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Introduction

Kaposi sarcoma (KS) is characterized by angioproliferative mul-
tifocal tumors of the skin, mucosa and less frequently the visce-
ra. A close inspection of KS lesions reveals that they are largely 
comprised of cells of endothelial origin with a unique spindled 
morphology, and these are accompanied by a variable chronic 
inflammatory infiltrate. From an epidemiological standpoint, 
four different forms of KS are recognized: Classic (sporadic), Afri-
can (endemic), acquired immune deficiency syndrome (AIDS)-
associated (epidemic), and Transplant or immunosuppression-
associated (iatrogenic) KS (Table 1). Although these various 
forms of KS have different environmental and immunological 
components, the development of each depends upon prior in-
fection with KSHV.  However, KSHV infection alone is insufficient 
for the development of KS.  For most cases of AIDS and Trans-
plant KS it is well established that in addition to infection with 
KSHV, some form of immunodeficiency is also necessary for 
disease progression.  However, several natural history studies 
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indicate that additional factors may contribute to the develop-
ment of KS in asymptomatic KSHV-infected persons. For exam-
ple, not all AIDS patients develop KS even in the face of pro-
found immunosuppression, only a minority of KSHV-infected 
transplant recipients develop iatrogenic KS, and people with 
classic or endemic KS are not typically immunosuppressed [1, 
2]. The co-factors involved in classic and endemic KS have yet to 
be definitively elucidated.  Various environmental and genetic 
factors have been implicated, as well as age, sex and malnutri-
tion.  The association of KS with the Koebner phenomenon, a 
condition where lesions initiate or recur at inflammatory sites of 
injury or trauma [3] and the recrudescent KS (KS flare) seen with 
the immune constitution inflammatory syndrome (IRIS) [4] su-
ggest that inflammation plays a contributing role in oncogene-
sis. Progression of KS disease likely depends on a complex and 
as yet incompletely understood interplay between KSHV and 
the host immune system that allows for the establishment of 
a tumor-promoting environment.  Like all herpesviruses, KSHV 
establishes a life-long infection in the host that depends upon 

Kaposi sarcoma (KS) is a complex cancer that arises from the initial infection of an appropriate endothelial or progenitor 
cell by Kaposi Sarcoma Herpesvirus/Human Herpesvirus-8 (KSHV/HHV8).  However, the majority of KS cases occur when 
infected patients also suffer from some coincident form of immune deregulation, providing a favorable microenviron-
ment for tumor development.  Cellular hallmarks of KS progression include both the hyper-proliferation of KSHV-infect-
ed cells and the infiltration of immune modulatory cells into KS lesions, which together result in chronic inflammation, 
the induction of angiogenesis and tumor growth.  This review describes the current understanding of the interactions 
between KSHV and host responses that result in this unusual cancer, along with existing treatments and prospects for 
future therapeutic approaches. 
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virus-encoded immune evasion genes and genes that influen-
ce cellular proliferation, survival, migration, angiogenesis and 
cytokine/chemokine production. The host responds to persis-
tent viral infection with its own chronic inflammatory response, 
thereby facilitating events that, particularly in the context of 
immunosuppression, could drive viral oncogenesis. Understan-
ding the dynamic relationship between host and viral factors 
that drives KS oncogenesis is central to mounting effective stra-
tegies to prevent or ameliorate tumor development. In addition, 
deciphering KS pathogenesis will enhance our understanding 
of novel virus-induced mechanisms of tumorigenesis. There is 
a growing appreciation of the role that chronic inflammation 
plays in cancer development, and KS offers a unique opportu-
nity to explore this topic.  
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Historical Perspective

In the late 19th century, Moritz Kaposi first described KS as a rare 
and relatively indolent disease of the lower extremities (classic 
KS). Throughout the 20th century, endemic KS was recognized 
in parts of Africa and the Middle East as a common cancer of 
children and adults.  For example, in the pre-AIDS era, endemic 
KS in central Africa comprised up to 9% of malignant tumors in 
males [5]. Today, KS is the most prevalent malignancy among 
AIDS patients worldwide, and it has become the most common 
cancer in several sub-Saharan African countries where KSHV is 
endemic and HIV is widespread. Compared to the other forms 
of KS, AIDS-associated KS is an aggressive disease typically ma-
nifesting with disseminated and even visceral involvement, and 
has an untreated median survival of less than 2 years. KS occurs 
in AIDS patients who have not had highly active antiretroviral 
therapy (HAART) around 20,000x more often than in the gene-
ral population [6].  In areas where highly active antiretroviral 
therapy (HAART) is widely available, there has been a dramatic 
decline in KS incidence. However, access to HAART is not uni-
versal, and this has led to a KS epidemic in many parts of Afri-
ca, along with the resultant potential for disease re-emergence 
elsewhere. KSHV-seropositive individuals with other forms of 
immunodeficiency (genetic, iatrogenic, idiopathic) are also at 
increased risk (~500x greater than the general population) for 
KS development [6]. In addition to KS, KSHV is also involved in 
two AIDS-associated B-cell cancers, primary effusion lymphoma 
(PEL), and the plasma cell variant of multicentric Castleman’s di-
sease (MCD).  KSHV seroprevalence varies geographically and 
demographically, and both sexual and non-sexual routes of 
transmission have been proposed. In the USA, prevalence ran-
ges from approximately 5% among random blood donors to as 
high as 80% among groups of homosexual men [7].  In sub-Sa-
haran Africa, where KS was endemic prior to the AIDS epidemic, 
seroprevalence ranges from 30-100% [8]. 

