of relevance to 
HHV-8-induced neoplasia. 
 
4.3. Viral G Protein-Coupled Receptor (vGPCR) 
 Orthologues of the HHV-8 vGPCR are present in 
most other gamma-2 herpesviruses and are specified by 

ORFs 74.  However, these vGPCRs are highly diverged 
with respect to their primary structures, and those that have 
been investigated functionally are distinguishable 
according to a number of criteria.  For example, the HHV-8 
and HVS vGPCRs are constitutively active whereas the 
MHV-68 vGPCR is ligand-dependent, the HHV-8, HVS 
and MHV-68 vGPCRs have distinct Gα protein-coupling 
profiles, and agonist stimulation of HHV-8 and HVS 
vGPCRs leads specifically to Gαq-mediated signaling 
activation while Gαi-mediated signaling is activated by 
agonist-bound MHV-68 vGPCR (113-115).  Therefore, 
while the overall functions of these receptors in virus 
biology may be similar, presumably to establish 
intracellular conditions necessary for optimal virus 
replication and perhaps to induce the expression of secreted 
factors that have the same effect, their activities may be 
finely tuned to the cell types infected and virus genome 
contexts in which they found.  Few studies have been 
reported on the functions of herpesvirus vGPCRs in lytic 
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replication.  Two independent studies on MHV-68 vGPCR 
found that the receptor played a role in enhancing the 
efficiency of virus replication in culture and virus 
reactivation from latently infected B cells, although no 
effects were observed on lytic replication during primary 
infections of intranasally-innoculated mice (116, 117).  In 
rat cytomegalovirus (RCMV), that encodes three vGPCRs, 
the R33-encoded receptor was found to be required for 
efficient replication in vitro and in vivo and for certain 
pathogenic effects in infected animals (118).  Disruption of 
other vGPCRs in RCMV and murine CMV revealed 
phenotypes only in vivo , the vGPCR-altered viruses 
showing reduced growth and pathogenicity (119-121). 
 
 Whatever the precise role of HHV-8 vGPCR in 
virus biology, there is evidence that the receptor contributes 
to KS and possibly also to PEL and MCD via angiogenic 
and cytokine-inducing activities.  The strongest evidence 
for a pathogenic role of vGPCR comes from the finding 
that transgenic or vector-transduced mice expressing the 
receptor, in endothelial cells or other cell types, develop 
endothelial lesions with remarkable resemblance to KS 
tumors (122-124).  vGPCR is expressed in only a minority 
of cells within the lesions, but elevated levels of VEGF in 
these lesions have been noted.  Therefore, the KS 
phenotype appears to be supported by vGPCR-induced 
paracrine signaling, presumably via VEGF and other 
cytokines induced in the vGPCR-expressing cells.  A recent 
study has noted the induction of VEGF-family placental 
growth factor (PlGF), endothelial mitogen platelet derived 
growth factor B (PDGF-B), responsive receptors VEGFR-1 
and PDGFRβ, and VEGF receptors 2 and 3 in the murine 
model, and determined through the use of a DOX-inducible 
system that continuous expression of vGPCR is required 
for maintenance of vGPCR-induced KS lesions (125).  It is 
noteworthy that transgenic mice expressing and engineered 
version of HHV-8 vGPCR that is unable to bind 
chemokines, but is unaltered with respect to constitutive 
activity, fails to induce high rates of KS-like lesions in 
transgenic mice, implicating agonist-activated Gαq/MAPK 
signaling and MAPK-effected VEGF induction as key to 
vGPCR pathogenicity (115, 126, 127).  However, HHV-8 
vGPCR is known activate a range pro-inflammatory, 
growth and angiogenic factors, such as TNFα, IL-1β, IL-2, 
IL-4, IL-6, IL-8, and bFGF, principally via NFκB 
activation, and these cytokines are also potential 
contributors to KS, and also to PEL and MCD (128, 129). 
 
