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KAPOSI SARCOMA HERPESVIRUS

Kaposi sarcoma herpesvirus was considered by a previous IARC Working Group in 1997
(IARC, 1997). Since that time, new data have become available, these have been incorpo-
rated into the Monograph, and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Taxonomy, structure, and biology

1.1.1 Taxonomy

First detected by Chang et al. (1994) in Kaposi
sarcomas associated with the acquired immune
deficiency syndrome (AIDS) (see IARC, 1996) by
representational difference analysis, this virus
was termed Kaposi-sarcoma-associated herpes-
virus, KSHV. KSHV is also associated with
primary effusion lymphoma and some cases of
multicentric Castleman disease (see Section 2).
In keeping with the systematic nomenclature
adopted for all human herpesviruses, the formal
designation human herpesvirus 8 (HHV-8) was
proposed by the herpesvirus subcommittee of
the International Committee on the Taxonomy
of Viruses. In this Monograph, the term KSHV
is used throughout.

On the basis of phylogenetic analyses
(Moore et al., 1996a; Russo et al., 1996), KSHV
is a gamma-2 herpesvirus (rhadinovirus), and
represents the first ‘human’ member of this
group. There are many more gamma-2 herpes-
virus species in old and new world non-human
primates.

1.1.2 Structure of the virion

KSHYV has the typical morphological char-
acteristics of a herpesvirus (Fig. 1.1; Arvanitakis
et al., 1996; Renne et al., 1996a; Orenstein et al.,
1997) with 100-150 nm particles surrounded by a
lipid envelope, and an electron-dense central core
(Renne ef al., 1996b). Cryo-electron microscopy
(Cryo-EM) and Cryo-EM tomography studies
suggest that KSHV capsomers are hexamers
and pentamers of the major capsid protein
(encoded by the open reading frame [ORF] 25),
with the small capsid protein (encoded by ORF
65), binding around the tips of both hexons and
pentons (Trus et al., 2001; Deng et al., 2008).

1.1.3 Structure of the viral genome

KSHYV has a double-stranded DNA genome.
The genomic structure of the virus (Russo ef al.
1996; Neipel et al., 1997a) is similar to that of other
primate rhadinoviruses, e.g. Herpesvirus saimiri
(Albrecht et al., 1992) or Rhesus Rhadinovirus
(Searles et al., 1999; Alexander et al., 2000), with
a single, contiguous 140.5-kb-long unique region
containing all the identified viral genes (Russo
et al., 1996; Neipel et al., 1997a; Fig. 1.2). This
region is flanked on either side by a terminal-
repeat (TR) region composed of a variable
number of repeats of 801-bp length with a high
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Fig. 1.1 Electron microscopic view of KSHV capsids in a cross-section of a spleen Kaposi sarcoma

-

Cytoplasmic viral capsids obtain their lipid outer membrane by budding into cisternae; the electron dense central core represents viral DNA.
Original magnification: x53 000.
From Orenstein et al. (1997), AIDS 11: F35-F45, “Copyright © 1997 Lippincott-Raven Publishers.”
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G:C (84.5%) content. Due to the variable number
of repeat subunits (some of the repeat subunits
may be truncated), the overall length of the TR
region varies, and with it, the overall size of the
KSHV genome. The latter has been calculated to
be approximately 165 kb on the basis of studies of
the viral genome from productive primary effu-
sion lymphoma cells (Arvanitakis et al., 1996;
Renne et al., 1996b), and mapping of the whole
genome (Russo ef al., 1996).

(a) Terminal-repeat region

The TR region is a conserved feature of
herpesviruses, and is involved in the packaging
of the viral DNA into new virions during the
lytic cycle of replication. Depending on the viral
strain, KSHV has approximately 20-30 TR units.
A particular feature of the KSHV TR unit is that
it contains two binding sites for the KSHV latent
nuclearantigen (LANA) and the latent (episomal)
origin of replication (Garber et al., 2001; Hu et al.,
2002). By binding to multiple TR subunits, LANA
tethers circular viral episomes to mitotic chro-
mosomes during mitosis (Ballestas ef al., 1999;
Barbera et al., 2006). LANA is also required for
the replication of viral episomes by recruiting a
range of cellular factors involved in DNA replica-
tion (see Section 4.1). Currently, the TR region is
not known to contain any protein-coding ORFs
in contrast to, for example, EBV (Longnecker &

Neipel, 2007).

(b) Long unique region

The KSHV 140.5-kb long unique region
encodes approximately 90 predicted ORFs (Russo
etal., 1996; Neipel et al., 1997a; Fig. 1.2). The ORFs
were named according to the corresponding
herpesvirus saimiri genes with which they share
a significant level of sequence similarity. Unique
genes that are not homologous with herpesvirus
saimiri have a K prefix. The long unique region
has blocks of genes conserved among all subfam-
ilies of herpesviruses (Chee et al., 1990), which
include genes that encode herpesvirus structural
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proteins and replication enzymes. Between the
conserved herpesvirus gene blocks lie blocks of
genes that are either found in rhadinoviruses or
are unique to KSHV (Russo et al., 1996). Several
of these share significant sequence similarity
with cellular genes, and were presumably carried
away at some point during the evolution of these
viruses.

The long unique region also contains genes
for untranslated RNAs. Among these is the PAN/
nut-1 transcript, a nuclear untranslated RNA,
whose function is not yet clear (Sun ef al., 1996;
Zhong & Ganem, 1997). In addition, KSHV
encodes at least 12 microRNAs, which are gener-
ated from one transcript, and located down-
stream of the ORFKI3/vFLIP (Cai et al., 2005;
Samols et al., 2005).

The probable function of these genes in the
viruslife cycle and tumour formation is discussed
in Section 4.1.

1.1.4 Host range and tropism

Humans are the natural hosts for KSHV.
Epidemiological studies indicate that KSHV is
more prevalent in subSaharan Africa, several
countries of southern Europe, the North African
Mediterranean coast, and several countries of
South America compared to northern Europe,
North America, and Asia (see Section 1.2).

In vivo, KSHV has been detected in endothe-
lial and spindle cells of Kaposi sarcoma lesions,
in circulating endothelial cells, primary effusion
lymphoma cells, B cells, macrophages, dendritic
cells, oropharynx and prostatic glandular epithe-
lium and keratinocytes (Ambroziak et al., 1995;
Boshoff et al., 1995; Cesarman et al., 1995a;
Moore & Chang, 1995; Corbellino et al., 1996;
Li et al., 1996; Sirianni et al., 1997; Staskus et al.,
1997; Stiirzl et al., 1997; Reed et al., 1998; Pauk
et al., 2000).

Of the cell types targeted by KSHV in vivo,
primary endothelial cells of different differentia-
tion (vascular, lymphatic, endothelial precursor




cells), monocytes, dendritic cells, fibroblasts,
epithelial cells and keratinocytes can be infected
in vitro (Renne et al., 1998; Blackbourn et al.,
2000; Cerimele et al., 2000; Wang et al., 2004a;
Rappocciolo et al., 2006). It was shown that B
cells can only be infected in vitro at a specific
differentiation stage (Rappocciolo et al., 2006,
2008).

1.1.5 Viral life cycle

KSHYV, like all herpesviruses, can estab-
lish lifelong latent infections in their human
host. Latenly infected cells provide a perpetual
reservoir from which progeny viruses can be
amplified for dissemination within the host
and transmission between hosts. The peripheral
blood CD19-positive B cells have been identi-
fied as a long-term latency reservoir for KSHV;
other cells such as endothelial cells may also be
a site for KSHV latency, but they do not appear
to provide a long-term latent reservoir for the
virus. Nonetheless, infected dermal endothelium
spindle cells may release progeny virus that can
subsequently infect local keratinocytes and the
eccrine epithelium in the tumour. Lytic reacti-
vation from latently KSHV-infected cells that
resultsin the release of progeny virionsis a critical
pathogenic step in multiple human diseases. In
immunocompetent KSHV carriers, the immune
system plays an essential role in tempering lytic
reactivation of the virus (see Lukac & Yuan, 2007
for a detailed review).

1.2 Epidemiology of infection

In the previous IARC monograph (IARC,
1997), preliminary epidemiological data were
presented based largely on Polymerase Chain
Reaction (PCR) and initial serological studies.
Subsequently, substantial additional data have
become available with the advent of new sero-
logical techniques and large-scale studies.

Kaposi sarcoma herpesvirus

1.2.1 Prevalence, geographic distribution

(a) Laboratory methods in epidemiological
studies of KSHV

Difficulties have arisen in developing reli-
able serological tests to assess KSHV infection,
and the interpretation of some published KSHV
prevalence data is therefore challenging. KSHV
encodes multiple antigenic proteins that may be
expressed in the latent or lytic phase of the virus
life cycle (Chandran ef al., 1998). The major anti-
genic proteins are the LANAs encoded by ORF
73, and the lytically expressed K8.1 encoded by
OREF 65. First-generation serological assays were
developed based on the immunofluorescence of
latently infected primary effusion lymphoma
cells (Gao et al., 1996; Kedes et al., 1996; Simpson
et al., 1996) or primary effusion lymphoma cells
induced by treatment with tetradecanoyl phorbol
ester acetate (TPA) to produce lytic antigens
(Lennette et al., 1996). More recently, enzyme-
linked immunosorbent assays (ELISAs) have
been developed using recombinant proteins or
peptides.

Concordance between assays detecting
antibodies to these antigens has improved but
remains moderate. Infected subjects may have
antibodies to only lytic or latent antigens, and
may develop antibody responses to lytic anti-
gens years before they develop antibodies to
LANA, and the reverse can also occur (Biggar
et al., 2003, Minhas et al., 2008). In addition,
antibody titres are very high in Kaposi sarcoma
patients but very low in asymptomatic subjects
(Biggar et al., 2003). [The Working Group
concluded that if the serum samples of Kaposi
sarcoma patients are used as “gold standard”
positive controls then the sensitivity of an assay
is likely to be overestimated. At the other end of
the spectrum, antibody levels in asymptomatic
subjects are so low that establishing a clear assay
cut-oft is difficult. For these reasons, current
assays for KSHV antibody detection, while
suitable for comparisons between populations,
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are inadequate for diagnostic purposes in low-
risk populations. Comparisons between studies
using different assays or even different cut-offs
are often problematic.]

(b) Seroprevalence estimates and geographic
distribution

Despite the difficulties discussed above in esti-
mating the precise prevalence of KSHYV, preva-
lenceisin generallow (< 10%) in northern Europe,
the USA and Asia, elevated in the Mediterranean
region (10-30%), and high in subSaharan Africa
(> 50%) (Enbom et al., 2002; Dukers & Rezza,
2003). A study of 1000 blood donors in the USA
tested by six independent laboratories reported
estimates ranging from 0.5-5% (Pellett et al.
2003). More recently, a study of approximately
14000 adults recruited for the National Health
and Nutrition Examination survey (NHANES)
I1I, designed to be representative of the general
population, estimated KSHV prevalence to be
around 7% (Engels et al., 2007). In northern
Europe, KSHV is reported to be 2-3% in adults
(Simpson et al., 1996; Marcelin et al., 1998;
Preiser et al., 2001). Prevalence in Asia is similar
to that in the USA and northern Europe. A large
international study recently reported a preva-
lence of 5% for the Republic of Korea, 8-10% for
Thailand, and 11-15% for Viet Nam (de Sanjosé
et al., 2009).

KSHV prevalence is higher in adults in
Mediterranean countries such as Italy than in
northern Europe or the USA (Gao et al., 1996;
Whitby et al., 1998), with prevalence higher in
Southern Italy and in the Po Valley (13-20%)
than in most of Northern Italy (Calabro et al.
1998; Whitby et al., 1998; Cattani et al., 2003;
Serraino et al., 2006). The prevalence in Spain
is reported to be 3.65% (de Sanjosé et al., 2009),
in Greece 7.6% (Zavitsanou et al., 2007), and
in Israel 10% (Davidovici et al., 2001). In South
America, a high prevalence of KSHV infection is
reported in Amerindians but not in the general
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population (Biggar et al., 2000; Whitby et al.,
2004; Cunbha et al., 2005).

The prevalence of KSHV in Ugandais 40-50%
(Gao et al., 1996; Wawer et al., 2001; Hladik et al.,
2003; Newton ef al., 2003a). Similar estimates are
reported for Kenya (~43%) (Baeten ef al., 2002;
Lavreys et al., 2003), Zambia (40%) (Klaskala
etal.,2005), and the United Republic of Tanzania
(~ 250%) (Mbulaiteye et al., 2003a). KSHV prev-
alence appears to be higher in Malawi (54-67%),
Botswana (76%), and The Demographic Republic
of Congo (82%) (Engels et al., 2000; DeSantis
et al., 2002; Whitby et al., 2004).

KSHYV prevalence is somewhat lower in South
Africa (30%) (Sitas ef al., 1999; Dedicoat et al.,
2004; Malope et al., 2007), and in West African
countries such as Burkino Faso (~12.5%) and
Cameroon (~25%) (Volpi et al., 2004; Collenberg
et al., 2006). The Gambia had a low incidence
of Kaposi sarcoma before and during the AIDS
epidemic but has a high KSHV prevalence (~75%)
(Ariyoshi et al., 1998). The prevalence of KSHV
in Nigeria is intermediate (~45%) (de Sanjosé
et al., 2009).

1.2.2 Transmission and risk factors for
infection

KSHYV is primarily transmitted via saliva. In
countries where KSHYV is highly prevalent, infec-
tion occurs during childhood and increases with
age (Whitby et al., 2000; Dedicoat et al., 2004;
Malope et al., 2007). The peak age of acquisition
is generally between 6-10 years (Whitby et al.,
2000; Mbulaiteye et al., 2004), and the risk of
infection is increased if family members, espe-
cially mothers, are infected (Plancoulaine ef al.,
2000; Dedicoat et al., 2004; Malope et al., 2007;
Minhas et al., 2008). Other reported risk factors
for infection in childhood include human immu-
nodeficiency virus (HIV) infection (Malope
et al., 2007; Minhas et al., 2008), environmental
factors such as source of water (Mbulaiteye ef al.,
2005), and insect bites (Coluzzi et al., 2003). In
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the USA, Europe and Australia, KSHV preva-
lence is elevated in homosexual men, especially
those infected by HIV (Martin ef al., 1998; Smith

vol100B/100B-04-Table2.1.pdf, and Table 2.2
available at http://monographs.iarc.fr/ENG/
Monographs/vol100B/100B-04-Table2.2.pdf).

et al., 1999; Grulich et al., 2005). There is consid-
erable evidence that the risk of infection with
KSHYV is associated with the number of sexual
partners of an individual, and other sexual risk
factors (Martin et al., 1998; Smith et al., 1999;
Grulich et al., 2005). It is likely that the trans-
mission of KSHV between homosexual men is
also via saliva (Martin, 2003; Martro et al., 2007).
KSHYV is not generally associated with sexual
risk factors in heterosexuals (Smith ef al., 1999;
Engels et al., 2007; Malope et al., 2008; de Sanjosé
et al., 2009).

KSHV can be detected in peripheral blood
suggesting that blood-borne transmission is
possible. Some studies have suggested that
injecting druguse was notassociated with arisk of
KSHYV infection (Renwick et al., 2002; Bernstein

To date, data on the association between
KSHV and Kaposi sarcoma come from 22 cohort
studies and 80 case—control studies - all show
broadly consistent evidence of an association
between KSHYV infection and Kaposi sarcoma.
In most studies, the relative risks for the asso-
ciation between KSHV infection and Kaposi
sarcoma are typically greater than 10. Of the
22 cohort studies, conducted in nine countries
across three continents, 13 were among cohorts
of HIV-infected people and included data on
561 cases. The largest study included 189 cases
(Newton et al., 2006). Nine cohorts of transplant
recipients yielded a total of 48 cases (Parravicini
et al., 1997; Regamey et al., 1998; Frances et al.,
1999,2000; Rabkin et al., 1999; Cattaniet al.,2001;
Emond et al., 2002; Marcelin et al., 2004; Garcia-

et al., 2003), but others have shown an increased
risk of KSHV infection in injecting drug users,
especially with prolonged use (Cannon et al.,
2001; Atkinson et al., 2003). KSHV transmission
via blood transfusion is also likely to be rare, but
evidence of both risk and actual transmission has
been reported (Mbulaiteye et al., 2003b; Dollard
et al., 2005; Hladik et al., 2006). KSHV transmis-
sion by organ donation has also been reported
(Parravicini et al., 1997, Concato et al., 2008).

2. Cancer in Humans

2.1 Kaposi sarcoma

At the time of the previous JARC Monograph
(IARC, 1997), KSHV was classified as ‘probably
carcinogenic to humans’ (Group 2A) on the basis
‘that the evidence was compelling but as yet
limited’. Since then, a large number of studies
have assessed the association between KSHV
and Kaposi sarcoma (see Table 2.1 available at
http://monographs.iarc.fr/ENG/Monographs/

Astudillo & Leyva-Cobidn, 2006). No data were
available from cohort studies on “classical” or
“endemic” Kaposi sarcoma; to date, all studies
have included only immunosuppressed subjects.
Two studies used PCR to identify evidence of
KSHV in peripheral blood mononuclear cells
(PBMC) (Whitby et al, 1995; Moore et al., 1996b),
most studies used serology, and one study used
both (Engels et al., 2003). One study demon-
strated a statistically significant increasing risk
of Kaposi sarcoma with increasing titre of anti-
bodies against KSHV, before diagnosis, both for
a lytic and a latent assay (Newton ef al., 2006).
Of the 80 case-control studies, nearly half
included data on cases not infected by HIV - i.e.
“classical,” “endemic”, and transplant-associ-
ated Kaposi sarcoma. A variety of assays were
used to detect evidence of infection, including
PCR of tumour lesions, semen, prostate tissue,
saliva, and bronchial alveolar lavage. Serological
studies used assays against lytic or latent anti-
gens, or both. Two studies (Sitas et al., 1999;
Newton ef al., 2003b) had substantial numbers
of Kaposi sarcoma cases among HIV-uninfected
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individuals and together with one other study
(Albrecht et al., 2004) were able to demonstrate
increasing risks of Kaposi sarcoma associated
with increasing titres of anti-KSHV antibodies
(Brown et al., 2006a, b). In addition, among
KSHV-seropositive people, the presence of
KSHV DNA in PBMC was associated both with
an increased risk of Kaposi sarcoma, and with
an increased risk of disease progression (Laney

However, KSHV-associated lymphomas have a
multitude of morphological and immunophe-
notypical features that are characteristic, and so,
have been grouped as a single clinicopathological
entity. Cases without an effusion are considered
to be extracavitary variants of primary effusion
lymphoma (Said & Cesarman, 2008).

See Table 2.3 available at http://monographs.
iarc.fr/ENG/Monographs/vol100B/100B-04-

et _al., 2007). Broadly, results were consistent
across all studies, demonstrating a clear associa-
tion between infection with KSHV and Kaposi
sarcoma.

2.2 Primary effusion lymphoma

Primary effusion lymphoma is a very rare
subgroup of B-cell non-Hodgkin lymphomas
presenting as pleural, peritoneal, and pericardial
(body cavity) lymphomatous effusions. These
comprise less than 2% of HIV-related lymphomas
(Sullivan et al., 2008). There is already strong
evidence that KSHV is a causal agent of primary
effusion lymphoma (IARC, 1997). Because of the
rarity of primary effusion lymphoma, much of the
information comes from case reports, with a few
studies that have examined biopsy tissues, aspi-
rates or cell lines. Primary effusion lymphomas
were described in HIV-immunosuppressed indi-
viduals by Cesarman et al. (1995a) in associa-
tion with KSHV, and by Nador ef al. (1996) as a
distinct disease entity, and almost all occurred
in association with HIV (Gaidano ef al., 2000).
Because of the identification of KSHV in all of
the cases presenting as primary lymphomatous
effusions in early studies, the presence of this
virus has been incorporated as a diagnostic crite-
rion for primary effusion lymphoma. However, it
has since been recognized that other lymphoma
subtypes such as Burkitt or diffuse large B-cell
lymphoma can also present in body cavities, and
theselackthe presence of KSHV.Inaddition,some
KSHV-positivelymphomasoccurassolid tumour
masses with or without accompanying effusions.
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Table2.3.pdf, and Table 2.4 available at http://
monographs.iarc.fr/ENG/Monographs/
vol100B/100B-04-Table2.4.pdf.

Some primary effusion lymphomas occur in
association with post-transplant immunosup-
pression (Kapelushnik ef al., 2001). Many case
reports show primary effusion lymphoma to be in
association with Kaposi sarcoma or multicentric
Castleman disease, both known to be caused by
KSHV. Ascoli et al. (2001), for example, also iden-
tified four patients with multicentric Castleman
disease and primary effusion lymphoma, all of
which had evidence of KSHV DNA in pleural
effusions. In a prospective cohort study of 60
HIV-positive patients, three developed primary
effusion lymphoma in association with multicen-
tric Castleman disease and/or Kaposi sarcoma,
the latter conditions appear to be risk factors for
the development of this disease (Oksenhendler
et _al., 2002). Komanduri et al. (1996) and
numerous case reports (e.g. Ascoli et al., 1999a, b)
described HIV-positive cases of primary effusion
lymphoma that had evidence of KSHV infection.
Likewise, four patients with primary effusion
lymphoma and five cell lines were all reported to
be KSHV-positive (Judde et al., 2000). Boulanger
et al. (2005) identified 15 HIV-positive patients
with primary effusion lymphoma, all of which
were KSHV-positive. Of interest, in this study, six
primary effusion lymphoma patients had neither
Kaposi sarcoma nor multicentric Castleman
disease. Asou et al. (2000) found KSHV to be
present in 21/21 patients with primary effusion
lymphoma, compared with 0/139 patients with
other AIDS- and non-AIDS-related lymphomas,



http://monographs.iarc.fr/ENG/Monographs/vol100B/100B-04-Table2.3.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100B/100B-04-Table2.3.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100B/100B-04-Table2.3.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100B/100B-04-Table2.4.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100B/100B-04-Table2.4.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100B/100B-04-Table2.4.pdf

and mucosa-associated lymphoid tissue (MALT)
lymphomas.

During 1996-2008, a total of 95 subjects
were identified in the literature as case reports.
The majority of these were KSHV-positive and
HIV-positive. Nineteen subjects were KSHV-
negative and HIV-negative; these were unusual
in that all but three were elderly, seven of these
were characterized by having had some form of
genetic abnormality, three had cirrhosis (two of
those were due to infection with the hepatitis C
virus), two had some other idiopathic immuno-
deficiency, and one had a renal transplant. These
cases do not fulfill the diagnostic criteria for
primary effusion lymphoma (Said & Cesarman,
2008), and probably represent another form of
non-Hodgkin lymphoma involving body cavi-
ties. Primary effusion lymphoma has also been
reported in people with no obvious immune
suppression or HIV infection. See Table 2.5
available at http://monographs.iarc.fr/ENG/
Monographs/vol100B/100B-04-Table2.5.pdf.

2.3 Multicentric Castleman disease

Strictly speaking, multicentric Castleman
disease is not a cancer, but a rare polyclonal
lymphoproliferative disease that can progress
to plasmablastic lymphoma (Dupin ef al., 2000).
In addition, Oksenhendler ef al. (2002) found
that 14/60 HIV-infected patients with multicen-
tric Castleman disease developed non-Hodgkin
lymphoma, three of which were primary effu-
sion lymphoma. Several studies have associated
multicentric Castleman disease with KSHV.
Multicentric Castleman disease was recognized
in 1956 (Castleman ef al., 1956), but appears to
have increased in incidence as a result of the
HIV epidemic, although multicentric Castleman
disease in association with KSHV has also
been documented in HIV-negative patients
(Hernandez et al., 2005).

Table 2.6 (available at http://mono-
graphs.iarc.fr/ENG/Monographs/

Kaposi sarcoma herpesvirus

vol100B/100B-04-Table2.6.pdf)  shows case
series that have detected KSHYV in patients with
multicentric Castleman disease (Soulier et al.
1995; Barozzi et al., 1996; Corbellino et al., 1996;
Gessain et al., 1996). Several hospital-based
studieshave shownanassociation between KSHV
and multicentric Castleman disease, irrespec-
tive of the way in which KSHYV is detected and
of differences in tissue type (Table 2.7 available
at http://monographs.iarc.fr/ENG/Monographs/
vol100B/100B-04-Table2.7.pdf; Soulier et al.,
1995; Parravicini et al., 1997; Bélec et al., 1999a;
Asou et al., 2000). For example, Soulier et al.
(1995) found KSHV to be present in all 14/14
HIV-positive cases and 7/17 HIV-negative cases
compared with 1/34 controls. Treatment of three
multicentric Castleman disease patients with
ganciclovir, an inhibitor of KSHV lytic replica-
tion, has been reported to ameliorate multicen-
tric Castleman disease (Casper ef al., 2004), while
treatment with cidofovir, an inhibitor of KSHV
DNA polymerase, was not effective (Corbellino
et al., 2001; Berezne et al., 2004).

2.4 Multiple myeloma

A small number of early studies suggested a
possible association between KSHV and multiple
myeloma (Rettig et al., 1997; Said et al., 1997),
but this was not confirmed by subsequent large
well designed serology and PCR-based studies
(see Table 2.8 available at http://monographs.
iarc.fr/ENG/Monographs/vol100B/100B-04-
Table2.8.pdf). In addition, the geographic distri-
bution of multiple myeloma is different from
that of Kaposi sarcoma and of KSHYV, strongly
implying different etiologies (Cottoni & Uccini,
1997; Globocan, 2008; Hjalgrim et al., 1998). [The
Working Group noted that a map of the global
distribution of Kaposi sarcoma was not available
from Globocan 2008 because it is only possible
to derive estimates for subSaharan African
countries.]
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Several studies containing a clinical series of
patients with multiple myeloma and a compar-
ison group of other hospital patients without
monoclonal  gammopathy of undetermined
significance (MGUS, thought to be a precursor
of multiple myeloma) or blood donors, have not
found an association between markers of KSHV
and multiple myeloma (Mackenzie ef al., 1997
Marcelin et al., 1997; Masood et al., 1997; Rettig
et al., 1997; Whitby et al., 1997; Agbalika et al.,
1998; Santarelli et al., 1998; Bélec et al., 1999b, c;
Azzi et al., 2001; Beksac et al., 2001; Patel ef al.,
2001; Santén Roldan et al., 2002; Zhu et al., 2002;
Hermouet et al., 2003; Tsai et al., 2005). Rettig
et _al. (1997) reported the presence of KSHV
sequences using PCR in all 15 of the patients with
multiple myeloma, in 2/8 cases with MGUS, and
in 0/26 control patients. [The Working Group
noted that the majority of studies are based on
series of hospital patients which are compared
to a series of hospital patients admitted with
several unrelated conditions or to blood donors
(or both), and therefore the comparison group
may not have been adequate. Most studies were
typically small in size and did not adjust for age.]

Some of these studies were also reviewed by
Tarte et al. (1998, 1999), and many used several
serological assays against KSHV LANAs. In two
of these studies (Agbalika et al., 1998; Bélec et al.,
1999b), 0/25 cases of multiple myeloma was sero-
positive versus 0/25 in controls. Neither of these
studies attempted to account for age (through
matching or adjusting the data).

The biological significance of some of the
clinical series, especially those using small PCR
fragments has been questioned by Zong et al.
(2007). Four studies (Schonrich et al., 1998;
Sitas et al., 1999; Tedeschi et al. 2001, 2005) had
age-matched controls or were based on a case-
control/comparison design (Sitas ef al., 1999), or
had a case-control study design nested within
a cohort (Tedeschi ef al., 2001, 2005) (see Table
2.9 available at http://monographs.iarc.fr/ENG/
Monographs/vol100B/100B-04-Table2.9.pdf).
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Schonrich et al. (1998) found KSHV lytic anti-
bodies were present in 4/99 multiple myeloma
patients versus 2/67 controls. Sitas et al. (1999)
measured the age- and gender-adjusted KSHV
immunofluorescence assay seropositivity in 108
black South African incident cancer patients with
newly diagnosed multiple myeloma compared
with 3185 cancer patients and 85 blood donors.
The age- and gender-adjusted KSHV sero-
prevalence in multiple myeloma patients versus
controls was, respectively, 24% versus 32%.

Tedeschi et al. (2001) measured the seroprev-
alence of KSHV in 47 multiple myeloma cases
and 224 age-matched controls from a cohort of
20243 men and 18814 women recruited between
1968-72, and followed until the end of 1991
through the Finnish Cancer Registry. Odds ratios
(age-adjusted) for KSHV and multiple myeloma
were calculated using IFA lytic antibodies (OR,
2.02; 95%CI: 0.94-4.33; latent OR, 10.0; 95%CI:
0.91-110.3), and Western blot confirmation (any
one of ORF 65, 73 and K8.1A; OR, 0.89; 95%ClI:
0.25-3.25); none of the associations was found
to be statistically significant. In another nested
case—control study, Tedeschi et al. (2005) identi-
fied 329 cases of multiple myeloma, and matched
these to 1631 controls, matched for age and
gender. The cases and controls arose from about
1133000 individuals from several Nordic cohorts
who had donated blood samples. Seropositivity
was 12% in multiple myeloma subjects versus
15% in control subjects. No association was found
between multiple myeloma and KSHYV lytic (OR,
0.8; 95%CI: 0.5-1.1), or latent antibody levels
(OR, 0.6; 95%CI: 0.1-2.7). [The Working Group
noted that after stratifying by detection method
(PCR, LANA or lytic antibodies), no significant
differences in the percent KSHV positivity were
observed between multiple myeloma cases and
controls when the Working Group used y* tests
for comparison (data not shown).]
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2.5 Other cancers

Sitas et al. (1999) measured the seroprevalence
of KSHV in 16 major cancer types, including
Kaposi sarcoma and multiple myeloma. As
expected, the seroprevalence of KSHV among
people with Kaposi sarcoma was greater than
80%; among people with all other cancers (oral
cavity, oesophagus, lung, stomach, liver, colon/
rectum, breast, cervix, prostate, non-Hodgkin
lymphoma, Hodgkin disease, leukaemia,
myeloma, other minor types [where n <50 in each
cancer type]), the seroprevalence was similar to
the general population (about 20-30%). Several
studies have examined the presence of KSHV
sequences in various other cancers but the results
are inconclusive. These include mesenchymal
tumours (1/76 cases KSHV-positive) (Kazakov
et al., 2002), and other lymphomas (e.g. Lazzi
et al., 1998, 2006; de Sanjosé et al., 2004). A case
serieswasreported suggestingan association with
large-cell immunoblastic lymphomas (Hansen
et al., 2000), but this has not been confirmed.
No associations were found between KSHV
and cancer of the prostate in several cohort and
case—control studies (Sitas ef al., 1999; Huang
et al., 2008), however, one case—control study did
present a significant inverse association (Sutcliffe
et al.,2007). KSHV has not been detected in sali-
vary gland tumours (Atula ef al., 1998), despite
the fact that KSHV is thought to be transmitted
via saliva.

2.6 Kaposi sarcoma and cofactors

Infection with KSHV alone is not sufficient
to cause Kaposi sarcoma. The most important
cofactor predisposing a KSHV-infected person
to Kaposi sarcoma is HIV co-infection or, to a
lesser extent, other immunodeficient states such
as iatrogenic immune suppression in organ
transplant recipients (IARC, 1997). Nonetheless,
the incidence of Kaposi sarcoma in specific
geographic areas before the HIV epidemic

Kaposi sarcoma herpesvirus

points to a role of as-yet-unknown cofactors in
the etiology of this cancer (Dedicoat & Newton,
2003).

2.6.1 Suspected unknown cofactors

Before the HIV epidemic, Kaposi sarcoma
had a much greater geographic variation in inci-
dence than most other malignancies. Classic
(sporadic) Kaposi sarcoma occurred but was rare
in countries around the Mediterranean, particu-
larly in Italy, Greece, and the Middle East, and
was almost non-existent elsewhere in Europe
and in the USA, except in immigrants from these
countries (Grulich et al., 1992; IARC, 1997). In
contrast, it represented up to 9% of all cancers in
parts of subSaharan Africa, such as Uganda, in
both men and women (Oettlé, 1962; D’Oliveira
& Torres, 1972; Templeton, 1981; Hutt, 1983;
Cook-Mozaffari et al., 1998; Dedicoat & Newton,
2003). KSHV infection is prevalent in many
African countries, including places where Kaposi
sarcoma was almost unknown before HIV, and
is as common in women as in men (Dedicoat &
Newton, 2003). However, the incidence of clas-
sical Kaposi sarcoma varied markedly across
the African continent, primarily affecting men
(Cook-Mozaftari et al., 1998).

