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REVIEWS

Viral Interleukin-6: Role in Kaposi’s Sarcoma-Associated
Herpesvirus—Associated Malignancies

Shuhei Sakakibara and Giovanna Tosato

Viral interleukin-6 (vIL-6) is a product of Kaposi’s sarcoma-associated herpesvirus (KSHV) expressed in latently
infected cells and to a higher degree during viral replication. A distinctive feature of vIL-6 is the ability to
directly bind and activate gp130 signaling in the absence of other receptor subunits. Secretion of vIL-6 is
generally poor, but vIL-6 can activate gp130 from inside the cell. Due to the wide cell distribution of gp130, vIL-6
has the potential to induce a wide range of biological effects. Expression of vIL-6 is variable in KSHV-associated
Kaposi’s sarcoma (KS), primary effusion lymphoma (PEL), multicentric Castleman’s disease (MCD), and in a
newly described MCD-like systemic inflammatory syndrome observed in human immunodeficiency virus-
positive patients. PEL effusions usually contain vIL-6 at high concentrations; since vIL-6 induces vascular
endothelial growth factor, vIL-6 likely contributes to vascular permeability and formation of PEL effusions.
Lymph nodes affected with MCD contain vIL-6-positive cells, and vIL-6 levels rise in conjunction with flares of
the disease and likely contribute to symptoms of inflammation. The development of vIL-6 inhibitors is a po-

tentially important advance in the treatment of KSHV-associated malignancies where vIL-6 is expressed.

Introduction

ELLULAR INTERLEUKIN-6 (IL-6), a multifunctional cyto-

kine produced by many cell types, plays a pivotal role in
a wide range of biological responses, including inflamma-
tion, acute-phase reactions, immune regulation, hematopoi-
esis, and tumorigenesis (Kishimoto 2010). The activities of
IL-6 are mediated through its binding to the IL-6 receptor
(IL-6R) and signaling initiated by the hexameric receptor
complex of IL-6/IL-6R and gp130, which possesses a sig-
naling module in the cytoplasmic tail (Yamasaki and others
1988; Taga and others 1989; Hibi and others 1990). Signaling
from activated gp130 is transmitted by the Janus kinase
(JAK)-signal transducer and activator of transcription
(STAT) axis and by the Ras-mitogen-activated protein kinase
(MAPK) cascade (Lutticken and others 1994; Zhong and
others 1994; Schiemann and others 1997).

In 1994, Chang and Moore discovered Kaposi's sarcoma-
associated herpesvirus (KSHV) in association with Kaposi’s
sarcoma (KS) lesions and found that the virus codes for a
viral homolog of cellular IL-6 (Chang and others 1994; Moore
and others 1996) (Fig. 1). Besides KS, a multicentric angio-
proliferative disease predominantly of the skin, KSHV infec-
tion is linked to primary effusion lymphoma (PEL) and to a
subset of multicentric Castleman’s disease (MCD) (Waterston
and Bower 2004; Carbone and Gloghini 2008). KS, PEL, and
MCD are commonly associated with human immunodefi-
ciency virus (HIV) infection, and these diseases may co-exist

(Cesarman and others 1995; Soulier and others 1995;
Yarchoan and others 2005). KSHV-derived viral IL-6 (VIL-6) is
detected in a proportion of KSHV-infected individuals (Aoki
and others 2001b, 2001¢; Uldrick and others 2010). Like cel-
lular IL-6, vIL-6 signals through gp130 to activate the JAK-
STAT pathway. Since its discovery, it was proposed that
KSHYV has evolved to express a homolog of cellular IL-6 for
the benefit of its own survival and spread in humans (Moore
and others 1996). Extensive studies have analyzed the role of
vIL-6 on KSHYV infection and disease pathogenesis. This re-
view discusses aspects of this research, with an emphasis on
recent molecular and clinical aspects.