 Further experimental evidence suggests a role of 
vGPCR and VEGF signaling in endothelial cell 
immortalization and therefore as contributors to KS.  Thus, 
it has been shown that stable expression of vGPCR in 
primary endothelial cells leads to the outgrowth of cells 
that can be propagated indefinitely in culture and that 
expression of VEGF and VEGF receptors are induced in 
these cells (130).  VEGF signaling was shown to be 
important for the growth and survival of these vGPCR-
transduced endothelial cells, suggesting the vGPCR-
induced establishment of a VEGF autocrine loop.  
However, if this scenario were to operate in vivo one would 
have to assume the occurrence of some abortive lytic 
replication by HHV-8 in endothelial cells, thereby allowing 

the expression of vGPCR in the absence of cell death that 
would result from full productive replication. 
 
5. TERMINAL MEMBRANE SIGNALING 
PROTEINS 
 
5.1. Variable ITAM-containing Protein (VIP) 
 HHV-8 VIP is specified by ORF K1, at the 
extreme left end of the genome.  Transforming 
gammaherpesviruses HVS and EBV have genes at 
analogous genomic positions that encode signaling 
membrane proteins STP (saimiri transformation-associated 
protein) and LMP-1 (latency membrane protein-1), and 
these function as transforming proteins.  STP and LMP-1 
are not detectably homologous and neither of these proteins 
is homologous to HHV-8 VIP, but all three proteins are 
constitutively active signal transducers (131-136).  HVS 
STP is required for HVS-mediated T cell transformation in 
vitro and for tumorigenesis in infected primate models, 
STP can mediate transformation of Rat-1 cells, and 
transgenic mice expressing STP develop T cell lymphomas 
or epithelial tumors (depending on the STP subtype) (137-
139).  LMP-1 is necessary for EBV-mediated 
immortalization of lymphocytes, can immortalize or fully-
transform primary cells and cell lines in culture, and gives 
rise to B cell lymphomas in transgenic mice (140-144).  
Like STP and LMP-1, HHV-8 VIP can transform cells in 
culture, and K1 can also induce plasmablastic lymphomas 
and sarcomatoid tumors in transgenic mice expressing 
K1/VIP in multiple tissues (145, 146).  Importantly, 
K1/VIP can substitute for STP in in vitro and in vivo 
transformation assays in the context of the HVS genome 
and virus infection, and when introduced into the murine 
gamma-2 herpesvirus MHV-68 K1/VIP was found to 
induce salivary gland adenocarcinomas in 25% of infected 
animals (145, 147).  Thus, there is evidence to suggest that 
VIP may play a role in HHV-8-induced malignancies.  
However, “autocrine” transformation of the type 
demonstrated experimentally would require VIP to be 
expressed during latency, and this has not been 
demonstrated convincingly to date; indeed, evidence from 
PEL cells suggests that K1 is transcribed as an early lytic 
gene (64, 67, 148).  The possibility remains, however, that 
VIP may be expressed during latency, either at very low 
levels that are not readily detectable or at higher levels in 
particular cell types, such as endothelial cells. 
 
 Apart from the possible role of VIP in HHV-8 
malignancies via direct cellular transformation, the receptor 
may contribute to viral neoplasia, particularly KS, via the 
induction of angiogenic factors and inflammatory 
cytokines.  VIP is known to activate SH2 domain-
containing Src-family kinases, p85 subunit of PI3K, and 
PLCγ to initiate a range of downstream signaling cascades 
(133, 149-152).  Of these, the PI3K/Akt pathway is of 
paramount importance in the regulation of cytokine 
expression, and VIP can induce cytokine expression via 
Akt-mediated NFκB activation (151).  These cytokines 
include IL-6, IL-12 and GM-CSF.  The angiogenic factors 
VEGF and matrix metalloproteinase 9 (MMP-9) are also 
induced by VIP, by a mechanism involving the SH2 
binding motifs that comprise the C-tail ITAM 
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(immunoreceptor tyrosine-based activation motif), although 
the pathways required for induction of these proteins have 
not been determined (153).  Pro-inflammatory and 
angiogenic factors are likely to contribute to KS, PEL and 
MCD by establishing the conditions for endothelial and B 
cell growth and promoting infiltration of inflammatory 
cells into sites of infection (90, 154). 
 