Several exposures have been suggested as
possible cofactors for diseases that might explain
the geographic variation in incidence before the
HIV epidemic, both in Africa and elsewhere.
These include malaria and other parasitic infec-
tions (Serraino et al., 2003; Lin et al., 2008); fine
volcanic soils, which are posited to cause local-
ized immunosuppression in the lower limbs
(Ziegler, 1993); and exposure to specific plants, or
“onco-weeds” that might increase viral replica-
tion (Whitby et al., 2007). Although the existence
of cofactors is not disputed, for none of these is
the evidence sufficiently strong to conclude that
there is a definite increase in risk.
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2.6.2 HIV infection as a strong cofactor

In parts of Africa where Kaposi sarcoma was
relatively common even before the era of HIV,
the HIV epidemic has led to an explosion in the
incidence of the disease (Curado ef al., 2007). In
the mid-1990s, the incidence of Kaposi sarcoma
increased about 20-fold in Uganda, Zimbabwe,
and other subSaharan African countries, such
that it is now the most common cancer in
men, and the second most common in women
(Wabinga et al., 1993, 2000; Bassett et al., 1995;
Dedicoat & Newton, 2003). As a result of the
HIV epidemic, the incidence of Kaposi sarcoma
has also increased in countries where it was
previously relatively rare, but where KSHV was
prevalent. For example, during 1988-96, the
incidence of Kaposi sarcoma increased at least
3-fold in South Africa, and has continued to
increase as the HIV epidemic grows. Data from
Johannesburg, South Africa, show that incidence
rates of Kaposi sarcoma have doubled in men,
but have increased 7-fold in women, such that
the gender ratio of 7:1 in males versus females
in 1988 has now declined to only 2:1 (Sitas &
Newton, 2001). [The Working Group noted that
this is an artefact of Kaposi sarcoma incidence
being higher in men.] Therefore, in the presence
of HIV infection, the role of other etiological
cofactors may be less relevant for the develop-
ment of Kaposi sarcoma than before the spread
of HIV (Dedicoat & Newton, 2003).

2.6.3 Host genetic susceptibility

Host genetic variation has been investigated
in the etiology of Kaposi sarcoma. In particular,
emphasis has been placed on genes that may be
relevant to the modulation of host immunity
against KSHV (Brown ef al., 2006a, ¢; Alkharsah
et al., 2007), but data in this area remain sparse.
More recent evidence suggests that variations in
the viral genome itself may also be of relevance,
but currently the findings are inconclusive
(Mancuso et al., 2008).
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3. Cancer in Experimental Animals

In this volume, the Working Group decided
not to include a separate section on “Cancer in
Experimental Animals” in the Monographs on
viruses but rather to include description of such
studies under Section 4 (below). The reasoning
for this decision is explained in the General
Remarks.

4, Other Relevant Data

4.1 Transforming capacity of KSHV

Transformation is a multistep process and
KSHYV infection has been shown to induce most
steps along this progression: a) KSHV infec-
tion of primary human endothelial cells leads to
morphological alteration and reduced growth-
factor dependence (Ciufo et al., 2001); b) KSHV
infection of immortalized human endothelial
cells leads to extended survival, loss of contact
inhibition, growth-factor and anchorage inde-
pendence (Flore ef al., 1998; Moses et al., 1999;
Wang & Damania, 2008), and the outgrowth
of fully tumorigenic clones (An et al., 2006); c)
KSHYV transforms murine endothelial progen-
itor cells (Mutlu ef al., 2007).

KSHV infection cannot transform mature
human B cells in culture (Kliche et al., 1998).
However, this may be due to low infectivity and/
or the absence of susceptible cell populations
under routine culture conditions, which do not
support the growth of haematopoietic cells. Yet,
KSHYV is clearly required for continued survival
of primary effusion lymphoma cells in culture
(Guasparri et al., 2004; Godfrey et al., 2005)

Individual KSHV proteins exhibit trans-
forming capacity in experimental systems (see
Sections 4.2 and 4.3), and in transgenic mice (see
Section 4.6).




4.2 Biochemical and biological
properties of KSHV proteins

Several latent or lytic viral proteins are
involved in the carcinogenesis process of KSHV
(see Table 4.1).

Five KSHV proteins (K1/VIP, vGPCR,
VIRF-1, Kaposin A, LANA) have been reported to
have transforming properties in classical trans-
formation assays, others (vCYC, LANA, KbZIP)
have been shown to affect cell-cycle regulation
or the survival of tumour cells in vivo or in vitro
(VFLIP, vIL6, VIRF-3). Because only some of
these proteins are expressed during latency and
in the majority of tumour cells, not only ‘direct’
transformations (as in classical models of virus-
mediated cellular transformation) but also indi-
rect (paracrine) effects are thought to play a role
in KSHV-mediated oncogenesis (Ganem, 2007).

4.2.1 Latent KSHV proteins

(a) LANA/ORF 73

LANA, encoded by ORF 73, is expressed
during latency and represents the most consist-
ently detected viral protein in KSHV-associated
tumour cells (Rainbow ef al., 1997; Dupin et al.,
1999; Katano et al., 2000; Parravicini et al., 2000).

Kaposi sarcoma herpesvirus

et al., 2000); (iii) absorbs GSK-3P and thereby
reduces the phosphorylation of, thus stabilizing,
B-catenin (Fujimuro et al., 2003); (iv) interacts
with Brd2/RINGS3, a chromatin-binding protein
and a lymphomagenic member of the BET
protein family (Platt et al., 1999; Viejo-Borbolla
et al., 2005); (v) causes B-cell hyperplasia and
B-cell lymphoma when expressed in transgenic
mice (Fakhari ef al., 2006).

(b) vCYC/ORF 72

In-situ hybridization studies indicate that
the KSHV CYC/ORF 72 gene is expressed in
the majority of tumour cells in vivo (Davis
et al., 1997), in keeping with its classification as
a latent gene. v-CYC represents another candi-
date KSHV oncoprotein because of its homology
to the human Cyclin-D/Prad oncoprotein. In
general, cyclin-D proteins (D, D,, D,) associate
with specific cyclin-dependent kinases (CDKs),
and these complexes phosphorylate pRB family
members (reviewed in Sherr, 1996). An onco-
genic cyclin-D homologue is also present in other
gammaherpesviruses (reviewed in Neipel ef al.,
1997). Ectopic expression of the murine herpes-
virus 68 (MHV 68) cyclin in T cells causes T-cell
lymphomas in transgenic mice (van Dyk ef al.,
1999).

LANA is necessary for replicating the episomal
viral DNA; it binds to the latent origin of repli-
cation in the TR subunits of the viral genome,
and works by recruiting a large variety of cellular
interaction partners, among them components
of the chromosomal replication machinery such
as origin recognition complexes (ORCs), but
also cellular proteins linked to transcriptional
regulation or proliferation control (see Table 4.1;
reviewed in Verma ef al., 2007).

Of relevance to a possible direct role of LANA
in oncogenesis are the observations that LANA:
(i) inactivates p53-dependent transcriptional
activation (Eriborg et al., 1999); (ii) interacts
with pRB and enhances oncogenic ras-mediated
transformation of rodent fibroblasts (Radkov

The mechanism of transformation by KSHV
vCYC is most likely novel and unique, because
it phosphorylates pRb but, unexpectedly, also
histone H1, p27*"*!, and Bcl-2 (Chang et al., 1996;
Godden-Kent et al., 1997; Li et al., 1997; Ojala
et _al., 2000). Unlike human cyclin-D, vCYC/
CDK6-mediated phosphorylation of pRB is
resistant to inhibition by the cyclin-dependent
kinase-inhibitors (CDKIs) pl6™&4, p21¢™! and
p27%! (Swanton et al., 1997). Moreover, vCYC/
CDK6 induces the degradation of p27*'*! (Ellis
et al., 1999; Mann et al., 1999).
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(c) VFLIP/ORF 71

vFLIP/ORF 71 is transcribed from the LANA
promoter, and translated from an internal ribo-
some entry site located within the v-cyclin coding
region (Grundhoff & Ganem, 2001; Low et al.,
2001). It is therefore thought to be expressed
during latency and in all tumour cells. The
VFLIP protein is an adhesion molecule, a homo-
logue of cellular FLICE (caspase-8)-inhibitory
protein (FLIP) (Hu ef al., 1997). It inhibits CD95/
FAS-induced apoptosis in vitro by blocking
caspase-3, -8 and -9 (Djerbi et al., 1999).

VvFLIP directly binds IKKy and TRAF2; this
leads to a constitutive activation of NF-kB signal-
ling (Field et al., 2003; Guasparri et al., 2006).
In addition, VFLIP induces MHC-I expression
through NF-kB in KSHV-infected lymphatic
endothelial cells (Lagos et al., 2007), which
underscores the physiological importance of
the VFLIP-NF-«xB interaction. Moreover, vFLIP
transgenic mice develop lymphoma (Chugh
et al., 2005). Eliminating either vFLIP or NF-kB
activity from primary effusion lymphoma cells
induces apoptosis (Keller et al., 2000; Guasparri
et al., 2004), demonstrating that this pathway is
essential for lymphomagenesis.

(d) Kaposin A/ORF K12

The many transcripts spanning the predicted
K12 ORF (originally called T0.7) are translated
in different reading frames, giving rise to the
proteins kaposin A, B, C (Zhong et al., 1996;
Sadler et al., 1999). In addition, a long tran-
script extending through ORF KI2 represents
the precursor RNA for the KSHV microRNAs
(Cai et al., 2005; Pfefter et al., 2005; Samols et al.,
2005). One of these microRNAs, miRK-10, is
located within the kaposin A sequence. These
transcripts are expressed in all Kaposi sarcoma
spindle cells (Staskus et al., 1997; Stiirzl et al.,
1997), and increase after activation of the lytic
replication cycle.

Kaposi sarcoma herpesvirus

Muralidhar ef al. (1998) reported that trans-
fection of the kaposin A reading frame into Rat-3
cells induced focus formation, and that these
cell lines were tumorigenic in nude mice. There
is some discussion as to whether this is due to
the kaposin A protein or the miR-K10 located
within its sequence. Kaposin A interacts directly
with Cytohesin-1, a guanine nucleotide exchange
factor for ARF GTPases, and a regulator of inte-
grin-mediated cell adhesion. It was shown that
the transformed cellular phenotype induced by
Kaposin A in tissue culture could be reversed by
a functionally dead Cytohesin-1 mutant (Kliche
et al., 2001).

(e) VIRF-3/LANA-2

VvIRE-3, one of the viral homologues of
interferon regulatory factors, is constitutively
expressed in latently KSHV-infected cells, and
its expression appears to be tissue specific.
VIRE-3 is indeed detected in nearly all primary
effusion lymphoma cells and KSHV-associated
Castleman disease cells (both of B-lymphocyte
origin), but is not expressed in Kaposi sarcoma
tumours (endothelial origin) (Rivas ef al., 2001).

vIRF-3 binds to and antagonizes p53, and
affects the regulation of the interferon response
(see Table 4.1).

Knockdown of vIRF-3 in primary effusion
lymphoma cells has been shown to induce apop-
tosis, suggesting that vIRF-3 is required for the
survival of KHSV-infected B cells (Wies et al.
2008).

4.2.2 Lytic KSHV proteins
(a) KI1/VIP (variable, ITAM-containing protein)

K1/VIP is a viral type I transmembrane
protein, featuring two hypervariable domains
in its extracellular region, and an immuno-
globulin transactivation motif (ITAM) in its
C-terminal, cytoplasmic region (Lee ef al.
1998b). The K1 protein is expressed during the
lytic (productive) replication cycle (Jenner ef al.,
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2001; Paulose-Murphy et al., 2001; Nakamura
et al., 2003). Wang et al. (2006) reported that,
while expression of K1 is not a consistent feature
of Kaposi sarcoma, some Kaposi sarcoma biop-
sies show a marked Kl-expression both at the
transcript and protein level. K1-expression was
also documented by immunohistochemistry on
a small subpopulation of mantle zone lympho-
cytes of KSHV-positive multicentric Castleman
disease, and in primary effusion lymphoma cell
lines (Lee et al., 2003).

Lee et al. (1998a) showed that transfec-
tion of a Kl-expression vector into rodent
fibroblasts induced focus formation, and that
Kl-transfectants induced lymphoma in the
common marmoset. Prakash et al. (2002)
reported the emergence of sarcomatoid tumours
and plasmablastic lymphoma in transgenic mice
expressing the K1 protein under the control of an
SV40 promoter. These mice showed an increased
expression of bFGF; in transgenic B cells, a
constitutive activation of NF-kB and increased
c-Lyn activity was noted. Wang et al. (2006)
showed that retroviral transduction of primary
endothelial cells extended their life span.

K1 activates several intracellular signal-
ling cascades leading to increased Ca-influx,
increased phosphorylation of Syk, Vav, Cbl,
and the p85 subunit of PI3K, increased NF-xB
activity, and activation of NFAT and AP1 (Lee
et al., 1998b; Lagunoff et al., 1999, 2001). The acti-
vation of PI3K leads to the activation of AKT by
K1 (Tomlinson & Damania, 2004). K1 induces
the expression of angiogenic cytokines, including
vascular endothelial growth factor (VEGF), and
may therefore play a paracrine role in the patho-
genesis of Kaposi sarcoma or primary effusion
lymphoma (Wang et al., 2004a, 2006).

(b) VIRF-1/ORF K9

VvIRF-1 belongs to a group of four viral
homologues of interferon regulatory factors
(Russo et al., 1996; Cunningham et al., 2003).
Stable VIRF-1 transfectants in murine NIH

188

3T3 cells show signs of transformation (loss
of contact inhibition, growth in soft agar), and
cause tumours in nude mice (Gao et al., 1997).
The main function of VIRF-1 appears to be the
inhibition of interferon-p-regulated genes such
as p21°™! (Gao et al., 1997); it also inhibits the
induction phase of the interferon response by
binding to cellular IRFs (IRF-3,IRF-7),and to the
transcriptional co-activators p300 and CBP, and
inhibits the formation of functional IRF-3/CBP/
p300 complexes and the induction of interferon
B transcription (Gao et al., 1997; Burysek et al.,
1999; Seo et al., 2000; Lin et al., 2001). Unlike
cellular IRFs, vIRF-1 does not bind directly to
cellular DNA.

VIRF-1 is expressed during the lytic (produc-
tive) replication in tissue culture and is directly
transactivated by K-RTA, the central regulator of
the viral lytic programme (Gao ef al., 1997; Chen
et al., 2000).

(c) vGPCR/ORF 74

ORF 74 encodes a homologue of a G-protein-
coupled chemokine receptor, and is constitutively
active (reviewed in Nicholas, 2007). It activates
a broad range of signalling pathways, including
MEK/Erk, JNK, p38, Akt, NFAT, CREB, NF-«B,
AP-1, and HIF-la; these are relevant to the
promotion of cell proliferation, cell survival, and
angiogenic responses via cytokine gene induction
(reviewed in Nicholas, 2007; Hartmann, 2008).
Although constitutive, the activity of vGPCR can
be modulated both positively and negatively by
several cellular chemokines (Groa, IL8, IP-10,
SDF-1a), and one viral (vCCL-2) chemokine
(reviewed in Hartmann, 2008).

Multiple lines of evidence point to a role of
vGPCRin KSHV-induced neoplasia,in particular
Kaposi sarcoma. Early studies showed the prolif-
eration-enhancing, constitutive signalling, and
transforming properties of vVGPCR (Arvanitakis
et _al., 1997; Bais et al., 1998). Subsequently,
vGPCR was shown to cause Kaposi-sarcoma-
like tumours in transgenic mice (Yang ef al.,




2000). In this model, vGPCR was only expressed
in a few scattered cells, consistent with a parac-
rine model involving secretion of angiogenic
cytokines (Holst et al., 2001; Guo et al., 2003;
Montaner et al., 2003).

In a xenograft model, vGPCR involving a
KSHV-transfected murine endothelial cell line
was found to be required for tumorigenicity
(Mutlu ef al., 2007). The relevance of these results
to KSHV-associated tumours in humans remains
to be determined.

4.2.3 Genomic instability

Evidence of genomic instability has been
noted in primary effusion lymphoma cells
(microsatellite instability, chromosomal imbal-
ances) (Gaidano et al., 1997; Nair et al., 2006),
and late Kaposi sarcoma (Pyakurel ef al., 2006).
Experimentally, genomic instability has been
noted in KSHV-infected primary endothelial
cells (Pan et al., 2004), as well as in cell lines
stably transfected with LANA (Si & Robertson,
2006), and vCYC-transgenic mice (Verschuren
et al., 2004). Abnormal chromosome segrega-
tion in KSHV-infected cells was shown to be
the consequence of nucleophosmin (NPM1)
phosphorylation by CDK6 in concert with vCYC
(Cuomo et al., 2008).

4.2.4 DNA-damage response

Transduction of vCYC into primary endothe-
lial cells by a retroviral vector induces a DNA
damage response, resulting in the increased
phosphorylation of yH2AX (a variant form of
histone H2A), which is an early response to DNA
double-strand breaks. Increase of yH2AX phos-
phorylation was also shown in KSHV-infected
primaryendothelial cells, albeit only after 2 weeks
of culture (in spite of vCYC being expressed early
on) (Koopal et al., 2007). Other KSHV proteins
might therefore interfere with the triggering of
the DNA-damage response.

Kaposi sarcoma herpesvirus

Shin et al. (2006) reported that vIRF-1
prevents the DNA-damage response and yH2AX
and p53 phosphorylation by binding to and
inhibiting ATM kinase, thereby promoting p53
turnover. As noted above, VIRF-1 and LANA
interact with p53 and antagonize the transcrip-
tion of p53-dependent cellular genes, including
p21°*! (Gao et al., 1997; Friborg et al., 1999).
In KSHV-infected primary effusion lymphoma
cells, VIRF-3 also binds to p53 and inhibits the
activation of the p53 promoter (Rivas et al., 2001).
In primary effusion lymphoma cells, LANA, p53
and Hdm?2 form a trimeric complex (Sarek et al.
2007), and the restoration of the p53 function by
treatment with an inhibitor of the p53-Hdm2
interaction — Nutlin-3a - induces apoptosis in
primary effusion lymphoma cells (Petre et al.
2007; Sarek et al., 2007).

Most reports have concluded that the inhi-
bition of p53-activated cellular genes by LANA,
VvIRF-1, and vIRF-3 involves other mechanisms
than the degradation or increased turnover of
p53. However, one report showed that the recruit-
ment of the Cul5-Elongin BC E3 ligase complex
by LANA resulted in the degradation of p53 (Cai
et al., 2006).

4.2.5 Cell proliferation and differentiation

KSHV-infected primary endothelial cells
undergo spindle cell formation, which express
markers of the lymphatic endothelium. Gene
expression array studies have shown that KSHV
can alter the transcriptome profile of vascular
endothelial cells towards a profile that is typical
for lymphatic endothelial cells (Carroll et al.
2004; Hong et al., 2004; Wang et al., 2004b). This
involves the activation of Prox-1, a transcription
factor determining lymphatic endothelial cell
differentiation, followed by the increased expres-
sion of podoplanin and VEGFR-3 - markers for
the lymphatic endothelial cell lineage (Carroll
et al., 2004; Hong et al., 2004). The signalling
pathways gp130 (the B-chain of the IL6 receptor
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used by vIL6) as well as PI3K/Akt and JAK2/
STAT3 have been reported to be involved in the
induction of Prox-1 in KSHV-infected endothe-
lial cells (Morris et al., 2008).

These data raise the possibility that KSHV
infects blood or circulating endothelial cells, and
drives them to differentiate into the lymphatic
endothelium as they become spindle cells. This
may be of major importance to Kaposi sarcoma
tumour formation (Morris et al., 2008).

The adoption of a spindle morphology in
KSH V-infected cellsis thought to be due to vFLIP,
ahomologue of cellular FLIPs, and potent NF-xB
inducer; VFLIP is expressed in latently infected
endothelial cells, and NF-kB activation appears
to be required for the formation of spindle cells
(Grossmann et al., 2006; Sun et al., 2006). vFLIP
is also required essentially for primary effusion
lymphoma cell survival (see Section 4.2.1).

The viral IL6 homologue, VIL6, is expressed
in vivo in a subpopulation of primary effusion
lymphoma cells and in many KSHV-infected
B cells in multicentric Castleman disease
lymphoid follicles (Moore et al., 1996¢; Katano
et al., 2000; Parravicini et al., 2000). It induces
proliferation, angiogenesis, and haematopoesis

Also, the viral D-type cyclin homologue
vCYC and LANA each contribute to cell prolif-
eration (see Section 4.2.1)

One of the viral latent transcripts in primary
effusion lymophoma cells, miRNA-K12-11, has
been found to target the same cellular micro-
RNAs as miRNA-155, a cellular microRNA regu-
lating the germinal centre reaction during B-cell
maturation (Gottwein et al., 2007; Skalsky et al.,
2007; Thai et al., 2007). Both miRNA-K12-11 and
miR-155 downregulate several pro-apoptotic
cellular genes (see Table4.2). miRNA-K12-11 may
therefore be involved in blocking terminal B-cell
differentiation that contributes to the plasmab-
lastic phenotype of primary effusion lymphoma
cells or play a role in the protection of primary
effusion lymphoma cells against apoptosis.

These findings highlight how KSHV can
affect the differentiation of endothelial cells and
of B cells.

vIRF3, an interferon regulation factor homo-
logue, is required for primary effusion lymphoma
cell survival (Wies ef al., 2008).

Ablation of the human cytokines IL-6, IL-10,
and VEGF or of VEGEFR inhibits the growth of
primary effusion lymphoma and Kaposi sarcoma
(Masood et al., 1997; Nakamura et al., 1997; Aoki

in IL6-dependent cell lineages (Burger et al.,
1998; Aoki et al., 1999; Hoischen et al., 2000), and
serves as an essential autocrine factor in primary
effusion lymphoma celllines (Jones et al., 1999). It
also induces VEGF, which has been implicated in
the pathogenesis of primary effusion lymphoma
and of Kaposi sarcoma (Aoki & Tosato, 1999). A
single-chain antibody to vIL6, blocking its inter-
action with the IL6 receptor complex, was found
to inhibit the proliferation of a primary effusion
lymphoma cell line and to inhibit vIL6-induced
STAT 3 phosphorylation in vIL6-transfected
cells (Kovaleva et al., 2006). Therefore, vIL6 may
contribute to primary effusion lymphoma cell
proliferation and to the angiogenesis noted in
patients with this lymphoma.
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& Tosato, 1999; Arora et al., 1999; Jones et al.,
1999; Sin et al., 2007). IFN-a inhibits KSHV
reactivation and Kaposi sarcoma tumour growth
(Krown et al., 1986; Chang et al., 2000).

4.2.6 Apoptosis

Several KSHV proteins have been shown to
protect against apoptosis when transfected indi-
vidually. Among them are some of the proteins
already discussed above, as well as a viral homo-
logue of cellular Bcl2. Table 4.2 shows a summary
of their mode of actions.
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4.3 Evidence for a role of KSHV in
malignant conversion

4.3.1 Kaposi sarcoma

(a) Requirement of KSHV expression for cell
growth invasion

In vitro, KSHV alters the transcriptional
programme in infected primary endothelial
cells, leading to a redifferentiation of vascular
endothelial cells into lymphatic endothelial cells;
this results in the formation of spindle cells that
are similar to spindle cells in Kaposi sarcoma
(see Section 4.2.4). These infected cells, however,
cannot be maintained in long-term culture as
they show evidence of spontaneous lytic reacti-
vation (Ciufo et al., 2001; Lagunoft et al., 2002).

Owing to a lack of an easily tractable in
vivo model, not many published studies have
addressed the question of whether or not KSHV
is required for cell growth and invasion in vivo.
Mutlu et al. (2007) reported that transfection of
abacterial artificial chromosome vector carrying
a KSHV genome into murine endothelial cells
derived from bone marrow generated a cell that
would induce a Kaposi-sarcoma-like tumour
when transplanted into mice. Sublines that had
lost the KSHV genome in the absence of drug
selection lost their tumour-inducing potential,
as did KSHV-genome carrying cells, in which
the expression of vGPCR had been silenced by
siRNA (Mutlu et al., 2007).

(b) Persistence of the KSHV genome

Similarly to the Epstein-Barr virus (EBV),
KSHYV is capable of replicating its latent episomal
genome synchronously with the host cell cycle.
However, latent genomes do not appear to persist
efficiently in infected primary endothelial cells,
nor in epithelial, endothelial or fibroblast cell
lines (Foreman et al., 1997; Renne et al., 1998;
Blackbourn et al., 2000; Grundhoft & Ganem,
2004). In several cell lines, only a small subpopu-
lation of cells are able to retain the virus in a stable
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manner following acute infection (Grundhoff &
Ganem, 2004; An et al., 2006).

(c) Chromosomal abnormalities, and
alterations of specific proto-oncogenes

Most cases of Kaposi sarcoma are cytogeni-
cally normal. However, in some cases, the loss of
Y-chromosomal sequences and the gain at 11q13
with an amplification of two oncogenes FGF4
and INT),, as detected by comparative genome
hybridization, have been noted (Kiuru-Kuhlefelt
et al., 2000; Pyakurel ef al., 2006). In short-term
cultures of Kaposi sarcoma cells, numerical
chromosomal abnormalities have been noted
(Delli Bovi et al., 1986; Scappaticci et al., 1986;
Saikevych et al., 1988). Defined chromosomal
abnormalities (loss of copies of chromosomes
14 and 21; deletions in the short arm of chromo-
some 3 at 3pl4) were also noted in two perma-
nent cell lines, KS-Y1 and KS-SLK, established
from Kaposi sarcoma biopsies (Popescu et al.,
1996). Abnormalities at 3pl4 were also noted
in another permanent Kaposi sarcoma cell line,
KS-IMM, in addition to further chromosomal
changes (Casalone et al., 2001).

No p53 mutations have been reported for
the majority of Kaposi sarcoma. Host cell
tumour-suppressor mRNAs are dysregulated in
KSHV-associated-tumours.

4.3.2 Primary effusion lymphoma

(a) Requirement of KSHV expression for cell
growth and invasion

In primary effusion lymphoma cell lines,
siRNA- and shRNA-mediated knockdown of
several latent genes, in particular vFLIP and
VvIRF-3, induces apoptotic death (Godfrey et al.,
2005; Guasparri et al., 2006; Wies et al., 2008).
This suggests that these viral genes need to be
continuously expressed to ensure the survival of
primary effusion lymphoma cells.




(b) Persistence of the KHSV genome

B-Lymphoma cell lines derived from primary
effusion lymphoma, contrary to most KSHV-
infected cells, retain a stable latent viral genome
in high copy numbers (50-100 copies/cell)
(Cesarman et al., 1995a, b; Boshoff et al., 1998;
Katano et al., 1999; Morand et al., 1999).

Knockdown of LANA in primary effusion
lymphoma cell lines leads to a reduction in the
viral genome copy numbers, this in keeping with
the accepted role of LANA in episome replica-
tion (Godfrey et al., 2005)

(c) Chromosomal abnormalities

In primary effusion lymphoma cells, complete
or partial trisomy 12, trisomy 7, and abnormali-
ties of bands 1q21-25 were noted frequently in
addition to mutations in the 5’ untranslated
region of the BCL-6 gene (Gaidano et al., 1999;
Wilson et al., 2002). Additional chromosomal
changes were noted in the studies by Wilson et
al. (2002) and by Nair et al. (2006).

No p53 mutations have been reported for the
majority of primary effusion lymphoma.

4.3.3 Multicentric Castleman disease

Multicentric Castleman disease is a poly-
clonal lymphoproliferative disease that can be
a precursor to frank lymphoma. In addition
to LANA, VvIL6 is expressed in multicentric
Castleman disease B cells (see Section 4.2.4).
Because vIL6 is a potent stimulator of B-cell
growth, it is likely that this protein plays an
important role in the B-cell proliferation seen in
multicentric Castleman disease.

4.4 Interaction between KSHV and
environmental agents

Many agents have an impact on the biology
of KSHV:

Kaposi sarcoma herpesvirus

1. EBV is present in 70-90% of primary effu-
sion lymphomas. EBV-positive and EBV-
negative primary effusion lymphomas can be
distinguished from each other on the basis
of host gene transcription (Fan ef al., 2005).
However, no differences in clinical appear-
ance, tumorigenicity in mice or response to
therapy have been observed between EBV-
positive and EBV-negative primary effusion
lymphomas (Keller ef al., 2000; Petre et al.,
2007).

2. Cytomegalovirus (CMV) can reactivate
KSHYV, and the suppression of CMV has been
shown to suppress KSHV viral loads (Martin
et al., 1999; Vieira et al., 2001). However, at
the time of writing, no evidence for a direct
role for CMV in Kaposi sarcoma or primary
effusion lymphoma exists.

3. HIVtypelcanreactivate KSHV and enhance
KSHV infectivity (Mercader et al., 2000;
Merat et al., 2002; Aoki & Tosato, 2004; Zeng
et al., 2007). These phenotypes are likely to
be mediated by cell-derived cytokines. HIV
tat protein can cause endothelial cell prolif-
eration in experimental models (Ensoli et al.
1990, 1994). However, Kaposi sarcoma and
primary effusion lymphoma develop in the
absence of HIV (Cesarman et al., 1996). Even
in HIV-infected patients, these two viruses
have never been found in the same cells
(Delli Bovi et al., 1986).

To explain the well known high incidence
of endemic KSHV in certain parts of Africa, it
has been postulated that environmental agents
might affect KSHV reactivation. In fact, natural,
chemical and environmental products can reac-
tivate KSHV from latency, most notably sodium
butyrate and phorbol esters or plant extracts
(Renne et al., 1996; Zhong et al., 1996; Miller
et al., 1997; Zoeteweij et al., 1999; Whitby et al.,
2007).
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4.5 Animal models

Following injection to experimental animals,
KSHYV can infect non-human primates (Renne
et al., 2004), NOD-SCID mice (Parsons et al.
2006), and humanized SCID mice (Dittmer
et al., 1999; Foreman et al., 2001; Wu et al., 2006).
These infections do not result in the formation
of tumours. Nevertheless, they confirm the
viral tropism (B cells and endothelial cells), and
drug susceptibility (ganciclovir) in vivo. KSHV
homologous viruses exist in the bank vole-mouse
(MHV-68), and virtually in all non-human
primates (Ensser & Fleckenstein, 2007). The
infection of macaques with rhesus rhadinovirus
in the context of Simian immunodeficiency virus
(SIV) induces B-cell lymphoma and endothelial-
cell hyperplasia (Mansfield ef al., 1999; Wong
et al., 1999).

Multiple tumourgraft models of Kaposi
sarcoma and primary effusion lymphoma have
been established (Boshoff et al., 1998; Staudt
etal.,2004; Wu et al., 2005; An et al., 2006; Mutlu
et al., 2007; Sin et al., 2007).

4.6 Transgenic mice models

An alternative approach to infection studies
is to use transgenic mice where individual KSHV
proteins are expressed in the hope of replicating
selected aspects of KSHV pathogenesis. There
are some limitations to single transgenic models.
Whereas lymphoproliferative lesions and
lymphomas in mice are easily classified on the
basis of histology and marker-gene expression,
this is not the case for endothelial cell tumours.
They are referred to as Kaposi-sarcoma-like
lesions, but can easily be mistaken for fibrosar-
comas (Table 4.3).
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4.6.1 Transgenic mice for KSHV latent genes

(a) LANA/ORF 73

The KSHYV latent promoter (LANAp) showed
B-cell lineage specificity in transgenic mice
(Jeong et al., 2002). KSHV LANA expression in
transgenic mice resulted in 100% B-cell hyper-
plasias and lymphomas at about twice the rate
of background in the C57/BL6 strain of mice
(Fakhari et al., 2006).

(b) vCYC/ORF 72

Whereas vCYC single transgenic mice did
not develop tumours, lymphomas developed
rapidly in a p53-null background (Verschuren
et al., 2002, 2004). [The Working Group noted
that, presumably, loss of p53 counteracted the
pro-apoptotic signals that are associated with
forced vCYC expression.]

