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Abstract

During the last 15 years, virologic and immunologic studies have provided a series of valuable clues
on the modalities of y-herpesvirus-induced oncogenesis, which do not only consist of the direct
subversion of intracellular signaling pathways, leading to a frank neoplastic molecular network in the
infected cell, but also rely on viral manipulations of the cellular and cytokine microenvironment, especially
in conditions of immunodeficiency in the host. At the virus-host interface, something iniquitous, strikingly
favoring the aggressive expansion of human herpesvirus 8-infected lympho-endothelial clones, known
as Kaposi’s sarcoma, often occurs in different types of inmunocompromised patients, able to establish
a deleterious “pro-Kaposi’s sarcoma” neo-angiogenic inflammatory network. However, these patients
may control — or even resolve — the neoplastic burden as soon as an immunologic reassessment restores
functional anti-Kaposi’s sarcoma immune responses and reconstitutes a proper inflammatory environment.
Indeed, the occurrence of iatrogenic Kaposi’s sarcoma remissions, after the reduction or switch of
immunosuppressive regimens, strongly suggests that the reset of immunologic constraints characterizing
the Kaposi’s sarcoma onco-pathogenic system may be sufficient to inhibit human herpesvirus 8-positive
lympho-endothelial proliferations. Accordingly,immunologic reports all underline the pivotal protective
role of anti-human herpesvirus 8 memory T-cells (harmonically, both CD8* and CD4* subsets), thus
definitely implying a general requirement for an effective, antiviral immuno-inflammatory environment,
based on correct and productive interactions between different compartments of dendritic, myeloid,
and specific T-cells, in order to achieve and maintain optimal control on human herpesvirus 8-associated
antigenic stimulations and Kaposi’s sarcoma disease.

In this review, we recapitulate some remarkable features about the outstanding immunologic issue
raised by human herpesvirus 8-driven neoplastic outgrowths in immunodeficient patients, and in
particular, we discuss the emerging view of Kaposi’s sarcoma as an atypical neoplastic process,
tightly dependent on immune system dynamics. It is conceivable that functional dissection of the
specific immune responses, capable to cope with human herpesvirus 8, and further definitions of a
global inflammatory profile with protective activity against Kaposi’s sarcoma outbreaks, will eventually
foster immunologic monitoring protocols during the follow-up of AIDS and posttransplant patients,
either preventing or treating human herpesvirus 8-related tumors by multifunctional imnmunomodulation
or prompt development of adoptive immunotherapeutic approaches. (AIDS Rev. 2010;12:40-51)
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Early after its discovery in 19943 Kaposi's sarco-
ma-associated herpesvirus (KSHV), the last identified
human herpesvirus (namely HHV8), has joined human
papillomavirus (HPV), Epstein-Barr virus (EBV), hu-
man T-lymphotropic virus 1 (HTLV-1), and possibly
also hepatitis C virus (HCV), in the small group of hu-
man viruses which have been assessed to specifically
drive oncogenic processes, by directly promoting the
neoplastic transformation of infected cells*”.

Virus-associated neoplasias have represented a
frontline setting to search for antitumor immune de-
fenses, as well as providing the opportunity to detect
relevant T-cell responses against cancer cells that
bear foreign viral antigens. So far, several lines of re-
search on tumor immunology have prompted a wealth
of hints on the complex host-virus interactions, under-
pinning the emergence of the neoplastic cell network
and related clonal expansions, which typically arise as
life-threatening diseases in different types of immuno-
depressed patients®?. As major clinical milestones,
besides anticancer vaccination strategies, several re-
ports have shed light on the efficacy of specific cyto-
toxic T lymphocyte (CTL) therapy to control EBV-related
diseases (posttransplant lymphoproliferative disease,
Hodgkin's disease, nasopharyngeal carcinoma) as
preemptive therapy or at tumor relapse®'s. On the
contrary, adoptive immunotherapeutic approaches for
HHV8-related neoplasias have not yet been so far
investigated'.