KSHV Biology

KSHV is a g-herpesvirus in the Rhadinovirus genus encoding 
approximately 87 open reading frames (ORFs), 15 of which 
have no homologues in the other human herpesviruses.  Like 
most herpesviruses, KSHV has two major modes of replication.  
In the lytic phase, entry, uncoating, and nuclear import are fo-
llowed by a coordinated sequence of viral transcription, DNA 
replication, and assembly, followed by the final release of nas-
cent virions.  KSHV can also undergo a “latent” life cycle where 
only a small subset of viral genes is expressed. Here, after entry 
and translocation to the nucleus, the viral DNA circularizes, and 
multiple copies are maintained as episomes attached to the 
host chromosome via the viral latency associated nuclear anti-
gen (Lana-1). Viral genomes are then replicated at roughly the 
same rate as the host chromosome, such that each daughter 

Table 1.  KS clinical presentation

Classic (sporadic) KS 

Primarily affects older non-HIV infected men of Mediterra-
nean and Jewish origin 

Patients present with multifocal mucocutaneous lesions, 
typically as violaceous lesions on the legs, but may infre-
quently present solely with KS of the mucosa, genitalia and 
gastrointestinal tract [118]

Visceral and lung involvement portends a poor prognosis

African (endemic) KS 

Causes lymphadenopathy in young males, but manifests in 
adults with deeply ulcerating tumors of the lower extremity

Presently, it is difficult to differentiate between true endemic 
KS  and AIDS-associated KS

AIDS-related (epidemic) KS 

May cause minimal disease or manifest with widespread 
lesions resulting in significant morbidity and mortality

Skin lesions vary from small papules to large plaques and 
exophytic or fungating nodules

Lymphedema may be extensive and disproportionate to the 
extent of the cutaneous disease

Extracutaneous disease is common, and typically involves 
the oral cavity, gastrointestinal tract, lymph nodes, and lungs

Transplant (iatrogenic) KS

KSHV infection can be associated with fatal KS in this setting
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cell receives several copies of the viral genome at cell division.  
Most cells in both KS lesions and KSHV-infected cultures are la-
tently infected, with lytic replication occurring in only a subset 
of infected cells.  However, as discussed elsewhere and summa-
rized in Table 2, it appears that both phases of the virus life cycle 
play significant roles in the pathogenesis of KS. 

KS Pathology

Well-developed KS lesions (Figure 1) are comprised of spindled-
shaped tumor cells, abnormal vessels, and a variable chronic 
inflammatory infiltrate. Various histological variants (e.g. ana-
plastic KS, pyogenic-granuloma like KS, lymphangioma-like KS, 
amongst others) exist, that may mimic other vascular lesions [9, 
10].  A premalignant stage of KS (so-called lymphedematous 
KS or KS in-situ) has been described in the setting of chronic 
lymphedema [11]. Chronic lymphedema results in local immu-
ne incompetence that, when coupled with lymphangiogenesis 

ORF73 (Lana-1) Latent X X

ORF72 (vCyc) Latent X X  X  

ORF71 (vFlip) Latent X     

K12 (Kaposin A) Latent/TPA Indu-
cible

X     

ORF74 (vGPCR) Lytic early X   X X

K1 Lytic early and 
latent*

X X X X X

K9 (vIRF1) Lytic early   X X X   

K11/11.1 (vIRF2) Lytic   X   

K10.5/10.6 (vIRF3 
Lana-2)

Latent  X X   

ORF45 (tegument) Immediate Early   X   

ORF50 (RTA) Immediate Early   X   

K2 (vIL-6) Lytic early and 
latent*

  X X X

ORF4 (KCP) Lytic late   X   

K3 (MIR1) Immediate Early   X   

K5 (MIR2) Immediate Early   X   

K8 (KbZIP) Immediate Early  X    

K7 (vIAP) Lytic late  X    

ORF16 (vBcl-2) Lytic early  X    

K6, K4, K4.1 (vCCL-
1,-2,-3)

Immediate Early    X X

Kaposin B Latent/TPA Indu-
cible

   ?  

miRK1-12 Latent X X X X X

KSHV induced 
protein

      

c-Kit Cellular X     

PDGF-R Cellular X    X

RDC1 (CXCR7) Cellular X   X X

IL-6 Cellular    X X

MMPs Cellular    X X

Ang-2 Cellular    X

HIF1a, HIF1b Cellular    X

Cox-2 Cellular X X X

KSHV encoded
protein or miRNA

Expression Type
[119]
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Table 2.  KSHV-encoded and KSHV-induced proteins involved 
in KS pathogenesis

* Recent evidence suggests that K1 and vIL-6 mRNAs can also be detected latently [120]

Figure 1.  KS plaques of the lower extremity
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from developing collateral vessels, results in the development 
of KS lesions [12]. Depending on the inflammatory milieu and 
patient immune status, KS lesions may progress or regress. Pro-
gression evolves through distinct clinico-pathologic stages (Fi-
gure 2): they evolve from early (patch stage) flat macules into 
plaques (plaque stage) and subsequently nodular lesions (tu-
mor stage). KS flare (so-called KS exacerbation) may occur as a 
result of IRIS following HAART, after corticosteroids, and with 
rituximab (chimeric monoclonal antibody against the protein 
CD20) therapy [13].  Regressing lesions are characterized by a 
partial or complete reduction of spindle cells accompanied by 
a prominent lymphocytic infiltrate [14]. The histologic appea-
rance of KS is virtually identical in the different epidemiologic 
KS types. However, the clinical presentation varies among the 
different forms of KS (Table 1).  Apart from molecular detection 
methods, KSHV can be identified and localized within KS lesio-
nal cells using immunohistochemistry. The commercial mono-
clonal antibody often used for this purpose is directed against 
the C-terminus of the latency-associated nuclear antigen (LNA-1 
or LANA-1) encoded by ORF-73. LNA-1 immunoreactivity in KS 
cells usually appears as stippled nuclear staining.