 What might the function of VIP be in virus 
biology?  As already mentioned, VIP is an ITAM-
containing signaling protein that activates a variety of 
pathways via Src-family tyrosine kinase, PI3K and PLCγ 
activation, but the biological consequences of this signaling 
are speculative at present.  It is possible that dual mitogenic 
and survival signaling via these effector proteins allows 
efficient virus replication (149, 152).  However, there is 
evidence that VIP may in fact block virus lytic replication, 
by acting as a lytic-latent switch and/or latency 
maintenance protein, although there are conflicting data in 
this regard (149, 155).  The demonstrated downregulation 
of surface-expressed B cell receptor (BCR) complexes by 
VIP, analogous to EBV LMP-2 inhibition of B cell 
activation and latency maintenance, would be consistent 
with such a role (156).  However, such a function of VIP 
clearly would require its expression during latency, and 
there is no firm evidence of this at present.  A unique 
feature of VIP relative to other HHV-8 proteins is the fact 
that domains within its extracellular region are 
hypervariable, apparently the result of positive selection 
rather than drift (157, 158).  However, the biological 
significance of this is unknown. 
 
5.2. Latency Associated Membrane Protein (LAMP) 
 Encoded by K15, LAMP in its full-length form is 
predicted to comprise an integral membrane protein with 
twelve transmembrane domains, with cytoplasmic N- and 
C-termini (159, 160).  The C-tail of LAMP contains SH2 
and SH3 signaling motifs and sequences resembling 
CTAR-1 (C-terminal activation region-1) of LMP-1 that 
binds TNF receptor associated factors (TRAFs) (161, 162).  
The C-terminal region of LAMP has been demonstrated to 
bind TRAFs 1, 2 and 3, although apparently not with 
identical sequence requirements, and LAMP can activate 
NFκB signaling (160, 163).  The SH2-binding motif 
(YEEVL), rather than the expected CTAR-like motif, is 
required for NFκB activation.  The tyrosine residue of the 
YEEVL sequence is constitutively phosphorylated and 
along with the SH3-binding domain may be involved in 
TMP-mediated inhibition of B cell signalling, as CD8 
antibody-induced oligomerization of a CD8-LAMP(C-tail) 
fusion protein was found to block IgM-induced 
intracellular calcium flux (159).  Src-family protein 
tyrosine kinases Src, Lck, Hck, Yes and Fyn can associate 
with and phosphorylate the C-tail of LAMP, at least in vitro 
(163).  In addition to NFκB activation, LAMP can mediate 
signal transduction via the Ras/Raf/MAPK pathway.  Both 
NFκB and MAPK signaling are dependent on the YEEVL 
motif and TRAF2 and also appear to require other regions 
of the protein that are found in the full-length LAMP but 
not in “truncated” products of alternatively spliced mRNAs 
(163).  In addition to potential mitogenic and survival 
signaling via Src-family kinases and NFκB activation, 

LAMP may also promote cell survival via interaction with 
the Bcl-2-related anti-apoptotic protein HAX-1 (164).  
While there is as yet no demonstration that this interaction 
promotes cell survival, LAMP and HAX-1 have been found 
to co-localize to mitochondria, consistent with the notion of 
their association in vivo and the possibility of such a 
function.  The pro-mitogenic signal transducing and 
potential anti-apoptotic activities of LAMP could be 
relevant to HHV-8 neoplasia. 
 
 The expression of TMP is unclear.  While a 23-
kDa form of LAMP, a C-tail-containing product of a 
presumed proteolytic cleavage of the full-length 50-kDa 
protein, can be detected in latently infected PEL cells (BC-
3), expression of K15 mRNA is essentially lytic, induced 
by TPA, with very low levels being detected in untreated 
PEL cells (BCBL-1, HBL-6) (64, 159, 164).  Unusually, 
levels of the 23-kDa protein decline as K15 transcripts 
increase following TPA treatment (164).  While it is 
difficult to explain these findings, the possibility does exist 
that the 23-kDa form of LAMP may be able to mediate 
signal transduction and possibly anti-apoptotic functions 
during latency.  Although the predominant K15 transcript is 
the product of the splicing of eight exons, alternatively 
spliced forms of LAMP mRNA have been detected (163).  
The biological significance, if any, of the proteins encoded 
by these alternatively spliced mRNAs is unknown, but it 
has been established that they are only weakly active in 
signal transduction compared to full-length LAMP (163). 
  