In this review, we deal with the immunological data
that depict the close intertwining between different
HHV8-driven neoplastic proliferations and the specific
host immune control, offering some insights into the
pathogenic and clinical features of Kaposi's sarcoma
(KS) and other HHV8-associated malignancies.
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patients, as well as of other patients undergoing im-
munosuppressive treatments'®. Confirming the early
suggestions deriving from histological observations,
iatrogenically immunosuppressed patients have ex-
emplified how KS is a rather unusual neoplasm, rep-
resenting the prototype of the viral-induced tumor
proliferation under fine immunological control, ag-
gressively spreading to skin and visceral sites when
immunosuppression prevails, while possibly vanish-
ing to partial or complete clinical regression after the
reduction, or change, of immunosuppressive regimens'”.
Moreover, the simultaneous multifocal development of
oligoclonal KS tumors well supports the notion that KS
is a preferred outcome of HHV8 infection in the per-
missive immunocompromised host, reflecting also the
polyclonal nature of some EBV-associated posttransplant
lymphoproliferative diseases (PTLD)®. Further confirming
a predisposing impairment of the protective immune
network against non-self antigens, posttransplant KS
cases can even display donor-derived neoplastic
clones™. By analogy with AIDS-related and iatrogenic
clinical forms, the classic and the endemic forms could
also be considered as a complex disease, entailing
silent conditions of immune impairment. These tumors
usually affect HHV8-positive elderly Mediterranean
individuals or African children with a layer of predis-
posing genetic and environmental factors, still largely
to be identified, which in turn may result in the cellular
environment allowing the virus-driven endothelial
outgrowth?0-22,

Kaposi’s sarcoma pathogenetic onset:
detrimental immune effect
in HHV8-associated cellular milieu

As shown by histopathological analyses on early
maculopapular KS skin lesions, it is evident that mas-
sive inflammatory infiltrates dominate the initial steps
of KS development. While HHV8-infected angiosarco-

spindle cells) are still rare,

Kaposi’s sarcoma: from pro-Kaposi’s . . cells, (the so-calle
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Kaposi's sarcoma was first described in 1872 by

Moritz Kaposi as a cutanW%h@[ﬁP@tﬂﬁ@f QFF@P

pigmented tumors” in elderly people, particularly from
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into the lesion, and only later, at KS nodular stage,
MmOy prevail”232 It has well been
noted that, whereas the neo-angiogenic and the inflam-
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of Jewish descent™. Today, this vascula
— invariably infected with HHV8 — is better known as

l}% ﬁtg seem to causatively precede the over-prolif-
eration of spindle cells in the pre-neoplastic/early-neoplas-
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disease”, mainly characterized by abnormal lympho-
endothelial proliferations (the so-called slit-like spaces)
and activated lympho-monocytoid infiltrates (CD8*
T-cells along with CD4+ T-cells, activated B-cells and
plasma cells, dendritic cells), exceptionally raising
even as a Koebner phenomenon'7:23-26,

Anyway, immunological studies have broadly as-
sessed that HHV8-specific T-cell responses are usu-
ally lower or totally absent at the time of KS diagnosis,
particularly in AIDS and posttransplant clinical forms,
while specific immune recoveries have been associ-
ated with KS regressions (see Kaposi's sarcoma im-
mune control)?"?8, In terms of KS pathogenesis, on the
host side, all the above observations suggest that
HHV8-specific T-cell clones and other functional non-
specific immune cells have to be at least ineffective
against tumor growth, but likely they even take a funda-
mental part in the cellular hypoxic environment, produc-
ing a particular pro-angiogenic cytokine milieu, strik-
ingly associated with over-proliferation of HHV8-positive
lympho-endothelial sarcomatoid cells?>%2. In brief, KS
tumor environments have shown rather low levels of
transforming growth factor-beta (TGFB) versus very
high levels of interleukin 6/vascular endothelial growth
factor (IL-6/VEGF), plus other inflammatory growth fac-
tors, chemokines and interleukins, mainly interferon
gamma (IFNy) and IL-10%%%_ Consistently, in vitro mod-
els of KS (spindle cell component), being highly-de-
pendent on cytokine-rich medium derived from super-
natants of activated T-cell cultures, are difficult to set
up and maintain in long-term cultures, while tumors
other than KS are traditionally able to indefinitely pro-
liferate with ease, even in serum-reduced conditions®.
Interestingly, KS-transplanted cells in an immunodefi-
cient murine model rapidly originate pro-angiogenic
inflammation in situ, but eventually succumb since a
putative host-versus-graft response arises in the en-
grafted tissue, while conversely, a typical neoplasm is
classically defined for its transplantability into nude
animals®.
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to finely dissect the KS intralesional immune network,
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to the pro-angiogenic milieu supporting KS prolif-
eration. Down into this pro-KS *“attractee”, clearance
failure of HHV8 antigenic burden can per se induce
mechanisms of immunotolerance allowing KS es-
cape®.