(c) VFLIP/ORF 71

The VvFLIP transgenic mice exhibited an
increased incidence of lymphoma (Chugh et al.,
2005).

4.6.2 Transgenic mice for KSHV lytic genes
(a) vGPCR/ORF 74.

vGPCR transgenic mice activated the same
signalling pathways as predicted from human
culture studies, and exhibited Kaposi-sarcoma-
like lesions (Yang et al., 2000; Holst et al., 2001;
Guo et al., 2003; Montaner et al., 2003; Jensen
et al., 2005; Grisotto ef al., 2006). Tumour forma-
tion required the chemokine binding as well as
the constitutive signalling activities of vGPCR
(Holst et al., 2001). vGPCR was required for
lesion initiation, though it was not essential once
a fully malignant tumour had formed (Grisotto
et al., 2006).

(b) Ki/VIP

K1 transgenic mice also exhibited Kaposi-
sarcoma-like lesions and lymphomas (Prakash
et al., 2002, 2005).




Kaposi sarcoma herpesvirus

Table 4.3 Transgenics for modelling KSHV-associated cancers

Viral Gene Promoter Incidence Mean time to onset, Reference
days
Primary effusion lymphoma/multicentric Castleman disease
MHV68vCYCI Lck 40% 240 van Dyk et al. (1999)
vCYC Eu 17% 300 Verschuren et al.
(2002)
vCYC/p53%! Eu 100% 80 Verschuren et al.
2004
vFLIP H2Kb 11% 600 Chugh et al. (2005
LANA LANAp 10% 300 Fakhari et al. (2006
K1/VIP SV40 15% >420 Prakash et al. (2002,
2005)
Kaposi sarcoma
vCYC VEGEFR-3 80% >200 Sugaya et al. (2005)
K1 SV40 15% > 420 Prakash et al. (2002,
2005)
vGPCR hCD2-rtTA 100% > 150 Grisotto et al. (2006),
+ TRE-vGPRC ensen et al. (2005
(Doxocyclin inducible
transgenic system)
vGPCR SV40 30% > 360 Guo et al. (2003)
vGPCR hCD2 100% 90 Holst et al. (2001),

Yang et al. (2000

Modified from Damania & Dittmer (2008), and compiled by the Working Group

4.7 Synthesis

The available mechanistic data strongly
support an oncogenic role of KSHV in human
cancer.

KSHV alters the growth properties of
endothelial cells in culture, and induces Kaposi-
sarcoma-cell-like morphology (spindle cells).

One or several KSHV gene products are
expressed in all KSHV-associated cancers in all
KSHV-infected tumour cells.

At the molecular level, KSHV-encoded gene
products associated with latent viral infection
induce cell proliferation, block apoptosis, induce
genomic instability or modulate cell migration
and tumour progression.

Mechanistic data strongly support an onco-
genicroleof KSHV in primaryeftusionlymphoma
and in Kaposi sarcoma in immunocompromised

(post-transplant patients, AIDS patients), as well
as in immunocompetent individuals.

KSHYV proteins like vIL6 induce B-cell prolif-
eration, and are expressed in KSHV-associated
multicentric  Castleman disease, strongly
suggesting that infection with KSHYV is causally
associated with this lymphoproliferative disease.

5. Evaluation

There is sufficient evidence in humans for the
carcinogenicity of KSHV. KSHV causes Kaposi
sarcoma and primary effusion lymphoma. Also,
a positive association has been observed between
exposure to KSHV and multicentric Castleman
disease.

For multiple myeloma, there is evidence
suggesting lack of carcinogenicity.

KSHYV is carcinogenic to humans (Group 1).

195



IARC MONOGRAPHS - 100B

References

Agbalika F, Mariette X, Marolleau JP et al. (1998).
Detection of human herpesvirus-8 DNA in bone
marrow biopsies from patients with multiple myeloma
and Waldenstréom’s macroglobulinemia. Blood, 91:
4393-4394. PMID:9596693

Albrecht D, Meyer T, Lorenzen T et al (2004).
Epidemiology of HHV-8 infection in HIV-positive
patients with and without Kaposi sarcoma: diagnostic
relevance of serology and PCR. ] Clin Virol, 30: 145-149.
do0i:10.1016/j.jcv.2003.09.017 PMID:15125870

Albrecht JC, Nicholas ], Biller D et al. (1992). Primary
structure of the herpesvirus saimiri genome. J Virol,
66: 5047-5058. PMID:1321287

Alexander L, Denekamp L, Knapp A et al. (2000).
The primary sequence of rhesus monkey rhadino-
virus isolate 26-95: sequence similarities to Kaposi’s
sarcoma-associated herpesvirus and rhesus monkey
rhadinovirus isolate 17577. J Virol, 74: 3388-3398.
doi:10.1128/JV1.74.7.3388-3398.2000 PMID:10708456

Alkharsah KR, Dedicoat M, Blasczyk R et al. (2007).
Influenceof HLA alleles on shedding of Kaposisarcoma-
associated herpesvirus in saliva in an African popu-
lation. J Infect Dis, 195: 809-816. doi:10.1086/511827
PMID:17299710

Ambroziak JA, Blackbourn DJ, Herndier BG et al. (1995).
Herpes-like sequences in HIV-infected and uninfected
Kaposi’s sarcoma patients. Science, 268: 582-583.
doi:10.1126/science.7725108 PMID:7725108

An FQ, Folarin HM, Compitello N et al. (2006). Long-
term-infected telomerase-immortalized endothe-
lial cells: a model for Kaposi’s sarcoma-associated
herpesvirus latency in vitro and in vivo. J Virol, 80:
4833-4846. do0i:10.1128/JV1.80.10.4833-4846.2006
PMID:16641275

AnJ, SunY, Sun R, Rettig MB (2003). Kaposi’s sarcoma-
associated herpesvirus encoded vFLIP induces cellular
IL-6 expression: the role of the NF-kappaB and JNK/
AP1 pathways. Oncogene, 22: 3371-3385. doi:10.1038/
sj.onc.1206407 PMID:12776188

Aoki Y, Jaffe ES, Chang Y et al. (1999). Angiogenesis and
hematopoiesis induced by Kaposi’s sarcoma-associated
herpesvirus-encoded interleukin-6. Blood, 93: 4034-
4043. PMID:10361100

Aoki Y & Tosato G (1999). Role of vascular endothelial
growth factor/vascular permeability factor in the
pathogenesis of Kaposi’s sarcoma-associated herpes-
virus-infected primary effusion lymphomas. Blood, 94:
4247-4254. PMID:10590069

Aoki Y & Tosato G (2004). HIV-1 Tat enhances Kaposi
sarcoma-associated herpesvirus (KSHV) infectivity.
Blood, 104: 810-814. doi:10.1182/blood-2003-07-2533
PMID:15073028

196

Ariyoshi K, Schim van der Loeft M, Cook P et al. (1998).
Kaposi’s sarcoma in the Gambia, West Africa is less
frequent in human immunodeficiency virus type 2
than in human immunodeficiency virus type 1 infec-
tion despite a high prevalence of human herpesvirus 8.
J Hum Virol, 1: 193-199. PMID:10195242

Arora N, Masood R, Zheng T et al. (1999). Vascular
endothelial growth factor chimeric toxin is highly
active against endothelial cells. Cancer Res, 59: 183-188.
PMID:9892205

Arvanitakis L, Geras-Raaka E, Varma A et al. (1997).
Human herpesvirus KSHV encodes a constitutively
active G-protein-coupled receptor linked to cell prolif-
eration. Nature, 385: 347-350. doi:10.1038/385347a0
PMID:9002520

Arvanitakis L, Mesri EA, Nador RG et al. (1996).
Establishment and characterization of a primary effu-
sion (body cavity-based) lymphoma cell line (BC-3)
harboring kaposi’s sarcoma-associated herpesvirus
(KSHV/HHV-8) in the absence of Epstein-Barr virus.
Blood, 88: 2648-2654. PMID:8839859

Ascoli V, Scalzo CC, Danese C et al. (1999b). Human
herpes virus-8 associated primary effusion lymphoma
of the pleural cavity in HIV-negative elderly men. Eur
Respir ], 14: 1231-1234. doi:10.1183/09031936.99.14512
319 PMID:10596717

AscoliV, SignorettiS, Onetti-Muda A et al. (2001). Primary
effusion lymphoma in HIV-infected patients with
multicentric Castleman’sdisease. J Pathol,193:200-209.
d0i:10.1002/1096-9896(200102)193:2<200::AID-
PATH773>3.0.CO;2-L PMID:11180167

AscoliV, Sirianni MC, Mezzaromal et al. (1999a). Human
herpesvirus-8 in lymphomatous and nonlympho-
matous body cavity effusions developing in Kaposi’s
sarcoma and multicentric Castleman’s disease.
Ann Diagn Pathol, 3: 357-363. doi:10.1016/S1092-
9134(99)80014-8 PMID:10594287

Asou H, Tasaka T, Said JW et al. (2000). Co-infection
of HHV-6 and HHV-8 is rare in primary effusion
lymphoma. Leuk Res, 24: 59-61. doi:10.1016/50145-
2126(99)00144-7 PMID:10634647

Atkinson J, Edlin BR, Engels EA et al (2003).
Seroprevalence of human herpesvirus 8 among injec-
tion drug users in San Francisco. J Infect Dis, 187
974-981. doi:10.1086/368332 PMID:12660944

Atula T, Grénman R, Klemi P, Syrjanen S (1998). Human
papillomavirus, Epstein-Barr virus, human herpes-
virus 8 and human cytomegalovirus involvement
in salivary gland tumours. Oral Oncol, 34: 391-395.
doi:10.1016/S1368-8375(98)00023-2 PMID:9861347

Azzi A, Fanci R, De Santis R et al. (2001). Human herpes-
virus 8 DNA sequences are present in bone marrow
from HIV-negative patients with lymphoproliferative
disorders and from healthy donors. Br J Haematol,
113: 188-190. doi:10.1046/j.1365-2141.2001.02702.x
PMID:11328300


http://www.ncbi.nlm.nih.gov/pubmed/9596693
http://dx.doi.org/10.1016/j.jcv.2003.09.017
http://www.ncbi.nlm.nih.gov/pubmed/15125870
http://www.ncbi.nlm.nih.gov/pubmed/1321287
http://dx.doi.org/10.1128/JVI.74.7.3388-3398.2000
http://www.ncbi.nlm.nih.gov/pubmed/10708456
http://dx.doi.org/10.1086/511827
http://www.ncbi.nlm.nih.gov/pubmed/17299710
http://dx.doi.org/10.1126/science.7725108
http://www.ncbi.nlm.nih.gov/pubmed/7725108
http://dx.doi.org/10.1128/JVI.80.10.4833-4846.2006
http://www.ncbi.nlm.nih.gov/pubmed/16641275
http://dx.doi.org/10.1038/sj.onc.1206407
http://dx.doi.org/10.1038/sj.onc.1206407
http://www.ncbi.nlm.nih.gov/pubmed/12776188
http://www.ncbi.nlm.nih.gov/pubmed/10361100
http://www.ncbi.nlm.nih.gov/pubmed/10590069
http://dx.doi.org/10.1182/blood-2003-07-2533
http://www.ncbi.nlm.nih.gov/pubmed/15073028
http://www.ncbi.nlm.nih.gov/pubmed/10195242
http://www.ncbi.nlm.nih.gov/pubmed/9892205
http://dx.doi.org/10.1038/385347a0
http://www.ncbi.nlm.nih.gov/pubmed/9002520
http://www.ncbi.nlm.nih.gov/pubmed/8839859
http://dx.doi.org/10.1183/09031936.99.14512319
http://dx.doi.org/10.1183/09031936.99.14512319
http://www.ncbi.nlm.nih.gov/pubmed/10596717
http://dx.doi.org/10.1002/1096-9896(200102)193:2<200::AID-PATH773>3.0.CO;2-L
http://dx.doi.org/10.1002/1096-9896(200102)193:2<200::AID-PATH773>3.0.CO;2-L
http://www.ncbi.nlm.nih.gov/pubmed/11180167
http://dx.doi.org/10.1016/S1092-9134(99)80014-8
http://dx.doi.org/10.1016/S1092-9134(99)80014-8
http://www.ncbi.nlm.nih.gov/pubmed/10594287
http://dx.doi.org/10.1016/S0145-2126(99)00144-7
http://dx.doi.org/10.1016/S0145-2126(99)00144-7
http://www.ncbi.nlm.nih.gov/pubmed/10634647
http://dx.doi.org/10.1086/368332
http://www.ncbi.nlm.nih.gov/pubmed/12660944
http://dx.doi.org/10.1016/S1368-8375(98)00023-2
http://www.ncbi.nlm.nih.gov/pubmed/9861347
http://dx.doi.org/10.1046/j.1365-2141.2001.02702.x
http://www.ncbi.nlm.nih.gov/pubmed/11328300

Baeten JM, Chohan BH, Lavreys L et al. (2002).
Correlates of human herpesvirus 8 seropositivity
among heterosexual men in Kenya. AIDS, 16:
2073-2078.  doi:10.1097/00002030-200210180-00013
PMID:12370507

Bais C, Santomasso B, Coso O et al. (1998). G-protein-
coupledreceptorofKaposi’ssarcoma-associatedherpes-
virus is a viral oncogene and angiogenesis activator.
Nature, 391: 86-89. doi:10.1038/34193 PMID:9422510

Ballestas ME, Chatis PA, Kaye KM (1999). Efficient
persistence of extrachromosomal KSHV DNA medi-
ated by latency-associated nuclear antigen. Science,
284:  641-644.  doi:10.1126/science.284.5414.641
PMID:10213686

Ballestas ME & Kaye KM (2001). Kaposi’s sarcoma-asso-
ciated herpesvirus latency-associated nuclear antigen
1 mediates episome persistence through cis-acting
terminal repeat (TR) sequence and specifically binds
TR DNA. ] Virol, 75: 3250-3258. PMID:11238851

Barbera AJ, Chodaparambil JV, Kelley-Clarke B et al.
(2006). The nucleosomal surface as a docking station
for Kaposi’s sarcoma herpesvirus LANA. Science, 311:
856-861. doi:10.1126/science.1120541 PMID:16469929

Barozzi P, Luppi M, Masini L et al. (1996). Lymphotropic
herpes virus (EBV, HHV-6, HHV-8) DNA sequences
in HIV negative Castleman’s disease. Clin Mol
Pathol, 49: M232-M235. doi:10.1136/mp.49.4.M232
PMID:16696081

Bassett MT, Chokunonga E, Mauchaza B et al. (1995).
Cancer in the African population of Harare, Zimbabwe,
1990-1992. Int ] Cancer, 63: 29-36. doi:10.1002/
1jc.2910630107 PMID:7558448

Beksac M, Ma M, Akyerli C et al. (2001). Frequent demon-
stration of human herpesvirus 8 (HHV-8) in bone
marrow biopsy samples from Turkish patients with
multiple myeloma (MM). Leukemia, 15: 1268-1273.
doi:10.1038/sj.leu.2402190 PMID:11480570

BélecL, Authier FJ, Mohamed AS et al. (1999a). Antibodies
to human herpesvirus 8 in POEMS (polyneuropathy,
organomegaly, endocrinopathy, M protein, skin
changes) syndrome with multicentric Castleman’s
disease. Clin Infect Dis, 28: 678-679. doi:10.1086/515169
PMID:10194095

Bélec L, Mohamed AS, Authier FJ et al. (1999b). Human
herpesvirus 8 infection in patients with POEMS
syndrome-associated multicentric Castleman’s disease.
Blood, 93: 3643-3653. PMID:10339470

Bélec L, Salmon-Ceron D, Blanche P et al. (1999¢).
[POEMS syndrome (Polyneuropathy, Organomegaly,
Endocrinopathy, Monoclonal gammopathy, Skin
changes), multicentric Castleman disease, renal chro-
mophobe carcinoma and herpes virus type 8 infection]
Ann Pathol, 19: 373-374. PMID:10544776

Berezne A, Agbalika F, Oksenhendler E (2004). Failure of
cidofovir in HIV-associated multicentric Castleman

Kaposi sarcoma herpesvirus

disease. Blood, 103: 4368-4369, author reply 4369.
doi:10.1182/blood-2004-01-0158 PMID:15155471

Bernstein KT, Jacobson LP, Jenkins FJ et al. (2003). Factors
associated with human herpesvirus type 8 infection
in an injecting drug user cohort. Sex Transm Dis, 30:
199-204. doi:10.1097/00007435-200303000-00004
PMID:12616135

Biggar RJ, Engels EA, Whitby D et al. (2003). Antibody
reactivity to latent and lytic antigens to human
herpesvirus-8 in longitudinally followed homosexual
men. ] Infect Dis, 187: 12-18. doi:10.1086/345866
PMID:12508141

Biggar RJ, Whitby D, Marshall V et al. (2000). Human
herpesvirus 8 in Brazilian Amerindians: a hyperen-
demic population with a new subtype. ] Infect Dis, 181:
1562-1568. doi:10.1086/315456 PMID:10823754

Blackbourn DJ, Lennette E, Klencke B et al. (2000).
The restricted cellular host range of human herpes-
virus 8. AIDS, 14: 1123-1133. doi:10.1097/00002030-
200006160-00009 PMID:10894276

Boshoft C, Endo Y, Collins PD et al. (1997). Angiogenic
and HIV-inhibitory functions of KSHV-encoded
chemokines. Science, 278: 290-294. doi:10.1126/
science.278.5336.290 PMID:9323208

Boshoff C, Gao SJ, Healy LE et al. (1998). Establishing a
KSHV+ cell line (BCP-1) from peripheral blood and
characterizing its growth in Nod/SCID mice. Blood,
91: 1671-1679. PMID:9473233

Boshoft C, Schulz TF, Kennedy MM et al. (1995). Kaposi’s
sarcoma-associated herpesvirus infects endothelial
and spindle cells. Nat Med, 1: 1274-1278. d0i:10.1038/
nm1295-1274 PMID:7489408

Boulanger E, Duprez R, Delabesse E et al. (2005). Mono/
oligoclonal pattern of Kaposi Sarcoma-associated
herpesvirus (KSHV/HHV-8) episomes in primary
effusion lymphoma cells. Int J Cancer, 115: 511-518.
doi:10.1002/ijc.20926 PMID:15700304

Boyne JR, Colgan KJ, Whitehouse A (2008). Recruitment
of the complete hTREX complex is required for
Kaposi’s sarcoma-associated herpesvirus intronless
mRNA nuclear export and virus replication. PLoS
Pathog, 4: €1000194 doi:10.1371/journal.ppat.1000194
PMID:18974867

Brinkmann MM, Glenn M, Rainbow L et al. (2003).
Activation of mitogen-activated protein kinase and
NF-kappaB pathways by a Kaposi’s sarcoma-asso-
ciated herpesvirus K15 membrane protein. J Virol,
77: 9346-9358. doi:10.1128/JV1.77.17.9346-9358.2003
PMID:12915550

Brinkmann MM, Pietrek M, Dittrich-Breiholz O et al.
(2007). Modulation of host gene expression by the
K15 protein of Kaposi’s sarcoma-associated herpes-
virus. J Virol, 81: 42-58. doi:10.1128/JV1.00648-06
PMID:17050609

Brown EE, Fallin D, RuczinskiIetal. (2006c¢). Associations
of classic Kaposi sarcoma with common variants in

197


http://dx.doi.org/10.1097/00002030-200210180-00013
http://www.ncbi.nlm.nih.gov/pubmed/12370507
http://dx.doi.org/10.1038/34193
http://www.ncbi.nlm.nih.gov/pubmed/9422510
http://dx.doi.org/10.1126/science.284.5414.641
http://www.ncbi.nlm.nih.gov/pubmed/10213686
http://www.ncbi.nlm.nih.gov/pubmed/11238851
http://dx.doi.org/10.1126/science.1120541
http://www.ncbi.nlm.nih.gov/pubmed/16469929
http://dx.doi.org/10.1136/mp.49.4.M232
http://www.ncbi.nlm.nih.gov/pubmed/16696081
http://dx.doi.org/10.1002/ijc.2910630107
http://dx.doi.org/10.1002/ijc.2910630107
http://www.ncbi.nlm.nih.gov/pubmed/7558448
http://dx.doi.org/10.1038/sj.leu.2402190
http://www.ncbi.nlm.nih.gov/pubmed/11480570
http://dx.doi.org/10.1086/515169
http://www.ncbi.nlm.nih.gov/pubmed/10194095
http://www.ncbi.nlm.nih.gov/pubmed/10339470
http://www.ncbi.nlm.nih.gov/pubmed/10544776
http://dx.doi.org/10.1182/blood-2004-01-0158
http://www.ncbi.nlm.nih.gov/pubmed/15155471
http://dx.doi.org/10.1097/00007435-200303000-00004
http://www.ncbi.nlm.nih.gov/pubmed/12616135
http://dx.doi.org/10.1086/345866
http://www.ncbi.nlm.nih.gov/pubmed/12508141
http://dx.doi.org/10.1086/315456
http://www.ncbi.nlm.nih.gov/pubmed/10823754
http://dx.doi.org/10.1097/00002030-200006160-00009
http://dx.doi.org/10.1097/00002030-200006160-00009
http://www.ncbi.nlm.nih.gov/pubmed/10894276
http://dx.doi.org/10.1126/science.278.5336.290
http://dx.doi.org/10.1126/science.278.5336.290
http://www.ncbi.nlm.nih.gov/pubmed/9323208
http://www.ncbi.nlm.nih.gov/pubmed/9473233
http://dx.doi.org/10.1038/nm1295-1274
http://dx.doi.org/10.1038/nm1295-1274
http://www.ncbi.nlm.nih.gov/pubmed/7489408
http://dx.doi.org/10.1002/ijc.20926
http://www.ncbi.nlm.nih.gov/pubmed/15700304
http://dx.doi.org/10.1371/journal.ppat.1000194
http://www.ncbi.nlm.nih.gov/pubmed/18974867
http://dx.doi.org/10.1128/JVI.77.17.9346-9358.2003
http://www.ncbi.nlm.nih.gov/pubmed/12915550
http://dx.doi.org/10.1128/JVI.00648-06
http://www.ncbi.nlm.nih.gov/pubmed/17050609

IARC MONOGRAPHS - 100B

genes that modulate host immunity. Cancer Epidemiol
Biomarkers Prev, 15: 926-934. doi:10.1158/1055-9965.
EPI-05-0791 PMID:16702372

Brown EE, Fallin MD, Goedert J] et al.Kaposi Sarcoma
Genetics Working Group. (2006a). Host immuno-
genetics and control of human herpesvirus-8 infec-
tion. J Infect Dis, 193: 1054-1062. doi:10.1086/501470
PMID:16544245

Brown EE, Whitby D, Vitale F et al. (2006b). Virologic,
hematologic, and immunologic risk factors for classic
Kaposi sarcoma. Cancer, 107: 2282-2290. doi:10.1002/
cncr.22236 PMID:16998933

Bubman D, Guasparri I, Cesarman E (2007). Deregulation
of c-Myc in primary effusion lymphoma by Kaposi’s
sarcoma herpesvirus latency-associated nuclear
antigen. Oncogene, 26: 4979-4986. doi:10.1038/
sj.onc.1210299 PMID:17310999

Burger R, Neipel F, Fleckenstein B et al. (1998). Human
herpesvirus type 8 interleukin-6 homologue is func-
tionally active on human myeloma cells. Blood, 91:
1858-1863. PMID:9490667

Burysek L & Pitha PM (2001). Latently expressed
human herpesvirus 8-encoded interferon regula-
tory factor 2 inhibits double-stranded RNA-activated
protein kinase. J Virol, 75: 2345-2352. doi:10.1128/
JV1.75.5.2345-2352.2001 PMID:11160738

Burysek L, Yeow WS, Lubyova B et al. (1999). Functional
analysis of human herpesvirus 8-encoded viral inter-
feron regulatory factor 1 and its association with
cellular interferon regulatory factors and p300. J Virol,
73:7334-7342. PMID:10438822

Cadwell K & Coscoy L (2005). Ubiquitination on nonly-
sine residues by a viral E3 ubiquitin ligase. Science, 309:
127-130. doi:10.1126/science.1110340 PMID:15994556

Cadwell K & Coscoy L (2008). The specificities of Kaposi’s
sarcoma-associated herpesvirus-encoded E3 ubiquitin
ligases are determined by the positions of lysine or
cysteine residues within the intracytoplasmic domains
of their targets. J Virol, 82: 4184-4189. doi:10.1128/
JV1.02264-07 PMID:18272573

Cai QL, Knight JS, Verma SC et al. (2006). EC5S ubiquitin
complex is recruited by KSHV latent antigen LANA for
degradation of the VHL and p53 tumor suppressors.
PLoS Pathog, 2: €116 doi:10.1371/journal.ppat.0020116
PMID:17069461

Cai X, Lu S, Zhang Z et al. (2005). Kaposi’s sarcoma-
associated herpesvirus expresses an array of viral
microRNAs in latently infected cells. Proc Natl Acad
Sci USA, 102: 5570-5575. doi:10.1073/pnas.0408192102
PMID:15800047

Calabro ML, Sheldon J, Favero A et al. (1998).
Seroprevalence of Kaposi’s sarcoma-associated herpes-
virus/human herpesvirus 8 in several regions of Italy. J
Hum Virol, 1: 207-213. PMID:10195244

CannonM], Dollard SC, Smith DK et al. HIV Epidemiology
Research Study Group. (2001). Blood-borne and sexual

198

transmission of human herpesvirus 8 in women
with or at risk for human immunodeficiency virus
infection. N Engl ] Med, 344: 637-643. doi:10.1056/
NEJM200103013440904 PMID:11228278

Carroll PA, Brazeau E, Lagunoff M (2004). Kaposi’s
sarcoma-associated herpesvirus infection of blood
endothelial cells induces lymphatic differentiation.
Virology, 328: 7-18. doi:10.1016/j.virol.2004.07.008
PMID:15380353

Casalone R, Albini A, Righi R et al. (2001). Nonrandom
chromosome changes in Kaposi sarcoma: cytogenetic
and FISH results in a new cell line (KS-IMM) and
literature review. Cancer Genet Cytogenet, 124: 16-19.
doi:10.1016/S0165-4608(00)00241-7 PMID:11165317

Casper C, Nichols WG, Huang ML et al. (2004). Remission
of HHV-8 and HIV-associated multicentric Castleman
disease with ganciclovir treatment. Blood, 103: 1632-
1634. d0i:10.1182/blood-2003-05-1721 PMID:14615380

Castleman B, Iverson L, Menendez VP (1956).
Localized mediastinal lymphnode hyper-
plasia resembling thymoma. Cancer, 9: 822-830.
d0i:10.1002/1097-0142(195607/08)9:4<822:: AID-
CNCR2820090430>3.0.CO;2-4 PMID:13356266

Cattani P, Capuano M, Graffeo R et al. (2001). Kaposi’s
sarcoma associated with previous human herpesvirus
8 infection in kidney transplant recipients. J Clin
Microbiol, 39: 506-508. doi:10.1128/JCM.39.2.506-
508.2001 PMID:11158097

CattaniP,CerimeleF,PortaDetal.(2003). Age-specificsero-
prevalence of Human Herpesvirus 8 in Mediterranean
regions. Clin Microbiol Infect, 9: 274-279. doi:10.1046/
j.1469-0691.2003.00490.x PMID:12667236

Cerimele D, Cottoni F, Masala MV (2000). Long latency
of human herpesvirus type 8 infection and the appear-
ance of classic Kaposi’s sarcoma. ] Am Acad Dermatol,
43:731-732. PMID:11004646

Cesarman E, Chang Y, Moore PS et al. (1995a). Kaposi’s
sarcoma-associated herpesvirus-like DNA sequences
in AIDS-related body-cavity-based lymphomas.
N Engl ] Med, 332: 1186-1191. doi:10.1056/
NEJM199505043321802 PMID:7700311

Cesarman E, Moore PS, Rao PH et al. (1995b). In vitro
establishment and characterization of two acquired
immunodeficiency syndrome-related lymphoma cell
lines (BC-1 and BC-2) containing Kaposi’s sarcoma-
associated herpesvirus-like (KSHV) DNA sequences.
Blood, 86: 2708-2714. PMID:7670109

Cesarman E, Nador RG, Aozasa K et al. (1996). Kaposi’s
sarcoma-associated herpesvirus in non-AIDS related
lymphomas occurring in body cavities. Am | Pathol,
149: 53-57. PMID:8686762

ChandranB,Smith MS,Koelle DM etal. (1998). Reactivities
of human sera with human herpesvirus-8-infected
BCBL-1 cells and identification of HHV-8-specific
proteins and glycoproteins and the encoding cDNAs.


http://dx.doi.org/10.1158/1055-9965.EPI-05-0791
http://dx.doi.org/10.1158/1055-9965.EPI-05-0791
http://www.ncbi.nlm.nih.gov/pubmed/16702372
http://dx.doi.org/10.1086/501470
http://www.ncbi.nlm.nih.gov/pubmed/16544245
http://dx.doi.org/10.1002/cncr.22236
http://dx.doi.org/10.1002/cncr.22236
http://www.ncbi.nlm.nih.gov/pubmed/16998933
http://dx.doi.org/10.1038/sj.onc.1210299
http://dx.doi.org/10.1038/sj.onc.1210299
http://www.ncbi.nlm.nih.gov/pubmed/17310999
http://www.ncbi.nlm.nih.gov/pubmed/9490667
http://dx.doi.org/10.1128/JVI.75.5.2345-2352.2001
http://dx.doi.org/10.1128/JVI.75.5.2345-2352.2001
http://www.ncbi.nlm.nih.gov/pubmed/11160738
http://www.ncbi.nlm.nih.gov/pubmed/10438822
http://dx.doi.org/10.1126/science.1110340
http://www.ncbi.nlm.nih.gov/pubmed/15994556
http://dx.doi.org/10.1128/JVI.02264-07
http://dx.doi.org/10.1128/JVI.02264-07
http://www.ncbi.nlm.nih.gov/pubmed/18272573
http://dx.doi.org/10.1371/journal.ppat.0020116
http://www.ncbi.nlm.nih.gov/pubmed/17069461
http://dx.doi.org/10.1073/pnas.0408192102
http://www.ncbi.nlm.nih.gov/pubmed/15800047
http://www.ncbi.nlm.nih.gov/pubmed/10195244
http://dx.doi.org/10.1056/NEJM200103013440904
http://dx.doi.org/10.1056/NEJM200103013440904
http://www.ncbi.nlm.nih.gov/pubmed/11228278
http://dx.doi.org/10.1016/j.virol.2004.07.008
http://www.ncbi.nlm.nih.gov/pubmed/15380353
http://dx.doi.org/10.1016/S0165-4608(00)00241-7
http://www.ncbi.nlm.nih.gov/pubmed/11165317
http://dx.doi.org/10.1182/blood-2003-05-1721
http://www.ncbi.nlm.nih.gov/pubmed/14615380
http://dx.doi.org/10.1002/1097-0142(195607/08)9:4<822::AID-CNCR2820090430>3.0.CO;2-4
http://dx.doi.org/10.1002/1097-0142(195607/08)9:4<822::AID-CNCR2820090430>3.0.CO;2-4
http://www.ncbi.nlm.nih.gov/pubmed/13356266
http://dx.doi.org/10.1128/JCM.39.2.506-508.2001
http://dx.doi.org/10.1128/JCM.39.2.506-508.2001
http://www.ncbi.nlm.nih.gov/pubmed/11158097
http://dx.doi.org/10.1046/j.1469-0691.2003.00490.x
http://dx.doi.org/10.1046/j.1469-0691.2003.00490.x
http://www.ncbi.nlm.nih.gov/pubmed/12667236
http://www.ncbi.nlm.nih.gov/pubmed/11004646
http://dx.doi.org/10.1056/NEJM199505043321802
http://dx.doi.org/10.1056/NEJM199505043321802
http://www.ncbi.nlm.nih.gov/pubmed/7700311
http://www.ncbi.nlm.nih.gov/pubmed/7670109
http://www.ncbi.nlm.nih.gov/pubmed/8686762

Virology, 243: 208-217. doi:10.1006/viro.1998.9055
PMID:9527930

Chang J, Renne R, Dittmer D, Ganem D (2000).
Inflammatory cytokines and the reactivation of
Kaposi’s sarcoma-associated herpesvirus lytic replica-
tion. Virology, 266: 17-25. doi:10.1006/vir0.1999.0077
PMID:10612656