Human IL-6 and IL-6R-gp130

IL-6 was first purified from the culture supernatant of a
T-cell lymphoma cell line as a B-cell differentiation factor
(Hirano and others 1985, 1986). Soon thereafter, efforts by
other laboratories linked the same IL-6 molecule to other
biological activities (Hirano and others 1986; Zilberstein and
others 1986; Aarden and others 1987; Coulie and others 1987;
Gauldie and others 1987; Tosato and others 1988). Since these
early discoveries, extensive research has defined IL-6 as a
critical regulator of cell growth and differentiation, and a
contributor to various diseases states, particularly inflam-
matory diseases (O’Shea and Murray 2008; Kishimoto 2010).
Genetic studies in mice have contributed to current under-
standing of IL-6 biological activities. The targeted disruption
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hIL-6 1 MHSFSTSAFGPVAFSLGLLLVLPAAFPAPVPPGEDSKDVAAPHRQPLTSSERIDKQIRYI 60
Macaque IL-6 1 MHSFSTSAFGPVAFSLGLLLVLPAAFPAPVLPGEDSKHNVAAPHSQPLTSSERIDKHIRYI 60
mIL-6 1 MKFLSARDFHPVAF-LGLMLVTTTAFPTSQVRRGDFTEDTTPHN-RPVYTTSQVGGLITHV 58
RRV vIL-6 1 ————= MFPVHFVLFYLSCHWAASP TLAPPPTAAGINVLPQWAGH---RASLDRTRGRLSEV 52
KSHV vIL-6 1 MRWFKL--—-————~—- WSILLVGSLLVSGTRGKLPD---—————~, -APEFEKDLLIQRLHAWM 42
L] L]
hIL-6 61 LDGISALRKETCHKSHMCESSKEALAENNLNLPKMAEKDGCFQSGFNEETCLVKIITGLL 120
Macagque IL-6 61 LDGISALRKETCHRSHMCESSKEALAENNLNLPKMAEKDGCFQSGFNEDTCLVKIITGLL 120
mIL-6 59 LWEIVEMRKELCHGHNSDCMNNDDALAENNLKLPEIQRNDGCYQTGYNQEICLLKISSGLL 118
RRV vIL-6 53 GLHIQRWEFVYLCHHSTLCRVREYPRIMSFVHFPILMSHVECQRREFRGAECMHAMVRGLR 112
KSHV vIL-6 43 LWVIDECFRDLCYRTGICKGILEPAAIFHLKLPAIND TDHCGLIGFNETSCLKKLADGFF 102
* * * L] * = * L] LAl L] *
hIL-6 121 EFEVYLEYLQNRFESSE--EQARAVQMSTKVLIQFLQKKAKHNLDAITTPD-PTTHASLLT 177
Macagque IL-6 121 EFEVYLEYLQHNRFESSE--EQARAVOMSTKVLIQFLQKKAKNLDAITTPE-PTTHASLLT 177
mIL-6 119 EYHSYLEYMKNNLKDNKK-DKARVLQRDTETLIHIFNQEVKDLHKIVLPT-PISHALLTD 176
RRV vIL-6 113 AYESYLTRLRMLLDDAPGDADAAAIGSAVTVVLSALDSLIEELPVNNKIGGAESHEKTVR 172
KSHV vIL-6 103 EFEVLFKFLTTEFGKSV--INVDVMELLTKTLGWDIQEELNKLTKTHYSP-PKFDRGLLG 159
. L] . . *

hIL-6 178 KLQAQNQWL(QDMTTHLILRSFKEFL(QSSLRALRQM-————————— 212

Macaque IL-6 178 KLQAQHNQWLQDMTTHLILRSFKEFLQSHLRALRQM-————————— 212

mIL-6 177 KLESQKEWLRTKTIQFILKSLEEFLEVTLRSTRQT---------- 211

RRV vIL-6 173 ALGGQSPRDVVLSAFRILEYLQMFLRDGRRAIAMM---———----— 207

KSHV vIL-6 160 RLQGLKYWVRHFASFYVLSAMEKFAGQAVRVLHNSIPDVTPDVHDK 204

* . ok

FIG. 1.

*

Aligment of interleukin-6 (IL-6) proteins. Comparative analysis of amino acid sequences of IL-6 from human (hIL-6:

NP 000591), macaque (AAA99978), mouse (mIL-6: NP 112445), Rhesus radinovirus (RRV vIL-6: AAF59989) and Kaposi’s
sarcoma-associated herpesvirus (KSHV: YP 001129358) by the ClustalW program. Asterisks (identical) and dots (similar)
indicate conserved residues among the proteins. Signal peptides are predicted by SignallP 3.0 (www.cbs.dtu.dk/services/
SignalP/) and shown in white letters. Conserved cysteine residues are boxed in gray. For KSHV-vIL-6, asparagine residues for

N-linked glycosylation are underlined.

of the IL-6 gene locus caused severe immunoglobulin A (IgA)
deficiency and impaired immune responses to viruses and
bacteria in the mouse (Kopf and others 1994; Ramsay and
others 1994). Conversely, IL-6 transgenic mice (where the
IL-6 gene was fused to a human Ig heavy chain enhancer)
manifested a polyclonal increase in serum IgG1 and a mas-
sive plasmacytosis in thymus, lymph node and spleen, but
did not induce a transplantable plasmacytoma, which is
believed to require additional genetic changes such as c-Myc
translocation (Suematsu and others 1989).