Concomitantly, on the virus side, spindle cells are
invariably associated with the latent form of HHV8 in-
fection, which is able to reprogram the cellular gene
network towards the lymphatic endothelial profile by an
orchestrated expression of several viral proteins, with
known pro-survival/oncogenic potentials in KS: the re-
sultant angio-proliferative phenotype shows a particu-
lar self-sustained growth by secretion of autocrine
growth factors, mainly VEGF, IL-1B, and IL-62%3%40_|n
particular, the HHV8-driven lympho-vascular neoplasia
takes advantage of the high surface expression of
different VEGF-receptors, thus receiving a marked
angio-proliferative input from different members of the
VEGF family (VEGF-A, C, and D), typically abundant in
the inflammatory hypoxic milieu*'*2. Downstream from
VEGFR and other growth factor receptors (epidermal
growth factor receptor, fibroblast growth factor re-
ceptor), PI3K/Akt/mTOR and mitogen-activated protein
kinase (MAPK) signaling systems are abnormally acti-
vated to further enforce cell metabolism and growth#3:44,
Among viral oncogenic proteins, latency-associated
viral FLICE inhibitory protein (vFLIP) has recently been
pointed out to be the pivotal molecular switch for
HHV8-induced angiosarcoma genesis, since its expres-
sion has been well demonstrated to induce spindle-
shape phenotype/metamorphosis in primary lymphatic
and vascular endothelial cells, and strikingly contribute
to their proinflammatory phenotype (secretion of IL-6,
IL-8, RANTES, macrophage inflammatory protein 3a),
mainly by activation of nuclear factor kappa B (NFkB)*.
Moreover, in order to slow down the activation of
apoptosis, host p53/ataxia telangiectasia mutated and
caspase systems are inhibited during different phases
of HHV8 infection, mainly by viral latency-associated

clear antigen (LANA), viral interferon regulatory

b@ vCyclin, vBCL2, and K7,
respectively, whereas LANA and VIRF-3 can directly

@’[;M[c@i LpT[ig)ﬂ and proliferative rate increase,
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together convergi the clonal expansion of HHV8-

16,17
nyway btngumgﬁ lhe notion that HHV8 latency
|s not sufficient to strongly immortalize spindle
\ﬁerl Il evidenced by viral episome loss in biopsy-
derived cultures, has raised d|fferent unsolved scenarios
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with KS evolution or specific immune response, some
low levels of HHV8 lIytic replication are commonly
detected during KS disease, claiming its role in the
multifactorial process of KS pathogenesis*. In the first
instance, HHV8 lytic replication can support either de
novo viral infection of endothelial cells or reinfection of
spindle cells that lose HHV8 genome. Interestingly, it
has been demonstrated in vivo that constitutive signaling
from lIytic G protein-coupled receptors (VGPCR) can
produce high microenvironmental levels of VEGF and
other growth factors (IL-6, IL-1B, IL-8), with strong
paracrine effects not only on latently infected spindle
cells, but also on immune T-cell subsets and neo-an-
giogenic endothelial cells*®48. Consistently, vGPCR
transgenic mice developed focal angio-proliferative le-
sions, resembling KS initiation*®. Additionally, during
the lytic phase, HHV8-infected cells express several
CC chemokine analogs (vCCL-1,-2,-3), favoring the
expansion and survival of T helper 2 (Th2) lymphocytes
and endothelial cells, which become the prevalent cell
types of the site of viral replication'”. The HHV8-infected
cells also secrete vIL-6, a viral homolog of IL-6, par-
ticularly promoting neo-angiogenesis, while inhibiting
I-type IFN receptors®®5, Indeed, similarly to other human
pathogens, and in particular to human herpesvirus
infections, HHV8 can decisively counter the host anti-
viral immune responses in order to achieve the funda-
mental immunological escape for its outgrowth%?: the
virus also acts in a specific way either to reduce anti-
genic stimulation from the infected cell, by downregu-
lating human leukocyte antigens HLA-A, HLA-B, HLA-C
(adoptive immunity) and HLA-E (innate immunity), or to
decrease antiviral immune activation in monocyte-
macrophage and lymphoid subsets by directly manipu-
lating a long series of intercellular interaction molecules,
such as host CD1d, CD86, ICAM1, PECAM1, BCR, or
viral KCP, vCD200, K15%,

Since hypoxia-induced mechanisms specifically in-
duce lytic replication, it can be argued that, in particu-
lar, hypoxic tissues (such as the skin at djst Hmbs
may strikingly favor the uncﬁjﬁllm—r V@
leading to the instauration of pro-KS mflammatory
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with deleterious modifications in impaired immune
functions, which cannot properly express their anti-KS
potentials, but fall to participate in the establishment
of the fundamental pro-KS angiogenic inflammation,
underpinning over-proliferations of HHV8-positive
spindle cells (Fig. 1).