Origin of KS lesion cells

Unlike most tumors that arise from the expansion of a single 
transformed cell, the majority of KS tumors are polyclonal [15, 
16], although a small percentage have been shown to be mo-
noclonal [17]. The majority of tumor cells that comprise a KS le-
sion have a distinctive spindle morphology and express endo-
thelial markers such as CD31 (also called PECAM-1 for platelet 
endothelial cell adhesion molecule) and CD34 [18].  In addition 
to spindle cells (SC), KS tumors contain other cell types such 
as T-cell lymphocytes, monocytes, macrophages, erythrocytes 
and dendritic cells [19, 20].  Over the past 15 years many stu-
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dies have been published in an attempt to pinpoint the origin 
of the SC.  Initial histologic studies suggested that SC were of 
lymphatic endothelial cell (LEC) origin [21].  The majority of SC 
express LEC-specific markers such as LYVE-1, D2-40 (podopla-
nin), and VEGFR-3, but markers of blood vascular endothelial 
cells (BEC) such as factor VIII (von Willebrand factor) and PAL-E 
have also been identified [22-25].  In addition, KS lesions are not 
found in areas devoid of lymphatics, such as the brain [26].  Two 
independent groups used microarray analysis in an attempt to 
resolve this question. Using comparative transcriptomics, Wang 
et al. found that the gene expression profile of KS tissue more 
closely matched that of LEC, confirming the majority of the 
histology data [27]. They further compared the transcriptomes 
of KSHV infected and uninfected LEC and BEC, and discovered 
that KSHV infection resulted in a reprogramming, such that 
their gene profiles converged. Hong et al. performed a trans-
criptomic analysis of KSHV-infected BEC and likewise conclu-
ded that infected BEC were reprogrammed towards a lympha-
tic expression profile, as exemplified by induction of the LEC 
specific marker PROX1 [28]. KSHV-induced expression of the 
lymphangiogenic molecule VEGF-C has been implicated in the 
reprogramming of BEC to LEC [29]. In addition, the viral miR-
NAs, miR-K6 and miR-K11 have recently been implicated in re-
programming LEC by downregulating the transcription factor 
musculoaponeurotic fibrosarcoma oncogene homolog (MAF) 
[30].  An alternate explanation for an increased LEC phenotype 
in vivo is that infected LEC may have a proliferative advantage 
over BEC. Support for this notion comes from in vitro studies 
demonstrating that the KSHV copy number is higher in infected 
LEC than BEC [27]. Another possibility is that the originator of 
the KS spindle cell is an uncommitted endothelial progenitor 
cell (EPC) defined as being CD34+ and VEGFR2+.  A recent stu-
dy identified the presence of uninfected EPC in biopsies from 
all stages of KS development, suggesting an active recruitment 
of potential target cells [31].  In addition, circulating EPC were 
increased in peripheral blood of classic KS patients [32] and two 
independent studies report direct infection of CD146+ EPC iso-
lated from the blood of classic KS patients [33, 34]. The mecha-
nism of the SC precursor infection is also unclear. In addition 
to plasma virus, KSHV has been detected in peripheral blood 
mononuclear cells (PBMC) such as B cells, T cells and monocytes 
of persons with KS [35].  Thus, precursor SC may be primary tar-
gets or could be infected following contact with PBMC, possibly 
during extravasation. The fact that KSHV affects cellular markers 
used to identify LEC and BEC, and the possibility that KSHV may 
infect progenitors and influence lineage commitment, prevents 
a definitive conclusion about the cellular origin of KS. 

Mechanisms of KS tumorigenesis

Cellular transformation is a multi-step process involving increa-
sed proliferation, apoptosis prevention, and autocrine signaling 

Figure 2. KS progression: a histological view
A) Patch stage:
• subtle proliferation of irregular vascular channels between normal stromal collagen
• the extravasation of erythrocytes and hemosiderin into the stroma
• detection of lymphoplasmacytic infiltrate
B) Plaque stage: 
• proliferating spindled cells that form interlacing bundles closely approximated with 
blood-filled vascular spaces
• intracellular hyaline globules within lesional cells (likely representing phagocytosed 
erythrocytes within lysozomes)
• increased inflammatory infiltrate consisting of lymphocytes, plasma cells, macrophages, 
and dendritic cells
C) Nodular stage: 
• formation of intersecting fascicles and sheets of proliferating spindled cells
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pathways.  Evaluating the neoplastic nature of the KS SC has 
been problematic, primarily because these cells do not behave 
like typical cancer cells.  For example, KS explant cells grown 
ex vivo still require serum and growth factors for maintenance 
and do not readily grow in soft agar or form tumors in nude 
mice [36]. The lack of specific chromosomal abnormalities in 
the spindle cells also suggests an atypical neoplasm [37].  Inter-
estingly, upon passage in culture, cells derived from KS tissue 
lose the KSHV genome suggesting either limitations in the in 
vitro culture systems or the inability of the virus to confer a fully 
immortalized or transformed phenotype.  In agreement, KSHV 
infection of primary endothelial cells in vitro does not readily 
lead to immortalization or transformation, with the exception 
of one study [38]. Taken together, the current data suggest 
that the KS tumor microenvironment must play a critical role 
in maintaining the KSHV transformed spindle cell in vivo.  In-
terestingly, a recent study suggests that KSHV induces the War-
burg effect (a common tumor phenotype involving increased 
glycolysis with a concomitant decrease in oxygen utilization), 
which may be responsible for maintaining the latently infected 
endothelial cells [39].  

As discussed above, some aspects of the immortalization/trans-
formation pathway must be induced by KSHV, and others must 
be provided by additional environmental, genetic or immu-
nological factors. An extensive and ongoing body of work has 
addressed the contribution made by KSHV-encoded proteins 
towards cellular transformation leading to the development of 
KS.  Because of KSHV’s tendency towards latent gene expression 
and its ability to induce tumors in infected individuals, a great 
deal of focus has been placed upon the latent gene products as 
likely mediators of tumorigenesis (Table 3).