The biological activities of IL-6 are mediated by a protein
complex of IL-6, IL-6R (IL-6R/CD126/gp80), and gp130,
which activates signaling pathways mediated by the JAK-
STAT and MAPK pathways (Yamasaki and others 1988;
Taga and others 1989; Hibi and others 1990; Lutticken and
others 1994; Stahl and others 1994; Zhong and others 1994;
Schiemann and others 1997; Skiniotis and others 2005). The
IL-6R does not signal, as it does not contain a signaling
module in its cytoplasmic tail. Instead, gp130 not only me-
diates IL-6/IL-6R signaling, but also serves as a receptor
component for other cytokines in the IL-6 family, including
leukemia inhibitory factor, oncostatin M and IL-11, each of
which engages a specific subunit to activate gp130 (Gearing
and others 1992; Liu and others 1992; Yin and others 1993).

The extracellular domain of gp130 consists of distinct
domains, identified as D1-D6 domains; the IL-6R also has
distinct extracellular domains, identified as D1-D3. Figure 2
depicts a schematic representation (based on chrystallo-
graphy results and other results) of the hexameric complex of
human IL-6 (hIL-6) associated with IL-6R and gp130, in
which IL-6 bridges the IL-6R D2-D3 domains to gp130 D2-D3
domains, and gp130 serves to dimerize each of the trimers

(Boulanger and others 2003). IL-6/IL-6R engagement acti-
vates gp130-bound JAK1/2, which phosphorylates tyrosine
residues in the cytoplasmic tail of gp130, and simultaneously
causes gp130 disulfate-linked homodimerization (Murakami
and others 1993). Phosphorylated gpl30 at the in-
tracytoplasmic tail provides a docking module for the Src-
homology 2 (SH2) domains of STAT1 and STAT3, which are
then phosphorylated by JAK kinases (STAT1 at Tyr701 and
STATS3 at Tyr 705). This leads to formation of transcription-
ally active heterodimers and homodimers of STAT1 and
STAT3, which translocate to the nucleus to activate target
genes (Fig. 2) (Leonard and O’Shea 1998). In addition, the
binding of SHP2 (SH2 domain-containing phosphatase 2) to
the phosphorylated tail of gpl30 activates Grb2 (growth
factor receptor bound protein 2) and Sos (son of sevenless
homolog) resulting in the activation of Ras and initiation of
the MAPK cascade, leading to extracellular signal-regulated
kinase (ERK) phosphorylation and nuclear translocation.
Phosphorylated ERK can also phosphorylate STAT3 (at
Ser727) to modulate its function (Fig. 2) (Wen and others
1995; Chung and others 1997; Schiemann and others 1997).

KSHV and vIL-6

KSHV is a yherpesvirus discovered in association with KS
tissues and found to be the causative agent of KS (Chang and
others 1994). Although some aspects of the life cycle of
KSHV have not yet been uncovered, the oropharynx repre-
sents the primary site of virus replication with shedding of
the virus in saliva (Vieira and others 1997, Mayama and
others 1998). Tonsil-derived B and T-lymphocytes can be
productively infected with KSHV (Myoung and Ganem
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2011), and virus in the saliva is believed to represent the
principal source of infectious KSHV responsible for person-
to-person transmission (Pauk and others 2000). The sexual
route has also been proposed as a possible mode of trans-
mission for KSHV (Boshoff and Weiss 2001). In the circula-
tion, CD19-positive B-lymphocytes are believed to represent
the main reservoir for KSHV in infected individuals (Boshoff
and Weiss 2001).

Like other herpesviruses, KSHV is a large, enveloped
DNA virus that displays 2 distinct transcriptional programs,
latency and replication (Vieira and others 2001). Latency is
reversible. During viral latency, most KSHV genes are not
transcribed, which may serve to limit immune recognition of
the virally infected cells (Moore and Chang 2001). Latent
KSHYV is maintained as a nuclear episome; the viral DNA is
amplified by the host replication machinery once per cell
cycle and is segregated during mitosis as a host chromo-
some, a process dependent on the viral latency-associated
nuclear antigen (LANA) that teeters the viral DNA to cellular
DNA (Moore and Chang 2001; Barbera and others 2006). The
KSHV lytic phase is accompanied by robust expression of
multiple viral genes required for production of viral progeny
(Chandriani and others 2010). Lytic viral replication can lead
to death of the host cell and induce an immune response to
the virus-infected cells and the virus (Woodberry and others
2005).