Kaposi’s sarcoma immune control:
anti-HHV8 T-cell dynamics are associated
with Kaposi’s sarcoma clinical evolution

In all its clinical forms, KS regression has directly
been linked to a general increase in the magnitude of
HHV8-specific CD8+ T-cell responses, either versus
latent or Iytic antigens, as well as to the recovery of
innate immune functions (natural killer cell activity)®>-%”
(Fig. 2). Even though Th1 memory responses are now
considered of primary importance in the control of
herpesvirus latent infections and related diseases®®€,
very few data offer hints about HHV8-specific CD4*
T-cells and the putative Th1/Th2 skewing during the
different phases of KS course!”:3%61.62. Anyway, anti-KS
CD8* T-cell responses have been accurately sum-
marized in detail by a recent revision work, which in
parallel describes actual knowledge on EBV- and
HHV8-specific CD8* effector T-cells (CTL), mainly
streaming from diverse applications of antigen-specific
immunoassays (IFNy-EliSpot, major histocompatibility
complex class | tetramer-based flow cytometry) to the
definition of functional immunological profiles in per-
ipheral blood mononuclear cell (PBMC) samples from
infected patients®®. By comparison with EBV, immuno-
genic HHV8 epitopes seem rather more difficult to dis-
cover. In cytokine secretion assays, full-length HHV8
proteins (either recombinant or peptide-spanned) have
been proposed as a direct source of multiple immuno-
genic motifs, allowing to bypass the search for single
HLA-specific, short or long epitopes, and thus, roughly
detecting both antiviral CD8* (CTL) and CD4* cytotoxic

ells (Th1 cells)>46163 E}éh immunological monitoring
b/ﬁt@astd&la nma@(/e way for a clinically relevant,

“crude screening’ of specific T-cell responses against

microenvironment®3. Moreover, tfp’@cpqé@ &J@b@r h@t@@@j

T-cell responses against HHV8 Iytic antigens can

sometimes clearly prece ?ﬂfT atshlé)f

responses against HHV8 latency assomated roteins,

In brief, earB reports on HIV-coinfected patients first

e \/\ﬂﬁ‘[ﬁf@ﬁﬁtgjﬁéjm%g[ Ui of anti-HHV8 CTL cells,

which recognized a variety of short epitopes derived

and then clinical KS regression, further S@fméﬂ Ucb ifferent viral proteins, such as Iytic surface gly-
possible link between HHV8 active replicati ep ;Tricgt K8 1, gH, gB, the processivity factor open

response boosting, and KS evolution®.

reading frame ORF57 and ORF65, as well as latent
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Figure 1. “Pro-KS” inflammatory-neoangiogenic environment. Treg: T regulatory; HHV8: human herpesvirus 8; Th: T helper; CTL: cytotoxic

T lymphocyte; VEGF: vascular endothelial growth factor; IL: interleukin; KS: Karposi’s sarcoma.

more frequently associated with primary infection and
Iytic reactivation phases rather than with viral laten-
cy836575 However, as with EBV, the anti-latent HHV8
immune surveillance should be enriched in several
tissues, especially patrolling lymphoid organs against
the emergence of viral-driven neoplasias®.

Indeed, more recently,

HV-specific %DB+ T-cell
responses (particularly th IQer@@rpEs@ atb |k§eepu

documented to be low in AIDS and classic KS patients,

while, by comparison, the asympomato HIVcoiatect | @ﬁ@Q@fOp}lq)magt

ed group appeared to be protected by higher levels of

ifferentiation

responses (both latent and lytic); in particular, AIDS/KS
and posttransplant patients progressing to KS had
lower values than matched control groups, represent-
ed by HHV8-positive/HIV-positive and transplant re-
cipients without KS7”. Confirming previous phenotypic
analyses, marked differentiation towards perforin-ex-

ressing,. late effector phenotypes (CD45RA*, CD27-,
%ﬁ@a Ianm&}é A T subset) was detected
in patients controlling KS disease or HHV8 primary
ly, an absence of HHV8-specif-
ic CTL was directly evidenced in KS lesional biopsies

anti-HHV8 immune defer?k?jy[ﬁpm Iﬁq@z@s{mrp Wmmﬁc?;éﬂ@%p@ﬁ In addition, in a single

specifically lacking all eps of

posttranspl nt, a time course displayed fine

effector memory CD8* T subsets, Whereagﬁ iﬁ]&e Lmrjgahogj between anti-HHV8 immune dynamics, KS
of central memory CD8* T-cells were still dete b ical ission/recurrence, and viral loads’”.

