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Abstract. - Twenty years after the discovery
of Kaposi’s Sarcoma Herpes Virus (KSHV), ma-
ny aspects of the pathogenesis have been dis-
covered and innovative approaches are pres-
ently applied to the diagnosis and treatment of
KSHV associated diseases. The virus is cou-
pled to different types of cancers, as well as to
syndromes combined with increased inflamma-
tory response or with immunoreconstitution in
immunocompromised hosts. The etiopatholog-
ical diagnosis of KSHV associated cancers re-
lies on the demonstration of the virus in tumor
samples, as well as in the peripheral blood of in-
fected subjects. Novel treatment strategies re-
lated to the pathogenetic events of KSHV asso-
ciated diseases have been recently studied, that
are based on drugs able to induce oncolysis by
promoting a viral lytic phase or on the blockade
of v-IL6, a cytokine with tumor promoting ac-
tivities. In addition, antiangiogenetic strategies
have also been applied to treat KSHV associat-
ed cancers. Despite these important discover-
ies, some aspects of KSHV associated diseases
are presently not completely clear and, conse-
quently, response to treatment strategies is still
suboptimal.
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Introduction

KSHV was discovered in 1994 by Chang and
Moore' by representational difference analysis us-
ing tissues from patients with HIV-associated Ka-
posi’s sarcoma. In fact the incidence rates of this
tumor markedly increased with the onset of AIDS
epidemic and this correlation suggested that an
infectious agent may have a role’. After this ini-
tial discovery, other diseases or pathological con-
ditions have been associated with KSHV, such as
Primary Effusion Lymphoma (PEL), and Multi-

centric Castleman’s Disease (MCD)*®. Concom-
itantly the characteristics of the virus, its preva-
lence in various countries and the mechanisms
underlying the development of KSHV associated
pathologies have been studied and partially clari-
fied**!°. In particular, in the last few years this vi-
rus has been associated with non-neoplastic con-
ditions linked to acute inflammatory or immuno-
reconstitution syndromes*®. Thus, the pathoge-
netic, diagnostic and clinical aspects of KSHV
associated disease are becoming more complex.
Twenty years after the discovery of the virus, the
scientific community has gained much informa-
tion, sometimes contrasting, on this virus and on
the associated pathological conditions. The aim of
this review is to describe the most relevant dis-
coveries concerning the virological, pathogenet-
ic and clinical characteristics of KSHV and of its
associated diseases. These discoveries have made
a relevant positive impact on patients affected by
KSHYV related diseases.

The Virus

KSHYV belongs to the Herpesviridae, a fami-
ly of double-stranded DNA viruses that includes
important human pathogens such as the Epstein
Barr Virus, Cytomegalovirus and Herpes sim-
plex-varicella zoster viruses’. The KSHV viri-
on has an icosahaedral capsid that is surround-
ed by a lipid envelope containing several glyco-
proteins that exert essential activities for the viral
life cycle, in particular mediate fusion between
the virus and target cells*'>. Like other Herpes-
viruses, KSHV requires an intimate contact for
transmission but, differently from Epstein Barr
Virus (EBV) or CMV, this virus does not show
a widespread diffusion among the general pop-
ulation®'*!". Primary infection probably occurs
via saliva through close contacts, and this type
of transmission may be important in geographic
areas, such as subsaharian Africa, where KSHV
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prevalence reaches 50%!". In addition, the virus
may be transmitted by blood and blood prod-
ucts including KSHYV infected mononuclear cells,
solid organ donation and sexual contacts, while
transmission directly from a pregnant woman to
her fetus appears to be rare*®. In Western coun-
tries the prevalence of KSHV is low in the gen-
eral population (less than 10%) and higher in
HIV-infected subjects and men who have sex with
men®!5, Like other herpesviruses, KSHV can in-
fect lymphoid cells and establish a latent reser-
voir. However, KSHV infects also non lymphoid
cells, such as cells of the endothelial lineage and
monocytes. After the entry, the virus establishes
a latent phase within the cell, characterized by the
expression of a very limited repertoire of genes,
including LANA, vCyclin, VFLIP and kaposin*®.
LANA blocks TGF-beta signaling and inhibit p53,
impairing apoptosis and increasing cell prolifera-
tion and survival'®, while vFLIP inhibits death re-
ceptor signals by interfering with FAS associated
death domain and caspase-8'". The conversion in-
to the lytic phase, that is uncommon in vivo, re-
sults in the expression of all viral genes, followed
by viral replication, virion assembly and release
of virions from the infected cell. During the lytic
phase all KSHV genes are expressed and a num-
ber of the proteins codified by these genes have
important roles in promoting oncogenesis. In par-
ticular, the K1 is a multifunctional protein that
activates multiple signaling pathways involved in
cellular growth, and viral interleukin 6 (v-1L6) is
a cytokine sharing consistent similarities with hu-
man IL6. v-IL6 has transforming capacities, in-
duces cellular proliferation and has neoangioge-
netic properties*’. B lymphocytes are considered
an essential site of viral latency, that can promote
dissemination throughout the body. Endothelial
cells are a second site of viral latency; they do not
appear to establish a long-term viral reservoir, but
infection of endothelial cells is the essential pri-
mary event giving rise to Kaposi’s Sarcoma (KS)
development.