Analysis of the KSHV genome obtained from DNA li-
braries of the PEL cell line BC-1, which is stably infected with
KSHYV and Epstein-Barr virus (EBV), identified open reading
frame (ORF) K2 as a viral homolog of hIL-6; its gene product
was named VIL-6 (Fig. 1) (Moore and others 1996; Russo and
others 1996). The vIL-6 gene is expressed during viral latency
and its expression is increased during viral replication (Moore
and others 1996). In addition, activation of cellular Notch re-
ceptors in KSHV-infected cells can promote vIL-6 expression
(Chang and others 2005). An IL-6 homolog gene/protein was
also found in rhesus macaque radinovirus (RRV), which is
linked to the development of B-cell hyperplasia and an MCD-
like lymphadenopathy in rhesus macaques (Orzechowska and
others 2008). However, an IL-6 homolog is not found in other
mammalian yherpesviruses, such as EBV, herpesvirus saimiri,
and murine gammaherpesvirus (Kaleeba and others 1999;
Searles and others 1999; Nicholas 2005). An ancestor of KSHV
in primates or other mammals may have captured the IL-6
gene. Consistent with this notion, RRV vIL-6 is more closely
related to mammalian IL-6 than KSHV-derived vIL-6 (Fig. 1).
Importantly, ORF K2 is a dispensable gene for KSHV infection
and replication in a Burkitt’s lymphoma cell line (Chen and
Lagunoff 2007).

Structure and Function of vIL-6

The KSHV ORF K2 encodes a 204 amino acid protein with
a 22 amino acid secretory signal that is highly divergent from
that of cellular IL-6 (Fig. 1). Overall, vIL-6 displays ~25%
identify to hIL-6 with 4 conserved cysteines (Fig. 1). Al-
though the calculated molecular weight of vIL-6 is 22.6 kDa,
immunoblotting with specific antibodies showed a protein
with higher molecular weight (~28kDa) attributable to
N-linked glycosylation (Burger and others 1998; Dela Cruz
and others 2004, 2009). Structurally, vIL-6 displays the
4-helix bundle topology typical of cellular IL-6 and other
gp130-activating cytokines (Somers and others 1997; Chow
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and others 2001), but unique among this family of cytokines,
VIL-6 can directly bind to gp130 and activate the JAK-STAT
pathway downstream of gp130, much alike cellular IL-6
(Molden and others 1997, Adam and others 2009) (Fig. 2).
The affinity of vIL-6 binding to gpl30 was found to be
~1,000-fold lower than the affinity of hIL-6/IL6R binding to
gp130 (Aoki and others 2001a). The crystal structure of vIL-6
confirmed the direct binding of vIL-6 to the extracellular
domain of gp130 and showed a tertameric structure with 2
gp130 proteins connected by 2 molecules of vIL-6 (Chow and
others 2001; Boulanger and others 2004). The viral cytokine
was found to use hydrophobic amino acid residues to con-
tact gpl30 at the sites II and III (Chow and others 2001;
Adam and others 2009) (Fig. 2). An alignment of the primary
sequence of hIL-6 and vIL-6 showed that the conserved
amino acids were not the residues involved in the binding to
gp130, which suggested a high degree of plasticity of ligand-
receptor interactions (Chow and others 2001; Boulanger and
others 2004). Recombinant vIL-6 produced in bacteria and
therefore lacking glycosylation, can fold properly for struc-
tural studies, and can bind and activate gp130 in cell-based
assays (Hoischen and others 2000; Chow and others 2001).
However, N-glycosylation at Asn78 was reported to favor
vIL-6-folding in mammalian cells (Fig. 3), and to increase
vIL-6 binding to gp130 (Dela Cruz and others 2004, 2009).

The crystal structure of vIL-6 bound to gp130 showed that
the site on vIL-6 corresponding to the IL-6R binding site on
hIL-6 in unoccupied (Chow and others 2001). Additional
studies showed that vIL-6 can bind IL-6R (Li and others
2001), and under some experimental conditions, the IL-6R
was found to enhance vIL-6 activity (Wan and others 1999;
Hu and Nicholas 2006), a result supported by studies with
chimeric proteins of vIL-6 and hIL-6 (Adam and others 2009).