Furthermore, another immunological survey indepen-

In line with this, in a series of posttransplant recipi-
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HHV8 reactivation control |

*Gancyclovir

W

Endothelial cell

T

Low VEGF ;
v inhibitors

‘ KS spindle cell inhibition |

<| HHV8 latent infection F

*Antiviral or immunomodulator drugs contributing to host control of Kaposi’s sarcoma; (?) working hypothesis.

Figure 2. “Anti-Kaposi’s sarcoma” immune environment. In theory, whichever strategy is able to disrupt immunological constraints of the
Kaposi’s sarcoma immuno-pathogenetic system, it should also be expected to contribute to resolution of this atypical “inflammatory” neoplasia.
APC: antigen-presenting cell; HHV: human herpesvirus 8: mTOR: mammalian target of rapamycin; Treg: T regulatory; Th: T helper;

VEGF: vascular endothelial growth factor; KS: Kaposi’s sarcoma; IFN: interferon; IL: interleukin.

following a reduction of the immunosuppression regimen,
even if at lower levels than in HHV8-positive recipients
who never developed KS®'. Moreover, clinical KS re-
gressions, achieved by switch to rapamycin in two
posttransplant KS liver recipients, nicely correlated
with the recovery and maintenance of bot lyfunc-
tional CD8* and CD4* eM@or@aﬁLl(ﬁe

sponses against HHV8 both Iytic (K8.1) and latent
(LANA) antigens®'. On the conttz
a complete tumor regression in another renal trans-
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inhibition of the Akt/mTOR axis, may also boost optimal
antigen presentation and allow effective antiviral im-
mune recovery without inducing graft rejection®'.78-80,
Altogether, immunological data support the critical
role of anti-HHV8 immune surveillance in KS onset and
Ef.ression in all its clinical forms; however, CTL cell

&aetzls(}{a]vm@ye Gariable magnitudes among

different KS settings, which is likely dependant on im-

Q@(a@pryjim)gs underlying the development of

HHV8-related disorders. As shown for other pathogen-

plant patient treated With*(\ﬁzﬁrgmwmésw?iﬁd Mcit{et@niig@m&d%gip@oompromised hosts, the

both with the absence o nctional

immune  effort to tr

k specific dynamics of immune T-cells

profile related to viral infection control, and (\ﬁt@ fﬁﬁ(ﬁp @glﬁ%ﬁoéfe useful clinical information about disease
of reappraisal of HHV8-specific CD4+* effector, r | in different clinical settings®!-8,

memory cells®!. Thus, it is conceivable that rapamycin,

latrogenic KS may also be diagnosed in patients with
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(CNI), which are well known to induce herpesvirus
reactivations, supporting the role for HHV8 replication
in the immune deregulation leading to the expansion
of latently infected spindle cells®. Consistent with this,
we reported a case of iatrogenic KS, showing remis-
sions and relapses in dependence with slight modifica-
tions of low-dose glucocorticoid treatment, used to
control a long-lasting condition of undifferentiated
autoimmune arthritis®. The contribution of HHV8 repli-
cation to KS initiation has also been suggested by a
dramatic decline in KS incidence following ganciclovir
therapy in AIDS patients®.