The role of the KSHV lytic cycle in KS tumorigenesis is also a 
matter of debate. Initial theories postulated that since only a 
small percentage of the tumor cells express lytic proteins and 
that the viral lytic cycle results in cell death, it was more likely 
that latent viral proteins would mediate cellular transformation.  
While anti-herpesviral drugs that block viral replication such as 
ganciclovir and foscarnet have been shown to effectively pre-
vent KS development if given prophylactically, there are no 
data to support the efficacy of these drugs for the treatment 
of pre-existing tumors [40-42].  Therefore, while KSHV latent 
genes are essential for genome maintenance, lytic genes pro-
bably play an important role in driving tumorigenesis via direct 
as well as paracrine mechanisms. Despite the limited number 
of lytic gene products expressed in KS lesions, several lytic pro-
teins have been found to have intrinsic immortalizing or trans-
forming ability (Table 4).  One major drawback of these studies 
is that the transforming function of individual KSHV genes is 
usually analyzed in over-expression systems, in the absence of 
other viral genes.  Similarly, the majority of the animal assays 
were conducted in rodent models, which are not natural hosts 
for KSHV.  Another important caveat is that when expressed alo-
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ne, lytic genes can activate many cellular genes, but during a 
normal viral infection, a host shutoff function mediated by the 
lytic SOX (shut off and exonuclease) gene (ORF37) prevents the 
expression of most cellular genes [43].  Taken as a whole, these 
data indicate that KSHV encodes many proteins that individua-
lly have the ability to immortalize/transform cells in vitro and in 
vivo, but how they all work together to perform this function in 
the context of a normal viral infection remains obscure. 

Lana-1 (ORF73) 

• Inhibits the tumor suppressors p53 and pRB 
• Transactivates the telomerase promoter 
   -leads to increased telomerase levels seen in KSHV-immortalized endothe-
lial cells
• Inhibits TGF-b signaling via the downregulation of the TGF-b receptor [122]

vCyc (ORF72)

• A homologue of the cellular D-type cyclins detected in KS tissues
• Associates with Cdk4 and Cdk6
    -vCyc/Cdk6 phosphorylates pRb and several Cdk2 substrates including 
p27Kip, histone H1, Cdc25A, Id-2 (targets of cyclinE/Cdk2), Cdc6, and Orc1 
(targets of cyclinA/Cdk2) [123]
• vCyc/Cdk6 complexes are resistant to Ink4 and p27Kip inhibition
• Requires deactivation of p53 for its transforming ability [124]

vFLIP(ORF71, K13)

• A homologue of the cellular caspase-8 (FLICE) inhibitory protein 
• Transforms rodent fibroblasts in vitro [125]
• Produces lymphomas in a transgenic mouse model [126]
• Constitutively activates NF-kB
   -increases apoptosis in PEL cells treated with either NF-kB inhibitors or 
siRNA directed against vFLIP [127]
   -inhibits detachment-induced apoptosis (anoikis) in primary endothelial 
cells [128]
• Localizes to the IkB kinase (IKK) complex via TNF receptor-associated factor 
(TRAF) 2 [129].  TRAF 3 is also necessary for NF-kB activation by vFLIP, but it is 
not involved in localization [129]

Kaposin A (K12)

• The most highly expressed KSHV transcript in an AIDS-KS tumor 
• Transforms Rat-3 cells that can then form tumors in nu/nu Nude mice
• Interacts with and activates the ARF guanine nucleotide exchange factor 
cytohesin-1

miRNAs (miR-K1 through 12)

• 12 putative miRNAs have been identified within the latency gene cluster 
[130-133]
-10 are located in the region between K12 and vFLIP, 1 is located within the 
K12 ORF, and 1 is located immediately 3’ of K12
• miR-K11 is an ortholog of the cellular miR-155 [134, 135], whose upregula-
tion has been correlated with a variety of B-cell lymphomas [136]
• miR-K5 inhibits Bcl2-associated factor 1 (anti-apoptotic) [137] 
• miR-K6 & miR-K11 downregulates LEC transcription factor MAF, potentially 
leading to reprogramming of LEC [30]
• multiple miRNAs downregulate thrombospondin 1 (anti-angiogenic) [139]
• miR-K9 [140] and miR-K5 [141] target RTA (ORF 50) possibly limiting lytic 
reactivation and stabilizing latency
• miR-K1
   -activates NF-kB by targeting and silencing IkBa, which may lead to  su-
ppression of viral lytic reactivation [142]
   -represses the cyclin-dependent kinase inhibitor p21 in latently infected 
B-cells (cell-cycle regulation) [143]

Table  3. Latent viral immortalizing/transforming proteins
(reviewed in [121]) and miRNAs
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Virus-induced cellular oncogenes

In addition to expressing its own potential oncogenes, KSHV in-
duces the expression of a variety of cellular genes with transfor-
ming abilities.   Analysis of gene expression profiles in KS tissue 
or EC infected with KSHV in vitro has identified several genes 
whose functions could conceivably contribute to KS tumori-
genesis [44-50] .  In order to verify their oncogenic potential, 
some of these genes have been further studied using over-ex-
pression and gene silencing techniques. Using these methods, 
the receptor tyrosine kinase c-Kit and the chemokine receptor 
CXCR7 (also RDC-1) have both been shown to play a role in the 
in vitro transformation of EC by KSHV [44, 45] [51]. c-Kit is an on-
cogene with an established role in other cancers [52], and CX-
CR7 has been shown to have oncogenic function [53]. SCF and 
SDF-1, the ligands for c-Kit and CXCR7, respectively, are both 
abundantly expressed in KS lesions, thus raising the possibility 
that proliferation-inducing autocrine or paracrine growth loops 
are established in KSHV-infected cells. A recent study implicates 
the KSHV-induced homeobox gene Pax2 as an additional factor 
in the transformation of human dermal endothelial cells [54].