6. PERSPECTIVE 
 
 Research on the HHV-8 has been intense since 
the discovery of the virus in 1994, and much has been 
learned about the molecular biology of the virus and the 
possible mechanisms of virus-mediated pathogenesis.  In 
contrast to the conventional paradigm of latency proteins 
being involved exclusively in herpesvirus neoplasia, via 
pro-proliferative and pro-survival effects on the cells in 
which they are expressed, the study of HHV-8, HHV-8 
associated malignancies, and the functions of HHV-8 
encoded cytokines and cytokine-inducing viral proteins, 
such as vGPCR, have indicated an alternative model in 
which latency and lytic functions combine to cause 
neoplasia (Figure 3).  The main components of the model 
involve the mitogenic and survival functions of latently 
expressed LANA, v-cyclin, and vFLIP, coupled with the 
angiogenic and mitogenic functions specified by secreted 
vIL-6 and the v-chemokines as well as cellular cytokines 
and growth factors induced by these v-cytokines and by 
vGPCR.  Other players may include the membrane proteins 
VIP and LAMP specified by the genome terminal ORFs K1 
and K15, although the kinetics of expression and actual 
functions of these proteins in the life cycle of HHV-8 and 
in virus pathogenesis are far from clear.  Latency proteins 
vIRF3 and the kaposins could also contribute to neoplasia 
via promotion of cell survival and pro-
proliferative/cytokine inducing mechanisms, respectively. 
 
 It is unfortunate, although entirely 
understandable, that while most of the studies of viral gene 
expression kinetics and latency functions have been
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Figure 3. Hypothesized roles of HHV-8 latent and lytic proteins in virus-associated neoplasia.  Both latent and lytic functions are 
likely to contribute to KS, PEL and MCD, lytic functions via paracrine promotion of cell proliferation and survival and also 
angiogenesis, and latent functions via pro-survival and mitogenic effects directly on latently infected cells.  As vIL-6 has been 
demonstrated to be expressed in PEL and KS tissues independently of other lytic antigens and can be induced specifically by α-
IFN in PEL cultures, vIL-6 may be expressed in latently infected cells and contribute to neoplasia in an autocrine fashion.  
LAMP (K15 protein) may also be expressed during latency, at least in PEL, and could promote cell survival via interactions with 
anti-apoptotic HAX-1.  vIRF3, known to be expressed during latency in PEL cells, can promote cell survival via inhibitory 
interactions with cellular IRFs and p53.  LANA, v-cyclin and vFLIP are expressed from the same latency transcription unit, and 
their pro-proliferative and survival functions are well established.  Kaposins A and B have been shown to be expressed in PEL 
tissue and/or cell lines, and have either transforming (kaposin A) or cytokine mRNA stabilization (kaposin B) functions.  An 
example of a cytokine that could be induced by kaposin B is hIL-6 (indicated).  With regard to lytic viral genes implicated in 
neoplasia, the angiogenic viral cytokines vIL-6, vCCL-1, vCCL-2 and vCCL-3, and cellular cytokine-inducing vGPCR and VIP 
(K1 protein) receptors are key players.  Pro-proliferative activity of vIL-6 and pro-survival functions of CCR8 agonists vCCL-1 
and vCCL-2 could also contribute to HHV-8 neoplasia. 
 
undertaken in PEL cells that are readily grown in culture 
and from which lytic replication and virus production can 
be induced, most of the models concerning virus-induced 
pathogenesis are based on KS, that is much more prevalent 
than the B cell malignancies PEL or MCD, and on 
endothelial cell biology.  Thus, the central roles of 
inflammatory cytokines and angiogenic factors such as 
VEGF, bFGF, IL-6 and IL-8 in KS are fairly well 
established (154, 165), and so it is easy to imagine that vIL-
6, the v-chemokines and vGPCR, that induce many of these 
factors, may contribute to KS.  What is less clear is the 
precise interplay between these various viral and induced 
cellular factors, the expression levels required to mediate 
significant pathogenic effects, and the conditions under 
which these activities of these viral and cellular proteins 
result in KS.  Endothelial culture models for HHV-8 
latency, replication and virus- and viral protein-induced 
endothelial cell immortalization are available, although 
difficult to work with, and are beginning to be utilized 
more widely to try to address these complex issues.  The 
work pioneered by Yang et al. (124) and similar subsequent 
studies by other groups (122, 123, 126) demonstrating the 
sufficiency of vGPCR functions and induced paracrine 
factors for the development of KS-like lesions in mice were 
seminal in that they provided firm supportive evidence for 
the paracrine model of HHV-8 pathogenesis.  Related to 