In HIV-positive patients, HAART therapy has also
shown to highly impact on AIDS-KS disease, frequently
leading to prolonged KS regressions and low KS
incidence in several cohorts undergoing different
HAART regimens®”88, Reasonably, such anti-KS activ-
ity of HAART therapy has been attributed to the partial
immune reconstitution owing to CD4* T-cell count
recovery, along with the reduction of viral loads; in
addition, HAART-induced repression of HIV infection
(TAT protein) may directly affect the neovascular out-
growth of spindle cells®8°. However, in HIV-positive
patients undergoing HAART therapy, KS flares during
immune reconstitution inflammatory syndrome (IRIS)
further underline the active role of the immune imbal-
ance in KS pathogenesis; the abnormal re-expansion
of CD4* T-cell subsets can sometimes represent a
putative leading cause of IRIS-associated autoimmune
diseases and KS neoplastic proliferations. Thus, in this
view, KS tumor development should not only rely on
functional lack of protective HHV8 immunity, but also
on dysfunctional immune activities®®%. Interestingly,
recent advances in the study of immune dynamics
describe a new instructive model of T CD4* subset
diversification and plasticity. Briefly, while TGFB preva-
lence in the milieu primes autocrine mechanisms for
the expansion of T regulatory cells (Treg) and suppres-
sion of inflammation, on the contrary, IL-6 and IL-1p
inhibit TGFB pathways and preferentially drive the naive
cell toward immune-inflam @y p&mﬁtﬁbﬁr‘?ﬁ
in particular, to the late-discovered proinflammatory
phenotype (Th17 subset), which[’i@pp]@@@g@
principal CD4* defense against pathogens. Then, if

conditions of either IFNy C\r/\l/.'f : 6@@'%@?

Th17 cells can differentiate, either into the cytotoxic
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are reported to downregulate TGFp signaling, may act
by reducing T, subsets and promoting a proinflam-
matory feedback3?. Of interest, by comparison to CNI
immunosuppressive agents, anti-KS mTOR inhibitors
are well known to allow the expansion of T subsets
(CD4+, CD25*, FOXP3*) during posttransplant follow-up,
early after initiation of treatment, probably because
FOXP3-induced cell proliferation (based on Pim2 path-
way) can bypass mTOR functional loss. This event may
further contribute to the pleiotropic activities of these
immunosuppressive agents against KS by direct sup-
pression of the fallacious immune-inflammatory network
sustaining spindle cell proliferations, yet allowing new
emergence of proper anti-KS immune responses®®%,
Indeed, also retinoids, which offered some objectives
results against KS, have recently been demonstrated
to promote T expansion®%. However, to date no
data exist about Treg and Th17 populations and some
other important cytokines (IL-21, IL-22, IL-23) in KS.
Anyway, intralesional administration of IL-12, a cytokine
that enhances Th1 immunity inducing IFNy as well as
antiangiogenic effects, is currently in clinical tests as
a highly effective co-adjuvant therapy in AIDS-KS'00.101,
So far, in situ studies on HHV8-specific T-cells are still
too sporadic to permit further speculations on these
immune dynamics’’. Better comprehension of the sys-
temic/local relationship of anti-KS immunity should also
offer the opportunity to improve patients’ monitoring
and treatment of KS disease. On strict comparison,
functional analyses of anti-melanoma immunity have
already shown an immune movement of CD8* specific
T-cells from the periphery to tumor site, and effector
memory (EM) T-cell enrichment is often detected in situ
during the remission phase, even leading to regression
of “in-transit” metastasis'®®'%, Melanoma tumor-infil-
trating T lymphocytes are estimated to be about 10-fold
more frequent than antitumoral functional cells circulat-
ing in peripheral blood'™*. Thus, melanoma experience
and innovative technologies for tissutal imaging should

rompt further investigations on pathogenic versus
E}W@@Q%m&yﬁnﬁ site of KS neoplastic le-
sions, in relation with HHV8-specific immunological

|@tr®®@F)WI5F@Jheral blood and bone marrow
samples.
il Pleaf thef KS is a complex disease,

triggered by a variety of viral and host factors rather

Th1 subset or the allergic/tolerogenic Th2 subset, re- e _overriding cause. Not least, gene polymor-
spectively®94. In KS immunopathology, aQieiﬁgtpLL’ﬁggb@?ﬁgle nucleotide polymorphisms, SNP) are

Th2 functions could be sustained by IL-10 overcoming

revealing some subgroups of patients with higher risk
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forms of KS1051% |n conclusion, KS proliferations should
become easier to be prevented and treated in clinical
practice, as soon as we can get further insights about
the challenging model of immuno-viral pathogenesis,
allowing to disclose rational immunomodulating and
antiviral approaches against KS exacerbations.