Immune evasion

Viruses have evolved a variety of mechanisms to evade the host 
immune system, thus allowing for efficient viral replication, dis-
semination and persistence.  In the case of a tumor virus such 
as KSHV, the ability to escape immune detection might also en-
hance the oncogenic potential of the virus.  The two main im-
mune evasion strategies used by KSHV are the establishment of 
latency and the expression of immunomodulatory genes.  Du-
ring latency, the small number of viral genes expressed limits 
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vGPCR(ORF74) (reviewed in [68])

• A constitutively active IL-8 receptor homologue 
• Activates JNK/SAPK, PLC/PKC, MAPK, PI3K/Akt/mTOR, NF-AT and NFkB
• Immortalizes primary human umbilical vein endothelial cells (HUVECs)
• Transforms NIH3T3 cells that can then form tumors in nude mice
• Forms KS-like lesions in transgenic mice 

K1

• An ITAM-containing Ig-receptor homologue [144, 145]
• Functionally substitutes for STP in HVS to transform primary monkey T 
cells [146]
• Transforms rat cells, forms tumors in nude mice, and induces B-cell lym-
phomas in transgenic mice [147]
• Activates NF-kB [148]
• Inhibits Fas-mediated apoptosis [56]
• Immortalizes primary HUVECs and induces MMP-9 and VEGF [149]

vIRF1 (K9) (reviewed in [150])

• A homologue of the cellular interferon regulatory factors
• Transforms rat cells that can then form tumors in nude mice
• Activates the c-myc promoter [151]
• Inhibits p300, p53 and TGF-b 

Table 4.  Lytic viral immortalizing/transforming proteins Table  5. Host immune functions affected by KSHV (reviewed in 
[152]) Interfron response 

    vIRF1 (K9)

• A homologue of the cellular interferon regulatory factors
• Inhibits IFNa and IFNb via interaction with CBP/p300
• Reduces IRF-1 transcriptional activity 

    vIRF-2 (K11 and 11.1) 

• Inhibits Type I IFN by inactivating IRF-1 and IRF-3
• Inactivates the IFN response protein protein kinase R (PKR) 

    vIRF-3 (LANA-2, K10.5 and K10.6) 

• Binds and inactivates p53
• Effect on IFNa expression is unclear
• Detected in PEL and MCD-derived B cells, but not KS tumors or infected 
endothelial cells 

    vIRF-4 (K10/10.1) 

• Does not suppress IFNb promoter activity but may interact with the 
Poly(A)-binding protein (PABP) [153].
• Inhibits p53 via interaction with murine double mutant 2 (MDM2) [61] 

    ORF45 

• Inhibits IRF-7 

    RTA (ORF 50)

• Induces degradation of IRF-7 [154]

    vIL-6 (K2)

• A constitutive homologue of IL-6
• Blocks IFNa signaling in PEL cells [155]

    LANA-1 (ORF73)

• Inhibits IFNb by blocking IRF-3 binding to IFNb promoter [156]

    KSHV binding 

• suppresses p300 by upregulating the cellular microRNA miR-132 [157]

Complement response
ORF 4 (KCP) 

• KSHV complement-control protein [158]
• Inhibits complement cascade [159]   

MHC-1 downregulation
MIR1 (modulators of immune recognition) (K3) 

• E3 ubiquitin ligase
• Induces degradation of MHC-1 (HLA-A, -B, -C and –E)
• Downregulates CD1d and IFNg receptor 

     MIR2 (K5)

• E3 ubiquitin ligase
• Induces degradation of MHC-1 (HLA-A, and –B)
• Downregulates ICAM-1 and B7.2, which inhibits NK killing [160]
• Downregulates CD1d [161], IFNg receptor, CD31 [162], bone marrow 
stromal antigen 2 (tetherin) [163, 164], activated leukocyte cell adhesion 
molecule (CD166, a ligand for CD6) and Syntaxin-4 [163] 

     vIRF-1 (K9)

• Decreases transcription of MHC-1[165] 
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the number of epitopes that the immune system can target.  
By contrast, during the lytic cycle, more than 80 viral genes are 
expressed, potentially exposing the virus to immunodetection 
and subsequent clearance.  However, KSHV encodes a number 
of proteins that actively hinder the innate and adaptive antiviral 
responses (Table 5).

Apoptosis of infected cells is yet another mechanism employed 
by the host to combat viral infection, and KSHV has evolved me-
chanisms to counteract this as well.  Because the prevention of 
premature cell death leads to enhanced cellular proliferation, 
the expression of anti-apoptotic genes might also contribute to 
viral immortalizing and transforming properties.  KSHV expres-
ses several lytic and latent proteins that block both extrinsic (FAS 
and TNFR-1 activated) and intrinsic (p53 activated) apoptosis 
pathways.  vFLIP (latent) and K1 (lytic) can inhibit FAS-mediated 
apoptosis by blocking the activation of caspase 8 [55, 56].  KSHV 
also encodes several proteins that directly interact with p53 and 
inhibit p53-mediated apoptosis; Lana-1, vIRF-1, vIRF-3, RTA [57] 
and K8 (K-bZIP) [58].  K7 or inhibitor of apoptosis (vIAP) is a ho-
mologue of the cellular protein survivin [59] and appears to inhi-
bit apoptosis by inducing p53 degradation [60].  Similarly, vIRF-4 
has recently been shown to induce p53 degradation through its 
interaction with murine double mutant 2 (MDM2) [61].   KSHV 
also expresses a Bcl-2 homologue, vBcl-2 (ORF16) that inhibits 
p53-mediated apoptosis by blocking BAX [62]. Because the host 
cell dies from viral lysis, the lytic anti-apoptotic genes may only 
exert their effect long enough to maximize production of viral 
progeny.  The latent anti-apoptotic genes would, however, en-
sure the survival of the cell containing the viral episome, thus 
resulting in long-term persistence of the virus. 