Immune Control of KSHV

Immune control against herpes viral infections
relies mostly on cytotoxic T cells recognizing
specific viral epitopes on infected cells. Studies
on viral epitopes and on immune control mech-
anisms related to KSHV are still incomplete, but
it has been clearly established that patients with
various KSHYV related cancers have different de-
fects in immune control. Furthermore, since ma-
ny KSHYV related cancers develop in HIV-coin-

fected subjects, immunological data are con-
founded by the coexistence of the immune com-
promise related to HIV and/or by the effects of
ongoing antiretroviral therapies'®. Guihot et al'**
studied the KSHV specific immune response in
subjects with Kaposi’s sarcoma and MCD. By us-
ing Enzyme-Linked ImmunoSpot antigens of the
lytic and latent viral phases, these authors found
that few KS patients had an immunological re-
sponse with low intensity. On the contrary, MCD
patients had the same KSHV specific response as
compared to healthy subjects infected with this
virus?. These experimental data may suggest that
a reduction of the specific immune response may
be responsible for viral proliferation and the de-
velopment of KS, while the pathogenetic mech-
anism of MCD does probably not depend on ab-
sent or dysfunctional immunity. PEL represents
a different entity, since is a tumor arising in sub-
jects with almost no residual immune response,
although tumor microenvironment contributes to
tumorigenesis, in particular by the production of
cytokines?.,

KSHV Associated Diseases

KSHYV is the etiological agent of several can-
cer types as well as of two non neoplastic syn-
dromes (Table I). Kaposi’s Sarcoma is the pro-
totypical cancer type related to KSHV, because
the virus has been isolated primarily from tissues
of patients affected by KS. There are four dis-
tinct variants of KS: the classic type, more preva-
lent among Mediterranean elderly men, the Afri-
can endemic form, occurring primarily in young
black men, the iatrogenic form associated with
immunosuppression after organ transplantation,
and the epidemic form associated with HIV in-
fection*'“?224 All these forms have common viro-
logical, histological and clinical features, but are
epidemiologically distinct. Furthermore, KSHV
is associated with several lymphoproliferative
disorders. PEL was recognized as a distinct en-
tity after the discovery of KSHV®. PEL is a ra-
re B-cell neoplasm which is characterized by a
consistent KSHV infection of the tumor clone
and typically tends to remain localized to serous
body cavities and diffusely spreads along serous
membranes®. The spectrum of KSHV associated
PEL is greater than originally appreciated and in-
cludes extracavitary KSHV associated solid lym-
phoma??®. Extracavitary KSHV associated solid
lymphoma (solid PEL) without serous effusions?’
involves mainly extranodal tissues. Apart from
their clinical presentation, solid PEL is virtually
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identical morphologically, immunophenotypical-
ly, and genetically to classic PEL. Tumor cell ap-
pearance can range from large cells showing an-
aplastic morphology to large cells with immuno-
blastic or plasmablastic morphology. Usually PEL
shows features bridging immunoblastic and ana-
plastic large-cell lymphomas, and frequently dis-
plays a certain degree of plasma cell differentia-
tion. Recently, an early variant of solid PEL has
been reported. It may occur, though infrequently,
as a germinocentric solid microlymphoma®. In
addition to PEL and its solid extracavitary vari-
ants”, which are by definition KSHV-associat-
ed lymphomas, the group of KSHV associated
lymphoproliferative diseases has been expanded
by the identification, in the HIV setting, of cas-
es of KSHV associated MCD. KSHV infected B
cells in MCD have a pre-plasma cell phenotype
and plasmacytic/plasmablastic morphology®-°.
Another rare neoplastic lymphoproliferative dis-
order, namely large B-cell lymphoma arising in
KSHYV associated MCD has been recently iden-
tified**!. It is worth noting that KSHV associated
lymphoid disorders are closely linked to HIV in-
fection®. In HIV setting solid PEL is often asso-
ciated with Kaposi sarcoma (KS) or MCD. On-
ly PEL and its variants occurring in the HIV set-
ting are usually associated to EBV infection of the
tumor clone in addition to KSHV?". Recent stud-
ies*® have identified two additional pathological
conditions associated with KSHV, the inflamma-
tory cytokine syndrome (KICS) and the immune
reconstitution inflammatory syndrome (IRIS).
KICS is characterized by systemic inflamma-
tory symptoms in patients who have often KS.
These patients have high cytokine levels, includ-
ing human and viral IL-6 and IL-10°?. IRIS devel-
ops in a small percentage of HIV patients when
they start highly active anti retroviral therapy. It
has been proposed that IRIS depends on immune
response to pathogens when CD4 T-lymphocyte
counts rise. Of note, high morbidity is observed
in patients with KS and concomitant IRIS*. The
list of KS associated diseases is reported in Ta-
ble I. Although KSHYV has been putatively asso-
ciated with the development of multiple myelo-
ma*, detailed seroepidemiological analysis failed
to demonstrate such an association®.