HHV8-associated B-cell lymphomas:
from viral cell-fate reprogramming
to tumoral immune escape

During y-herpesvirus infection cycles in the B-cell
compartment, both EBV and KSHV/HHV8 are well codified
to deregulate host cell signaling pathways by a precise
expression of latent and lytic viral transcription pro-
grams, evolved to manipulate B-cell developmental
stages'?1%. During this harmful process, HHV8 can
typically contribute to the pathogenesis of primary ef-
fusion lymphoma (PEL) and multicentric Castleman’s
disease (MCD)/plasmablastic lymphoma, not only by a
latency program, which supports the aberrant molecular
networks of the plasmablastic (pre-terminally differen-
tiated) B-cell neoplastic clones, but also by a lytic
program, which induces the cytokine and chemokine
factors deregulating the impaired immune functions%-113,
In particular, HHV8-specific LANA, vFLIP, vGPCR, and
vCyclin may increase proliferative rates upon apop-
tosis, mainly by activating NF«B, PI3-K/Akt/mTOR
and MAPK pathways and improving cMYC activity and
cell-cycle progression'™. Interestingly, also viral micro-
RNA, expressed by HHV8 during latency, has been
proposed to specifically interfere with germinal center
[post-germinal center differentiation stages'™®'"7. Mainly,
these peculiar B-cell lymphoproliferative disorders
affect immunocompromised patients who likely develop
an immune-inflammatory network permissive to malig-
nant outgrowth, strikingly failing to eradicate virus-trans-
formed clones as accumulating deleterious genetic
lesions'”118 Indeed, although the disease sites and the
histomorphologic features largely differept between
PEL and l\/lCD/pIasmabIajigj
ditions lymphomagenesis is immunologically linked

to high levels of IL-6 (and VvIL{8), d@@@@

and is allowed as a consequence of the multiple viral
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cases are usually characterized by a single selected
clone, with several recurrent chromosomal abnormali-
ties, which are the results of the genetic instability, a
key-feature of y-herpesvirus-driven molecular network
in the activated B-cells''. Thus, PEL lymphomas, fre-
quently also infected with EBV, more closely resemble
typical solid neoplasias accumulating different genetic
lesions to achieve the required growth advantage and
release from tissutal control. Indeed, so far, PEL cell
lines derived from patients’ neoplastic fluids are the
unique in vitro models of HHV8-associated neoplasia,
ultimately showing a more efficient in vitro stabilization
of viral latency'. Rapamycin was demonstrated to be
efficacious against PEL in vitro and in vivo, by inhibiting
the AKT proliferative pathway, even if IL-10 or IL-6
supplementation can bypass mTOR inhibition and re-
lated growth arrest'3. Surprisingly, two posttransplant
patients were reported to develop PEL despite being
under rapamycin treatment, raising the possibility that
the antiproliferative and immunomodulatory effects of
rapamycin may not be clinically so relevant in this
lymphoproliferative context'*. Indeed, also HAART
treatments, while highly effective against KS disease,
failed to show similar results in the MCD setting. The
incidence of MCD showed a statistical increase over
time during the HAART era, with an emerging associa-
tion between well-preserved immune functions (i.e.
higher CD4 counts) and risk of MCD'?1%6, According
to the notion that KS development is rather more de-
pendent on HHV8-specific immune failure than MCD,
12 MCD cases were demonstrated to be constantly
associated with polyfunctional effector memory CD8*
cells (EMCD8*) in PBMC, showing, in particular, high
magnitudes of HHV8-specific advanced differentiation
stage T-cell repertoires (i.e. the expansion of virus-
specific CCR7- CD27- CD45RA" late EMCD8), which,
in turn, may be in strict relation to the high viral loads'?’.
On the contrary, the peer EBV-specific EMCD8* are
frequently absent in patients with EBV-associated
IDS-related non—Hoqu:%/s lymphoma. By compari-
-positive control subjects

with low levels of HHV8-positive replication mainly

@h‘@b@@@ﬁyﬂ@ + CD45RA- early/intermediate

EMCD8*, which are kKnown to be associated with the

strategies for immune ew%wtm@ (Hhmd V\Zfﬁﬁ'éﬁ?'ﬁ@?ﬁﬂ@ﬁff’bﬁ viral infections'@.128 |

NK cells'18-120,

All'these viral and immunological mechanisms, and
probably other unknown co-factors, meet thetth
environment where HHV8-positive B-cell abortive plas-

e

mmary, a consistenf model of CD8* memory T-cell

responses against HHV8 has been proposed for differ-
Hatjvdar

glrsituations, namely the asymptomatic HHV8
carrier state, mainly displaying an early/intermediate
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Figure 3. Immune-inflammatory environment allowing the expansion of HHV8-associated lymphoproliferative diseases. NK: natural killer;
EM: effector memory; CTL: cytotoxic T lymphocyte; HHV8: human herpesvirus 8; IL: interleukin; VEGF: vascular endothelial growth factor;

GC: germinal center.