The majority of immune evasion mechanisms utilized by KSHV 
are undertaken by lytic proteins, suggesting that their main 
purpose is to prevent eradication of cells producing viral pro-
geny. Transient expression of genes such as K5 may also be cru-
cial during both primary infection and initial establishment of 
latency. Alternatively, some of the lytic immune evasion genes 
might be expressed during latency, but at levels that are below 
the limit of experimental detection [63]. In this instance, lytic 
immune evasion molecules could play an active role in protec-
ting the KS tumor from immune detection.   The data reviewed 
thus far clearly illustrate that the virus has evolved a variety of 
mechanisms to combat the host antiviral response.  However, 
like the latent gene products discussed above, most of these 
studies are performed in vitro, and frequently not in the context 
of the whole virus, thus making it unclear how effective these 
mechanisms are in vivo, or what role immune evasion plays in 
KS pathogenesis.  
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Role of Chronic Inflammation

Inflammation results primarily from the immune system’s res-
ponse to infection or trauma.  Normally, inflammation subsides 
once the infectious agent is cleared or the wound is healed, but 
in the case of persistent infections or uncontrolled cellular pro-
liferation, inflammation can continue as long as the stimulus is 
present.  In these instances the inflammatory process is no lon-
ger helpful, and instead becomes part of the problem. Many as-
pects of KS suggest that chronic inflammation associated with 
the lesion and/or viral infection plays a role in tumor pathoge-
nesis. A role for inflammation in KS is exemplified by the asso-
ciation of KS with the Koebner (or isomorphic) phenomenon 
(KP).  KP is broadly defined as induction by physical or other 
noxious insult of lesions of the same form (hence isomorphic) 
characteristic of the initial disease, or the disease to which the 
individual is predisposed [64].  A variety of cutaneous diseases 
demonstrate koebnerization. Several infectious agents, inclu-
ding human papilloma virus (HPV) and KSHV have also been as-
sociated with this phenomenon.  While the types of trauma are 
varied (e.g., burn, bite, incision), the inflammatory response ge-
nerated is thought to attract infected cells to the site as well as 
exacerbate the oncogenic properties of the viruses (reviewed in 
[3]).  The recurrence of KS that sometimes accompanies IRIS (KS 
flare) is another example of an inflammatory response initiating 
or exacerbating KS (reviewed in [4]).   
 
While it may seem counter-productive for a virus to encode 
proteins that both evade and activate the immune system (see 
Table 5), in the context of chronic inflammation it makes sense. 
Inflammation is primarily mediated by hyperactivation of the 
humoral arm of the immune system (Th2-mediated responses) 
and is often accompanied by a decrease in cellular immunity 
(Th1-mediated responses), which is the more effective antiviral 
response. Having finished our discussion of mechanisms used 
by KSHV to downregulate Th1-mediated responses such as su-
ppression of IFNs and MHC-1 downregulation, we now focus on 
mechanisms that the virus uses to activate Th2 responses, lea-
ding to continued inflammation and KS tumor progression.    

Pro-inflammatory cytokines

The type of immune response, be it Th1 or Th2, is regulated 
in part by the predominant chemokines present at the site of 
injury.  KSHV encodes three chemokine ligands, vCCL-1 (K6), 
vCCL-2 (K4) and vCCL-3 (K4.1) that share homology with the ce-
llular macrophage inflammatory protein MIP-1a__ (reviewed in 
[65]).   These proteins bind to and signal through the G-coupled 
protein receptors CCR8, CCR3 and CCR4, respectively.  These 
receptors are expressed on the surface of Th2 cells, and their 
activation leads to the preferential chemotaxis of Th2 lympho-
cytes to the site of infection. vCCL-2 can additionally act as an 
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antagonist of CCR1 and CCR5, which are expressed on Th1 lym-
phocytes, thereby contributing to the evasion of the antiviral 
response [66, 67].  

Another KSHV protein that stimulates the proinflammatory 
immune response is vGPCR (ORF74).  The constitutive activity 
of vGPCR induces myriad signaling pathways, including JNK/
SAPK, PLC/PKC, MAPK, and PI3K/Akt/mTor (reviewed in [68].  
This leads to the activation of NF-kB, which has become increa-
singly linked to chronic inflammation and cancer progression, 
primarily via the prevention of apoptosis [69] , but also via the 
induction of angiogenesis [70]. The activation of multiple pa-
thways by vGPCR in monocytes and T cells leads to the pro-
duction of several proinflammatory cytokines including IL-1b, 
TNFa, IL-6, IL-2, IL-4 [71].  vGPCR-induced activation of NF-kB in 
endothelial cells results in expression of RANTES, IL-8 and GM-
CSF as well as the adhesion molecules VCAM-1, ICAM-1 and E-
selectin [72]. Since vGPCR is a lytic gene product, any effect that 
its signaling has on tumor formation or progression probably 
occurs via a paracrine mechanism.  KSHV also induces NF-kB via 
the expression of vFLIP, as described above.  Because vFLIP is 
latent and therefore widely expressed in KS and PEL tissues, the 
activation of NF-kB is constitutive, not transient.  This constant 
signaling from the tumor tissue could be a major stimulus for 
both proliferation and chronic infiltration by leukocytes. 

Another source of KSHV-induced proinflammatory cytokines 
may come from the action of Kaposin B.  Kaposin B is expres-
sed from a CUG upstream of the K12/Kaposin A ORF, but is 
read from a different reading frame, such that Kaposin A is not 
expressed [73].  The mRNA that encodes the entire kaposin lo-
cus is abundant in KS tumor tissue, but the relative expression 
levels of the three kaposin isoforms is not clear [73]. A screen 
for cellular Kaposin B binding partners revealed that the MAPK-
associated protein kinase MK2 was both bound and activated 
by Kaposin B.  MK2 is normally activated by p38, leading to the 
stabilization of transcripts that harbor AU-rich elements (AREs) 
at their 3’ untranslated regions. There are thousands of such 
transcripts, including those that encode cytokines.  Kaposin B 
was then demonstrated to stabilize the ARE-containing IL-6 and 
GM-CSF messages in KSHV-infected cells [74], suggesting that 
Kaposin B may contribute to the high levels of cytokines and 
potentially other chemotactic and angioproliferative factors 
observed in KS lesions.