The conditioned medium of cells transduced with the vIL-6
gene contains vIL-6 protein that is biologically active (Aoki
and others 1999; Jones and others 1999), but vIL-6 secretion is
inefficient as most of the protein is retained inside the cell
(Meads and Medveczky 2004; Chen and others 2009a). In
this intracellular location, vIL-6 has been shown to be active
and to engage and activate gp130 in the cytoplasm resulting
in autocrine cell stimulation (Fig. 3) (Meads and Medveczky
2004; Chen and others 2009b). Defective secretion is also
observed with fibroblast growth factor-2 (FGF-2), which
lacks the signal peptide for secretion (Quarto and others
1989). However, unlike the situation with FGF2, the signal
peptide of vIL-6 is functional, as it has been shown to sup-
port hIL-6 secretion (Meads and Medveczky 2004). Most of
the vIL-6 is localized in the endoplasmic reticulum (ER) in
conjunction with calnexin; gp130 promotes the exit of vIL-6
from the ER, but not its secretion (Meads and Medveczky
2004; Chen and others 2009a), which may require yet un-
identified factors. However, cell death of KSHV-infected cells
subsequent to viral replication or cytotoxic T-cell killing may
trigger a massive vIL-6 release (Nicholas and others 1998).
vIL-6 can induce cellular IL-6 expression in a variety of cell
lines (Mori and others 2000). In bioassays, vIL-6 is ~1,000-
fold less potent than hIL-6 (Aoki and others 2001a).

Role of vIL-6 in KSHV-Associated Diseases

Three diseases are associated with KSHV infection: KS,
PEL, and MCD (Chang and others 1994; Cesarman and
others 1995; Soulier and others 1995). Since VIL-6 is
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FIG. 2. Schematic represen-
tation of viral IL-6 (VIL-6)
engagement of gpl30 and
signaling activation. The ec-
todomain of gp130 consists of
6 regions (D1-D6), and the
ectodomain of IL-6 receptor
(IL-6R) consists of 4 regions
(D1-D3). The D1, D2, and D3
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STATs are further serine-phosphorlated by other kinases, including extracellular signal-regulated kinase (ERK). Simulta-
neously, SHP2 (SH2 domain-containing phosphatase 2)-mediated activation of growth factor receptor binding 2 (Grb2)-son of
sevenless homolog (Sos) occurs. Sos posses guanine nucleotide exchange factor (GEF) activity for Ras activation: the inactive
guanosine diphosphate (GDP)-bound Ras becomes active guanosine triphosphate (GTP)-bound Ras, which binds and
translocates c-Raf (v-raf-1 murine leukemia viral oncogene homolog) to the membrane. c-Raf activation is completed by a
multi-step process that involves dephosphorylation by protein phosphatase 2 and phosphorylation (P) by a Src family
protein, p21-activated kinase, and other unknown factors. Activated c-Raf initiates mitogen-activated protein kinase (MAPK)

cascade. MEK, MAPK kinase.

expressed in latently infected cells and its expression is in-
creased upon viral replication and by activation of cellular
Notch receptors (Moore and others 1996; Chang and others
2005), vIL-6 has the potential to contribute to the pathogen-
esis of all these diseases. Early preclinical studies analyzed
the effects of vIL-6 overexpression in T-cell immunodeficient
mice (Aoki and others 1999). When injected with NIH3T3 cell
transduced with a vIL-6 expression plasmid, the mice de-
veloped tumors that were highly vascularized and expressed
high levels of vascular endothelial growth factor (VEGEF). The
size of the tumor appeared to be directly related to the levels
of VIL-6 detected in the blood. The lymph nodes displayed a
prominent plasma cell infiltration, and liver and spleen were
enlarged. In addition, there was evidence of increased he-

matopoiesis. Thus, these experiments indicated that vIL-6
promotes angiogenesis, tumor growth, and plasmocytosis in
the mouse (Aoki and others 1999). The role of vIL-6 in KS,
PEL, and MCD appears to differ, at least in part due to the
different degrees to which the virus undergoes lytic repli-
cation.