ChangY,CesarmanE,Pessin MSetal. (1994). Identification
of herpesvirus-like DNA sequences in AIDS-associated
Kaposi’s sarcoma. Science, 266: 1865-1869. d0i:10.1126/
science.7997879 PMID:7997879

ChangY,MoorePS, TalbotS]Jetal. (1996).Cyclinencodedby
KS herpesvirus. Nature, 382: 410 doi:10.1038/382410a0
PMID:8684480

Chaudhary PM, Jasmin A, Eby MT, Hood L (1999).
Modulation of the NF-kappa B pathway by virally
encoded death effector domains-containing proteins.
Oncogene, 18: 5738-5746. doi:10.1038/sj.0nc.1202976
PMID:10523854

Chee MS, Bankier AT, Beck S et al. (1990). Analysis of
the protein-coding content of the sequence of human
cytomegalovirus strain AD169. Curr Top Microbiol
Immunol, 154: 125-169. PMID:2161319

ChenJ, Ueda K, Sakakibara S et al. (2000). Transcriptional
regulation of the Kaposi’s sarcoma-associated herpes-
virus viral interferon regulatory factor gene. J Virol,
74: 8623-8634. doi:10.1128/JV1.74.18.8623-8634.2000
PMID:10954564

Cheng EH, Nicholas ], Bellows DS et al. (1997). A Bcl-2
homolog encoded by Kaposi sarcoma-associated
virus, human herpesvirus 8, inhibits apoptosis but
does not heterodimerize with Bax or Bak. Proc Natl
Acad Sci USA, 94: 690-694. d0i:10.1073/pnas.94.2.690
PMID:9012846

Choi JK, Lee BS, Shim SN et al. (2000). Identification
of the novel K15 gene at the rightmost end of the
Kaposi’s sarcoma-associated herpesvirus genome. |
Virol, 74: 436-446. doi:10.1128/JV1.74.1.436-446.2000
PMID:10590133

Chugh P, Matta H, Schamus S et al. (2005). Constitutive
NF-kappaB activation, normal Fas-induced apop-
tosis, and increased incidence of lymphoma in human
herpes virus 8 K13 transgenic mice. Proc Natl Acad Sci
USA, 102: 12885-12890. doi:10.1073/pnas.0408577102
PMID:16120683

Chung YH, Means RE, Choi JK et al. (2002). Kaposi’s
sarcoma-associated herpesvirus OX2 glycoprotein
activates myeloid-lineage cells to induce inflamma-
tory cytokine production. J Virol, 76: 4688-4698.
doi:10.1128/JV1.76.10.4688-4698.2002 PMID:11967286

Ciufo DM, Cannon JS, Poole L] et al. (2001). Spindle cell
conversion by Kaposi’s sarcoma-associated herpes-
virus: formation of colonies and plaques with mixed
lytic and latent gene expression in infected primary
dermal microvascular endothelial cell cultures. J Virol,

Kaposi sarcoma herpesvirus

75: 5614-5626. doi:10.1128/JV1.75.12.5614-5626.2001
PMID:11356969

Collenberg E, Ouedraogo T, Ganamé ] et al. (2006).
Seroprevalence of six different viruses among pregnant
women and blood donors in rural and urban Burkina
Faso: A comparative analysis. ] Med Virol, 78: 683-692.
d0i:10.1002/jmv.20593 PMID:16555290

Coluzzi M, Calabro ML, Manno D et al. (2003). Reduced
seroprevalence of Kaposi’s sarcoma-associated
herpesvirus (KSHV), human herpesvirus 8 (HHVS),
related to suppression of Anopheles density in Italy.
Med Vet Entomol, 17: 461-464. doi:10.1111/j.1365-
2915.2003.00465.x PMID:14651663

Concato C, Diociaiuti A, Parisi F et al. (2008). Human
herpesvirus-8 serology in pediatric organ transplan-
tation. Transplant Proc, 40: 3683-3684. doi:10.1016/j.
transproceed.2008.06.085 PMID:19100465

Cook-Mozaffari P, Newton R, Beral V, Burkitt DP (1998).
The geographical distribution of Kaposi’s sarcoma and
of lymphomas in Africa before the AIDS epidemic.
Br ] Cancer, 78: 1521-1528. doi:10.1038/bjc.1998.717
PMID:9836488

Corbellino M, Bestetti G, Scalamogna C et al. (2001).
Long-term remission of Kaposi sarcoma-associated
herpesvirus-related multicentric Castleman disease
with anti-CD20 monoclonal antibody therapy.
Blood, 98: 3473-3475. doi:10.1182/blood.V98.12.3473
PMID:11719390

Corbellino M, Poirel L, Aubin JT et al. (1996). The role
of human herpesvirus 8 and Epstein-Barr virus in
the pathogenesis of giant lymph node hyperplasia
(Castleman’s disease). Clin Infect Dis, 22: 1120-1121.
doi:10.1093/clinids/22.6.1120 PMID:8783733

Coscoy L (2007). Immune evasion by Kaposi’s sarcoma-
associated herpesvirus. Nat Rev Immunol, 7: 391-401.
doi:10.1038/nri2076 PMID:17457345

Coscoy L & Ganem D (2000). Kaposi’s sarcoma-associ-
ated herpesvirus encodes two proteins that block cell
surface display of MHC class I chains by enhancing
their endocytosis. Proc Natl Acad Sci USA, 97: 8051-
8056. doi:10.1073/pnas.140129797 PMID:10859362

Coscoy L, Sanchez D], Ganem D (2001). A novel class of
herpesvirus-encoded membrane-bound E3 ubiquitin
ligases regulates endocytosis of proteins involved
in immune recognition. J Cell Biol, 155: 1265-1273.
doi:10.1083/jcb.200111010 PMID:11756476

Cottoni F & Uccini S (1997). Kaposi’s sarcoma-associated
herpesvirus infection and multiple myeloma. Science,
278: 1972, author reply 1972-1973. PMID:9417646

Cunha AM, Caterino-de-Araujo A, Costa SC et al. (2005).
Increasing seroprevalence of human herpesvirus 8
(HHV-8) with age confirms HHV-8 endemicity in
Amazon Amerindians from Brazil. ] Gen Virol, 86:
2433-2437. d0i:10.1099/vir.0.81087-0 PMID:16099900

Cunningham C, Barnard S, Blackbourn DJ, Davison AJ
(2003). Transcription mapping of human herpesvirus

199


http://dx.doi.org/10.1006/viro.1998.9055
http://www.ncbi.nlm.nih.gov/pubmed/9527930
http://dx.doi.org/10.1006/viro.1999.0077
http://www.ncbi.nlm.nih.gov/pubmed/10612656
http://dx.doi.org/10.1126/science.7997879
http://dx.doi.org/10.1126/science.7997879
http://www.ncbi.nlm.nih.gov/pubmed/7997879
http://dx.doi.org/10.1038/382410a0
http://www.ncbi.nlm.nih.gov/pubmed/8684480
http://dx.doi.org/10.1038/sj.onc.1202976
http://www.ncbi.nlm.nih.gov/pubmed/10523854
http://www.ncbi.nlm.nih.gov/pubmed/2161319
http://dx.doi.org/10.1128/JVI.74.18.8623-8634.2000
http://www.ncbi.nlm.nih.gov/pubmed/10954564
http://dx.doi.org/10.1073/pnas.94.2.690
http://www.ncbi.nlm.nih.gov/pubmed/9012846
http://dx.doi.org/10.1128/JVI.74.1.436-446.2000
http://www.ncbi.nlm.nih.gov/pubmed/10590133
http://dx.doi.org/10.1073/pnas.0408577102
http://www.ncbi.nlm.nih.gov/pubmed/16120683
http://dx.doi.org/10.1128/JVI.76.10.4688-4698.2002
http://www.ncbi.nlm.nih.gov/pubmed/11967286
http://dx.doi.org/10.1128/JVI.75.12.5614-5626.2001
http://www.ncbi.nlm.nih.gov/pubmed/11356969
http://dx.doi.org/10.1002/jmv.20593
http://www.ncbi.nlm.nih.gov/pubmed/16555290
http://dx.doi.org/10.1111/j.1365-2915.2003.00465.x
http://dx.doi.org/10.1111/j.1365-2915.2003.00465.x
http://www.ncbi.nlm.nih.gov/pubmed/14651663
http://dx.doi.org/10.1016/j.transproceed.2008.06.085
http://dx.doi.org/10.1016/j.transproceed.2008.06.085
http://www.ncbi.nlm.nih.gov/pubmed/19100465
http://dx.doi.org/10.1038/bjc.1998.717
http://www.ncbi.nlm.nih.gov/pubmed/9836488
http://dx.doi.org/10.1182/blood.V98.12.3473
http://www.ncbi.nlm.nih.gov/pubmed/11719390
http://dx.doi.org/10.1093/clinids/22.6.1120
http://www.ncbi.nlm.nih.gov/pubmed/8783733
http://dx.doi.org/10.1038/nri2076
http://www.ncbi.nlm.nih.gov/pubmed/17457345
http://dx.doi.org/10.1073/pnas.140129797
http://www.ncbi.nlm.nih.gov/pubmed/10859362
http://dx.doi.org/10.1083/jcb.200111010
http://www.ncbi.nlm.nih.gov/pubmed/11756476
http://www.ncbi.nlm.nih.gov/pubmed/9417646
http://dx.doi.org/10.1099/vir.0.81087-0
http://www.ncbi.nlm.nih.gov/pubmed/16099900

IARC MONOGRAPHS - 100B

8 genes encoding viral interferon regulatory factors.
J Gen Virol, 84: 1471-1483. do0i:10.1099/vir.0.19015-0
PMID:12771416

Cuomo ME, Knebel A, Morrice N et al. (2008).
p53-Driven apoptosis limits centrosome amplification
and genomic instability downstream of NPM1 phos-
phorylation. Nat Cell Biol, 10: 723-730. doi:10.1038/
ncb1735 PMID:18454140

Curado MP, Edwards B, Shin HR et al. (2007). Cancer
incidence in five continent, volume IX IARC Sci Publ,
160:

Curreli F, Friedman-Kien AE, Flore O (2005). Glycyrrhizic
acid alters Kaposi sarcoma-associated herpesvirus
latency, triggering p53-mediated apoptosis in trans-
formed B lymphocytes. J Clin Invest, 115: 642-652.
PMID:15765147

D’Oliveira JJ] & Torres FO (1972). Kaposi’s sarcoma
in the Bantu of Mozambique. Cancer, 30: 553-561.
d0i:10.1002/1097-0142(197208)30:2<553::AID-
CNCR2820300236>3.0.CO;2-W PMID:5051678

Dairaghi DJ, Fan RA, McMaster BE et al. (1999). HHVS-
encoded VMIP-I selectively engages chemokine
receptor CCR8. Agonist and antagonist profiles of
viral chemokines. J Biol Chem, 274: 21569-21574.
doi:10.1074/jbc.274.31.21569 PMID:10419462

Damania B, Dittmer DP (2008). Kaposi-Sarcoma-
Associated-Herpesvirus. Clinical Diseases and Viral
Pathogenesis. In: Human Cancer Viruses: Principles of
Transformation and Pathogenesis. Nicholas J, Jeang KT,
Wu TG, editors. Switzerland: S Karger AG, 170-185.

Davidovici B, Karakis I, Bourboulia D et al. (2001).
Seroepidemiology and molecular epidemiology of
Kaposi’s sarcoma-associated herpesvirus among
Jewish population groups in Israel. ] Natl Cancer Inst,
93:194-202. doi:10.1093/jnci/93.3.194 PMID:11158187

Davis MA, Stiirzl MA, Blasig C et al. (1997). Expression
of human herpesvirus 8-encoded cyclin D in Kaposi’s
sarcoma spindle cells. ] Natl Cancer Inst, 89: 1868-1874.
do0i:10.1093/jnci/89.24.1868 PMID:9414174

de Sanjosé S, Goedert JJ, Marshall V et al. (2004). Risk of
malignant lymphoma associated with human herpes-
virus-8: a case-control study in Spain. Br J Cancer, 90:
2145-2148. PMID:15150582

de Sanjosé S, Mbisa G, Perez-Alvarez S et al. (2009).
Geographic variation in the prevalence of Kaposi
sarcoma-associated herpesvirus and risk factors
for transmission. ] Infect Dis, 199: 1449-1456.
doi:10.1086/598523 PMID:19351262

Dedicoat M & Newton R (2003). Review of the distri-
bution of Kaposi’s sarcoma-associated herpesvirus
(KSHV) in Africa in relation to the incidence of
Kaposi’s sarcoma. Br | Cancer, 88: 1-3. d0i:10.1038/
5j.bjc.6600745 PMID:12556950

Dedicoat M, Newton R, Alkharsah KR et al. (2004).
Mother-to-child transmission of human herpesvirus-8

200

in South Africa. J Infect Dis, 190: 1068-1075.
doi:10.1086/423326 PMID:15319855

Delli Bovi P, Donti E, Knowles DM 2nd et al. (1986).
Presence of chromosomal abnormalities and lack of
AIDS retrovirus DNA sequences in AIDS-associated
Kaposi’s sarcoma. Cancer Res, 46: 6333-6338.
PMID:3022918

Deng B, O’Connor CM, Kedes DH, Zhou ZH (2008).
Cryo-electron tomography of Kaposi’s sarcoma-asso-
ciated herpesvirus capsids reveals dynamic scaffolding
structures essential to capsid assembly and maturation.
J Struct Biol, 161: 419-427. doi:10.1016/.jsb.2007.10.016
PMID:18164626

DeSantis SM, Pau CP, Archibald LK et al. (2002).
Demographicandimmune correlates ofhuman herpes-
virus 8 seropositivity in Malawi, Africa. Int | Infect
Dis, 6: 266-271. doi:10.1016/S1201-9712(02)90159-1
PMID:12718819

Dittmer D, Stoddart C, Renne Ret al. (1999). Experimental
transmission of Kaposi’s sarcoma-associated herpes-
virus (KSHV/HHV-8) to SCID-hu Thy/Liv mice. ]
Exp Med, 190: 1857-1868. d0i:10.1084/jem.190.12.1857
PMID:10601360

DjerbiM, ScrepantiV, Catrina Aletal. (1999). Theinhibitor
of death receptor signalling, FLICE-inhibitory protein
defines a new class of tumor progression factors. [see
comments]] Exp Med, 190: 1025-1032. doi:10.1084/
jem.190.7.1025 PMID:10510092

Dollard SC, Nelson KE, Ness PM et al. (2005). Possible
transmission of human herpesvirus-8 by blood trans-
fusion in a historical United States cohort. Transfusion,
45:  500-503. doi:10.1111/j.0041-1132.2005.04334.x
PMID:15819669

Dukers NH & Rezza G (2003). Human herpesvirus 8
epidemiology: what we do and do not know. AIDS, 17
1717-1730.  d0i:10.1097/00002030-200308150-00001
PMID:12891058

Dupin N, Diss TL, Kellam P et al. (2000). HHV-8 is
associated with a plasmablastic variant of Castleman
disease that is linked to HHV-8-positive plasmablastic
lymphoma. Blood, 95: 1406-1412. PMID:10666218

Dupin N, Rubin De Cervens V, Gorin I et al. (1999). The
influence of highly active antiretroviral therapy on
AIDS-associated Kaposi’s sarcoma. Br J Dermatol,
140: 875-881. do0i:10.1046/j.1365-2133.1999.02818.x
PMID:10354025

EfklidouS,BaileyR, Field N etal. (2008). vFLIP from KSHV
inhibits anoikis of primary endothelial cells. J Cell Sci,
121: 450-457. doi:10.1242/jcs.022343 PMID:18211958

Ellis M, Chew YP, Fallis L et al. (1999). Degradation of
p27(Kip) cdk inhibitor triggered by Kaposi’s sarcoma
virus cyclin-cdk6 complex. EMBO ], 18: 644-653.
do0i:10.1093/emboj/18.3.644 PMID:9927424

Emond JP, Marcelin AG, Dorent R et al. (2002). Kaposi’s
sarcoma associated with previous human herpes-
virus 8 infection in heart transplant recipients. J Clin


http://dx.doi.org/10.1099/vir.0.19015-0
http://www.ncbi.nlm.nih.gov/pubmed/12771416
http://dx.doi.org/10.1038/ncb1735
http://dx.doi.org/10.1038/ncb1735
http://www.ncbi.nlm.nih.gov/pubmed/18454140
http://www.ncbi.nlm.nih.gov/pubmed/15765147
http://dx.doi.org/10.1002/1097-0142(197208)30:2<553::AID-CNCR2820300236>3.0.CO;2-W
http://dx.doi.org/10.1002/1097-0142(197208)30:2<553::AID-CNCR2820300236>3.0.CO;2-W
http://www.ncbi.nlm.nih.gov/pubmed/5051678
http://dx.doi.org/10.1074/jbc.274.31.21569
http://www.ncbi.nlm.nih.gov/pubmed/10419462
http://dx.doi.org/10.1093/jnci/93.3.194
http://www.ncbi.nlm.nih.gov/pubmed/11158187
http://dx.doi.org/10.1093/jnci/89.24.1868
http://www.ncbi.nlm.nih.gov/pubmed/9414174
http://www.ncbi.nlm.nih.gov/pubmed/15150582
http://dx.doi.org/10.1086/598523
http://www.ncbi.nlm.nih.gov/pubmed/19351262
http://dx.doi.org/10.1038/sj.bjc.6600745
http://dx.doi.org/10.1038/sj.bjc.6600745
http://www.ncbi.nlm.nih.gov/pubmed/12556950
http://dx.doi.org/10.1086/423326
http://www.ncbi.nlm.nih.gov/pubmed/15319855
http://www.ncbi.nlm.nih.gov/pubmed/3022918
http://dx.doi.org/10.1016/j.jsb.2007.10.016
http://www.ncbi.nlm.nih.gov/pubmed/18164626
http://dx.doi.org/10.1016/S1201-9712(02)90159-1
http://www.ncbi.nlm.nih.gov/pubmed/12718819
http://dx.doi.org/10.1084/jem.190.12.1857
http://www.ncbi.nlm.nih.gov/pubmed/10601360
http://dx.doi.org/10.1084/jem.190.7.1025
http://dx.doi.org/10.1084/jem.190.7.1025
http://www.ncbi.nlm.nih.gov/pubmed/10510092
http://dx.doi.org/10.1111/j.0041-1132.2005.04334.x
http://www.ncbi.nlm.nih.gov/pubmed/15819669
http://dx.doi.org/10.1097/00002030-200308150-00001
http://www.ncbi.nlm.nih.gov/pubmed/12891058
http://www.ncbi.nlm.nih.gov/pubmed/10666218
http://dx.doi.org/10.1046/j.1365-2133.1999.02818.x
http://www.ncbi.nlm.nih.gov/pubmed/10354025
http://dx.doi.org/10.1242/jcs.022343
http://www.ncbi.nlm.nih.gov/pubmed/18211958
http://dx.doi.org/10.1093/emboj/18.3.644
http://www.ncbi.nlm.nih.gov/pubmed/9927424

Microbiol, 40: 2217-2219. doi:10.1128/JCM.40.6.2217-
2219.2002 PMID:12037090

Enbom M, Urassa W, Massambu C et al. (2002). Detection
of human herpesvirus 8 DNA in serum from blood
donors with HHV-8 antibodies indicates possible
bloodborne virus transmission. J Med Virol, 68:
264-267. doi:10.1002/jmv.10183 PMID:12210417

Endres MJ, Garlisi CG, Xiao H et al. (1999). The Kaposi’s
sarcoma-related herpesvirus (KSHV)-encoded
chemokine vMIP-I is a specific agonist for the CC
chemokine receptor (CCR)8. ] Exp Med, 189: 1993-
1998. doi:10.1084/jem.189.12.1993 PMID:10377196

Engels EA, Atkinson JO, Graubard BI et al. (2007). Risk
factors for human herpesvirus 8 infection amongadults
in the United States and evidence for sexual transmis-
sion. J Infect Dis, 196: 199-207. do0i:10.1086/518791
PMID:17570106

Engels EA, Biggar R], Marshall VA et al. (2003). Detection
and quantification of Kaposi’s sarcoma-associated
herpesvirus to predict AIDS-associated Kaposi’s
sarcoma. AIDS, 17: 1847-1851. PMID:12891072

Engels EA, Sinclair MD, Biggar R] et al. (2000). Latent class
analysis of human herpesvirus 8 assay performance
and infection prevalence in sub-saharan Africa and
Malta. Int J Cancer, 88: 1003-1008. d0i:10.1002/1097-
0215(20001215)88:6<1003::AID-1JC26>3.0.CO;2-9
PMID:11093828

Ensoli B, Barillari G, Salahuddin SZ et al. (1990). Tat
protein of HIV-1 stimulates growth of cells derived from
Kaposi’s sarcoma lesions of AIDS patients. Nature, 345:
84-86. doi:10.1038/345084a0 PMID:2184372

Ensoli B, Gendelman R, Markham P et al. (1994). Synergy
between basic fibroblast growth factor and HIV-1 Tat
protein in induction of Kaposi’s sarcoma. Nature, 371:
674-680. doi:10.1038/371674a0 PMID:7935812

Ensser A, Fleckenstein B (2007). Gammaherpesvirus of
new world promates. In: Human Herpesviruses: Biology
Therapy and Immunoprophylaxis. Arvin A, Campadelli-
Fiume G, Mocarski E et al., editors. Cambridge:
Cambridge University Press, pp. 1076-1092.

Esteban M, Garcia MA, Domingo-Gil E et al. (2003). The
latency protein LANA?2 from Kaposi’s sarcoma-associ-
ated herpesvirus inhibits apoptosis induced by dsRNA-
activated protein kinase but not RNase L activation. ]
Gen Virol, 84: 1463-1470. doi:10.1099/vir.0.19014-0
PMID:12771415

Fakhari FD, Jeong JH, Kanan Y, Dittmer DP (2006). The
latency-associated nuclear antigen of Kaposi sarcoma-
associated herpesvirus induces B cell hyperplasia and
lymphoma. J Clin Invest, 116: 735-742. doi:10.1172/
JCI26190 PMID:16498502

Fan W, Bubman D, Chadburn A et al. (2005). Distinct
subsets of primary effusion lymphoma can be identi-
fied based on their cellular gene expression profile and
viral association. J Virol, 79: 1244-1251. doi:10.1128/
JV1.79.2.1244-1251.2005 PMID:15613351

Kaposi sarcoma herpesvirus

Feng H, Dong X, Negaard A, Feng P (2008). Kaposi’s
sarcoma-associated herpesvirus K7 induces viral G
protein-coupled receptor degradation and reduces its
tumorigenicity. PLoS Pathog, 4: 1000157 doi:10.1371/
journal.ppat.1000157 PMID:18802460

Feng P, Park ], Lee BS et al. (2002). Kaposi’s sarcoma-asso-
ciated herpesvirus mitochondrial K7 protein targets
a cellular calcium-modulating cyclophilin ligand to
modulate intracellular calcium concentration and
inhibit apoptosis. J Virol, 76: 11491-11504. d0i:10.1128/
JV1.76.22.11491-11504.2002 PMID:12388711

Feng P, Scott CW, Cho NH et al. (2004). Kaposi’s sarcoma-
associated herpesvirus K7 protein targets a ubiquitin-
like/ubiquitin-associated domain-containing protein
to promote protein degradation. Mol Cell Biol, 24:
3938-3948. doi:10.1128/MCB.24.9.3938-3948.2004
PMID:15082787

Field N, Low W, Daniels M et al. (2003). KSHV vFLIP
binds to IKK-gamma to activate IKK. J Cell Sci, 116:
3721-3728. doi:10.1242/jcs.00691 PMID:12890756

Flanagan AM & Letai A (2008). BH3 domains define selec-
tive inhibitory interactions with BHRF-1 and KSHV
BCL-2. Cell Death Differ, 15: 580-588. do0i:10.1038/
sj.cdd.4402292 PMID:18084238

Flore O, Rafii S, Ely S et al. (1998). Transformation of
primary human endothelial cells by Kaposi’s sarcoma-
associated herpesvirus. Nature, 394: 588-592.
doi:10.1038/29093 PMID:9707121

Foreman KE, Friborg J, Chandran B et al. (2001). Injection
of human herpesvirus-8 in human skin engrafted on
SCID mice induces Kaposi’s sarcoma-like lesions.
J Dermatol Sci, 26: 182-193. do0i:10.1016/S0923-
1811(01)00087-1 PMID:11390203

Foreman KE, Friborg ] Jr, Kong WP et al. (1997).
Propagation of a human herpesvirus from AIDS-
associated Kaposi’ssarcoma. N Engl] Med, 336:163-171.
doi:10.1056/NEJM199701163360302 PMID:8988896

Foster-Cuevas M, Wright GJ, Puklavec MJ et al. (2004).
Human herpesvirus 8 K14 protein mimics CD200
in down-regulating macrophage activation through
CD200 receptor. | Virol, 78: 7667-7676. d0i:10.1128/
JV1.78.14.7667-7676.2004 PMID:15220441

Franceés C, Mouquet C, Calvez V (1999). Human herpes-
virus 8 and renal transplantation. N Engl | Med,
340: 1045-1046, author reply 1046. doi:10.1056/
NEJM199904013401314 PMID:10189287

Frances C, Mouquet C, Marcelin AG et al. (2000).
Outcome of kidney transplant recipients with previous
human herpesvirus-8 infection. Transplantation, 69:
1776-1779.  doi:10.1097/00007890-200005150-00008
PMID:10830210

Friborg J Jr, Kong W, Hottiger MO, Nabel GJ (1999).
p53 inhibition by the LANA protein of KSHV
protects against cell death. Nature, 402: 889-894.
PMID:10622254

201


http://dx.doi.org/10.1128/JCM.40.6.2217-2219.2002
http://dx.doi.org/10.1128/JCM.40.6.2217-2219.2002
http://www.ncbi.nlm.nih.gov/pubmed/12037090
http://dx.doi.org/10.1002/jmv.10183
http://www.ncbi.nlm.nih.gov/pubmed/12210417
http://dx.doi.org/10.1084/jem.189.12.1993
http://www.ncbi.nlm.nih.gov/pubmed/10377196
http://dx.doi.org/10.1086/518791
http://www.ncbi.nlm.nih.gov/pubmed/17570106
http://www.ncbi.nlm.nih.gov/pubmed/12891072
http://dx.doi.org/10.1002/1097-0215(20001215)88:6<1003::AID-IJC26>3.0.CO;2-9
http://dx.doi.org/10.1002/1097-0215(20001215)88:6<1003::AID-IJC26>3.0.CO;2-9
http://www.ncbi.nlm.nih.gov/pubmed/11093828
http://dx.doi.org/10.1038/345084a0
http://www.ncbi.nlm.nih.gov/pubmed/2184372
http://dx.doi.org/10.1038/371674a0
http://www.ncbi.nlm.nih.gov/pubmed/7935812
http://dx.doi.org/10.1099/vir.0.19014-0
http://www.ncbi.nlm.nih.gov/pubmed/12771415
http://dx.doi.org/10.1172/JCI26190
http://dx.doi.org/10.1172/JCI26190
http://www.ncbi.nlm.nih.gov/pubmed/16498502
http://dx.doi.org/10.1128/JVI.79.2.1244-1251.2005
http://dx.doi.org/10.1128/JVI.79.2.1244-1251.2005
http://www.ncbi.nlm.nih.gov/pubmed/15613351
http://dx.doi.org/10.1371/journal.ppat.1000157
http://dx.doi.org/10.1371/journal.ppat.1000157
http://www.ncbi.nlm.nih.gov/pubmed/18802460
http://dx.doi.org/10.1128/JVI.76.22.11491-11504.2002
http://dx.doi.org/10.1128/JVI.76.22.11491-11504.2002
http://www.ncbi.nlm.nih.gov/pubmed/12388711
http://dx.doi.org/10.1128/MCB.24.9.3938-3948.2004
http://www.ncbi.nlm.nih.gov/pubmed/15082787
http://dx.doi.org/10.1242/jcs.00691
http://www.ncbi.nlm.nih.gov/pubmed/12890756
http://dx.doi.org/10.1038/sj.cdd.4402292
http://dx.doi.org/10.1038/sj.cdd.4402292
http://www.ncbi.nlm.nih.gov/pubmed/18084238
http://dx.doi.org/10.1038/29093
http://www.ncbi.nlm.nih.gov/pubmed/9707121
http://dx.doi.org/10.1016/S0923-1811(01)00087-1
http://dx.doi.org/10.1016/S0923-1811(01)00087-1
http://www.ncbi.nlm.nih.gov/pubmed/11390203
http://dx.doi.org/10.1056/NEJM199701163360302
http://www.ncbi.nlm.nih.gov/pubmed/8988896
http://dx.doi.org/10.1128/JVI.78.14.7667-7676.2004
http://dx.doi.org/10.1128/JVI.78.14.7667-7676.2004
http://www.ncbi.nlm.nih.gov/pubmed/15220441
http://dx.doi.org/10.1056/NEJM199904013401314
http://dx.doi.org/10.1056/NEJM199904013401314
http://www.ncbi.nlm.nih.gov/pubmed/10189287
http://dx.doi.org/10.1097/00007890-200005150-00008
http://www.ncbi.nlm.nih.gov/pubmed/10830210
http://www.ncbi.nlm.nih.gov/pubmed/10622254

IARC MONOGRAPHS - 100B

Fujimuro M, Wu FY, ApRhys C et al. (2003). A novel
viral mechanism for dysregulation of beta-catenin in
Kaposi’s sarcoma-associated herpesvirus latency. Nat
Med, 9: 300-306. doi:10.1038/nm829 PMID:12592400

Fuld S, Cunningham C, Klucher K et al. (2006). Inhibition
of interferon signalling by the Kaposi’s sarcoma-associ-
ated herpesvirus full-length viral interferon regulatory
factor 2 protein. | Virol, 80: 3092-3097. doi:10.1128/
JV1.80.6.3092-3097.2006 PMID:16501120

Gaidano G, Capello D, Cilia AM et al. (1999). Genetic
characterization of HHV-8/KSHV-positive primary
effusion lymphoma reveals frequent mutations of
BCL6: implications for disease pathogenesis and
histogenesis. Genes Chromosomes Cancer, 24: 16-23.
d0i:10.1002/(SICI)1098-2264(199901)24:1<16::AID-
GCC3>3.0.CO;2-F PMID:9892104

Gaidano G, Capello D, Fassone L et al. (2000). Molecular
characterization of HHV-8 positive primary effu-
sion lymphoma reveals pathogenetic and histoge-
netic features of the disease. J Clin Virol, 16: 215-224.
doi:10.1016/S1386-6532(99)00082-7 PMID:10738140

Gaidano G, Pastore C, Gloghini A et al. (1997).
Microsatellite instability in KSHV/HHV-8 posi-
tive body-cavity-based lymphoma. Hum Pathol,
28:  748-750.  doi:10.1016/S0046-8177(97)90187-8
PMID:9191012

Ganem D (2007). KSHV-induced oncogenesis. In: Human
Herpesviruses: Biology TherapyandImmunoprophylaxis.
Arvin A, Campadelli-Fiume G, Mocarski E et al,
editors. Cambridge: Cambridge University Press, pp.
1007-1028.