Cellular IL-6 has long been associated with KS and MCD tumor 
development.  It has been shown to enhance proliferation of KS 
cells in culture [36] and was found in high levels in blood sam-
ples from MCD patients, which correlated with disease progres-
sion [75].  The signaling pathways activated by IL-6 and vIL-6 that 
mediate an inflammatory response include JAK/STAT, MAPK, and 
PI3K/AKT/mTor [76-79].  Cyclooxygenase-2 (Cox-2) is another pro-
inflammatory, pro-angiogenic molecule upregulated by KSHV, ex-
pressed in KS tissue and likely involved in KS pathogenesis [80].
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The importance of this pro-inflammatory component to KS 
tumorigenesis is highlighted by the success of the PI3K/AKT/
mTor pathway inhibitor rapamycin (sirolimus) in clinical trials 
for posttransplant KS [81-83].

Angiogenesis

Angiogenesis is the formation of new blood vessels to increase 
blood supply to a site of injury, and is a normal inflammatory 
response that, when aberrantly stimulated, enhances tumor pa-
thogenesis [84].  Two of the major cellular cytokines involved in 
angiogenesis are vascular endothelial growth factor (VEGF) and 
IL-6, which interact with their respective receptors to induce en-
dothelial cell proliferation. IL-6 can also indirectly induce angio-
genesis by upregulating VEGF [85], and KSHV vIL-6-expressing 
rodent cells and implanted tumors also induce VEGF [86]. KSHV 
encodes several other proteins that can induce VEGF, including 
all three KSHV-encoded chemokines (vCCLs).  These have been 
shown to induce angiogenesis in experimental models [87, 
88], and the mechanism for this activity is likely the induction 
of VEGF [89].  Similarly, vGPCR upregulates both VEGF and its 
receptor VEGF-R2 in KSHV-infected endothelial cells [90]. It has 
been postulated that this may create a paracrine feedback loop 
for continued cellular proliferation and angiogenesis [91].  Fina-
lly, K1 has also been demonstrated to induce VEGF expression 
and secretion [92].   

Matrix metalloproteinases (MMP) are key enzymes that remodel 
the extracellular matrix during tumor invasion, metastasis, and 
angiogenesis [93].  MMP-1, -2, -3, -9, and -19 are expressed in KS 
tumors [94, 95], and their importance to KS pathology has been 
demonstrated by the efficacy of an MMP inhibitor in treating 
AIDS-KS [96].  The KSHV protein K1 has been shown to induce 
the expression and activation of MMP-9, an MMP that is critical 
for the angiogenic switch in tumor progression [92, 97].  In vitro 
studies with KSHV-infected endothelial cells suggest that the 
virus induces MMP-1, -2 and -9 secretion and activation, thus 
allowing infected cells to invade an extracellular matrix [98].  A 
recent study indicates that KSHV, specifically LANA-1, may in-
crease the levels of the extracellular matrix metalloproteinase 
inducer (emmprin) as a means to activate MMPs [99].  

Angiopoietins are another family of vascular growth factors im-
portant for angiogenesis.  Angiopoietin-1 (Ang-1) binds and ac-
tivates the receptor tyrosine kinase Tie-2, which synergizes with 
VEGF to promote endothelial cell proliferation and stabilization 
of blood vessels.  In contrast, angiopoietin-2 (Ang-2) is an anta-
gonist of Tie-2 that destabilizes existing vessels.  Ang-2 is often 
upregulated at sites of vascular remodeling, while Ang-1 is ubi-
quitously expressed in endothelial cells.  While both Ang-1 and 
Ang-2 are found in KS tumors, Ang-2 is expressed at higher levels 
[27, 100] and is induced in KSHV-infected endothelial cells [101].
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Tumor cells in environments that are low in oxygen induce 
angiogenesis via the stabilization of hypoxia-induced factors 
(HIF), which are transcription factors that interact with promo-
ters containing hypoxia response elements (HRE). Two key re-
gulators of angiogenesis, VEGF and VEGFR1, contain HREs [102].  
Interestingly, KSHV encodes several means by which to upre-
gulate HIFs.  For example, vGPCR-dependent activation of both 
MAPK and p38 kinases leads to the subsequent phosphoryla-
tion and activation of HIF1a, and this is the likely mechanism 
for vGPCR’s induction of VEGF [103]. In addition, KSHV latent 
gene expression induces the transcriptional upregulation of 
both HIF1a and HIF1b [104]. Other important angiogenic pro-
teins expressed in KS lesions are IL-1b, FGF-2 and PDGF-Rb__ 
(reviewed in [105]).  The mechanisms for their upregulation are 
not yet known.

Most of the pro-inflammatory cytokines and angiogenic fac-
tors produced or induced by KSHV have likely evolved to crea-
te a highly proliferative environment that favors viral genome 
maintenance as well as the consistent, yet low level of reacti-
vation from latency.   Both lytic and latent genes are responsi-
ble, suggesting that both autocrine and paracrine mechanisms 
contribute to the microenvironment.  In addition to virally indu-
ced factors, the persistent viral infection attracts a chronic leu-
kocyte infiltrate, which in turn secretes cytokines, chemokines, 
enzymes, and growth factors that favor the growth of infected 
cells and contribute to KS progression.	

Treatment

Treatment of KS is aimed at symptom palliation, tumor shrinka-
ge, and prevention of disease progression [106]. Therapeutic 
decisions depend upon the presence and extent of sympto-
matic and extracutaneous KS, the HIV status of the patient and 
their corresponding HIV viral load, and the host immune sta-
tus (e.g. CD4 cell count and co-morbid disease).  The advent of 
HAART has lead to a marked reduction in the incidence, morbi-
dity and mortality associated with AIDS-related KS [107]. Similar 
advances in chemotherapy and supportive care protocols have 
also allowed for KS to be more effectively managed. The recent 
identification of several molecular targets has provided several 
new potential therapeutic strategies [108][109]. 