KS is a multicentric lymphoproliferative disease often lo-
calized to the skin and less frequently in the oral cavity, the
gastrointestinal tract, and the lung (Boshoff and Weiss 2002;
Yarchoan and others 2005). Typical KS lesions are brown,
purple, or dark red nodules and plaques found on the skin.
Histologically, KS lesions are characterized by spindle cells
infected with KSHYV, as reflected by immunostaining for the
nuclear antigen LANA. Some of the spindle cells express
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FIG. 3. Transcription, translation, and secretion of vIL-6. (A) Viral reactivation occurring during KSHV lytic replication
initiates vIL-6 [open reading frame (ORF) K2] transcription via viral replication and transcription activator (RTA) and the
cellular transcription factor recombination signal binding protein for immunoglobulin kappa J region (RBP-Jk). mRNA of vIL-6
is a target of miR-1293 at a site also bound by the viral ORF57 protein. miR-1293 and viral ORF 57 protein compete with each
other for binding to miR-1293. vIL-6 polypeptide undergoes N-linked glycosylation at the endoplasmic reticulum (ER); N-
glycan at Asp89 may facilitate intrinsic or chaperon-mediated protein folding. Immature vIL-6 may be glycosylated further at
the Golgi apparatus and may relocated to ER by retrograde traffic. In the proximity of the ER, vIL-6 engages gp130 for
autocrine signal transduction. In addition, vIL-6 is secreted although inefficiently via an unidentified sorting pathway still
undefined (?). (B) vIL-6 in KS tissue or normal endothelium. Primary infection of KSHV is associated with viral latency
in vitro and in vivo, where KSHV DNA is maintained at a low copy number and vIL-6 expression is not detected or detected at
very low levels. Hypoxia or other signals can induce KSHYV lytic production associated with massive release of vIL-6 found in
serum or culture supernatant. vIL-6 induces vascular endothelial growth factor (VEGF) production, which promotes an-
giogenesis and vascular permeability. (C) vIL-6 in primary effusion lymphoma (PEL). PEL cells contain a small population of
cells undergoing lytic replication, which express vIL-6. VIL-6 and other growth factors, particularly IL-10, are prominent
survival factors for PEL. Lytic replication, induced by the hypoxic environment of effusions or other signals, leads to
increased vIL-6 production: body cavity effusions and culture supernatants contain higher levels of vIL-6. Since vIL-6
promotes VEGF secretion, vIL-6 indirectly contributes to the accumulation of body cavity effusions. (D) vIL-6-producing cells
in lymph node affected with multicentric Castleman’s disease. vIL-6-positive B-cells are located in the vicinity of germinal

centers (GC) and marginal zones (MZ).
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CD31/PECAM-1 (platelet endothelial cell adhesion mole-
cule-1) and markers for the lymphatic endothelium such as
Prox1 (prospero homeobox 1) and LYVE1 (lymphatic vessel
endothelial hyaluronan receptor 1), suggestive of the endo-
thelial origin of KS (Carroll and others 2004, Hong and
others 2004; Sivakumar and others 2008; Sakakibara and
Tosato 2009). The KSHV-infected spindle cells form poorly
organized vascular structures, referred to as vascular slits
replete with red cells and breakdown products of red cells
that account for the characteristic brown-purple color of the
lesions (Boshoff and Weiss 2002; Yarchoan and others 2005).
KS lesions also contain many infiltrating leukocytes, partic-
ularly CD68-positive monocytes and/or macrophages,
which often produce VEGF, a principal stimulator of endo-
thelial cell survival, growth, and migration (Parravicini and
others 2000; Sakakibara and others 2009). KSHV is mostly
latent in KS tissues, but viral replication is often detected and
is believed to play an important role in sustaining the disease
(Boshoff and Weiss 2001; Moore and Chang 2001). Despite
the presence of many KSHV-infected cells in KS lesion, vIL-6
expression has been detected infrequently in KS tissues
(Parravicini and others 1997, 2000; Cannon and others 1999),
and only a proportion of KS patients had detectable vIL-6 in
the circulation (Aoki and others 2001c). By contrast, KS tis-
sues often express cellular IL-6, which is induced at least in
part by the KSHV genes vFLIP and vGPCR that are expressed
in KS (Montaner and others 2004; Sakakibara and others
2009).