Pathogenesis of KSHV Associated Diseases

The expression of a distinct set of KSHV-en-
coded proteins is currently believed to contrib-
ute to PEL pathogenesis. In particular, KSHV en-
codes for a viral homologue of FLICE inhibito-
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ry protein (VFLIP), a potent activator of the NF-
kB pathway essential for the survival of PEL
cells. Viral IL-6 (vIL-6) is an additional product
of KSHV expressed in latently infected cells and
to a higher degree during viral replication. PEL
effusions usually contain vIL-6 at high concen-
trations. Since vIL-6 induces vascular endotheli-
al growth factor, vIL-6 likely contributes to an-
giogenesis, vascular permeability and formation
of PEL effusions’. KSHV also encodes LANA, a
protein able to antagonize p53 and Rb function.
In particular, it has been shown that the LANA/
pS3/mdm2 complex is crucial for PEL cell sur-
vival**. LANA also sequesters GSK-3 beta there-
by stabilizing beta-catenin as well as c-MYC, and
activates c-M YC-dependent transcription by pro-
moting its phosphorylation. More recently, LA-
NA was also shown to recruit the p53-related nu-
clear transcription factor p73, which influences
cellular processes like DNA damage response,
cell cycle progression and apoptosis®’. Anoth-
er KSHV-encoded protein able to interfere with
p53-induced transcription is VIRF3/LANA-2. Re-
cent evidence indicates that some of the two doz-
en microRNAs (miRs) encoded by KSHV may al-
so contribute to PEL development. In particular,
miR-K12-11 targets mRNAs involved in the regu-
lation of late stages of B-cell differentiation, pos-
sibly contributing to the plasmablastic phenotype
of PEL cells*”. Coinfection with different virus-
es represents a hallmark of several lymphomas
of the immunecompromised hosts®. In many cas-
es, viruses do not act as bystanders, but active-
ly have synergistic or regulatory effects on car-
cinogenesis. Viral cooperation is particularly im-
portant when herpesviruses are involved, espe-
cially KSHV and EBV?*. Usually the reciprocal
relationship between KSHV and EBV is able to
promote signaling pathways or influences the bal-
ance between the latent and lytic phase of the vi-
ral cycle'**. Double-infected PEL cells represent
an ideal model to study viral cooperation: in fact
it has been demonstrated that several genes from
both viruses, such as KSHV-rta and EBV-zta and
LMP-1 are in physical contact, although the pre-
cise consequences of this proximity is not clear at
the moment*°. Another molecular mechanisms
involving viral cooperation may be the target-
ing by both viruses of the NFkB signaling that is
constitutively activated in EBV and KSHV posi-
tive lymphomas. In addition in dual-infected PEL
cell lines viral exosomes have important tumor
growth promoting mechanisms. Exosomes are
intracellular vesicles able to transfer biological-
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ly active molecules*’. Exosomes containing her-
pesviral material have synergistic effects on ri-
bosome function, protein synthesis and are able
to activate growth promoting signals. Similar ex-
periments have demonstrated that exosomes con-
taining also retroviral material may contribute to
disease pathology in AIDS*. Finally, several re-
ports'*3*4 have demonstrated that PEL harboring
KSHV and EBV have higher oncogenic poten-
tial as compared to non-infected or monoinfect-
ed PELs.