this was a report from Enrique Mesri’s laboratory 
demonstrating the ability of vGPCR to immortalize primary 
endothelial cells in culture by a mechanism involving 
induced VEGF/VEGFR-2 autocrine signaling (130).  
Similarly, HHV-8 infection of primary endothelial cells 
was found in independent studies to immortalize them, 
allowing long-term growth in culture, and to induce the 
expression of VEGF proteins and receptors (166, 167).  
There is evidence that paracrine angiogenic signaling is 
important not only in KS but also in PEL, as revealed by 
the elegant studies of Aoki and Tosato who demonstrated 
the requirement for PEL-secreted VEGF for PEL cell 
growth and dissemination in inoculated mice (88).  As 
highlighted in this review, in addition to vGPCR there are 
several HHV-8 proteins, including vIL-6, the v-chemokines 
and VIP, that can induce the expression of VEGF species 
and that therefore have the potential to contribute to KS and 
PEL, and probably MCD also (168). 
 
 Where do we go from here?  With regard to 
determining the role of HHV-8 in KS, what clearly is 
required is the development of culture systems that reflect 
accurately the in vivo situation, with respect to HHV-8 
infection, persistence and reactivation, and also endothelial 
cell responses to HHV-8 infection.  We also need a far 
better idea of the cellular gene expression profiles in HHV-
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8 infected KS tumor and surrounding cells in order to 
determine the molecular mechanisms that account for KS 
disease.  Unpublished work from Dr. Gary Hayward’s 
laboratory (pers. comm.) indicates that there are major 
differences in the expression of important markers of 
resting vascular endothelial cells and those that are 
involved in neovascularization in HHV-8 infected 
(LANA+) cells versus uninfected cells in KS tissues.  These 
characteristic changes in cellular protein expression are 
reflected in human dermal microvascular endothelial cell 
(DMVEC) culture models, which also display the 
formation of spindloid cells and spindloid cell bundles 
upon infection by HHV-8 (169).  Therefore, there is reason 
to believe that this culture system can provide an 
appropriate in vitro correlate of KS that can be used to 
study the properties and effects of HHV-8 genes in 
isolation and in the context of virus infection.  With the 
development of an HHV-8 bacmid by Dr. S.-J. Gao (170), 
allowing us to undertake HHV-8 genetic manipulations, we 
now have the tools required to investigate the roles of viral 
genes in mediating changes in endothelial cell morphology 
and gene expression of relevance to KS pathogenesis, as 
well as to determine the roles of these genes in virus 
biology.  We do not have an equivalent model of HHV-8 
infection in B cells, as HHV-8 cannot immortalize or 
replicate in primary lymphocytes.  However, if we could 
infect HHV-8- B cell lines to obtain latently infected 
cultures that can be induced chemically to turn on lytic 
replication and virus production, this would provide the 
basis for HHV-8 genetic and phenotypic analyses in this 
cell type and lead to a better understanding of HHV-8 
biology and pathogenesis in B cells.  It would allow direct 
comparison of infected versus uninfected B cells with 
regard to cellular gene expression profiles and growth 
characteristics, for example, and enable phenotypic 
analyses of viral mutants.  Recent utilization of a B cell line 
derived from immortalized human BJAB cells to identify 
and replicate HHV-8 from patient samples and to derive 
latently infected cell lines provides hope that a generally 
useful B cell culture system can be obtained (171).  Several 
other human B cell lines are available that could potentially 
be utilized.  It appears as though the stage is set for further 
significant developments in the HHV-8 field. 
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