Most if not all patients with AIDS-related KS should receive an-
tiretroviral therapy, assuming access to such therapy is availa-
ble. Effective antiretroviral regimens are associated with both a 
reduction in the incidence of AIDS-related KS and a regression 
in size and number of existing lesions. The effects of HAART on 
KS are multifactorial and include inhibition of HIV replication, 
diminished production of the HIV-1 transactivating protein Tat, 
amelioration of the immune response against KSHV and per-
haps some direct antiangiogenic activity of protease inhibitors. 
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The dramatic impact of HAART on KS is highlighted by a large 
Swiss cohort study of HIV-infected patients [110].  In this cohort, 
the relative risk (hazard ratio) of KS development between 1997 
and 1998 (HAART-era) compared with a pre-HAART time period 
between 1992 and 1994 was 0.08 (95% confidence interval, 0.03-
0.22), representing a dramatic reduction in this AIDS-defining 
malignancy. Furthermore, it has been demonstrated that both 
protease inhibitor- and non-nucleoside reverse transcriptase 
inhibitor (NNRTI)-based HAART regimens are equally effective 
in protecting against KS. Immune reconstitution inflammatory 
syndrome, with paradoxical worsening of stable opportunistic 
infections and KS (KS flare), can occur in the setting of marked 
HAART-induced recovery of the immune system. 

Systemic chemotherapy is given to patients with more advan-
ced or rapidly progressive KS. Typical indications for such sys-
temic therapy include widespread skin involvement, extensi-
ve KS of the oral cavity, symptomatic pedal or scrotal edema, 
symptomatic visceral involvement, and immune reconstitution 
inflammatory syndrome-induced KS flare. Although several 
chemotherapeutic agents (bleomycin, vinblastine, vincristine, 
hydroxydaunomycin, adriamycin, and etoposide) were shown 
to be active against KS in the past, liposomal anthracyclines 
(pegylated liposomal doxorubicin and liposomal daunorubicin) 
and taxanes (paclitaxel) constitute the backbone of current sys-
temic cytotoxic therapy against KS. 

Novel agents used to treat KS include angiogeneisis inhibitors, 
tyrosine kinase inhibitors, and matrix metalloproteinase inhibi-
tors (see Figure 3). Thalidomide, which has significant antian-
giogenic activity partly through inhibition of basic fibroblast 
growth factor-induced angiogenesis, has been shown to provi-
de a partial response in treating KS [111].  Bevacizumab, a mo-
noclonal antibody against VEGF, may provide similar potential 
activity in the treatment of KS. Imatinib mesylate, a PDGF-R and 
c-Kit inhibitor, has been found to result in marked clinical and 
histologic regression of KS [112]. The activity of other tyrosine 
kinase inhibitors (e.g. sorafenib and sunitinib) requires further 
investigation. Several trials have shown that COL-3, a chemica-
lly modified tetracycline that is a matrix metalloproteinase inhi-
bitor, is beneficial in the treatment of AIDS-related KS [113].  Ra-
pamycin (sirolimus), an inhibitor of the PI3K/Akt/mTor pathway, 
has been very effective in treating posttransplant [81-83] as well 
as classic [114] [115] KS and are currently being investigated for 
HIV-related KS. 

There are no vaccines available for KSHV and research in this 
area has not been very active likely due to the lack of a suita-
ble animal model and to the efficacy of HAART in dramatically 
lowering the incidence of KS.  However, the prospects for a new 
non-human primate model that exhibits persistent KSHV infec-
tion with a robust anti-KSHV antibody response are promising 
[116].  A recent study using a recombinant murine herpesvirus 
68 (MHV68) engineered to constitutively express the viral trans-
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cription activator, RTA protected mice from subsequent wil-
dtype MHV68 challenge, potentially providing a novel vaccine 
approach for KSHV [117].   

Conclusion

After initial KSHV infection, the development of KS depends 
upon the generation of a unique local microenvironment, as 
illustrated in Figure 3.  This model, which is based on the data 
described in this review, depicts a potential pathway of KS de-
velopment involving four stages of progression. These inclu-
de the initiation of virus infection, proliferation and migration 
of infected endothelial cells, induction of a pro-inflammatory 
response and finally tumor formation. Key viral and cellular 
factors thought to play a role at each of these stages are indi-
cated.  In addition, current therapeutics and their targets are 
highlighted. 

Thus far, much of the data regarding KS progression have come 
from analyses of the contribution made by individual KSHV ge-
nes.  While such studies have provided invaluable insights into 
the tools available to the virus, the data have yet to definitively 
establish a hierarchy of events required for tumor progression. 
A more comprehensive view of the oncogenic process will 
greatly benefit from an animal model that can successfully re-
capitulate the disease and allow for the testing of defined viral 
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mutants, in addition to rigorous clinical evaluation of asympto-
matic and KS-afflicted KSHV-seropositive individuals.  Only then 
will we gain a more complete understanding of the complex in-
terplay between viral-encoded proteins and the host immune 
system, and how this interaction leads to KS. Fortunately, this 
interpretation of the disease as a convergence of immune eva-
sion, oncogenesis, inflammation, and angiogenesis has broade-
ned the potential targets for treatment. Ongoing clinical trials 
are evaluating inhibitors of VEGF, MMPs, and cytokine signaling 
pathways. As the role of additional molecular mechanisms in-
volved in KS tumorigenesis, such as the Akt/mammalian target 
of rapamycin pathway and NF-kB, become apparent we can 
anticipate the development of new therapeutic agents to tar-
get these pathogenetic mechanisms. These mechanism-based 
agents are a superb example of therapeutic approaches brid-
ging basic research with clinical practice.
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Figure 3.  Model of KS tumorigenesis with sites for therapeutic intervention
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