KSHV Detection in Clinical Samples

The prevalence of KSHV infection has been
established by serological assaying antibody re-
sponse against the virus. Initially immunofluores-
cence assays using infected PEL cell lines have
been used®. In general, latent antigen base as-
says are less sensitive as compared to lytic anti-
gen based assays*. Later on, immunoenzymatic
assays and western blots using purified or recom-
binant antigens have been established®. The etio-
pathological diagnosis of KSHV associated can-
cers relies on the demonstration of the virus in tu-
mor samples, as well as in the peripheral blood of
infected subjects*™*%. KSHV can be detected by
immunohistochemistry on isolated cells or tis-
sues using antibodies against the latency associat-
ed nuclear antigen LANA, that is responsible for
maintaining the viral episome linked to the host
genome?’. The diagnosis of KS is confirmed by
immunohistochemistry for ORF73/LANA, which
detects KSHV in practically all splindle cells. The
use of LANA depends on the fact that KSHV in

Table I. KSHV-associated diseases.

Kaposi’s sarcoma
Classic
Endemic
latrogenic
Epidemic
KSHV-associated PEL and its solid variant
Classic PEL — in the absence of tumor masses
Solid PEL with serous effusion
Solid PEL without serous effusion
MCD-associated large cell lymphoma
MCD
KCIS
IRIS

Abbreviations: KSHV, Kaposi sarcoma-associated herpes-
virus; MCD, multicentric Castleman disease; PEL, Primary
effusion lymphoma, KCIS, KSHV-associated inflammatory
cytokine syndrome; IRIS, Immune reconstitution inflam-
matory syndrome.

tumor cells is in the latent phase, although a pro-
portion of cells in PEL and MCD express also
genes of the lytic phase, such as vIL-6. This pro-
tein has an important pathogenetic role, but pres-
ently its detection is not used for diagnostic pur-
poses*®*. KSHV can be also detected by using
Polymerase Chain Reaction (PCR) amplification
of several viral genes*’. During KSHV infection,
viral DNA can be detected in serum/plasma sam-
ples as well as in peripheral blood mononuclear
cells®”. KSHV viremia can be used both for pre-
diction, diagnosis and follow up of KSHV asso-
ciated diseases. In particular, it has been demon-
strated that KSHV viremia is well suited to pre-
dict the development of KS in HIV infected sub-
jects and has a prognostic value in KS and lymph-
oproliferative disorders®"-2,

Treatment of KSHV Associated Diseases
Based on Pathogenetic Mechanisms

In HIV-infected subjects, treatment of KSH V-as-
sociated disease benefits of the treatment of
HIV-infection itself>*>*, and standard chemother-
apy regimens have been applied to KSHV associ-
ated tumors, but these topics are beyond the scope
of this review and have been exhaustively exam-
ined in the scientific literature®?*. We herein will
describe only those treatment strategies more re-
lated to the pathogenetic events described in the
previous sections. An oncolytic approach to treat-
ment has been recently suggested®. This treat-
ment is based on the use of bortezomib, that is a
potent inducer of KSHV (and EBV) lytic cycle,
although its use has been restricted to few cas-
es™*. An additional experimental approach tar-
gets neoangiogenesis, that represents a pathoge-
netic events in KSHV associated diseases. Bor-
tezomib, an angiogenesis inhibitor, has been con-
sidered as a potential drug to be used in this con-
text, but clinical data are not available at the mo-
ment. Target therapies may benefit of anti CD30
molecules (brentuximab vedotin)®’. Brentuximab
vedotin (SGN-35) is an anti-CD30 monoclonal
antibody conjugated to a microtubule-disrupting
agent. In vitro treatment of CD30+ PEL cell lines
with brentuximab vedotin decreased cell prolif-
eration, induced cell cycle arrest, and triggered
apoptosis”’. Finally, the possibility to block v-IL6,
a potent growth factor of KSHV associated can-
cers, has been recently suggested to treat viral as-
sociated tumor proliferation®®. This drug has been
recently approved by US Food and Drug Admin-
istration for the treatment of MCD. Recently, the
results of a phase II clinical trial have been pub-



P. De Paoli, A. Carbone

lished. All MCD patients in this extension study
have received siltuximab for a prolonged duration
(up to 7 years) without evidence of cumulative
toxicity or treatment discontinuations and with
effective disease control®.

Conclusions

Afterthe discovery of KSHV in 1994, the patho-
genesis of KSHV associated diseases extensive-
ly investigated and some important aspects have
been clarified, which has allowed the definition of
diagnostic criteria based on the detection of this
virus in infected patients, on the demonstration
of viral products within neoplastic cells. The can-
cerogenic role of this virus has been established
based on the demonstration that this virus caus-
es important molecular alterations that ultimate-
ly lead to tumor development. Based on these ex-
perimental and clinical data, appropriate innova-
tive therapies have been proposed and applied to
a limited number of patients. Despite these dis-
coveries, some biological and clinical aspects of
KSHYV associated diseases are still not clear and
further virological, pathological and clinical data
are needed to further clarify this matter.
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