EMCD8* expansion'?’. Nonetheless, by confirming that
a determinant level of immune escape should also be
reached to allow for HHV8-positive lymphoma progres-
sion, fully differentiated (CD45RA*) EMCD8* showed
similarly low magnitudes both in MCD as in asymptom-
atic HHV8-positive patients'®’. In addition, we could
also detect HHV8-specific IFNy responses in PBMC
from three out of four MCD or PEL HIV-negative pa-
tients (unpublished data), further supporting the no-
tion that both types of HHV8-positive lymphoprolifera-
tion may be associated with detectable (but jneffective)
immune responses, which @fq@@% @ﬂ
viral ‘antigen burden, thus becoming permissive to
related disease onset.
Rituximab treatment has been reported to be clini-

totHe U
reproduced or

Finally, based on the outstanding results provided by
antiviral treatments against HCV-associated B-cell lym-
phomas, and the detection of fine correlations between
HHV8 DNA viremia and the evolution of HHV8-positive
lymphoproliferative diseases, further studies are re-
quired to improve the therapeutic potential of antiviral
agents, such as ganciclovir or intracavitary cidofovir,
against MCD and PEL, respectively'34-138,

Conclusions and clinical perspectives

bld&@&b@@i imlasypzkb@r, the relevance of immune

recovery in the control of KS disease after reduction of
iV {herapy should encourage multi-

functional T-cell monitoring and adoptive T-cell immu-

cally useful both to redwilﬁh@u{ramgjmq)p W}E@T@Wiggvﬁ?@gdwady presented as valu-

control the related diseases, as with ated

a strategies against other pathogen-associated

lymphomas'?3'. However, immunologica@fﬂﬁ:iéa- Lﬁfﬁiﬁ”m“”gﬂo. However, the specific active con-
tions should now address the emerging issug’of rep i @frimmune—inflammatory dysregulation to the

in MCD patients treated with rituximab, since anti-CD20

early onset of KS supports the rational use of different

i RaaRTer U B aHUTS 200 4



Giovanni Riva, et al.: HHV8-related tumors

on KS pathology and improve the outcome of affected 18. Duprez R, Lacoste V, Briere J, et al. Evidence for a multiclonal origin of

multicentric advanced lesions of Kaposi sarcoma. J Natl Cancer Inst.

immunocompromised patients. In a clinical perspec- 2007;99:1086-94.

tive, immunological monitoring of changes in HHV8-spe-

19. Barozzi P, Luppi M, Facchetti F, et al. Post-transplant Kaposi sarcoma
originates from the seeding of donor-derived progenitors. Nat Med.

cific T-cell responses in the KS setting could be di- 2003;9:564-61.

20. Guttman-Yassky E, Cohen A, Kra-Oz Z, et al. Familial clustering of clas-

reCtly useful to Support the clinical deCiSiOﬂ-making sic Kaposi sarcoma. J Infect Dis. 2004;189:2023-6.
process durmg the follow-up of HIV-positive and post- 21. Brown E, Fallin D, Ruczinski |, et al. Associations of classic Kaposi

sarcoma with common variants in genes that modulate host immunity.

transplant patients. In the management of HHV8-posi- Cancer Epidemiol Biomarkers Prev. 2006;15:926-34.

22. Colman R, Blackbourn D. Risk factors in the development of Kaposi's

tive lymphoproliferative diseases, even more detailed sarcoma. AIDS. 2008:22:1629-32.
immunological markers of disease activity are required 23. Rezaee S, Cunningham C, Davison A, Blackbourn D. Kaposi's sarcoma-

associated herpesvirus immune modulation: an overview. J Gen Virol.

to track clinically relevant immune dynamics and, con- 2006,87:1781-804.

currently, test the clinical efficacy of innovative antiviral

24. Liang C, Lee J, Jung J. Immune evasion in Kaposi's sarcoma-associat-
ed herpes virus associated oncogenesis. Semin Cancer Biol.

treatments#7.128.141-143 2008;18:423-36.

25. McAllister S, Moses A. Endothelial cell- and lymphocyte-based in vitro
systems for understanding KSHV biology. Curr Top Microbiol Immunol.

26. Maral T. The Koebner phenomenon in immunosuppression-related Ka-
posi’s sarcoma. Ann Plast Surg. 2000;44:646-8.
27. Sullivan R, Pantanowitz L, Casper C, Stebbing J, Dezube B. HIV/AIDS:
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