PEL is an aggressive immunoblastic lymphoma, which
usually presents as an effusion malignancy in the body
cavities of patients with acquired immune deficiency syn-
drome, and is almost always infected with KSHV and co-
infected with EBV in 30%-50% of cases (Cesarman and
others 1995; Nador and others 1996). The pleural and peri-
toneal effusions from patients with PEL generally contain
vIL-6 at high concentrations (Parravicini and others 1997;
Aoki and others 2000). They also contain IL-6 and IL-10
(Aoki and others 2000). Two of these cytokines, vIL-6 and IL-
10, promote autocrine growth of PEL cells (Tosato and others
1993; Jones and others 1999). In culture, PEL cell lines gen-
erally express vIL-6 mRNA at low levels (Katano and others
2000). This difference between vIL-6 production by PEL
in vivo and in vitro has been attributed to the occurrence of
spontaneous KSHYV reactivation in vivo induced by hypoxia,
which is prominent in effusions (Davis and others 2001).
Consistently, in vitro treatment of PEL with 12-O-tetra-
dodecanoyl-phorbol-13-acetate (TPA) markedly enhances
vIL-6 expression at the RNA and protein levels (Moore and
others 1996; Parravicini and others 2000). This is attributable
to TPA-induced activation of KSHV ORF50/replication and
transcription activator (RTA), which acts as a strong trans-
activator for many viral genes, including ORF K2/vIL-6,
ORF K5, viral poly-adenylated nuclear RNA, ORF K9/vIRF-1,
ORF59, and ORF50 itself (Sun and others 1999; Chen and
others 2000; Haque and others 2000; Sakakibara and others
2001; West and Wood 2003; Deng and others 2007). This
transactivating effect is attributable both to direct binding of
ORF50/RTA to the promoter regions of target genes and to
indirect binding mediated by recombination signal binding
protein for Ig kappa ] region (RBP-Jx), which is a Notch-
induced transcription factor (Deng and others 2002; Chang
and others 2005) or other cellular factors (West and Wood
2003). Consistently, activation of Notch signaling, which is
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mediated by RBP-Jx, initiates vIL-6 expression in KSHV in-
fected cells (Chang and others 2005). A recent report revealed
some of the complexities of vIL-6 regulation: KSHV ORF 57
protein, a viral RNA processor that is expressed during the
lytic phase (Fig. 3) (Kang and others 2011), stimulates vIL-6
expression through its binding to an ORF57-responsive ele-
ment MTA-responsive element (MREB) present in vIL-6
RNA and promoting vIL-6 translation; MREB can also be
bound by miR-1293 (micro RNA-1293), and ORF57 competes
with miR-1293 for binding and function as a vIL-6 silencer
(Kang and others 2011).

MCD is a rare disease that affects primarily the lymph
nodes, and is associated with KSHV infection in a substantial
proportion of cases, especially when it arises in im-
munosuppressed individuals infected with HIV (Chang and
others 1994; Soulier and others 1995). When untreated, the
disease is rapidly fatal (Uldrick and others 2010). The diag-
nosis of MCD is based on histological characteristics of the
affected lymph nodes, generally showing altered architecture
with hypocellular germinal centers that are vascularized and
perifollicular infiltration with plasmablastic cells that usually
express IgM X, and varying degrees of hyaline degeneration
(Teruya-Feldstein and others 1998; Du and others 2001;
Chadburn and others 2008; Cronin and Warnke 2009). A
proportion of the plasmablastic cells surrounding the ger-
minal center are infected with KSHV and express vIL-6
(Parravicini and others 2000; Aoki and others 2001b). Pa-
tients with MCD often have prominent inflammatory mani-
festations, which wax and wane (Oksenhendler and others
1996; Waterston and Bower 2004), and have been attributed
at least in part to elevations in circulating levels of vIL-6,
IL-6, and IL-10 (Oksenhendler and others 1996; Aoki and
others 2001b). In a well-documented case, elevations in vIL-6
coincided with the development of severe symptoms of in-
flammation (Aoki and others 2001b). Recently, a cohort of
patients co-infected with HIV and KSHV with recurrent in-
flammatory symptoms typical of MCD but without other
evidence of MCD was identified, and found to have high
levels of circulating vIL-6, IL-6, and IL-10 comparable to
those found in patients with MCD (Uldrick and others 2010).

Approaches to viL-6 Neutralization

There is evidence supporting the potential utility of vIL-6
neutralization at least in the context of MCD and perhaps
PEL. Since vIL-6 is uniquely a viral product, and plays no role
in physiological conditions, specific vIL-6 neutralization is
expected to have a favorable toxicity profile. Early efforts at
generating specific antibodies to vIL-6 produced a panel of 4
mouse monoclonal antibodies that effectively neutralize vIL-6
biological activity by interfering with vIL-6 binding to gp130
(Aoki and others 2001a). Mapping studies showed that these
neutralizing antibodies bind to a region of vIL-6 that does not
contribute to gp130 binding, suggesting that the antibodies
produce allosteric changes in vIL-6 that prevent its binding to
gp130 or render the molecule resistant to conformational
changes necessary for gp130 binding (Aoki and others 2001a).