Gao SJ, Boshoff C, Jayachandra S et al. (1997). KSHV ORF
K9 (vIRF) is an oncogene which inhibits the inter-
feron signalling pathway. Oncogene, 15: 1979-1985.
do0i:10.1038/sj.0nc.1201571 PMID:9365244

Gao §J, Kingsley L, Li M et al. (1996). KSHV antibodies
among Americans, Italians and Ugandans with and
without Kaposi’s sarcoma. Nat Med, 2: 925-928.
do0i:10.1038/nm0896-925 PMID:8705864

Garber AC, Shu MA, Hu J, Renne R (2001). DNA binding
and modulation of gene expression by the latency-
associated nuclear antigen of Kaposi’s sarcoma-asso-
ciated herpesvirus. J Virol, 75: 7882-7892. doi:10.1128/
JV1.75.17.7882-7892.2001 PMID:11483733

Garcia-Astudillo LA & Leyva-Cobian F (2006). Human
herpesvirus-8 infection and Kaposi’s sarcoma after
liver and kidney transplantation in different geograph-
ical areas of Spain. Transpl Immunol, 17: 65-69.
doi:10.1016/j.trim.2006.09.008 PMID:17157220

Gessain A, Sudaka A, Briere]J et al. (1996). Kaposi sarcoma-
associated herpes-like virus (human herpesvirus
type 8) DNA sequences in multicentric Castleman’s
disease: is there any relevant association in non-human
immunodeficiency virus-infected patients? Blood, 87:
414-416. PMID:8547672

202

Glenn M, Rainbow L, Auradé F et al. (1999). Identification
of a spliced gene from Kaposi’s sarcoma-associated
herpesvirus encoding a protein with similarities to
latent membrane proteins 1 and 2A of Epstein-Barr
virus. ] Virol, 73: 6953-6963. PMID:10400794

Globocan (2008) available at http://globocan.iarc.fr

Godden-Kent D, Talbot SJ, Boshoft C et al. (1997). The
cyclin encoded by Kaposi’s sarcoma-associated herpes-
virus stimulates cdké to phosphorylate the retinoblas-
toma protein and histone H1. ] Virol, 71: 4193-4198.
PMID:9151805

Godfrey A, Anderson ], Papanastasiou A et al. (2005).
Inhibiting primary effusion lymphoma by lentiviral
vectors encoding short hairpin RNA. Blood, 105: 2510-
2518. doi:10.1182/blood-2004-08-3052 PMID:15572586

Gottwein E, Mukherjee N, Sachse C et al. (2007). A viral
microRNA functions as an orthologue of cellular
miR-155.  Nature, 450: 1096-1099. doi:10.1038/
nature05992 PMID:18075594

Gradoville L, Gerlach ], Grogan E et al. (2000). Kaposi’s
sarcoma-associated herpesvirus open reading frame
50/Rta protein activates the entire viral lytic cycle in the
HH-B2 primary effusion lymphoma cell line. J Virol,
74: 6207-6212. doi:10.1128/JV1.74.13.6207-6212.2000
PMID:10846108

Grisotto MG, Garin A, Martin AP et al. (2006). The
human herpesvirus 8 chemokine receptor vGPCR
triggers autonomous proliferation of endothelial cells.
] Clin Invest, 116: 1264-1273. doi:10.1172/JCI26666
PMID:16604194

Grossmann C, Podgrabinska S, Skobe M, Ganem D (2006).
Activation of NF-kappaB by the latent vFLIP gene of
Kaposi’s sarcoma-associated herpesvirus is required
for the spindle shape of virus-infected endothelial
cells and contributes to their proinflammatory pheno-
type. J Virol, 80: 7179-7185. doi:10.1128/JV1.01603-05
PMID:16809323

Grulich AE, Beral V, Swerdlow AJ (1992). Kaposi’s sarcoma
in England and Wales before the AIDS epidemic.
Br ] Cancer, 66: 1135-1137. doi:10.1038/bjc.1992.423
PMID:1457354

Grulich AE, Cunningham P, Munier ML et al. (2005).
Sexual behaviour and human herpesvirus 8 infection
in homosexual men in Australia. Sex Health, 2: 13-18.
doi:10.1071/SH04029 PMID:16334707

Grundhoff A & Ganem D (2001). Mechanisms governing
expression of the v-FLIP gene of Kaposi’s sarcoma-asso-
ciated herpesvirus. J Virol, 75: 1857-1863. doi:10.1128/
JV1.75.4.1857-1863.2001 PMID:11160684

Grundhoff A & Ganem D (2004). Inefficient establish-
ment of KSHYV latency suggests an additional role for
continued lytic replication in Kaposi sarcoma patho-
genesis. ] Clin Invest, 113: 124-136. PMID:14702116

Grundhoff A, Sullivan CS, Ganem D (2006). A combined
computational and microarray-based approach
identifies novel microRNAs encoded by human


http://dx.doi.org/10.1038/nm829
http://www.ncbi.nlm.nih.gov/pubmed/12592400
http://dx.doi.org/10.1128/JVI.80.6.3092-3097.2006
http://dx.doi.org/10.1128/JVI.80.6.3092-3097.2006
http://www.ncbi.nlm.nih.gov/pubmed/16501120
http://dx.doi.org/10.1002/(SICI)1098-2264(199901)24:1<16::AID-GCC3>3.0.CO;2-F
http://dx.doi.org/10.1002/(SICI)1098-2264(199901)24:1<16::AID-GCC3>3.0.CO;2-F
http://www.ncbi.nlm.nih.gov/pubmed/9892104
http://dx.doi.org/10.1016/S1386-6532(99)00082-7
http://www.ncbi.nlm.nih.gov/pubmed/10738140
http://dx.doi.org/10.1016/S0046-8177(97)90187-8
http://www.ncbi.nlm.nih.gov/pubmed/9191012
http://dx.doi.org/10.1038/sj.onc.1201571
http://www.ncbi.nlm.nih.gov/pubmed/9365244
http://dx.doi.org/10.1038/nm0896-925
http://www.ncbi.nlm.nih.gov/pubmed/8705864
http://dx.doi.org/10.1128/JVI.75.17.7882-7892.2001
http://dx.doi.org/10.1128/JVI.75.17.7882-7892.2001
http://www.ncbi.nlm.nih.gov/pubmed/11483733
http://dx.doi.org/10.1016/j.trim.2006.09.008
http://www.ncbi.nlm.nih.gov/pubmed/17157220
http://www.ncbi.nlm.nih.gov/pubmed/8547672
http://www.ncbi.nlm.nih.gov/pubmed/10400794
http://globocan.iarc.fr
http://www.ncbi.nlm.nih.gov/pubmed/9151805
http://dx.doi.org/10.1182/blood-2004-08-3052
http://www.ncbi.nlm.nih.gov/pubmed/15572586
http://dx.doi.org/10.1038/nature05992
http://dx.doi.org/10.1038/nature05992
http://www.ncbi.nlm.nih.gov/pubmed/18075594
http://dx.doi.org/10.1128/JVI.74.13.6207-6212.2000
http://www.ncbi.nlm.nih.gov/pubmed/10846108
http://dx.doi.org/10.1172/JCI26666
http://www.ncbi.nlm.nih.gov/pubmed/16604194
http://dx.doi.org/10.1128/JVI.01603-05
http://www.ncbi.nlm.nih.gov/pubmed/16809323
http://dx.doi.org/10.1038/bjc.1992.423
http://www.ncbi.nlm.nih.gov/pubmed/1457354
http://dx.doi.org/10.1071/SH04029
http://www.ncbi.nlm.nih.gov/pubmed/16334707
http://dx.doi.org/10.1128/JVI.75.4.1857-1863.2001
http://dx.doi.org/10.1128/JVI.75.4.1857-1863.2001
http://www.ncbi.nlm.nih.gov/pubmed/11160684
http://www.ncbi.nlm.nih.gov/pubmed/14702116

gamma-herpesviruses. RNA, 12: 733-750. doi:10.1261/
rna.2326106 PMID:16540699

Guasparri I, Keller SA, Cesarman E (2004). KSHV vFLIP
is essential for the survival of infected lymphoma cells.
J Exp Med, 199: 993-1003. doi:10.1084/jem.20031467
PMID:15067035

Guasparri I, Wu H, Cesarman E (2006). The KSHV
oncoprotein VFLIP contains a TRAF-interacting
motif and requires TRAF2 and TRAF3 for signalling.
EMBO Rep, 7: 114-119. d0i:10.1038/sj.embor.7400580
PMID:16311516

Guo HG, Sadowska M, Reid W et al. (2003). Kaposi’s
sarcoma-like tumors in a human herpesvirus 8 ORF74
transgenic mouse. J Virol, 77: 2631-2639. do0i:10.1128/
JV1.77.4.2631-2639.2003 PMID:12552002

Gwack Y, HwangS, Byun Het al. (2001). Kaposi’s sarcoma-
associated herpesvirus open reading frame 50 represses
p53-induced transcriptional activity and apoptosis.
J Virol, 75: 6245-6248. doi:10.1128/JV1.75.13.6245-
6248.2001 PMID:11390631

Hamza MS, Reyes RA, Izumiya Y et al. (2004). ORF36
protein kinase of Kaposi’s sarcoma herpesvirus acti-
vates the c-Jun N-terminal kinase signalling pathway.
J Biol Chem, 279: 38325-38330. doi:10.1074/jbc.
M400964200 PMID:15247271

Hansen PB, Penkowa M, Kirk O et al. (2000). Human
immunodeficiency  virus-associated =~ malignant
lymphoma in eastern Denmark diagnosed from 1990-
1996: clinical features, histopathology, and association
with Epstein-Barr virus and human herpesvirus-8.
Eur ] Haematol, 64: 368-375. doi:10.1034/j.1600-
0609.2000.90126.x PMID:10901590

Hartmann S (2008). KSHV proteins involved in signalling
and tranformation. In: DNA tumour viruses. Damania
B, editor.

Hermouet S, Sutton CA, Rose TM et al. (2003). Qualitative
and quantitative analysis of human herpesviruses
in chronic and acute B cell lymphocytic leukemia
and in multiple myeloma. Leukemia, 17: 185-195.
PMID:12529677

Herndndez JL, Gomez-Romdan ], Ramos-Estébanez C
et al. (2005). Human herpesvirus 8 and Epstein-Barr
virus coinfection in localized Castleman disease
during pregnancy. Haematologica, 90: SupplECR35
PMID:16266926

Hjalgrim H, Frisch M, Melbye M (1998). Incidence rates
of classical Kaposi’s sarcoma and multiple myeloma
do not correlate. Br J Cancer, 78: 419-420. d0i:10.1038/
bjc.1998.509 PMID:9703293

Hladik W, Dollard SC, Downing RG et al. (2003). Kaposi’s
sarcoma in Uganda: risk factors for human herpesvirus
8 infection among blood donors. ] Acquir Immune Defic
Syndr, 33: 206-210. doi:10.1097/00126334-200306010-
00015 PMID:12794556

Hladik W, Dollard SC, MerminJetal. (2006). Transmission
of human herpesvirus 8 by blood transfusion. N Engl

Kaposi sarcoma herpesvirus

J Med, 355: 1331-1338. doi:10.1056/NEJMo0a055009
PMID:17005950

Hoischen SH, Vollmer P, Mirz P et al. (2000). Human
herpes virus 8 interleukin-6 homologue triggers gp130
on neuronal and hematopoietic cells. Eur J Biochem,
267: 3604-3612. doi:10.1046/j.1432-1327.2000.01389.x
PMID:10848977

Holst PJ, Rosenkilde MM, Manfra D et al. (2001).
Tumorigenesis induced by the HHV8-encoded
chemokine receptor requires ligand modulation of
high constitutive activity. J Clin Invest, 108: 1789-1796.
PMID:11748262

Hong YK, Foreman K, Shin JW et al. (2004). Lymphatic
reprogramming of blood vascular endothelium by
Kaposi sarcoma-associated herpesvirus. Nat Genet, 36:
683-685. doi:10.1038/ng1383 PMID:15220917

Hu J, Garber AC, Renne R (2002). The latency-associated
nuclear antigen of Kaposi’s sarcoma-associated herpes-
virus supports latent DNA replication in dividing cells.
J Virol, 76: 11677-11687. doi:10.1128/JV1.76.22.11677-
11687.2002 PMID:12388727

Hu J & Renne R (2005). Characterization of the minimal
replicator of Kaposi’s sarcoma-associated herpesvirus
latent origin. J Virol, 79: 2637-2642. PMID:15681465

Hu S, Vincenz C, Buller M, Dixit VM (1997). A novel
family of viral death effector domain-containing
molecules that inhibit both CD-95- and tumor necrosis
factor receptor-1-induced apoptosis. J Biol Chem, 272:
9621-9624. doi:10.1074/jbc.272.15.9621 PMID:9092488

Huang WY, Hayes R, Pfeiffer R et al. (2008). Sexually
transmissible infections and prostate cancer risk.
Cancer Epidemiol Biomarkers Prev, 17: 2374-2381.
doi:10.1158/1055-9965.EPI-08-0173 PMID:18768506

Hutt MS (1983). Classical and endemic form of Kaposi’s
sarcoma. A review. Antibiot Chemother, 32: 12-17.
PMID:6380401

IARC (1996). Human immunodeficiency viruses and
human T-cell lymphotropic viruses. IARC Monogr Eval
Carcinog Risks Hum, 67: 1-424. PMID:9190379

IARC (1997). Epstein-barr virus and Kaposi’s sarcoma
herpesvirus/Human herpesvirus 8. IARC Monogr Eval
Carcinog Risks Hum, 70: 1-492. PMID:9705682

Ishido S, Wang C, Lee BS et al. (2000). Downregulation
of major histocompatibility complex class I mole-
cules by Kaposi’s sarcoma-associated herpesvirus K3
and K5 proteins. ] Virol, 74: 5300-5309. doi:10.1128/
JV1.74.11.5300-5309.2000 PMID:10799607

Izumiya Y, Izumiya C, Van Geelen A et al. (2007). Kaposi’s
sarcoma-associated  herpesvirus-encoded protein
kinase and its interaction with K-bZIP. J Virol, 81:
1072-1082. doi:10.1128/JV1.01473-06 PMID:17108053

Izumiya Y, Lin SF, Ellison T et al. (2003b). Kaposi’s
sarcoma-associated herpesvirus K-bZIPisa coregulator
of K-Rta: physical association and promoter-dependent
transcriptional repression. J Virol, 77. 1441-1451.
doi:10.1128/JV1.77.2.1441-1451.2003 PMID:12502859

203


http://dx.doi.org/10.1261/rna.2326106
http://dx.doi.org/10.1261/rna.2326106
http://www.ncbi.nlm.nih.gov/pubmed/16540699
http://dx.doi.org/10.1084/jem.20031467
http://www.ncbi.nlm.nih.gov/pubmed/15067035
http://dx.doi.org/10.1038/sj.embor.7400580
http://www.ncbi.nlm.nih.gov/pubmed/16311516
http://dx.doi.org/10.1128/JVI.77.4.2631-2639.2003
http://dx.doi.org/10.1128/JVI.77.4.2631-2639.2003
http://www.ncbi.nlm.nih.gov/pubmed/12552002
http://dx.doi.org/10.1128/JVI.75.13.6245-6248.2001
http://dx.doi.org/10.1128/JVI.75.13.6245-6248.2001
http://www.ncbi.nlm.nih.gov/pubmed/11390631
http://dx.doi.org/10.1074/jbc.M400964200
http://dx.doi.org/10.1074/jbc.M400964200
http://www.ncbi.nlm.nih.gov/pubmed/15247271
http://dx.doi.org/10.1034/j.1600-0609.2000.90126.x
http://dx.doi.org/10.1034/j.1600-0609.2000.90126.x
http://www.ncbi.nlm.nih.gov/pubmed/10901590
http://www.ncbi.nlm.nih.gov/pubmed/12529677
http://www.ncbi.nlm.nih.gov/pubmed/16266926
http://dx.doi.org/10.1038/bjc.1998.509
http://dx.doi.org/10.1038/bjc.1998.509
http://www.ncbi.nlm.nih.gov/pubmed/9703293
http://dx.doi.org/10.1097/00126334-200306010-00015
http://dx.doi.org/10.1097/00126334-200306010-00015
http://www.ncbi.nlm.nih.gov/pubmed/12794556
http://dx.doi.org/10.1056/NEJMoa055009
http://www.ncbi.nlm.nih.gov/pubmed/17005950
http://dx.doi.org/10.1046/j.1432-1327.2000.01389.x
http://www.ncbi.nlm.nih.gov/pubmed/10848977
http://www.ncbi.nlm.nih.gov/pubmed/11748262
http://dx.doi.org/10.1038/ng1383
http://www.ncbi.nlm.nih.gov/pubmed/15220917
http://dx.doi.org/10.1128/JVI.76.22.11677-11687.2002
http://dx.doi.org/10.1128/JVI.76.22.11677-11687.2002
http://www.ncbi.nlm.nih.gov/pubmed/12388727
http://www.ncbi.nlm.nih.gov/pubmed/15681465
http://dx.doi.org/10.1074/jbc.272.15.9621
http://www.ncbi.nlm.nih.gov/pubmed/9092488
http://dx.doi.org/10.1158/1055-9965.EPI-08-0173
http://www.ncbi.nlm.nih.gov/pubmed/18768506
http://www.ncbi.nlm.nih.gov/pubmed/6380401
http://www.ncbi.nlm.nih.gov/pubmed/9190379
http://www.ncbi.nlm.nih.gov/pubmed/9705682
http://dx.doi.org/10.1128/JVI.74.11.5300-5309.2000
http://dx.doi.org/10.1128/JVI.74.11.5300-5309.2000
http://www.ncbi.nlm.nih.gov/pubmed/10799607
http://dx.doi.org/10.1128/JVI.01473-06
http://www.ncbi.nlm.nih.gov/pubmed/17108053
http://dx.doi.org/10.1128/JVI.77.2.1441-1451.2003
http://www.ncbi.nlm.nih.gov/pubmed/12502859

IARC MONOGRAPHS - 100B

Izumiya Y, Lin SF, Ellison TJ et al. (2003a). Cell cycle
regulation by Kaposi’s sarcoma-associated herpes-
virus K-bZIP: direct interaction with cyclin-CDK2 and
induction of G1 growth arrest. J Virol, 77: 9652-9661.
doi:10.1128/JV1.77.17.9652-9661.2003 PMID:12915577

Jenner RG, Alba MM, Boshoff C, Kellam P (2001).
Kaposi’s sarcoma-associated herpesvirus latent and
lytic gene expression as revealed by DNA arrays. |
Virol, 75: 891-902. d0i:10.1128/JV1.75.2.891-902.2001
PMID:11134302

Jensen KK, Manfra DJ, Grisotto MG et al. (2005). The
human herpes virus 8-encoded chemokine receptor
is required for angioproliferation in a murine model
of Kaposi’s sarcoma. J Immunol, 174: 3686-3694.
PMID:15749907

Jeong JH, Hines-Boykin R, Ash JD, Dittmer DP (2002).
Tissue specificity of the Kaposi’s sarcoma-associ-
ated herpesvirus latent nuclear antigen (LANA/
orf73) promoter in transgenic mice. J Virol, 76:
11024-11032. doi:10.1128/JV1.76.21.11024-11032.2002
PMID:12368345

Jones KD, Aoki Y, Chang Y et al. (1999). Involvement of
interleukin-10 (IL-10) and viral IL-6 in the spontaneous
growth of Kaposi’s sarcoma herpesvirus-associated
infected primary effusion lymphoma cells. Blood, 94:
2871-2879. PMID:10515891

Judde JG, Lacoste V, Briére] et al. (2000). Monoclonality or
oligoclonality of human herpesvirus 8 terminal repeat
sequences in Kaposi’s sarcoma and other diseases. |
Natl Cancer Inst, 92: 729-736. d0i:10.1093/jnci/92.9.729
PMID:10793109

Kapelushnik J, Ariad S, Benharroch D et al. (2001). Post
renal transplantation human herpesvirus 8-associated
lymphoproliferative disorder and Kaposi’s sarcoma.
Br ] Haematol, 113: 425-428. doi:10.1046/j.1365-
2141.2001.02740.x PMID:11380409

KatanoH,HoshinoY,MorishitaYetal. (1999). Establishing
and characterizing a CD30-positive cell line harboring
HHV-8 from a primary effusion lymphoma. ]
Med Virol, 58: 394-401. doi:10.1002/(SICI)1096-
9071(199908)58:4<394::AID-JMV12>3.0.CO;2-H
PMID:10421407

Katano H, Ogawa-Goto K, Hasegawa H et al. (2001).
Human-herpesvirus-8-encoded K8 protein colocalizes
with the promyelocytic leukemia protein (PML) bodies
and recruits p53 to the PML bodies. Virology, 286:
446-455. d0i:10.1006/viro.2001.1005 PMID:11485412

Katano H, Sato Y, Kurata T et al. (2000). Expression and
localization of human herpesvirus 8-encoded proteins
in primary effusion lymphoma, Kaposi’s sarcoma,
and multicentric Castleman’s disease. Virology, 269:
335-344. doi:10.1006/viro.2000.0196 PMID:10753712

Kazakov DV, Prinz BM, Michaelis S et al. (2002). Study
of HHV-8 DNA sequences in archival biopsies from
lesional skin of Kaposi’s sarcoma, various mesenchymal
tumors and related reactive conditions. ] Cutan Pathol,

204

29: 279-281. doi:10.1034/j.1600-0560.2002.290503.x
PMID:12100627

Kedes DH, Operskalski E, Busch M et al. (1996). The
seroepidemiology of human herpesvirus 8 (Kaposi’s
sarcoma-associated herpesvirus): distribution of infec-
tion in KS risk groups and evidence for sexual trans-
mission. Nat Med, 2: 918-924. doi:10.1038/nm0896-918
PMID:8705863

Keller SA, Schattner EJ, Cesarman E (2000). Inhibition
of NF-kappaB induces apoptosis of KSHV-infected
primary effusion lymphoma cells. Blood, 96: 2537-
2542. PMID:11001908

Kirchhoff S, Sebens T, Baumann S et al. (2002). Viral
IFN-regulatory factors inhibit activation-induced cell
death via two positive regulatory IFN-regulatory factor
1-dependent domains in the CD95 ligand promoter. ]
Immunol, 168: 1226-1234. PMID:11801659

Kiuru-Kuhlefelt S, Sarlomo-Rikala M, Larramendy
ML et al. (2000). FGF4 and INT2 oncogenes are
amplified and expressed in Kaposi’s sarcoma. Mod
Pathol, 13: 433-437. doi:10.1038/modpathol.3880074
PMID:10786811

Klaskala W, Brayfield BP, Kankasa C et al. (2005).
Epidemiological characteristics of human herpes-
virus-8 infection in a large population of antenatal
women in Zambia. ] Med Virol, 75: 93-100. d0i:10.1002/
jmv.20242 PMID:15543582

Kliche S, Kremmer E, Hammerschmidt W et al. (1998).
Persistent infection of Epstein-Barr virus-positive
B lymphocytes by human herpesvirus 8. J Virol, 72:
8143-8149. PMID:9733855

Kliche S, Nagel W, Kremmer E et al. (2001). Signalling
by human herpesvirus 8 kaposin A through direct
membrane recruitment of cytohesin-1. Mol Cell,
7: 833-843. doi:10.1016/S1097-2765(01)00227-1
PMID:11336706

Komanduri KV, Luce JA, McGrath MS et al. (1996).
The natural history and molecular heterogeneity of
HIV-associated primary malignant lymphomatous
effusions. ] Acquir Immune Defic Syndr Hum Retrovirol,
13: 215-226. doi:10.1097/00042560-199611010-00003
PMID:8898666

Koopal S, Furuhjelm JH, Jarviluoma A et al. (2007). Viral
oncogene-induced DNA damage response is acti-
vated in Kaposi sarcoma tumorigenesis. PLoS Pathog,
3: 1348-1360. doi:10.1371/journal.ppat.0030140
PMID:17907806

Kovaleva M, Bussmeyer I, Rabe B et al. (2006). Abrogation
of viral interleukin-6 (vIL-6)-induced signalling by
intracellular retention and neutralization of vIL-6
with an anti-vIL-6 single-chain antibody selected by
phage display. J Virol, 80: 8510-8520. doi:10.1128/
JV1.00420-06 PMID:16912301

Krown SE, Real FX, Vadhan-Raj S et al. (1986).
Kaposi’s sarcoma and the acquired immune
deficiency syndrome. Treatment with


http://dx.doi.org/10.1128/JVI.77.17.9652-9661.2003
http://www.ncbi.nlm.nih.gov/pubmed/12915577
http://dx.doi.org/10.1128/JVI.75.2.891-902.2001
http://www.ncbi.nlm.nih.gov/pubmed/11134302
http://www.ncbi.nlm.nih.gov/pubmed/15749907
http://dx.doi.org/10.1128/JVI.76.21.11024-11032.2002
http://www.ncbi.nlm.nih.gov/pubmed/12368345
http://www.ncbi.nlm.nih.gov/pubmed/10515891
http://dx.doi.org/10.1093/jnci/92.9.729
http://www.ncbi.nlm.nih.gov/pubmed/10793109
http://dx.doi.org/10.1046/j.1365-2141.2001.02740.x
http://dx.doi.org/10.1046/j.1365-2141.2001.02740.x
http://www.ncbi.nlm.nih.gov/pubmed/11380409
http://dx.doi.org/10.1002/(SICI)1096-9071(199908)58:4<394::AID-JMV12>3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1096-9071(199908)58:4<394::AID-JMV12>3.0.CO;2-H
http://www.ncbi.nlm.nih.gov/pubmed/10421407
http://dx.doi.org/10.1006/viro.2001.1005
http://www.ncbi.nlm.nih.gov/pubmed/11485412
http://dx.doi.org/10.1006/viro.2000.0196
http://www.ncbi.nlm.nih.gov/pubmed/10753712
http://dx.doi.org/10.1034/j.1600-0560.2002.290503.x
http://www.ncbi.nlm.nih.gov/pubmed/12100627
http://dx.doi.org/10.1038/nm0896-918
http://www.ncbi.nlm.nih.gov/pubmed/8705863
http://www.ncbi.nlm.nih.gov/pubmed/11001908
http://www.ncbi.nlm.nih.gov/pubmed/11801659
http://dx.doi.org/10.1038/modpathol.3880074
http://www.ncbi.nlm.nih.gov/pubmed/10786811
http://dx.doi.org/10.1002/jmv.20242
http://dx.doi.org/10.1002/jmv.20242
http://www.ncbi.nlm.nih.gov/pubmed/15543582
http://www.ncbi.nlm.nih.gov/pubmed/9733855
http://dx.doi.org/10.1016/S1097-2765(01)00227-1
http://www.ncbi.nlm.nih.gov/pubmed/11336706
http://dx.doi.org/10.1097/00042560-199611010-00003
http://www.ncbi.nlm.nih.gov/pubmed/8898666
http://dx.doi.org/10.1371/journal.ppat.0030140
http://www.ncbi.nlm.nih.gov/pubmed/17907806
http://dx.doi.org/10.1128/JVI.00420-06
http://dx.doi.org/10.1128/JVI.00420-06
http://www.ncbi.nlm.nih.gov/pubmed/16912301

recombinant interferon alpha and analysis of
prognostic factors. Cancer, 57: Suppll662-1665.
d0i:10.1002/1097-0142(19860415)57:8+<1662:: AID-
CNCR2820571305>3.0.CO;2-Y PMID:3081247

Lagos D, Trotter MW, Vart R] et al. (2007). Kaposi
sarcoma herpesvirus-encoded vFLIP and vIRF1 regu-
late antigen presentation in lymphatic endothelial cells.
Blood, 109: 1550-1558. doi:10.1182/blood-2006-05-
024034 PMID:17047149

Lagunoff M, Bechtel J, Venetsanakos E et al. (2002). De
novo infection and serial transmission of Kaposi’s
sarcoma-associated herpesvirusin cultured endothelial
cells. J Virol, 76: 2440-2448. doi:10.1128/jvi.76.5.2440-
2448.2002 PMID:11836422

LagunoffM, Lukac DM, Ganem D (2001). Immunoreceptor
tyrosine-based activation motif-dependent signalling
by Kaposi’s sarcoma-associated herpesvirus K1 protein:
effects on lytic viral replication. J Virol, 75: 5891-5898.
doi:10.1128/JV1.75.13.5891-5898.2001 PMID:11390590

Lagunoff M, Majeti R, Weiss A, Ganem D (1999).
Deregulated signal transduction by the K1 gene
product of Kaposi’s sarcoma-associated herpesvirus.
Proc Natl Acad Sci USA, 96: 5704-5709. doi:10.1073/
pnas.96.10.5704 PMID:10318948

Laney AS, Cannon M], Jaffe HW et al. (2007). Human
herpesvirus 8 presence and viral load are asso-
ciated with the progression of AIDS-associated
Kaposi’s sarcoma. AIDS, 21: 1541-1545. doi:10.1097/
QAD.0b013e3282202b7d PMID:17630548

Lavreys L, Chohan B, Ashley R et al. (2003). Human
herpesvirus 8: seroprevalence and correlates in pros-
titutes in Mombasa, Kenya. ] Infect Dis, 187: 359-363.
doi:10.1086/367703 PMID:12552419

Lazzi§S, Bellan C, Amato T et al. (2006). Kaposi’s sarcoma-
associated herpesvirus/human herpesvirus 8 infec-
tion in reactive lymphoid tissues: a model for KSHV/
HHV-8-related lymphomas? Hum Pathol, 37: 23-31.
doi:10.1016/j.humpath.2005.08.020 PMID:16360412

Lazzi S, Ferrari F, Nyongo A et al. (1998). HIV-associated
malignant lymphomas in Kenya (Equatorial Africa)
Hum Pathol, 29: 1285-1289. doi:10.1016/S0046-
8177(98)90258-1 PMID:9824108

Lee BS, Alvarez X, Ishido S et al. (2000). Inhibition
of intracellular transport of B cell antigen receptor
complexes by Kaposi’s sarcoma-associated herpesvirus
K1. J Exp Med, 192: 11-21. doi:10.1084/jem.192.1.11
PMID:10880522

Lee BS, Connole M, Tang Z et al. (2003). Structural
analysis of the Kaposi’s sarcoma-associated herpes-
virus K1 protein. J Virol, 77: 8072-8086. doi:10.1128/
JV1.77.14.8072-8086.2003 PMID:12829846

Lee H, Guo J, Li M et al. (1998b). Identification of an
immunoreceptor tyrosine-based activation motif
of K1 transforming protein of Kaposi’s sarcoma-
associated herpesvirus. Mol Cell Biol, 18: 5219-5228.
PMID:9710606

Kaposi sarcoma herpesvirus

Lee H, Veazey R, Williams K et al. (1998a). Deregulation
of cell growth by the K1 gene of Kaposi’s sarcoma-asso-
ciated herpesvirus. Nat Med, 4: 435-440. doi:10.1038/
nm0498-435 PMID:9546789

Lennette ET, Blackbourn DJ, Levy JA (1996). Antibodies
to human herpesvirus type 8 in the general population
and in Kaposi’s sarcoma patients. Lancet, 348: 858-861.
doi:10.1016/S0140-6736(96)03240-0 PMID:8826812

Li JJ, Huang YQ, Cockerell CJ, Friedman-Kien AE
(1996). Localization of human herpes-like virus
type 8 in vascular endothelial cells and perivascular
spindle-shaped cells of Kaposi’s sarcoma lesions by
in situ hybridization. Am ] Pathol, 148: 1741-1748.
PMID:8669460

Li M, Lee H, Yoon DW et al. (1997). Kaposi’s sarcoma-
associated herpesvirus encodes a functional cyclin. J
Virol, 71: 1984-1991. PMID:9032330

Liang Y & Ganem D (2003). Lytic but not latent infection
by Kaposi’s sarcoma-associated herpesvirus requires
host CSL protein, the mediator of Notch signalling.
Proc Natl Acad Sci USA, 100: 8490-8495. doi:10.1073/
pnas.1432843100 PMID:12832621

Lin CJ, Katongole-Mbidde E, Byekwaso T et al. (2008).
Intestinal parasites in Kaposi sarcoma patients in
Uganda: indication of shared risk factors or etio-
logic association. Am ] Trop Med Hyg, 78: 409-412.
PMID:18337336

Lin HH, Wang LY, Hu CT et al. (2003). Decline of hepatitis
B carrier rate in vaccinated and unvaccinated subjects:
sixteen years after newborn vaccination program in
Taiwan. ] Med Virol, 69:471-474. d0i:10.1002/jmv.10333
PMID:12601753

Lin R, Genin P, Mamane Y et al. (2001). HHV-8 encoded
VIRF-1 represses the interferon antiviral response by
blocking IRF-3 recruitment of the CBP/p300 coactiva-
tors. Oncogene, 20: 800-811. doi:10.1038/sj.onc.1204163
PMID:11314014

Lin SF, Robinson DR, Miller G, Kung HJ (1999). Kaposi’s
sarcoma-associated herpesvirus encodes a bZIP protein
with homology to BZLF1 of Epstein-Barr virus. ] Virol,
73:1909-1917. PMID:9971770

Liu C, Okruzhnov Y, Li H, Nicholas J (2001). Human
herpesvirus 8 (HHV-8)-encoded cytokines induce
expression of and autocrine signalling by vascular
endothelial growth factor (VEGF) in HHV-8-infected
primary-effusion lymphoma cell lines and mediate
VEGF-independent antiapoptotic effects. J Virol, 75:
10933-10940. doi:10.1128/JV1.75.22.10933-10940.2001
PMID:11602733

LiuJ, Martin HJ, Liao G, Hayward SD (2007a). The Kaposi’s
sarcoma-associated herpesvirus LANA protein stabi-
lizes and activates c-Myc. ] Virol, 81: 10451-10459.
doi:10.1128/JV1.00804-07 PMID:17634226

Liu L, Eby MT, Rathore N et al. (2002). The human herpes
virus 8-encoded viral FLICE inhibitory protein physi-
cally associates with and persistently activates the

205


http://dx.doi.org/10.1002/1097-0142(19860415)57:8+<1662::AID-CNCR2820571305>3.0.CO;2-Y
http://dx.doi.org/10.1002/1097-0142(19860415)57:8+<1662::AID-CNCR2820571305>3.0.CO;2-Y
http://www.ncbi.nlm.nih.gov/pubmed/3081247
http://dx.doi.org/10.1182/blood-2006-05-024034
http://dx.doi.org/10.1182/blood-2006-05-024034
http://www.ncbi.nlm.nih.gov/pubmed/17047149
http://dx.doi.org/10.1128/jvi.76.5.2440-2448.2002
http://dx.doi.org/10.1128/jvi.76.5.2440-2448.2002
http://www.ncbi.nlm.nih.gov/pubmed/11836422
http://dx.doi.org/10.1128/JVI.75.13.5891-5898.2001
http://www.ncbi.nlm.nih.gov/pubmed/11390590
http://dx.doi.org/10.1073/pnas.96.10.5704
http://dx.doi.org/10.1073/pnas.96.10.5704
http://www.ncbi.nlm.nih.gov/pubmed/10318948
http://dx.doi.org/10.1097/QAD.0b013e3282202b7d
http://dx.doi.org/10.1097/QAD.0b013e3282202b7d
http://www.ncbi.nlm.nih.gov/pubmed/17630548
http://dx.doi.org/10.1086/367703
http://www.ncbi.nlm.nih.gov/pubmed/12552419
http://dx.doi.org/10.1016/j.humpath.2005.08.020
http://www.ncbi.nlm.nih.gov/pubmed/16360412
http://dx.doi.org/10.1016/S0046-8177(98)90258-1
http://dx.doi.org/10.1016/S0046-8177(98)90258-1
http://www.ncbi.nlm.nih.gov/pubmed/9824108
http://dx.doi.org/10.1084/jem.192.1.11
http://www.ncbi.nlm.nih.gov/pubmed/10880522
http://dx.doi.org/10.1128/JVI.77.14.8072-8086.2003
http://dx.doi.org/10.1128/JVI.77.14.8072-8086.2003
http://www.ncbi.nlm.nih.gov/pubmed/12829846
http://www.ncbi.nlm.nih.gov/pubmed/9710606
http://dx.doi.org/10.1038/nm0498-435
http://dx.doi.org/10.1038/nm0498-435
http://www.ncbi.nlm.nih.gov/pubmed/9546789
http://dx.doi.org/10.1016/S0140-6736(96)03240-0
http://www.ncbi.nlm.nih.gov/pubmed/8826812
http://www.ncbi.nlm.nih.gov/pubmed/8669460
http://www.ncbi.nlm.nih.gov/pubmed/9032330
http://dx.doi.org/10.1073/pnas.1432843100
http://dx.doi.org/10.1073/pnas.1432843100
http://www.ncbi.nlm.nih.gov/pubmed/12832621
http://www.ncbi.nlm.nih.gov/pubmed/18337336
http://dx.doi.org/10.1002/jmv.10333
http://www.ncbi.nlm.nih.gov/pubmed/12601753
http://dx.doi.org/10.1038/sj.onc.1204163
http://www.ncbi.nlm.nih.gov/pubmed/11314014
http://www.ncbi.nlm.nih.gov/pubmed/9971770
http://dx.doi.org/10.1128/JVI.75.22.10933-10940.2001
http://www.ncbi.nlm.nih.gov/pubmed/11602733
http://dx.doi.org/10.1128/JVI.00804-07
http://www.ncbi.nlm.nih.gov/pubmed/17634226

IARC MONOGRAPHS - 100B

Ikappa B kinase complex. J Biol Chem, 277: 13745-
13751. doi:10.1074/jbc.M110480200 PMID:11830587
Longnecker R, Neipel F (2007). Introduction to human
g-herpesviruses. In: Human Herpesviruses: Biology
Therapy andImmunoprophylaxis. Arvin A, Campadelli-
Fiume G, Mocarski E et al., editors. Cambridge:

Cambridge University Press, pp. 341-359.