Using phage-display screening of human synthetic anti-
body libraries, a human monoclonal antibody specific to
vIL-6 (named MAYV) was identified, which inhibited vIL-6
-dependent growth of the PEL cell line BCBL1, and vIL-6
-dependent STAT3 activation in the HepG2 cell line
(Kovaleva and others 2006). MAV binds to a site of vIL-6,
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which interacts with gp130 and prevents vIL-6 binding to
gp130 (Kovaleva and others 2006).

A soluble form of gp130, which inhibits hIL-6-mediated
signaling, is detected in human sera (Narazaki and others
1993). Similarly, gp130 fused to the constant fragment (Fc)-
region of human IgG can also be used to neutralize vIL-6
(Jostock and others 2001). In vitro, soluble gp130-Fc pre-
vented vIL-6-induced growth of the PEL cell line BCBL1 and
inhibited vIL-6 induced STAT3 activation in HepG2 cells
(Kovaleva and others 2006). Unlike the specific antibodies to
vIL-6, soluble gp130-Fc can also inhibit gp130 binding of the
complex composed of cellular IL-6 and IL-6R. Thus, trans-
genic mice overexpressing gp130-Fc displayed a reduced
recruitment of myeloid cells/macrophages in a model of
local inflammation that is dependent upon IL-6/IL6R sig-
naling (Rabe and others 2008). Thus, soluble gp130-Fc has
the potential to simultaneously neutralize vIL-6 and at least
in part cellular IL-6.

Based on the crystal structure of the vIL-6/gp130 complex,
synthetic peptides mimicking the gp130 binding sites of vIL-
6 have been generated and shown to have specific IL-6
neutralizing activity in vitro (Sudarman and others 2008).

Thus, it is possible to neutralize vIL-6 activity, at least
in vitro, by use of monoclonal antibodies, soluble gp130, or
peptide mimics of vIL-6 binding interface with gp130. How-
ever, studies by 2 groups have provided compelling evidence
suggesting that vIL-6 can activate gp130 signaling within the
cell (Meads and Medveczky 2004; Kovaleva and others 2006;
Chen and others 2009b). Although it is clear from preclinical
studies that soluble vIL-6 is biologically active in mice (Aoki
and others 2001a), the potential contribution of intracellular
vIL-6 signaling in the context of in wivo KSHV infection is
currently unclear. Nonetheless, preliminary results have
shown that it possible to neutralize intracellular vIL-6 by tar-
geting a vIL-6 neutralizing antibody to the ER (where most
intracellular vIL-6 is detected) (Kovaleva and others 2006).

Perspective and Concluding Remarks

Since its discovery as a gene product of KSHV, much has
been learned about the regulation of VvIL-6 expression,
structure, receptor engagement, signaling, and function, in-
cluding its contribution to KSHV-associated diseases. There
is now compelling evidence suggesting that vIL-6 is re-
sponsible for some of the inflammatory symptoms in MCD,
and thus vIL-6 may represent an important therapeutic tar-
get at least in the context of MCD. In this light, several areas
of investigation may be useful. First, it is important to es-
tablish the relative contribution of secreted vIL-6 as opposed
to intracellular vIL-6 in KSHV-associated malignancies. De-
pending on this assessment the approaches to vIL-6 neu-
tralization would be different, and perhaps complementary.
Second, since vIL-6 and cellular IL-6 share gp130 signaling,
display similar biological activities, and often co-exist in
KSHV-associated diseases, it is important to further dissect
their relationship in terms of regulation of expression and
specific contributions to disease. We know that vIL-6 can
promote IL-6 expression, but to which extent vIL-6 is re-
sponsible for cellular IL-6 expression in KSHV-associated
malignancies is unclear. With the advent of an anti-IL-6R
antibody that specifically neutralizes hIL-6 (tocilizumab) and
its approval for the treatment of rheumatoid arthritis, it may
be important to assess its effects in the treatment of KSHV-
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associated MCD. Third, it is important to develop clinical-
grade neutralizing agents for vIL-6 to test in preclinical and
clinical setting. To this end, it could be very useful to develop
a good preclinical model of MCD.
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