Low W, Harries M, Ye H et al. (2001). Internal ribosome
entry site regulates translation of Kaposi’s sarcoma-
associated herpesvirus FLICE inhibitory protein.
J Virol, 75: 2938-2945. doi:10.1128/JV1.75.6.2938-
2945.2001 PMID:11222719

Lubyova B, Kellum MJ, Frisancho AJ, Pitha PM (2004).
Kaposi’s sarcoma-associated herpesvirus-encoded
vIRF-3 stimulates the transcriptional activity of
cellular IRF-3 and IRF-7. ] Biol Chem, 279: 7643-7654.
do0i:10.1074/jbc.M 309485200 PMID:14668346

Lubyova B, Kellum M], Frisancho JA, Pitha PM (2007).
Stimulation of c-Myc transcriptional activity by vIRF-3
of Kaposi sarcoma-associated herpesvirus. ] Biol
Chem, 282: 31944-31953. doi:10.1074/jbc.M706430200
PMID:17728244

Lukac DM, Garibyan L, Kirshner JR et al. (2001). DNA
binding by Kaposi’s sarcoma-associated herpesvirus
lytic switch protein is necessary for transcriptional
activation of two viral delayed early promoters. J Virol,
75: 6786-6799. doi:10.1128/JV1.75.15.6786-6799.2001
PMID:11435557

Lukac DM, Yuan CC (2007). Reactivation and Iytic
repliacation of KSHV. In: Human Herpesviruses:
Biology Therapy and Immunoprophylaxis. Arvin
A, Campadelli-Fiume G, Mocarski E et al., editors.
Cambridge: Cambridge University Press, pp. 434-460.

Littichau HR, Johnsen AH, Jurlander ] et al. (2007). Kaposi
sarcoma-associated herpes virus targets the lympho-
tactin receptor with both a broad spectrum antago-
nist vCCL2 and a highly selective and potent agonist
vCCL3. ] Biol Chem, 282: 17794-17805. doi:10.1074/jbc.
M?702001200 PMID:17403668

Mackenzie ], Sheldon J, Morgan G et al. (1997). HHV-8 and
multiple myeloma in the UK. Lancet, 350: 1144-1145.
doi:10.1016/S0140-6736(05)63792-0 PMID:9343509

Majerciak V, Pripuzova N, McCoy JP et al. (2007).
Targeted disruption of Kaposi’s sarcoma-associated
herpesvirus ORF57 in the viral genome is detrimental
for the expression of ORF59, K8alpha, and K8.1 and the
production of infectious virus. J Virol, 81: 1062-1071.
doi:10.1128/JV1.01558-06 PMID:17108026

Malik P, Blackbourn DJ, ClementsJB (2004). The evolution-
arily conserved Kaposi’s sarcoma-associated herpes-
virus ORF57 protein interacts with REF protein and
acts as an RNA export factor. ] Biol Chem, 279: 33001-
33011. doi:10.1074/jbc.M313008200 PMID:15155762

Malope BI, MacPhail P, Mbisa G et al. (2008). No evidence
of sexual transmission of Kaposi’s sarcoma herpes virus
in a heterosexual South African population. AIDS,

206

22:  519-526.
PMID:18301065

Malope BI, Pfeiffer RM, Mbisa G et al. (2007). Transmission
of Kaposi sarcoma-associated herpesvirus between
mothers and children in a South African population.
J Acquir Immune Defic Syndr, 44: 351-355. doi:10.1097/
QAILO0b013e31802f12ea PMID:17195763

Mancuso R, Biffi R, Valli M et al. (2008). HHV8 a subtype
is associated with rapidly evolving classic Kaposi’s
sarcoma. | Med Virol, 80: 2153-2160. doi:10.1002/
jmv.21322 PMID:19040293

Mann DJ, Child ES, Swanton C et al. (1999). Modulation
of p27(Kipl) levels by the cyclin encoded by Kaposi’s
sarcoma-associated herpesvirus. EMBO ], 18: 654-663.
d0i:10.1093/emboj/18.3.654 PMID:9927425

Mansfield KG, Westmoreland SV, DeBakker CD et al.
(1999). Experimental infection of rhesus and pig-tailed
macaques with macaque rhadinoviruses. J Virol, 73:
10320-10328. PMID:10559350

Marcelin AG, Dupin N, Bossi P, Calvez V (1998).
Seroprevalence of human herpesvirus-8 in healthy
subjects and patients with AIDS-associated and clas-
sical Kaposi’s sarcoma in France. AIDS, 12: 539-540.
PMID:9543459

Marcelin AG, Dupin N, Bouscary D et al. (1997). HHV-8
and multiple myeloma in France. Lancet, 350: 1144
doi:10.1016/S0140-6736(05)63791-9 PMID:9343508

Marcelin AG, Roque-Afonso AM, Hurtova M et al. (2004).
Fatal disseminated Kaposi’s sarcoma following human
herpesvirus 8 primary infections in liver-transplant
recipients. Liver Transpl, 10: 295-300. doi:10.1002/
1t.20058 PMID:14762870

Mark L, Lee WH, Spiller OB et al. (2004). The Kaposi’s
sarcoma-associated herpesvirus complement control
protein mimics human molecular mechanisms for
inhibition of the complement system. J Biol Chem,
279: 45093-45101. doi:10.1074/jbc.M407558200
PMID:15304516

Martin DF, Kuppermann BD, Wolitz RA et al.Roche
Ganciclovir Study Group. (1999). Oral ganciclovir for
patients with cytomegalovirus retinitis treated with
a ganciclovir implant. [see comments|N Engl ] Med,
340: 1063-1070. doi:10.1056/NEJM199904083401402
PMID:10194235

Martin JN (2003). Diagnosis and epidemiology of human
herpesvirus 8 infection. Semin Hematol, 40: 133-142.
doi:10.1016/S0037-1963(03)70005-5 PMID:12704590

Martin JN, Ganem DE, Osmond DH et al. (1998). Sexual
transmission and the natural history of human
herpesvirus 8 infection. N Engl ] Med, 338: 948-954.
do0i:10.1056/NEJM199804023381403 PMID:9521982

Martré E, Esteve A, Schulz TF et al.Euro-Shaks study
group. (2007). Risk factors for human Herpesvirus
8 infection and AIDS-associated Kaposi’s sarcoma
among men who have sex with men in a European

do0i:10.1097/QAD.0b013e3282f46582


http://dx.doi.org/10.1074/jbc.M110480200
http://www.ncbi.nlm.nih.gov/pubmed/11830587
http://dx.doi.org/10.1128/JVI.75.6.2938-2945.2001
http://dx.doi.org/10.1128/JVI.75.6.2938-2945.2001
http://www.ncbi.nlm.nih.gov/pubmed/11222719
http://dx.doi.org/10.1074/jbc.M309485200
http://www.ncbi.nlm.nih.gov/pubmed/14668346
http://dx.doi.org/10.1074/jbc.M706430200
http://www.ncbi.nlm.nih.gov/pubmed/17728244
http://dx.doi.org/10.1128/JVI.75.15.6786-6799.2001
http://www.ncbi.nlm.nih.gov/pubmed/11435557
http://dx.doi.org/10.1074/jbc.M702001200
http://dx.doi.org/10.1074/jbc.M702001200
http://www.ncbi.nlm.nih.gov/pubmed/17403668
http://dx.doi.org/10.1016/S0140-6736(05)63792-0
http://www.ncbi.nlm.nih.gov/pubmed/9343509
http://dx.doi.org/10.1128/JVI.01558-06
http://www.ncbi.nlm.nih.gov/pubmed/17108026
http://dx.doi.org/10.1074/jbc.M313008200
http://www.ncbi.nlm.nih.gov/pubmed/15155762
http://dx.doi.org/10.1097/QAD.0b013e3282f46582
http://www.ncbi.nlm.nih.gov/pubmed/18301065
http://dx.doi.org/10.1097/QAI.0b013e31802f12ea
http://dx.doi.org/10.1097/QAI.0b013e31802f12ea
http://www.ncbi.nlm.nih.gov/pubmed/17195763
http://dx.doi.org/10.1002/jmv.21322
http://dx.doi.org/10.1002/jmv.21322
http://www.ncbi.nlm.nih.gov/pubmed/19040293
http://dx.doi.org/10.1093/emboj/18.3.654
http://www.ncbi.nlm.nih.gov/pubmed/9927425
http://www.ncbi.nlm.nih.gov/pubmed/10559350
http://www.ncbi.nlm.nih.gov/pubmed/9543459
http://dx.doi.org/10.1016/S0140-6736(05)63791-9
http://www.ncbi.nlm.nih.gov/pubmed/9343508
http://dx.doi.org/10.1002/lt.20058
http://dx.doi.org/10.1002/lt.20058
http://www.ncbi.nlm.nih.gov/pubmed/14762870
http://dx.doi.org/10.1074/jbc.M407558200
http://www.ncbi.nlm.nih.gov/pubmed/15304516
http://dx.doi.org/10.1056/NEJM199904083401402
http://www.ncbi.nlm.nih.gov/pubmed/10194235
http://dx.doi.org/10.1016/S0037-1963(03)70005-5
http://www.ncbi.nlm.nih.gov/pubmed/12704590
http://dx.doi.org/10.1056/NEJM199804023381403
http://www.ncbi.nlm.nih.gov/pubmed/9521982

multicentre study. Int ] Cancer, 120: 1129-1135.
doi:10.1002/ijc.22281 PMID:17154170

Masood R, CaiJ, Zheng T et al. (1997). Vascular endothe-
lial growth factor/vascular permeability factor is an
autocrine growth factor for AIDS-Kaposi sarcoma.
Proc Natl Acad Sci USA, 94: 979-984. doi:10.1073/
pnas.94.3.979 PMID:9023368

Matta H, Mazzacurati L, Schamus S et al. (2007). Kaposi’s
sarcoma-associated herpesvirus (KSHV) oncopro-
tein K13 bypasses TRAFs and directly interacts with
the IkappaB kinase complex to selectively activate
NF-kappaB without JNK activation. | Biol Chem,
282: 24858-24865. doi:10.1074/jbc.M700118200
PMID:17597077

Mbulaiteye SM, Biggar RJ, Bakaki PM et al. (2003b).
Human herpesvirus 8 infection and transfusion
history in children with sickle-cell disease in Uganda.
] Natl Cancer Inst, 95: 1330-1335. PMID:12953087

Mbulaiteye SM, Biggar R, Pfeiffer RM et al. (2005). Water,
socioeconomic factors, and human herpesvirus 8 infec-
tion in Ugandan children and their mothers. ] Acquir
Immune Defic Syndr, 38: 474-479. doi:10.1097/01.
qai.0000132495.89162.c0 PMID:15764964

Mbulaiteye SM, Pfeiffer RM, Engels EA et al. (2004).
Detection of kaposi sarcoma-associated herpesvirus
DNA in saliva and buffy-coat samples from children
with sickle cell disease in Uganda. J Infect Dis, 190:
1382-1386. doi:10.1086/424489 PMID:15378429

Mbulaiteye SM, Pfeiffer RM, Whitby D et al. (2003a).
Human herpesvirus 8 infection within families
in rural Tanzania. | Infect Dis, 187: 1780-1785.
doi:10.1086/374973 PMID:12751036

McCormick C & Ganem D (2005). The kaposin B protein
of KSHV activates the p38/MK2 pathway and stabilizes
cytokine mRNAs. Science, 307: 739-741. doi:10.1126/
science.1105779 PMID:15692053

McCormick C & Ganem D (2006). Phosphorylation and
function of the kaposin B direct repeats of Kaposi’s
sarcoma-associated herpesvirus. J Virol, 80: 6165-6170.
doi:10.1128/JV1.02331-05 PMID:16731955

Merat R, Amara A, Lebbe C et al. (2002). HIV-1 infec-
tion of primary effusion lymphoma cell line triggers
Kaposi’s sarcoma-associated herpesvirus (KSHV)
reactivation. Int J Cancer, 97: 791-795. do0i:10.1002/
ijc.10086 PMID:11857356

Mercader M, Taddeo B, Panella JR et al. (2000). Induction
of HHV-8 lytic cycle replication by inflamma-
tory cytokines produced by HIV-l-infected T cells.
Am ] Pathol, 156: 1961-1971. doi:10.1016/S0002-
9440(10)65069-9 PMID:10854219

Miller G, Heston L, Grogan E et al. (1997). Selective
switch between latency and lytic replication of Kaposi’s
sarcoma herpesvirus and Epstein-Barr virus in dually
infected body cavity lymphoma cells. J Virol, 71:
314-324. PMID:8985352

Kaposi sarcoma herpesvirus

Minhas V, Crabtree KL, Chao A et al. (2008). Early child-
hood infection by human herpesvirus 8 in Zambia
and the role of human immunodeficiency virus type 1
coinfection in a highly endemic area. Am J Epidemiol,
168: 311-320. doi:10.1093/aje/kwn125 PMID:18515794

Montaner S, Sodhi A, Molinolo A et al. (2003). Endothelial
infection with KSHV genes in vivo reveals that vGPCR
initiates Kaposi’s sarcomagenesis and can promote
the tumorigenic potential of viral latent genes. Cancer
Cell, 3: 23-36. doi:10.1016/S1535-6108(02)00237-4
PMID:12559173

Montaner S, Sodhi A, Pece S et al. (2001). The Kaposi’s
sarcoma-associated herpesvirus G protein-coupled
receptor promotes endothelial cell survival through
the activation of Akt/protein kinase B. Cancer Res, 61:
2641-2648. PMID:11289142

Moore PS, Boshoff C, Weiss RA, Chang Y (1996¢).
Molecular mimicry of human cytokine and cytokine
response pathway genes by KSHV. Science, 274: 1739-
1744. d0i:10.1126/science.274.5293.1739 PMID:8939871

Moore PS & Chang Y (1995). Detection of herpesvirus-
like DNA sequences in Kaposi’s sarcoma in patients
with and without HIV infection. N Engl ] Med, 332:
1181-1185. doi:10.1056/NEJM199505043321801
PMID:7700310

Moore PS, Gao SJ, Dominguez G et al. (1996a). Primary
characterization of a herpesvirus agent associated with
Kaposi’s sarcomae. J Virol, 70: 549-558. PMID:8523568

Moore PS, Kingsley LA, Holmberg SD et al. (1996b).
Kaposi’s sarcoma-associated herpesvirus infec-
tion prior to onset of Kaposi’s sarcoma. AIDS, 10:
175-180. d0i:10.1097/00002030-199602000-00007
PMID:8838705

Morand P, Buisson M, Collandre H et al. (1999). Human
herpesvirus 8 and Epstein Barr-virus in a cutaneous
B-cell lymphoma and a malignant cell line established
from the blood of an AIDS patient. Leuk Lymphoma,
35: 379-387. do0i:10.3109/10428199909145743
PMID:10706463

Morris VA, Punjabi AS, Lagunoff M (2008). Activation
of Akt through gp130 receptor signalling is required
for Kaposi’s sarcoma-associated herpesvirus-induced
lymphatic reprogramming of endothelial cells. J
Virol, 82: 8771-8779. doi:10.1128/JV1.00766-08
PMID:18579585

Moses AV, Fish KN, Ruhl R et al. (1999). Long-term infec-
tion and transformation of dermal microvascular
endothelial cells by human herpesvirus 8. J Virol, 73:
6892-6902. PMID:10400787

Mullick J, Bernet J, Singh AK et al. (2003). Kaposi’s
sarcoma-associated herpesvirus (human herpesvirus
8) open reading frame 4 protein (kaposica) is a func-
tional homolog of complement control proteins. J Virol,
77: 3878-3881. doi:10.1128/JV1.77.6.3878-3881.2003
PMID:12610165

207


http://dx.doi.org/10.1002/ijc.22281
http://www.ncbi.nlm.nih.gov/pubmed/17154170
http://dx.doi.org/10.1073/pnas.94.3.979
http://dx.doi.org/10.1073/pnas.94.3.979
http://www.ncbi.nlm.nih.gov/pubmed/9023368
http://dx.doi.org/10.1074/jbc.M700118200
http://www.ncbi.nlm.nih.gov/pubmed/17597077
http://www.ncbi.nlm.nih.gov/pubmed/12953087
http://dx.doi.org/10.1097/01.qai.0000132495.89162.c0
http://dx.doi.org/10.1097/01.qai.0000132495.89162.c0
http://www.ncbi.nlm.nih.gov/pubmed/15764964
http://dx.doi.org/10.1086/424489
http://www.ncbi.nlm.nih.gov/pubmed/15378429
http://dx.doi.org/10.1086/374973
http://www.ncbi.nlm.nih.gov/pubmed/12751036
http://dx.doi.org/10.1126/science.1105779
http://dx.doi.org/10.1126/science.1105779
http://www.ncbi.nlm.nih.gov/pubmed/15692053
http://dx.doi.org/10.1128/JVI.02331-05
http://www.ncbi.nlm.nih.gov/pubmed/16731955
http://dx.doi.org/10.1002/ijc.10086
http://dx.doi.org/10.1002/ijc.10086
http://www.ncbi.nlm.nih.gov/pubmed/11857356
http://dx.doi.org/10.1016/S0002-9440(10)65069-9
http://dx.doi.org/10.1016/S0002-9440(10)65069-9
http://www.ncbi.nlm.nih.gov/pubmed/10854219
http://www.ncbi.nlm.nih.gov/pubmed/8985352
http://dx.doi.org/10.1093/aje/kwn125
http://www.ncbi.nlm.nih.gov/pubmed/18515794
http://dx.doi.org/10.1016/S1535-6108(02)00237-4
http://www.ncbi.nlm.nih.gov/pubmed/12559173
http://www.ncbi.nlm.nih.gov/pubmed/11289142
http://dx.doi.org/10.1126/science.274.5293.1739
http://www.ncbi.nlm.nih.gov/pubmed/8939871
http://dx.doi.org/10.1056/NEJM199505043321801
http://www.ncbi.nlm.nih.gov/pubmed/7700310
http://www.ncbi.nlm.nih.gov/pubmed/8523568
http://dx.doi.org/10.1097/00002030-199602000-00007
http://www.ncbi.nlm.nih.gov/pubmed/8838705
http://dx.doi.org/10.3109/10428199909145743
http://www.ncbi.nlm.nih.gov/pubmed/10706463
http://dx.doi.org/10.1128/JVI.00766-08
http://www.ncbi.nlm.nih.gov/pubmed/18579585
http://www.ncbi.nlm.nih.gov/pubmed/10400787
http://dx.doi.org/10.1128/JVI.77.6.3878-3881.2003
http://www.ncbi.nlm.nih.gov/pubmed/12610165

IARC MONOGRAPHS - 100B

Muralidhar S, Pumfery AM, Hassani M et al. (1998).
Identification of kaposin (open reading frame K12) as
a human herpesvirus 8 (Kaposi’s sarcoma-associated
herpesvirus) transforming gene. ] Virol, 72: 4980-4988.
PMID:9573267

Mutlu AD, Cavallin LE, Vincent L et al. (2007). In vivo-
restricted and reversible malignancy induced by
human herpesvirus-8 KSHV: a cell and animal model
of virally induced Kaposi’s sarcoma. Cancer Cell, 11:
245-258. d0i:10.1016/j.ccr.2007.01.015 PMID:17349582

Nador RG, Cesarman E, Chadburn A et al. (1996). Primary
effusion lymphoma: a distinct clinicopathologic entity
associated with the Kaposi’s sarcoma-associated herpes
virus. Blood, 88: 645-656. PMID:8695812

Nair P, Pan H, Stallings RL, Gao SJ (2006). Recurrent
genomic imbalances in primary effusion lymphomas.
Cancer Genet Cytogenet, 171: 119-121. doi:10.1016/j.
cancergencyto.2006.07.003 PMID:17116491

Nakamura H, Li M, Zarycki J, Jung JU (2001). Inhibition
of p53 tumor suppressor by viral interferon regu-
latory factor. J Virol, 75: 7572-7582. doi:10.1128/
JV1.75.16.7572-7582.2001 PMID:11462029

Nakamura H, Lu M, Gwack Y et al. (2003). Global changes
in Kaposi’s sarcoma-associated virus gene expres-
sion patterns following expression of a tetracycline-
inducible Rta transactivator. J Virol, 77: 4205-4220.
doi:10.1128/JV1.77.7.4205-4220.2003 PMID:12634378

Nakamura S, Murakami-Mori K, Rao N et al. (1997).
Vascular endothelial growth factor is a potent angio-
genic factor in AIDS-associated Kaposi’s sarcoma-
derived spindle cells. J Immunol, 158: 4992-5001.
PMID:9144519

NakanoK, Isegawa Y, ZouP et al. (2003). Kaposi’s sarcoma-
associated herpesvirus (KSHV)-encoded vMIP-I and
vMIP-II induce signal transduction and chemotaxis in
monocytic cells. Arch Virol, 148: 871-890. doi:10.1007/
s00705-002-0971-7 PMID:12721796

Neipel F, Albrecht JC, Ensser A et al. (1997a). Human
herpesvirus 8 encodes a homolog of interleukin-6. ]
Virol, 71: 839-842. PMID:8985427

Neipel F, Albrecht JC, Fleckenstein B (1997). Cell-
homologous genes in the Kaposi’s sarcoma-associated
rhadinovirus human herpesvirus 8: determinants of its
pathogenicity? J Virol, 71: 4187-4192. PMID:9151804

Newton R, Carpenter L, Casabonne D et al. (2006). A
prospective study of Kaposi’s sarcoma-associated
herpesvirus and Epstein-Barr virus in adults with
human immunodeficiency virus-1. Br ] Cancer, 94:
1504-1509. doi:10.1038/sj.bjc.6603100 PMID:16705315

Newton R, Ziegler ], Bourboulia D et al. (2003b). Infection
with Kaposi’s sarcoma-associated herpesvirus (KSHV)
and human immunodeficiency virus (HIV) in relation
to theriskand clinical presentation of Kaposi’s sarcoma
in Uganda. Br ] Cancer, 89: 502-504. doi:10.1038/
sj.bjc.6601113 PMID:12888820

208

Newton R, Ziegler ], Bourboulia D et al.Uganda Kaposi’s
Sarcoma Study Group. (2003a). The sero-epidemiology
of Kaposi’s sarcoma-associated herpesvirus (KSHV/
HHV-8) in adults with cancer in Uganda. Int ] Cancer,
103: 226-232. doi:10.1002/ijc.10817 PMID:12455037

Nicholas] (2007). Human herpesvirus 8-encoded proteins
with potential roles in virus-associated neoplasia. Front
Biosci, 12: 265-281. doi:10.2741/2063 PMID:17127298

Nicholas J, Ruvolo V, Zong J et al. (1997). A single
13-kilobase divergent locus in the Kaposi sarcoma-
associated herpesvirus (human herpesvirus 8) genome
contains nine open reading frames thatare homologous
to or related to cellular proteins. J Virol, 71: 1963-1974.
PMID:9032328

Nishimura K, Ueda K, Guwanan E et al. (2004). A post-
transcriptional regulator of Kaposi’s sarcoma-associ-
ated herpesvirus interacts with RNA-binding protein
PCBP1 and controls gene expression through the IRES.
Virology, 325: 364-378. doi:10.1016/j.virol.2004.04.041
PMID:15246275

Oettlé AG (1962). Geographical and racial differences
in the frequency of Kaposi’s sarcoma as evidence of
environmental or genetic causes. Acta Unio Int Contra
Cancrum, 18: 330-363. PMID:14481196

Offermann MK (2007). Kaposi sarcoma herpesvirus-
encoded interferon regulator factors. Curr Top
Microbiol Immunol, 312: 185-209. doi:10.1007/978-3-
540-34344-8_7 PMID:17089798

Ojala PM, Yamamoto K, Castanos-Vélez E et al. (2000).
The apoptotic v—cyclin-CDK6 complex phosphoryl-
ates and inactivates Bcl-2. Nat Cell Biol, 2: 819-825.
doi:10.1038/35041064 PMID:11056537

Oksenhendler E, Boulanger E, Galicier L et al. (2002).
High incidence of Kaposi sarcoma-associated herpes-
virus-related non-Hodgkin lymphoma in patients with
HIV infection and multicentric Castleman disease.
Blood, 99: 2331-2336. do0i:10.1182/blood.V99.7.2331
PMID:11895764

Orenstein JM, Alkan S, Blauvelt A et al. (1997).
Visualization of human herpesvirus type 8 in Kaposi’s
sarcomabylightand transmission electron microscopy.
AIDS, 11: F35-F45. doi:10.1097/00002030-199705000-
00001 PMID:9108935

Ottinger M, Christalla T, Nathan K et al. (2006). Kaposi’s
sarcoma-associated herpesvirus LANA-1 interacts
with the short variant of BRD4 and releases cells from a
BRD4- and BRD2/RING3-induced G1 cell cycle arrest.
J Virol, 80: 10772-10786. doi:10.1128/JV1.00804-06
PMID:16928766

Pan H, Zhou F, Gao SJ (2004). Kaposi’s sarcoma-associ-
ated herpesvirus induction of chromosome instability
in primary human endothelial cells. Cancer Res, 64:
4064-4068. d0i:10.1158/0008-5472.CAN-04-0657
PMID:15205312

Park ], Seo T, Hwang S et al. (2000). The K-bZIP protein
from Kaposi’ssarcoma-associated herpesvirusinteracts


http://www.ncbi.nlm.nih.gov/pubmed/9573267
http://dx.doi.org/10.1016/j.ccr.2007.01.015
http://www.ncbi.nlm.nih.gov/pubmed/17349582
http://www.ncbi.nlm.nih.gov/pubmed/8695812
http://dx.doi.org/10.1016/j.cancergencyto.2006.07.003
http://dx.doi.org/10.1016/j.cancergencyto.2006.07.003
http://www.ncbi.nlm.nih.gov/pubmed/17116491
http://dx.doi.org/10.1128/JVI.75.16.7572-7582.2001
http://dx.doi.org/10.1128/JVI.75.16.7572-7582.2001
http://www.ncbi.nlm.nih.gov/pubmed/11462029
http://dx.doi.org/10.1128/JVI.77.7.4205-4220.2003
http://www.ncbi.nlm.nih.gov/pubmed/12634378
http://www.ncbi.nlm.nih.gov/pubmed/9144519
http://dx.doi.org/10.1007/s00705-002-0971-7
http://dx.doi.org/10.1007/s00705-002-0971-7
http://www.ncbi.nlm.nih.gov/pubmed/12721796
http://www.ncbi.nlm.nih.gov/pubmed/8985427
http://www.ncbi.nlm.nih.gov/pubmed/9151804
http://dx.doi.org/10.1038/sj.bjc.6603100
http://www.ncbi.nlm.nih.gov/pubmed/16705315
http://dx.doi.org/10.1038/sj.bjc.6601113
http://dx.doi.org/10.1038/sj.bjc.6601113
http://www.ncbi.nlm.nih.gov/pubmed/12888820
http://dx.doi.org/10.1002/ijc.10817
http://www.ncbi.nlm.nih.gov/pubmed/12455037
http://dx.doi.org/10.2741/2063
http://www.ncbi.nlm.nih.gov/pubmed/17127298
http://www.ncbi.nlm.nih.gov/pubmed/9032328
http://dx.doi.org/10.1016/j.virol.2004.04.041
http://www.ncbi.nlm.nih.gov/pubmed/15246275
http://www.ncbi.nlm.nih.gov/pubmed/14481196
http://dx.doi.org/10.1007/978-3-540-34344-8_7
http://dx.doi.org/10.1007/978-3-540-34344-8_7
http://www.ncbi.nlm.nih.gov/pubmed/17089798
http://dx.doi.org/10.1038/35041064
http://www.ncbi.nlm.nih.gov/pubmed/11056537
http://dx.doi.org/10.1182/blood.V99.7.2331
http://www.ncbi.nlm.nih.gov/pubmed/11895764
http://dx.doi.org/10.1097/00002030-199705000-00001
http://dx.doi.org/10.1097/00002030-199705000-00001
http://www.ncbi.nlm.nih.gov/pubmed/9108935
http://dx.doi.org/10.1128/JVI.00804-06
http://www.ncbi.nlm.nih.gov/pubmed/16928766
http://dx.doi.org/10.1158/0008-5472.CAN-04-0657
http://www.ncbi.nlm.nih.gov/pubmed/15205312

with p53 and represses its transcriptional activity. J
Virol, 74: 11977-11982. doi:10.1128/JV1.74.24.11977-
11982.2000 PMID:11090200

Parravicini C, Chandran B, Corbellino M et al. (2000).
Differential viral protein expression in Kaposi’s
sarcoma-associated herpesvirus-infected diseases:
Kaposi’s sarcoma, primary effusion lymphoma,
and multicentric Castleman’s disease. Am ] Pathol,
156:  743-749.  doi:10.1016/S0002-9440(10)64940-1
PMID:10702388

Parravicini C, Olsen SJ, Capra M et al. (1997). Risk of
Kaposi’s sarcoma-associated herpes virus transmis-
sion from donor allografts among Italian posttrans-
plant Kaposi’s sarcoma patients. Blood, 90: 2826-2829.
PMID:9326251

Parsons CH, Adang LA, Overdevest ] et al. (2006). KSHV
targets multiple leukocyte lineages during long-term
productive infection in NOD/SCID mice. J Clin Invest,
116: 1963-1973. doi:10.1172/JCI27249 PMID:16794734

Patel M, Mahlangu J, Patel J et al. (2001). Kaposi sarcoma-
associated herpesvirus/human herpesvirus 8 and
multiple myeloma in South Africa. Diagn Mol Pathol,
10:  95-99. doi:10.1097/00019606-200106000-00004
PMID:11385317

Pauk J, Huang ML, Brodie SJ et al. (2000). Mucosal shed-
ding of human herpesvirus 8 in men. N Engl ] Med,
343: 1369-1377. doi:10.1056/NEJM200011093431904
PMID:11070101

Paulose-Murphy M, Ha NK, Xiang C et al. (2001).
Transcription program of human herpesvirus 8
(kaposi’s sarcoma-associated herpesvirus). | Virol,
75: 4843-4853. do0i:10.1128/JV1.75.10.4843-4853.2001
PMID:11312356

Pellett PE, Wright DJ, Engels EA et alRetrovirus
Epidemiology Donor Study. (2003). Multicenter
comparison of serologic assays and estimation of
human herpesvirus 8 seroprevalence among US blood
donors. Transfusion, 43: 1260-1268. doi:10.1046/j.1537-
2995.2003.00490.x PMID:12919429

Petre CE, Sin SH, Dittmer DP (2007). Functional p53
signalling in Kaposi’s sarcoma-associated herpesvirus
lymphomas: implications for therapy. J Virol, 81: 1912—
1922. doi:10.1128/JV1.01757-06 PMID:17121789

Pfeffer S, Sewer A, Lagos-Quintana M et al. (2005).
Identification of microRNAs of the herpesvirus family.
Nat  Methods, 2: 269-276. doi:10.1038/nmeth746
PMID:15782219

Plancoulaine S, Abel L,van Beveren M et al. (2000). Human
herpesvirus 8 transmission from mother to child and
between siblings in an endemic population. Lancet,
356: 1062-1065. doi:10.1016/S0140-6736(00)02729-X
PMID:11009141

Platt GM, Simpson GR, Mittnacht S, Schulz TF (1999).
Latent nuclear antigen of Kaposi’s sarcoma-associated
herpesvirus interacts with RING3, a homolog of the

Kaposi sarcoma herpesvirus

Drosophila female sterile homeotic (fsh) gene. J Virol,
73:9789-9795. PMID:10559289

Polson AG, Huang L, Lukac DM et al. (2001). Kaposi’s
sarcoma-associated herpesvirus K-bZIP protein is
phosphorylated by cyclin-dependent kinases. J Virol,
75: 3175-3184. doi:10.1128/JV1.75.7.3175-3184.2001
PMID:11238844

Popescu NC, Zimonjic DB, Leventon-Kriss S et al. (1996).
Deletion and translocation involving chromosome 3
(pl4) in two tumorigenic Kaposi’s sarcoma cell lines. |
Natl Cancer Inst, 88: 450-455. d0i:10.1093/jnci/88.7.450
PMID:8618237

Prakash O, Swamy OR, Peng X et al. (2005). Activation
of Src kinase Lyn by the Kaposi sarcoma-associated
herpesvirus K1 protein: implications for lymphom-
agenesis. Blood, 105: 3987-3994. doi:10.1182/blood-
2004-07-2781 PMID:15665117

Prakash O, Tang ZY, Peng X et al. (2002). Tumorigenesis
and aberrant signalling in transgenic mice expressing
the human herpesvirus-8 K1 gene. ] Natl Cancer Inst,
94: 926-935. PMID:12072546

Preiser W, Szép NI, Lang D et al. (2001). Kaposi’s sarcoma-
associated herpesvirus seroprevalence in selected
german patients: evaluation by different test systems.
Med Microbiol Immunol, 190: 121-127. PMID:11827200

Pyakurel P, Montag U, Castanos-Vélez E et al. (2006). CGH
of microdissected Kaposi’s sarcoma lesions reveals
recurrent loss of chromosome Y in early and additional
chromosomal changes in late tumour stages. AIDS, 20:
1805-1812. doi:10.1097/01.aids.0000244199.72887.3d
PMID:16954721

Rabkin CS, Shepherd FA, Wade JA (1999). Human
herpesvirus 8 and renal transplantation. N Engl ] Med,
340: 1045-1046. doi:10.1056/NEJM199904013401314
PMID:10189288

Radkov SA, Kellam P, Boshoff C (2000). The latent nuclear
antigen of Kaposi sarcoma-associated herpesvirus
targets the retinoblastoma-E2F pathway and with the
oncogene Hras transforms primary rat cells. Nat Med,
6: 1121-1127. doi:10.1038/80459 PMID:11017143

Rainbow L, Platt GM, Simpson GR et al. (1997). The
222- to 234-kilodalton latent nuclear protein (LNA)
of Kaposi’s sarcoma-associated herpesvirus (human
herpesvirus 8) is encoded by orf73 and is a component
of the latency-associated nuclear antigen. J Virol, 71:
5915-5921. PMID:9223481

Rappocciolo G, Hensler HR, Jais M et al. (2008). Human
herpesvirus 8 infects and replicates in primary cultures
of activated B lymphocytes through DC-SIGN.
J Virol, 82: 4793-4806. doi:10.1128/JV1.01587-07
PMID:18337571

Rappocciolo G, Jenkins FJ, Hensler HR et al. (2006).
DC-SIGN is a receptor for human herpesvirus 8 on
dendritic cells and macrophages. J Immunol, 176:
1741-1749. PMID:16424204

209


http://dx.doi.org/10.1128/JVI.74.24.11977-11982.2000
http://dx.doi.org/10.1128/JVI.74.24.11977-11982.2000
http://www.ncbi.nlm.nih.gov/pubmed/11090200
http://dx.doi.org/10.1016/S0002-9440(10)64940-1
http://www.ncbi.nlm.nih.gov/pubmed/10702388
http://www.ncbi.nlm.nih.gov/pubmed/9326251
http://dx.doi.org/10.1172/JCI27249
http://www.ncbi.nlm.nih.gov/pubmed/16794734
http://dx.doi.org/10.1097/00019606-200106000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11385317
http://dx.doi.org/10.1056/NEJM200011093431904
http://www.ncbi.nlm.nih.gov/pubmed/11070101
http://dx.doi.org/10.1128/JVI.75.10.4843-4853.2001
http://www.ncbi.nlm.nih.gov/pubmed/11312356
http://dx.doi.org/10.1046/j.1537-2995.2003.00490.x
http://dx.doi.org/10.1046/j.1537-2995.2003.00490.x
http://www.ncbi.nlm.nih.gov/pubmed/12919429
http://dx.doi.org/10.1128/JVI.01757-06
http://www.ncbi.nlm.nih.gov/pubmed/17121789
http://dx.doi.org/10.1038/nmeth746
http://www.ncbi.nlm.nih.gov/pubmed/15782219
http://dx.doi.org/10.1016/S0140-6736(00)02729-X
http://www.ncbi.nlm.nih.gov/pubmed/11009141
http://www.ncbi.nlm.nih.gov/pubmed/10559289
http://dx.doi.org/10.1128/JVI.75.7.3175-3184.2001
http://www.ncbi.nlm.nih.gov/pubmed/11238844
http://dx.doi.org/10.1093/jnci/88.7.450
http://www.ncbi.nlm.nih.gov/pubmed/8618237
http://dx.doi.org/10.1182/blood-2004-07-2781
http://dx.doi.org/10.1182/blood-2004-07-2781
http://www.ncbi.nlm.nih.gov/pubmed/15665117
http://www.ncbi.nlm.nih.gov/pubmed/12072546
http://www.ncbi.nlm.nih.gov/pubmed/11827200
http://dx.doi.org/10.1097/01.aids.0000244199.72887.3d
http://www.ncbi.nlm.nih.gov/pubmed/16954721
http://dx.doi.org/10.1056/NEJM199904013401314
http://www.ncbi.nlm.nih.gov/pubmed/10189288
http://dx.doi.org/10.1038/80459
http://www.ncbi.nlm.nih.gov/pubmed/11017143
http://www.ncbi.nlm.nih.gov/pubmed/9223481
http://dx.doi.org/10.1128/JVI.01587-07
http://www.ncbi.nlm.nih.gov/pubmed/18337571
http://www.ncbi.nlm.nih.gov/pubmed/16424204

IARC MONOGRAPHS - 100B

Reed JA, Nador RG, Spaulding D et al. (1998).
Demonstration of Kaposi’s sarcoma-associated herpes
virus cyclin D homolog in cutaneous Kaposi’s sarcoma
by colorimetric in situ hybridization using a catalyzed
signal amplification system. Blood, 91: 3825-3832.
PMID:9573020

RegameyN, Tamm M, WernliM et al. (1998). Transmission
ofhuman herpesvirus 8 infection from renal-transplant
donors to recipients. N Engl ] Med, 339: 1358-1363.
doi:10.1056/NEJM199811053391903 PMID:9801396

Renne R, Blackbourn D, Whitby D et al. (1998).
Limited transmission of Kaposi’s sarcoma-associated
herpesvirus in cultured cells. J Virol, 72: 5182-5188.
PMID:9573290

Renne R, Dittmer D, Kedes D et al. (2004). Experimental
transmission of Kaposi’s sarcoma-associated herpes-
virus (KSHV/HHV-8) to SIV-positive and SIV-negative
rhesus macaques. ] Med Primatol, 33: 1-9. do0i:10.1046/
j.1600-0684.2003.00043.x PMID:15061726

Renne R, Lagunoff M, Zhong W, Ganem D (1996b). The
size and conformation of Kaposi’s sarcoma-associated
herpesvirus (human herpesvirus 8) DNA in infected
cells and virions. J Virol, 70: 8151-8154. PM1D:8892944

Renne R, Zhong W, Herndier B et al. (1996). Lytic growth
of Kaposi’s sarcoma-associated herpesvirus (human
herpesvirus 8) in culture. Nat Med, 2: 342-346.
doi:10.1038/nm0396-342 PMID:8612236

Renne R, Zhong W, Herndier B et al. (1996a). Lytic growth
of Kaposi’s sarcoma-associated herpesvirus (human
herpesvirus 8) in culture. Nat Med, 2: 342-346.
do0i:10.1038/nm0396-342 PMID:8612236

Renwick N, Dukers NH, Weverling GJ et al. (2002). Risk
factors for human herpesvirus 8 infection in a cohort of
drug users in the Netherlands, 1985-1996. ] Infect Dis,
185: 1808-1812. d0i:10.1086/340817 PMID:12085330

Rettig MB, Ma H]J, Vescio RA et al. (1997). Kaposi’s
sarcoma-associated herpesvirus infection of bone
marrow dendritic cells from multiple myeloma
patients.  Science, 276: 1851-1854. doi:10.1126/
science.276.5320.1851 PMID:9188529

Rivas C, Thlick AE, Parravicini C et al. (2001). Kaposi’s
sarcoma-associated herpesvirus LANA2 is a B-cell-
specific latent viral protein that inhibits p53. J Virol,
75: 429-438. do0i:10.1128/JV1.75.1.429-438.2001
PMID:11119611

Russo JJ, Bohenzky RA, Chien MCet al. (1996). Nucleotide
sequence of the Kaposi sarcoma-associated herpesvirus
(HHVS). Proc Natl Acad Sci USA, 93: 14862-14867.
doi:10.1073/pnas.93.25.14862 PMID:8962146

Sadler R, Wu L, Forghani B et al. (1999). A complex trans-
lational program generates multiple novel proteins
from the latently expressed kaposin (K12) locus of
Kaposi’s sarcoma-associated herpesvirus. J Virol, 73:
5722-5730. PMID:10364323

Said], Cesarman E (2008). Primary effusion lymphoma. In:
World Health Organization Classification of Tumours

210

- Pathology and Genetics of Tumours of Haematopoietic
and Lymphoid Tissues. Swerdlow S, Campo E, Harris
NL et al., editors. Lyon: IARC Press.

Said JW, Rettig MR, Heppner K et al. (1997). Localization
of Kaposi’s sarcoma-associated herpesvirus in bone
marrow biopsy samples from patients with multiple
myeloma. Blood, 90: 4278-4282. PMID:9373238

Saikevych IA, Mayer M, White RL, Ho RC (1988).
Cytogenetic study of Kaposi’s sarcoma associated with
acquired immunodeficiency syndrome. Arch Pathol
Lab Med, 112: 825-828. PMID:3395219

Samols MA, Hu J, Skalsky RL, Renne R (2005). Cloning
and identification of a microRNA cluster within the
latency-associated region of Kaposi’s sarcoma-associ-
ated herpesvirus. J Virol, 79: 9301-9305. doi:10.1128/
JV1.79.14.9301-9305.2005 PMID:15994824

Samols MA, Skalsky RL, Maldonado AM et al. (2007).
Identification of cellular genes targeted by KSHV-
encoded microRNAs. PLoS Pathog, 3: 65 doi:10.1371/
journal.ppat.0030065 PMID:17500590

Sanchez DJ, Coscoy L, Ganem D (2002). Functional organ-
ization of MIR2, a novel viral regulator of selective
endocytosis. ] Biol Chem, 277: 6124-6130. doi:10.1074/
jbc.M110265200 PMID:11751860

Santarelli R, Angeloni A, Farina A et al. (1998). Lack of
serologic association between human herpesvirus-8
infection and multiple myeloma and monoclonal
gammopathies of undetermined significance. J Natl
Cancer Inst, 90: 781-782. d0i:10.1093/jnci/90.10.781
PMID:9605649

Santén Roldédn A, De San José S, Gémez Sanz E et al.
(2002). [Human herpesvirus-8 detection in Kaposi’s
sarcoma, multiple myeloma, and lymphoprolifera-
tive syndromes occurring in immunocompetent and
immunocompromised patients] Med Clin (Barc), 119:
241-244. PMID:12236982

Sarek G, Jarviluoma A, Ojala PM (2006). KSHV viral
cyclin inactivates p27KIP1 through Serl0 and Thrl87
phosphorylation in proliferating primary effusion
lymphomas. Blood, 107: 725-732. doi:10.1182/blood-
2005-06-2534 PMID:16160006

Sarek G, Kurki S, Enback J et al. (2007). Reactivation of
the p53 pathway as a treatment modality for KSHV-
induced lymphomas. J Clin Invest, 117: 1019-1028.
doi:10.1172/JCI30945 PMID:17364023

Sarid R, Sato T, Bohenzky RA et al. (1997). Kaposi’s
sarcoma-associated herpesvirus encodes a functional
bcl-2 homologue. Nat Med, 3: 293-298. doi:10.1038/
nm0397-293 PMID:9055856

Scappaticci S, Cerimele D, Cottoni F et al. (1986).
Chromosomal aberrations in lymphocyte and fibro-
blast cultures of patients with the sporadic type of
Kaposi sarcoma. Hum Genet, 72: 311-317. doi:10.1007/
BF00290955 PMID:3457759

Schonrich G, Raftery M, Schnitzler P et al. (1998). Absence
of a correlation between Kaposi’s sarcoma-associated


http://www.ncbi.nlm.nih.gov/pubmed/9573020
http://dx.doi.org/10.1056/NEJM199811053391903
http://www.ncbi.nlm.nih.gov/pubmed/9801396
http://www.ncbi.nlm.nih.gov/pubmed/9573290
http://dx.doi.org/10.1046/j.1600-0684.2003.00043.x
http://dx.doi.org/10.1046/j.1600-0684.2003.00043.x
http://www.ncbi.nlm.nih.gov/pubmed/15061726
http://www.ncbi.nlm.nih.gov/pubmed/8892944
http://dx.doi.org/10.1038/nm0396-342
http://www.ncbi.nlm.nih.gov/pubmed/8612236
http://dx.doi.org/10.1038/nm0396-342
http://www.ncbi.nlm.nih.gov/pubmed/8612236
http://dx.doi.org/10.1086/340817
http://www.ncbi.nlm.nih.gov/pubmed/12085330
http://dx.doi.org/10.1126/science.276.5320.1851
http://dx.doi.org/10.1126/science.276.5320.1851
http://www.ncbi.nlm.nih.gov/pubmed/9188529
http://dx.doi.org/10.1128/JVI.75.1.429-438.2001
http://www.ncbi.nlm.nih.gov/pubmed/11119611
http://dx.doi.org/10.1073/pnas.93.25.14862
http://www.ncbi.nlm.nih.gov/pubmed/8962146
http://www.ncbi.nlm.nih.gov/pubmed/10364323
http://www.ncbi.nlm.nih.gov/pubmed/9373238
http://www.ncbi.nlm.nih.gov/pubmed/3395219
http://dx.doi.org/10.1128/JVI.79.14.9301-9305.2005
http://dx.doi.org/10.1128/JVI.79.14.9301-9305.2005
http://www.ncbi.nlm.nih.gov/pubmed/15994824
http://dx.doi.org/10.1371/journal.ppat.0030065
http://dx.doi.org/10.1371/journal.ppat.0030065
http://www.ncbi.nlm.nih.gov/pubmed/17500590
http://dx.doi.org/10.1074/jbc.M110265200
http://dx.doi.org/10.1074/jbc.M110265200
http://www.ncbi.nlm.nih.gov/pubmed/11751860
http://dx.doi.org/10.1093/jnci/90.10.781
http://www.ncbi.nlm.nih.gov/pubmed/9605649
http://www.ncbi.nlm.nih.gov/pubmed/12236982
http://dx.doi.org/10.1182/blood-2005-06-2534
http://dx.doi.org/10.1182/blood-2005-06-2534
http://www.ncbi.nlm.nih.gov/pubmed/16160006
http://dx.doi.org/10.1172/JCI30945
http://www.ncbi.nlm.nih.gov/pubmed/17364023
http://dx.doi.org/10.1038/nm0397-293
http://dx.doi.org/10.1038/nm0397-293
http://www.ncbi.nlm.nih.gov/pubmed/9055856
http://dx.doi.org/10.1007/BF00290955
http://dx.doi.org/10.1007/BF00290955
http://www.ncbi.nlm.nih.gov/pubmed/3457759

herpesvirus (KSHV/HHV-8) and multiple myeloma.
Blood, 92: 3474-3475. PMID:9787190

Searles RP, Bergquam EP, Axthelm MK, Wong SW (1999).
Sequence and genomic analysis of a Rhesus macaque
rhadinovirus with similarity to Kaposi’s sarcoma-
associated herpesvirus/human herpesvirus 8. J Virol,
73:3040-3053. PMID:10074154

SeoT,Lee D, Lee Betal. (2000). Viral interferon regulatory
factor 1 of Kaposi’s sarcoma-associated herpesvirus
(human herpesvirus 8) binds to, and inhibits transac-
tivation of, CREB-binding protein. Biochem Biophys
Res Commun, 270: 23-27. doi:10.1006/bbrc.2000.2393
PMID:10733899

Seo T, Lee D, Shim YS et al. (2002). Viral interferon regu-
latory factor 1 of Kaposi’s sarcoma-associated herpes-
virus interacts with a cell death regulator, GRIM19, and
inhibits interferon/retinoic acid-induced cell death.
J Virol, 76: 8797-8807. doi:10.1128/JV1.76.17.8797-
8807.2002 PMID:12163600

Seo T, Park],Lee Detal. (2001). Viral interferon regulatory
factor 1 of Kaposi’s sarcoma-associated herpesvirus
binds to p53 and represses p53-dependent transcrip-
tion and apoptosis. J Virol, 75: 6193-6198. doi:10.1128/
JV1.75.13.6193-6198.2001 PMID:11390621

Serraino D, Cerimele D, Piselli P et al. (2006). Infection
with human herpesvirus type 8 and Kaposi’s sarcoma
in Sardinia. Infection, 34: 39-42. doi:10.1007/s15010-
006-5025-8 PMID:16501902

Serraino D, Corona RM, Giuliani M et al. (2003). Infection
with human herpesvirus type 8 and kaposi’s sarcoma
in a central Italian area formerly endemic for malaria.
Infection, 31: 47-50. doi:10.1007/s15010-002-3107-9
PMID:12590333

Sharp TV, Wang HW, Koumi A et al. (2002). K15 protein
of Kaposi’s sarcoma-associated herpesvirus is latently
expressed and binds to HAX-1, a protein with antia-
poptotic function. J Virol, 76: 802-816. doi:10.1128/
JV1.76.2.802-816.2002 PMID:11752170

Sherr CJ (1996). Cancer cell cycles. Science, 274: 1672-
1677. doi:10.1126/science.274.5293.1672 PM1D:8939849

Shin YC, Nakamura H, Liang X et al. (2006). Inhibition
of the ATM/p53 signal transduction pathway by
Kaposi’s sarcoma-associated herpesvirus interferon
regulatory factor 1. J Virol, 80: 2257-2266. doi:10.1128/
JV1.80.5.2257-2266.2006 PMID:16474133

Si H & Robertson ES (2006). Kaposi’s sarcoma-associ-
ated herpesvirus-encoded latency-associated nuclear
antigen induces chromosomal instability through inhi-
bition of p53 function. J Virol, 80: 697-709. doi:10.1128/
JV1.80.2.697-709.2006 PMID:16378973

Simpson GR, Schulz TF, Whitby D et al. (1996). Prevalence
of Kaposi’s sarcoma associated herpesvirus infection
measured by antibodies to recombinant capsid protein
and latent immunofluorescence antigen. Lancet,
348: 1133-1138. doi:10.1016/S0140-6736(96)07560-5
PMID:8888167

Kaposi sarcoma herpesvirus

Sin SH, Roy D, Wang L et al. (2007). Rapamycin is effica-
cious against primary effusion lymphoma (PEL) cell
lines in vivo by inhibiting autocrine signalling. Blood,
109: 2165-2173. doi:10.1182/blood-2006-06-028092
PMID:17082322

Sirianni MC, Uccini§, Angeloni A et al. (1997). Circulating
spindle cells: correlation with human herpesvirus-8
(HHV-8) infection and Kaposi’s sarcoma. Lancet, 349:
255d0i:10.1016/S0140-6736(05)64866-0 PMID:9014921

Sitas F, Carrara H, Beral Vet al. (1999). Antibodies against
human herpesvirus 8 in black South African patients
with cancer. N Engl ] Med, 340: 1863-1871. doi:10.1056/
NEJM199906173402403 PMID:10369849

Sitas F & Newton R (2001). Kaposi’s sarcoma in
South Africa. J Natl Cancer Inst Monogr, 28: 1-4.
PMID:11158199

Skalsky RL, Samols MA, Plaisance KB et al. (2007).
Kaposi’s sarcoma-associated herpesvirus encodes
an ortholog of miR-155. ] Virol, 81: 12836-12845.
doi:10.1128/JV1.01804-07 PMID:17881434

Smith NA, Sabin CA, Gopal R et al. (1999). Serologic
evidence of human herpesvirus 8 transmission by
homosexual but not heterosexual sex. J Infect Dis, 180:
600-606. doi:10.1086/314926 PMID:10438345

Soulier J, Grollet L, Oksenhendler E et al. (1995). Kaposi’s
sarcoma-associated herpesvirus-like DNA sequences
in multicentric Castleman’s disease. Blood, 86: 1276-
1280. PMID:7632932

Spiller OB, Blackbourn DJ, Mark L et al. (2003). Functional
activity of the complement regulator encoded by
Kaposi’s sarcoma-associated herpesvirus. J Biol
Chem, 278: 9283-9289. doi:10.1074/jbc.M211579200
PMID:12645526

Staskus KA, Zhong W, Gebhard K et al. (1997). Kaposi’s
sarcoma-associated herpesvirus gene expression in
endothelial (spindle) tumor cells. J Virol, 71: 715-719.
PMID:8985403

Staudt MR, Kanan Y, Jeong JH et al. (2004). The tumor
microenvironment  controls  primary effusion
lymphoma growth in vivo. Cancer Res, 64: 4790-4799.
doi:10.1158/0008-5472.CAN-03-3835 PMID:15256448

Stine JT, Wood C, Hill M et al. (2000). KSHV-encoded
CC chemokine vMIP-III is a CCR4 agonist, stimulates
angiogenesis, and selectively chemoattracts TH2 cells.
Blood, 95: 1151-1157. PMID:10666184

Stiirzl M, Blasig C, Schreier A et al. (1997). Expression of
HHV-8 latency-associated T0.7 RNA in spindle cells
and endothelial cells of AIDS-associated, classical
and African Kaposi’s sarcoma. Int | Cancer, 72: 68-71.
doi:10.1002/(SICI)1097-0215(19970703)72:1<68:: AID-
1JC10>3.0.CO;2-6 PMID:9212225

Stiirzl M, Hohenadl C, Zietz C et al. (1999). Expression
of K13/v-FLIP gene of human herpesvirus 8 and
apoptosis in Kaposi’s sarcoma spindle cells. J Natl
Cancer Inst, 91: 1725-1733. doi:10.1093/jnci/91.20.1725
PMID:10528022

211


http://www.ncbi.nlm.nih.gov/pubmed/9787190
http://www.ncbi.nlm.nih.gov/pubmed/10074154
http://dx.doi.org/10.1006/bbrc.2000.2393
http://www.ncbi.nlm.nih.gov/pubmed/10733899
http://dx.doi.org/10.1128/JVI.76.17.8797-8807.2002
http://dx.doi.org/10.1128/JVI.76.17.8797-8807.2002
http://www.ncbi.nlm.nih.gov/pubmed/12163600
http://dx.doi.org/10.1128/JVI.75.13.6193-6198.2001
http://dx.doi.org/10.1128/JVI.75.13.6193-6198.2001
http://www.ncbi.nlm.nih.gov/pubmed/11390621
http://dx.doi.org/10.1007/s15010-006-5025-8
http://dx.doi.org/10.1007/s15010-006-5025-8
http://www.ncbi.nlm.nih.gov/pubmed/16501902
http://dx.doi.org/10.1007/s15010-002-3107-9
http://www.ncbi.nlm.nih.gov/pubmed/12590333
http://dx.doi.org/10.1128/JVI.76.2.802-816.2002
http://dx.doi.org/10.1128/JVI.76.2.802-816.2002
http://www.ncbi.nlm.nih.gov/pubmed/11752170
http://dx.doi.org/10.1126/science.274.5293.1672
http://www.ncbi.nlm.nih.gov/pubmed/8939849
http://dx.doi.org/10.1128/JVI.80.5.2257-2266.2006
http://dx.doi.org/10.1128/JVI.80.5.2257-2266.2006
http://www.ncbi.nlm.nih.gov/pubmed/16474133
http://dx.doi.org/10.1128/JVI.80.2.697-709.2006
http://dx.doi.org/10.1128/JVI.80.2.697-709.2006
http://www.ncbi.nlm.nih.gov/pubmed/16378973
http://dx.doi.org/10.1016/S0140-6736(96)07560-5
http://www.ncbi.nlm.nih.gov/pubmed/8888167
http://dx.doi.org/10.1182/blood-2006-06-028092
http://www.ncbi.nlm.nih.gov/pubmed/17082322
http://dx.doi.org/10.1016/S0140-6736(05)64866-0
http://www.ncbi.nlm.nih.gov/pubmed/9014921
http://dx.doi.org/10.1056/NEJM199906173402403
http://dx.doi.org/10.1056/NEJM199906173402403
http://www.ncbi.nlm.nih.gov/pubmed/10369849
http://www.ncbi.nlm.nih.gov/pubmed/11158199
http://dx.doi.org/10.1128/JVI.01804-07
http://www.ncbi.nlm.nih.gov/pubmed/17881434
http://dx.doi.org/10.1086/314926
http://www.ncbi.nlm.nih.gov/pubmed/10438345
http://www.ncbi.nlm.nih.gov/pubmed/7632932
http://dx.doi.org/10.1074/jbc.M211579200
http://www.ncbi.nlm.nih.gov/pubmed/12645526
http://www.ncbi.nlm.nih.gov/pubmed/8985403
http://dx.doi.org/10.1158/0008-5472.CAN-03-3835
http://www.ncbi.nlm.nih.gov/pubmed/15256448
http://www.ncbi.nlm.nih.gov/pubmed/10666184
http://dx.doi.org/10.1002/(SICI)1097-0215(19970703)72:1<68::AID-IJC10>3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1097-0215(19970703)72:1<68::AID-IJC10>3.0.CO;2-6
http://www.ncbi.nlm.nih.gov/pubmed/9212225
http://dx.doi.org/10.1093/jnci/91.20.1725
http://www.ncbi.nlm.nih.gov/pubmed/10528022

IARC MONOGRAPHS - 100B

Sugaya M, Watanabe T, Yang A et al. (2005). Lymphatic
dysfunction in transgenic mice expressing KSHV
k-cyclin under the control of the VEGFR-3 promoter.
Blood, 105: 2356-2363. doi:10.1182/blood-2004-08-
3364 PMID:15536152

Sullivan RJ, Pantanowitz L, Casper C et al. (2008). HIV/
AIDS: epidemiology, pathophysiology, and treatment
of Kaposi sarcoma-associated herpesvirus disease:
Kaposi sarcoma, primary effusion lymphoma, and
multicentric Castleman disease. Clin Infect Dis, 47
1209-1215. doi:10.1086/592298 PMID:18808357

Sun Q, Matta H, Lu G, Chaudhary PM (2006). Induction
of IL-8 expression by human herpesvirus 8 encoded
vFLIP K13 via NF-kappaB activation. Oncogene, 25:
2717-2726. d0i:10.1038/sj.0nc.1209298 PMID:16418726

Sun Q, Zachariah S, Chaudhary PM (2003). The human
herpes virus 8-encoded viral FLICE-inhibitory protein
induces cellular transformation via NF-kappaB activa-
tion. J Biol Chem, 278: 52437-52445. doi:10.1074/jbc.
M304199200 PMID:14563855

Sun R, Lin SF, Gradoville L et al. (1998). A viral gene
that activates lytic cycle expression of Kaposi’s
sarcoma-associated herpesvirus. Proc Natl Acad Sci
USA, 95: 10866-10871. doi:10.1073/pnas.95.18.10866
PMID:9724796

Sun R, Lin SF, Gradoville L, Miller G (1996).
Polyadenylylated nuclear RNA encoded by Kaposi
sarcoma-associated herpesvirus. Proc Natl Acad Sci
USA, 93: 11883-11888. doi:10.1073/pnas.93.21.11883
PMID:8876232

Sutcliffe S, Giovannucci E, Gaydos CA et al. (2007).
Plasma antibodies against Chlamydia trachomatis,
human papillomavirus, and human herpesvirus type
8 in relation to prostate cancer: a prospective study.
Cancer Epidemiol Biomarkers Prev, 16: 1573-1580.
doi:10.1158/1055-9965.EP1-07-0134 PMID:17684131

Swanton C, Mann DJ, Fleckenstein B et al. (1997).
Herpes viral cyclin/Cdké complexes evade inhibi-
tion by CDK inhibitor proteins. Nature, 390: 184-187.
doi:10.1038/36606 PMID:9367157

Tarte K, Chang Y, Klein B (1999). Kaposi’s sarcoma-
associated herpesvirus and multiple myeloma: lack of
criteria for causality. Blood, 93: 3159-3163, discussion
3163-3164. PMID:10233868

Tarte K, Olsen SJ, Rossi JF et al. (1998). Kaposi’s sarcoma-
associated herpesvirus is not detected with immuno-
suppression in multiple myeloma. Blood, 92:2186-2188.
PMID:9731082

Tedeschi R, Kvarnung M, Knekt P et al. (2001). A prospec-
tive seroepidemiological study of human herpes-
virus-8 infection and the risk of multiple myeloma.
Br J Cancer, 84: 122-125. doi:10.1054/bjoc.2000.1527
PMID:11139326

Tedeschi R, Luostarinen T, De Paoli P et al. (2005). Joint
Nordic prospective study on human herpesvirus 8

212

and multiple myeloma risk. Br | Cancer, 93: 834-837.
d0i:10.1038/sj.bjc.6602751 PMID:16136049

Templeton AC (1981). Kaposi’s sarcoma. Pathol Annu, 16:
315-336. PMID:7036065

Thai TH, Calado DP, Casola S et al. (2007). Regulation
of the germinal center response by microRNA-155.
Science, 316: 604-608. doi:10.1126/science.1141229
PMID:17463289

Thome M, Schneider P, Hofmann K et al. (1997). Viral
FLICE-inhibitory proteins (FLIPs) prevent apoptosis
induced by death receptors. Nature, 386: 517-521.
doi:10.1038/386517a0 PMID:9087414

Thurau M, Marquardt G, Gonin-Laurent N et al. (2009).
Viral inhibitor of apoptosis VFLIP/K13 protects
endothelial cells against superoxide-induced cell
death. J Virol, 83: 598-611. doi:10.1128/JV1.00629-08
PMID:18987137

Tomkowicz B, Singh SP, Lai D et al. (2005). Mutational
analysis reveals an essential role for the LXXLL motif
in the transformation function of the human herpes-
virus-8 oncoprotein, kaposin. DNA Cell Biol, 24: 10-20.
doi:10.1089/dna.2005.24.10 PMID:15684715

Tomlinson CC & Damania B (2004). The K1 protein of
Kaposi’s sarcoma-associated herpesvirus activates
the Akt signalling pathway. J Virol, 78: 1918-1927.
doi:10.1128/JV1.78.4.1918-1927.2004 PMID:14747556

Trus BL, Heymann JB, Nealon K et al. (2001). Capsid
structure of Kaposi’s sarcoma-associated herpesvirus, a
gammaherpesvirus, compared to those of an alphaher-
pesvirus, herpes simplex virus type 1, and a betaher-
pesvirus, cytomegalovirus. J Virol, 75: 2879-2890.
doi:10.1128/JV1.75.6.2879-2890.2001 PMID:11222713

Tsai WH, Lee YM, Ing-Tiau Kuo B et al. (2005). Increased
seroprevalence of human herpesvirus 8 in patients with
hematological disorders. Acta Haematol, 114: 95-98.
doi:10.1159/000086582 PMID:16103632

Uddin S, Hussain AR, Al-Hussein KA et al. (2005).
Inhibition of phosphatidylinositol 3'-kinase/AKT
signalling promotes apoptosis of primary effusion
lymphoma cells. Clin Cancer Res, 11: 3102-3108.
doi:10.1158/1078-0432.CCR-04-1857 PMID:15837766

van Dyk LF, Hess JL, Katz JD et al. (1999). The murine
gammaherpesvirus 68 v-cyclin gene is an onco-
gene that promotes cell cycle progression in primary
lymphocytes. J Virol, 73: 5110-5122. PMID:10233974

Verma SC, Borah S, Robertson ES (2004). Latency-
associated nuclear antigen of Kaposi’s sarcoma-associ-
ated herpesvirus up-regulates transcription of human
telomerase reverse transcriptase promoter through
interaction with transcription factor Spl. J Virol, 78:
10348-10359. doi:10.1128/JV1.78.19.10348-10359.2004
PMID:15367601

Verma SC, Lan K, Robertson E (2007). Structure and
function of latency-associated nuclear antigen. Curr
Top Microbiol Immunol, 312: 101-136. doi:10.1007/978-
3-540-34344-8_4 PMID:17089795


http://dx.doi.org/10.1182/blood-2004-08-3364
http://dx.doi.org/10.1182/blood-2004-08-3364
http://www.ncbi.nlm.nih.gov/pubmed/15536152
http://dx.doi.org/10.1086/592298
http://www.ncbi.nlm.nih.gov/pubmed/18808357
http://dx.doi.org/10.1038/sj.onc.1209298
http://www.ncbi.nlm.nih.gov/pubmed/16418726
http://dx.doi.org/10.1074/jbc.M304199200
http://dx.doi.org/10.1074/jbc.M304199200
http://www.ncbi.nlm.nih.gov/pubmed/14563855
http://dx.doi.org/10.1073/pnas.95.18.10866
http://www.ncbi.nlm.nih.gov/pubmed/9724796
http://dx.doi.org/10.1073/pnas.93.21.11883
http://www.ncbi.nlm.nih.gov/pubmed/8876232
http://dx.doi.org/10.1158/1055-9965.EPI-07-0134
http://www.ncbi.nlm.nih.gov/pubmed/17684131
http://dx.doi.org/10.1038/36606
http://www.ncbi.nlm.nih.gov/pubmed/9367157
http://www.ncbi.nlm.nih.gov/pubmed/10233868
http://www.ncbi.nlm.nih.gov/pubmed/9731082
http://dx.doi.org/10.1054/bjoc.2000.1527
http://www.ncbi.nlm.nih.gov/pubmed/11139326
http://dx.doi.org/10.1038/sj.bjc.6602751
http://www.ncbi.nlm.nih.gov/pubmed/16136049
http://www.ncbi.nlm.nih.gov/pubmed/7036065
http://dx.doi.org/10.1126/science.1141229
http://www.ncbi.nlm.nih.gov/pubmed/17463289
http://dx.doi.org/10.1038/386517a0
http://www.ncbi.nlm.nih.gov/pubmed/9087414
http://dx.doi.org/10.1128/JVI.00629-08
http://www.ncbi.nlm.nih.gov/pubmed/18987137
http://dx.doi.org/10.1089/dna.2005.24.10
http://www.ncbi.nlm.nih.gov/pubmed/15684715
http://dx.doi.org/10.1128/JVI.78.4.1918-1927.2004
http://www.ncbi.nlm.nih.gov/pubmed/14747556
http://dx.doi.org/10.1128/JVI.75.6.2879-2890.2001
http://www.ncbi.nlm.nih.gov/pubmed/11222713
http://dx.doi.org/10.1159/000086582
http://www.ncbi.nlm.nih.gov/pubmed/16103632
http://dx.doi.org/10.1158/1078-0432.CCR-04-1857
http://www.ncbi.nlm.nih.gov/pubmed/15837766
http://www.ncbi.nlm.nih.gov/pubmed/10233974
http://dx.doi.org/10.1128/JVI.78.19.10348-10359.2004
http://www.ncbi.nlm.nih.gov/pubmed/15367601
http://dx.doi.org/10.1007/978-3-540-34344-8_4
http://dx.doi.org/10.1007/978-3-540-34344-8_4
http://www.ncbi.nlm.nih.gov/pubmed/17089795

Verschuren EW, Hodgson JG, Gray JW et al. (2004).
The role of p53 in suppression of KSHV cyclin-
induced lymphomagenesis. Cancer Res, 64: 581-589.
doi:10.1158/0008-5472.CAN-03-1863 PMID:14744772

Verschuren EW, Klefstrom J, Evan GI, Jones N (2002). The
oncogenic potential of Kaposi’s sarcoma-associated
herpesvirus cyclin is exposed by p53 loss in vitro and
in vivo. Cancer Cell, 2: 229-241. doi:10.1016/S1535-
6108(02)00123-X PMID:12242155

Vieira J, O’'Hearn P, Kimball L et al. (2001). Activation
of Kaposi’s sarcoma-associated herpesvirus (human
herpesvirus 8) lytic replication by human cytomegalo-
virus. J Virol, 75: 1378-1386. d0i:10.1128/] V1.75.3.1378-
1386.2001 PMID:11152511

Viejo-Borbolla A, Ottinger M, Briining E et al. (2005).
Brd2/RING3 interacts with a chromatin-binding
domain in the Kaposi’s Sarcoma-associated herpes-
virus latency-associated nuclear antigen 1 (LANA-1)
that is required for multiple functions of LANA-1. J
Virol, 79: 13618-13629. doi:10.1128/JV1.79.21.13618-
13629.2005 PMID:16227282

Volpi A, Sarmati L, Suligoi B et al. (2004). Correlates of
human herpes virus-8 and herpes simplex virus type
2 infections in Northern Cameroon. ] Med Virol, 74:
467-472. d0i:10.1002/jmv.20200 PMID:15368514

Wabinga HR, Parkin DM, Wabwire-Mangen F, Mugerwa
JW (1993). Cancer in Kampala, Uganda, in 1989-91:
changes in incidence in the era of AIDS. Int J Cancer,
54: 26-36. d0i:10.1002/ijc.2910540106 PMID:8478145

Wabinga HR, Parkin DM, Wabwire-Mangen F, Nambooze
S (2000). Trends in cancer incidence in Kyadondo
County, Uganda, 1960-1997. Br ] Cancer, 82: 1585-
1592. PMID:10789729

Wang HW, Sharp TV, Koumi A et al. (2002).
Characterization of an anti-apoptotic glycoprotein
encoded by Kaposi’s sarcoma-associated herpesvirus
which resembles a spliced variant of human survivin.
EMBO J, 21: 2602-2615. doi:10.1093/embo0j/21.11.2602
PMID:12032073

Wang HW, Trotter MW, Lagos D et al. (2004b). Kaposi
sarcoma herpesvirus-induced cellular reprogram-
ming contributes to the lymphatic endothelial gene
expression in Kaposi sarcoma. Nat Genet, 36: 687-693.
doi:10.1038/ng1384 PMID:15220918

Wang L, Brinkmann MM, Pietrek M et al. (2007).
Functional characterizationofthe M-typeK15-encoded
membrane protein of Kaposi’s sarcoma-associated
herpesvirus. | Gen Virol, 88: 1698-1707. do0i:10.1099/
vir.0.82807-0 PMID:17485529

Wang L & Damania B (2008). Kaposi’s sarcoma-associated
herpesvirus confers a survival advantage to endothelial
cells. Cancer Res, 68: 4640-4648. doi:10.1158/0008-
5472.CAN-07-5988 PMID:18559509

Wang L, Dittmer DP, Tomlinson CC et al. (2006).
Immortalization of primary endothelial cells by the K1
protein of Kaposi’s sarcoma-associated herpesvirus.

Kaposi sarcoma herpesvirus

Cancer Res, 66: 3658-3666. do0i:10.1158/0008-5472.
CAN-05-3680 PMID:16585191

Wang L, Wakisaka N, Tomlinson CC et al. (2004a). The
Kaposi’s sarcoma-associated herpesvirus (KSHV/
HHV-8) K1 protein induces expression of angiogenic
and invasion factors. Cancer Res, 64: 2774-278l.
doi:10.1158/0008-5472.CAN-03-3653 PMID:15087393

Watanabe T, Sugaya M, Atkins AM et al. (2003). Kaposi’s
sarcoma-associated herpesvirus latency-associated
nuclearantigen prolongsthelife span of primaryhuman
umbilical vein endothelial cells. J Virol, 77: 6188-6196.
doi:10.1128/JV1.77.11.6188-6196.2003 PMID:12743275

Wawer MJ, Eng SM, Serwadda D et al. (2001). Prevalence
of Kaposi sarcoma-associated herpesvirus compared
with selected sexually transmitted diseases in adoles-
cents and young adults in rural Rakai District, Uganda.
Sex Transm Dis, 28: 77-81. d0i:10.1097/00007435-
200102000-00003 PMID:11234789

Whitby D, Howard MR, Tenant-Flowers M et al. (1995).
Detection of Kaposi sarcoma associated herpesvirus
in peripheral blood of HIV-infected individuals and
progression to Kaposi’s sarcoma. Lancet, 346: 799-802.
PMID:7674745

Whitby D, Boshoft C, Luppi M, Torelli G (1997). Kaposi’s
sarcoma-associated herpesvirus infection and multiple
myeloma. Science, 278: 1971-1972, author reply 1972-
1973. PMID:9417644

Whitby D, Luppi M, Barozzi P et al. (1998). Human
herpesvirus 8 seroprevalence in blood donors and
lymphoma patients from different regions of Italy. J
Natl Cancer Inst, 90: 395-397. doi:10.1093/jnci/90.5.395
PMID:9498490

Whitby D, Luppi M, Sabin C et al. (2000). Detection of
antibodies to human herpesvirus 8 in Italian children:
evidence for horizontal transmission. Br J Cancer, 82:
702-704. PMID:10682685

Whitby D, Marshall VA, Bagni RK et al. (2004).
Genotypic characterization of Kaposi’s sarcoma-asso-
ciated herpesvirus in asymptomatic infected subjects
from isolated populations. J Gen Virol, 85: 155-163.
doi:10.1099/vir.0.19465-0 PMID:14718630

WhitbyD,Marshall VA,BagniRKetal. (2007). Reactivation
of Kaposi’s sarcoma-associated herpesvirus by natural
products from Kaposi’s sarcoma endemic regions.
Int J Cancer, 120: 321-328. doi:10.1002/ijc.22205
PMID:17066452

Wies E, Hahn AS, Schmidt K et al. (2009). The Kaposi’s
sarcoma-associated herpesvirus encoded VIRF-3
inhibits cellular IRF-5. J Biol Chem, 284: 8525-8538.
d0i:10.1074/jbc.M809252200 PMID:19129183

Wies E, Mori Y, Hahn A et al. (2008). The viral inter-
feron-regulatory factor-3 is required for the survival
of KSHV-infected primary effusion lymphoma cells.
Blood, 111: 320-327. doi:10.1182/blood-2007-05-
092288 PMID:17890449

213


http://dx.doi.org/10.1158/0008-5472.CAN-03-1863
http://www.ncbi.nlm.nih.gov/pubmed/14744772
http://dx.doi.org/10.1016/S1535-6108(02)00123-X
http://dx.doi.org/10.1016/S1535-6108(02)00123-X
http://www.ncbi.nlm.nih.gov/pubmed/12242155
http://dx.doi.org/10.1128/JVI.75.3.1378-1386.2001
http://dx.doi.org/10.1128/JVI.75.3.1378-1386.2001
http://www.ncbi.nlm.nih.gov/pubmed/11152511
http://dx.doi.org/10.1128/JVI.79.21.13618-13629.2005
http://dx.doi.org/10.1128/JVI.79.21.13618-13629.2005
http://www.ncbi.nlm.nih.gov/pubmed/16227282
http://dx.doi.org/10.1002/jmv.20200
http://www.ncbi.nlm.nih.gov/pubmed/15368514
http://dx.doi.org/10.1002/ijc.2910540106
http://www.ncbi.nlm.nih.gov/pubmed/8478145
http://www.ncbi.nlm.nih.gov/pubmed/10789729
http://dx.doi.org/10.1093/emboj/21.11.2602
http://www.ncbi.nlm.nih.gov/pubmed/12032073
http://dx.doi.org/10.1038/ng1384
http://www.ncbi.nlm.nih.gov/pubmed/15220918
http://dx.doi.org/10.1099/vir.0.82807-0
http://dx.doi.org/10.1099/vir.0.82807-0
http://www.ncbi.nlm.nih.gov/pubmed/17485529
http://dx.doi.org/10.1158/0008-5472.CAN-07-5988
http://dx.doi.org/10.1158/0008-5472.CAN-07-5988
http://www.ncbi.nlm.nih.gov/pubmed/18559509
http://dx.doi.org/10.1158/0008-5472.CAN-05-3680
http://dx.doi.org/10.1158/0008-5472.CAN-05-3680
http://www.ncbi.nlm.nih.gov/pubmed/16585191
http://dx.doi.org/10.1158/0008-5472.CAN-03-3653
http://www.ncbi.nlm.nih.gov/pubmed/15087393
http://dx.doi.org/10.1128/JVI.77.11.6188-6196.2003
http://www.ncbi.nlm.nih.gov/pubmed/12743275
http://dx.doi.org/10.1097/00007435-200102000-00003
http://dx.doi.org/10.1097/00007435-200102000-00003
http://www.ncbi.nlm.nih.gov/pubmed/11234789
http://www.ncbi.nlm.nih.gov/pubmed/7674745
http://www.ncbi.nlm.nih.gov/pubmed/9417644
http://dx.doi.org/10.1093/jnci/90.5.395
http://www.ncbi.nlm.nih.gov/pubmed/9498490
http://www.ncbi.nlm.nih.gov/pubmed/10682685
http://dx.doi.org/10.1099/vir.0.19465-0
http://www.ncbi.nlm.nih.gov/pubmed/14718630
http://dx.doi.org/10.1002/ijc.22205
http://www.ncbi.nlm.nih.gov/pubmed/17066452
http://dx.doi.org/10.1074/jbc.M809252200
http://www.ncbi.nlm.nih.gov/pubmed/19129183
http://dx.doi.org/10.1182/blood-2007-05-092288
http://dx.doi.org/10.1182/blood-2007-05-092288
http://www.ncbi.nlm.nih.gov/pubmed/17890449

IARC MONOGRAPHS - 100B

Wilson KS, McKenna RW, Kroft SH et al. (2002). Primary
effusion lymphomas exhibit complex and recurrent
cytogenetic abnormalities. Br ] Haematol, 116: 113-121.
doi:10.1046/j.1365-2141.2002.03193.x PMID:11841403

Wong SW, Bergquam EP, Swanson RM et al. (1999).
Induction of B cell hyperplasia in simian immunodefi-
ciency virus-infected rhesus macaques with the simian
homologue of Kaposi’s sarcoma-associated herpes-
virus. [In Process Citation]] Exp Med, 190: 827-840.
do0i:10.1084/jem.190.6.827 PMID:10499921

Wu W, Rochford R, Toomey L et al. (2005). Inhibition of
HHV-8/KSHYV infected primary effusion lymphomas
in NOD/SCID mice by azidothymidine and inter-
feron-alpha. Leuk Res, 29: 545-555. doi:10.1016/].
leukres.2004.11.010 PMID:15755507

Wu W, Vieira ], Fiore N et al. (2006). KSHV/HHV-8 infec-
tion of human hematopoietic progenitor (CD34+) cells:
persistence of infection during hematopoiesis in vitro
and in vivo. Blood, 108: 141-151. doi:10.1182/blood-
2005-04-1697 PMID:16543476

Yang TY, Chen SC, Leach MW et al. (2000). Transgenic
expression of the chemokine receptor encoded by
human herpesvirus 8 induces an angioproliferative
disease resembling Kaposi’s sarcoma. J Exp Med, 191:
445-454. doi:10.1084/jem.191.3.445 PMID:10662790

Ye FC, Zhou FC, Xie JP et al. (2008). Kaposi’s sarcoma-
associated herpesvirus latent gene VFLIP inhibits
viral lytic replication through NF-kappaB-mediated
suppression of the AP-1 pathway: a novel mechanism
of virus control of latency. J Virol, 82: 4235-4249.
doi:10.1128/JV1.02370-07 PMID:18305042

YuY, WangSE, Hayward GS (2005). The KSHV immediate-
early transcription factor RTA encodes ubiquitin E3
ligase activity that targets IRF7 for proteosome-medi-
ated degradation. Immunity, 22: 59-70. doi:10.1016/j.
immuni.2004.11.011 PMID:15664159

Zavitsanou A, Sypsa V, Petrodaskalaki M et al. (2007).
Human herpesvirus 8 (HHV-8) infection in healthy
urban employees from Greece: seroprevalence and
associated factors. ] Med Virol,79: 591-596. d0i:10.1002/
jmv.20812 PMID:17385692

Zeng Y, Zhang X, Huang Z et al. (2007). Intracellular Tat
of human immunodeficiency virus type 1 activates
lytic cycle replication of Kaposi’s sarcoma-associated
herpesvirus: role of JAK/STAT signalling. J Virol, 81:
2401-2417. doi:10.1128/JV1.02024-06 PMID:17151125

Zhong W & Ganem D (1997). Characterization of ribo-
nucleoprotein complexes containing an abundant
polyadenylated nuclear RNA encoded by Kaposi’s
sarcoma-associated herpesvirus (human herpesvirus
8). ] Virol, 71: 1207-1212. PMID:8995643

Zhong W, Wang H, Herndier B, Ganem D (1996).
Restricted expression of Kaposi sarcoma-associated
herpesvirus (human herpesvirus 8) genes in Kaposi
sarcoma. Proc Natl Acad Sci USA, 93: 6641-6646.
doi:10.1073/pnas.93.13.6641 PMID:8692871

214

Zhu FX, King SM, Smith EJ et al. (2002a). A Kaposi’s
sarcoma-associated herpesviral protein inhibits virus-
mediated induction of type I interferon by blocking
IRF-7 phosphorylation and nuclear accumulation.
Proc Natl Acad Sci USA, 99: 5573-5578. doi:10.1073/
pnas.082420599 PMID:11943871

Zhu FX, Li X, Zhou F et al. (2006). Functional charac-
terization of Kaposi’s sarcoma-associated herpesvirus
ORF45 by bacterial artificial chromosome-based
mutagenesis. | Virol, 80: 12187-12196. doi:10.1128/
JVI1.01275-06 PMID:17035322

Zhu FX & Yuan Y (2003). The ORF45 protein of Kaposi’s
sarcoma-associated herpesvirus is associated with
purified virions. J Virol, 77: 4221-4230. doi:10.1128/
JV1.77.7.4221-4230.2003 PMID:12634379

Zhu YX, Li ZH, Voralia M, Stewart AK (2002). Antigenic
open reading frames from HHV-8 are present in
multiple myeloma patients and normal individuals
at similar frequency. Leuk Lymphoma, 43: 369-375.
do0i:10.1080/10428190290006189 PMID:11999572

Ziegler JL (1993). Endemic Kaposi’s sarcoma in Africa
and local volcanic soils. Lancet, 342: 1348-1351.
doi:10.1016/0140-6736(93)92252-O PMID:7901641

Zoeteweij JP, Eyes ST, Orenstein JM et al. (1999).
Identification and rapid quantification of early- and
late-lytic human herpesvirus 8 infection in single
cells by flow cytometric analysis: characterization
of antiherpesvirus agents. J Virol, 73: 5894-5902.
PMID:10364341

Zong JC, Arav-Boger R, Alcendor DJ, Hayward GS (2007).
Reflections on the interpretation of heterogeneity and
strain differences based on very limited PCR sequence
data from Kaposi’s sarcoma-associated herpes-
virus genomes. J Clin Virol, 40: 1-8. doi:10.1016/j.
jcv.2007.06.012 PMID:17698410


http://dx.doi.org/10.1046/j.1365-2141.2002.03193.x
http://www.ncbi.nlm.nih.gov/pubmed/11841403
http://dx.doi.org/10.1084/jem.190.6.827
http://www.ncbi.nlm.nih.gov/pubmed/10499921
http://dx.doi.org/10.1016/j.leukres.2004.11.010
http://dx.doi.org/10.1016/j.leukres.2004.11.010
http://www.ncbi.nlm.nih.gov/pubmed/15755507
http://dx.doi.org/10.1182/blood-2005-04-1697
http://dx.doi.org/10.1182/blood-2005-04-1697
http://www.ncbi.nlm.nih.gov/pubmed/16543476
http://dx.doi.org/10.1084/jem.191.3.445
http://www.ncbi.nlm.nih.gov/pubmed/10662790
http://dx.doi.org/10.1128/JVI.02370-07
http://www.ncbi.nlm.nih.gov/pubmed/18305042
http://dx.doi.org/10.1016/j.immuni.2004.11.011
http://dx.doi.org/10.1016/j.immuni.2004.11.011
http://www.ncbi.nlm.nih.gov/pubmed/15664159
http://dx.doi.org/10.1002/jmv.20812
http://dx.doi.org/10.1002/jmv.20812
http://www.ncbi.nlm.nih.gov/pubmed/17385692
http://dx.doi.org/10.1128/JVI.02024-06
http://www.ncbi.nlm.nih.gov/pubmed/17151125
http://www.ncbi.nlm.nih.gov/pubmed/8995643
http://dx.doi.org/10.1073/pnas.93.13.6641
http://www.ncbi.nlm.nih.gov/pubmed/8692871
http://dx.doi.org/10.1073/pnas.082420599
http://dx.doi.org/10.1073/pnas.082420599
http://www.ncbi.nlm.nih.gov/pubmed/11943871
http://dx.doi.org/10.1128/JVI.01275-06
http://dx.doi.org/10.1128/JVI.01275-06
http://www.ncbi.nlm.nih.gov/pubmed/17035322
http://dx.doi.org/10.1128/JVI.77.7.4221-4230.2003
http://dx.doi.org/10.1128/JVI.77.7.4221-4230.2003
http://www.ncbi.nlm.nih.gov/pubmed/12634379
http://dx.doi.org/10.1080/10428190290006189
http://www.ncbi.nlm.nih.gov/pubmed/11999572
http://dx.doi.org/10.1016/0140-6736(93)92252-O
http://www.ncbi.nlm.nih.gov/pubmed/7901641
http://www.ncbi.nlm.nih.gov/pubmed/10364341
http://dx.doi.org/10.1016/j.jcv.2007.06.012
http://dx.doi.org/10.1016/j.jcv.2007.06.012
http://www.ncbi.nlm.nih.gov/pubmed/17698410

	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34
	Reference 35
	Reference 36
	Reference 37
	Reference 38
	Reference 39
	Reference 40
	Reference 41
	Reference 42
	Reference 43
	Reference 44
	Reference 45
	Reference 46
	Reference 47
	Reference 48
	Reference 49
	Reference 50
	Reference 51
	Reference 52
	Reference 53
	Reference 54
	Reference 55
	Reference 56
	Reference 57
	Reference 58
	Reference 59
	Reference 60
	Reference 61
	Reference 62
	Reference 63
	Reference 64
	Reference 65
	Reference 66
	Reference 67
	Reference 68
	Reference 69
	Reference 70
	Reference 71
	Reference 72
	Reference 73
	Reference 74
	Reference 75
	Reference 76
	Reference 77
	Reference 78
	Reference 79
	Reference 80
	Reference 81
	Reference 82
	Reference 83
	Reference 84
	Reference 85
	Reference 86
	Reference 87
	Reference 88
	Reference 89
	Reference 90
	Reference 91
	Reference 92
	Reference 93
	Reference 94
	Reference 95
	Reference 96
	Reference 97
	Reference 98
	Reference 99
	Reference 100
	Reference 101
	Reference 102
	Reference 103
	Reference 104
	Reference 105
	Reference 106
	Reference 107
	Reference 108
	Reference 109
	Reference 110
	Reference 111
	Reference 112
	Reference 113
	Reference 114
	Reference 115
	Reference 116
	Reference 117
	Reference 118
	Reference 119
	Reference 120
	Reference 121
	Reference 122
	Reference 123
	Reference 124
	Reference 125
	Reference 126
	Reference 127
	Reference 128
	Reference 129
	Reference 130
	Reference 131
	Reference 132
	Reference 133
	Reference 134
	Reference 135
	Reference 136
	Reference 137
	Reference 138
	Reference 139
	Reference 140
	Reference 141
	Reference 142
	Reference 143
	Reference 144
	Reference 145
	Reference 146
	Reference 147
	Reference 148
	Reference 149
	Reference 150
	Reference 151
	Reference 152
	Reference 153
	Reference 154
	Reference 155
	Reference 156
	Reference 157
	Reference 158
	Reference 159
	Reference 160
	Reference 161
	Reference 162
	Reference 163
	Reference 164
	Reference 165
	Reference 166
	Reference 167
	Reference 168
	Reference 169
	Reference 170
	Reference 171
	Reference 172
	Reference 173
	Reference 174
	Reference 175
	Reference 176
	Reference 177
	Reference 178
	Reference 179
	Reference 180
	Reference 181
	Reference 182
	Reference 183
	Reference 184
	Reference 185
	Reference 186
	Reference 187
	Reference 188
	Reference 189
	Reference 190
	Reference 191
	Reference 192
	Reference 193
	Reference 194
	Reference 195
	Reference 196
	Reference 197
	Reference 198
	Reference 199
	Reference 200
	Reference 201
	Reference 202
	Reference 203
	Reference 204
	Reference 205
	Reference 206
	Reference 207
	Reference 208
	Reference 209
	Reference 210
	Reference 211
	Reference 212
	Reference 213
	Reference 214
	Reference 215
	Reference 216
	Reference 217
	Reference 218
	Reference 219
	Reference 220
	Reference 221
	Reference 222
	Reference 223
	Reference 224
	Reference 225
	Reference 226
	Reference 227
	Reference 228
	Reference 229
	Reference 230
	Reference 231
	Reference 232
	Reference 233
	Reference 234
	Reference 235
	Reference 236
	Reference 237
	Reference 238
	Reference 239
	Reference 240
	Reference 241
	Reference 242
	Reference 243
	Reference 244
	Reference 245
	Reference 246
	Reference 247
	Reference 248
	Reference 249
	Reference 250
	Reference 251
	Reference 252
	Reference 253
	Reference 254
	Reference 255
	Reference 256
	Reference 257
	Reference 258
	Reference 259
	Reference 260
	Reference 261
	Reference 262
	Reference 263
	Reference 264
	Reference 265
	Reference 266
	Reference 267
	Reference 268
	Reference 269
	Reference 270
	Reference 271
	Reference 272
	Reference 273
	Reference 274
	Reference 275
	Reference 276
	Reference 277
	Reference 278
	Reference 279
	Reference 280
	Reference 281
	Reference 282
	Reference 283
	Reference 284
	Reference 285
	Reference 286
	Reference 287
	Reference 288
	Reference 289
	Reference 290
	Reference 291
	Reference 292
	Reference 293
	Reference 294
	Reference 295
	Reference 296
	Reference 297
	Reference 298
	Reference 299
	Reference 300
	Reference 301
	Reference 302
	Reference 303
	Reference 304
	Reference 305
	Reference 306
	Reference 307
	Reference 308
	Reference 309
	Reference 310
	Reference 311
	Reference 312
	Reference 313
	Reference 314
	Reference 315
	Reference 316
	Reference 317
	Reference 318
	Reference 319
	Reference 320
	Reference 321
	Reference 322
	Reference 323
	Reference 324
	Reference 325
	Reference 326
	Reference 327
	Reference 328
	Reference 329
	Reference 330
	Reference 331
	Reference 332
	Reference 333
	Reference 334
	Reference 335
	Reference 336
	Reference 337
	Reference 338
	Reference 339
	Reference 340
	Reference 341
	Reference 342
	Reference 343
	Reference 344
	Reference 345
	Reference 346
	Reference 347
	Reference 348
	Reference 349
	Reference 350
	Reference 351
	Reference 352
	Reference 353
	Reference 354
	Reference 355
	Reference 356
	Reference 357
	Reference 358
	Reference 359
	Reference 360
	Reference 361
	Reference 362
	Reference 363
	Reference 364
	Reference 365
	Reference 366
	Reference 367
	Reference 368
	Reference 369
	Reference 370
	Reference 371
	Reference 372
	Reference 373
	Reference 374
	Reference 375
	Reference 376
	Reference 377
	Reference 378
	Reference 379
	Reference 380
	Reference 381
	Reference 382
	Reference 383
	Reference 384
	Reference 385
	Reference 386
	Reference 387
	Reference 388
	Reference 389
	Reference 390
	Reference 391
	Reference 392
	Reference 393
	Reference 394
	Reference 395
	Reference 396
	Reference 397
	Reference 398
	Reference 399
	Reference 400
	Reference 401
	Reference 402
	Reference 403
	Reference 404
	Reference 405
	Reference 406
	Reference 407
	Reference 408
	Reference 409
	Reference 410
	Reference 411
	Reference 412
	Reference 413
	Reference 414
	Reference 415
	Reference 416
	Reference 417
	Reference 418
	Reference 419
	Reference 420
	Reference 421
	Reference 422
	Reference 423
	Reference 424
	Reference 425
	Reference 426
	Reference 427
	Reference 428
	Reference 429
	Reference 430
	Reference 431
	Reference 432
	Reference 433
	Reference 434
	Reference 435
	Reference 436
	Reference 437
	Reference 438
	Table 004.001
	Table 004.002
	Table 004.003



