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Human herpesvirus 8 (HHV-8), which is associated with the endothelial tumor Kaposi’s sarcoma, encodes
three CC/�-chemokines. These are expressed early during productive (lytic) infection and are believed to be
involved in immune evasion, in addition to viral pathogenesis via induction of angiogenic cytokines. Here we
report that two of the HHV-8 chemokines, CCR8 agonists vCCL-1 and vCCL-2, have direct effects on endo-
thelial survival and virus replication. The v-chemokines stimulated virus replication when added to infected
cultures exogenously, and CCR8 knockdown absent v-chemokine supplementation inhibited virus production,
indicative of autocrine effects of endogenously produced vCCLs. This was verified and proreplication functions
of each chemokine were demonstrated via shRNA-mediated vCCL depletion. The v-chemokines inhibited
expression of lytic cycle-induced proapoptotic protein Bim, RNA interference-mediated suppression of which
mimicked v-chemokine proreplication functions. Our data show for the first time that the v-chemokines have
direct effects on virus biology, independently of their postulated immune evasion functions, and suggest that
in vivo the v-chemokines might play direct roles in Kaposi’s sarcomagenesis via paracrine prosurvival
signaling.

Human herpesvirus 8 (HHV-8) is associated etiologically
with the endothelial cell neoplasm Kaposi’s sarcoma (KS) and
the B-cell malignancies primary effusion lymphoma (PEL) and
multicentric Castleman’s disease. KS, especially, has been
linked with inflammatory and angiogenic cytokine dysregula-
tion, and in this respect the proinflammatory and proangio-
genic cytokine viral interleukin-6 (vIL-6), in addition to the
three HHV-8-specified viral chemokines, which also induce
angiogenesis, may play important pathogenic roles (35). Vas-
cular endothelial growth factor (VEGF), induced by vIL-6 (1)
and at least one of the viral chemokines (25), is believed to
contribute to PEL also (2). Therefore, study of the HHV-8
cytokines is relevant to understanding the mechanisms by
which HHV-8 induces neoplasia and for developing therapeu-
tic interventions. The roles of the v-cytokines in normal virus
biology have not been defined, and indeed they may represent
useful antiviral targets.

HHV-8 CC/�-chemokines vCCL-1, vCCL-2, and vCCL-3
are encoded by open reading frames (ORFs) K6, K4, and K4.1,
respectively. vCCL-2 binds to a broad range of CC-chemokine
receptors and can also target CXCR4, CX3C, and XCR1 (6,
10, 13, 16, 23, 29, 42, 45). However, only CCR3 and CCR8 are
able to support vCCL-2 signal transduction. vCCL-1 signals via
CCR8, and vCCL-3 has been reported to be an agonist for
CCR4 and XCR1 (13, 16, 28, 45, 47).

The functions in virus biology of the HHV-8 v-chemokines
remain speculative but may include roles in immune evasion
and virus dissemination via Th2 polarization and lymphocyte/

monocyte recruitment mediated by their various agonist and
neutral agonist activities (35). However, their potential roles in
promoting productive, or lytic, virus replication via direct ef-
fects on virus-infected cells have not been investigated. In
view of the previously demonstrated prosurvival activities of
vCCL-1 and vCCL-2 on PEL cells (25) and vCCL-1 on murine
thymic lymphoma cells (26, 46), this is a distinct possibility,
potentially enabling the extended survival of cells to allow
efficient virus production in the face of virally induced apop-
totic signals. Such activities might also contribute to HHV-8-
associated neoplasia. Primary endothelial cells have been re-
ported to be chemotactically responsive to CCR8 agonists
vCCL-1 and CCL1, and KS spindle cells express CCR8 (22),
suggesting that HHV-8 v-chemokines could play a direct role
in KS pathogenesis.

In this report, we present data demonstrating that the v-
chemokines are able, via CCR8, to signal in and enhance the
survival of endothelial cells and to promote virus productive
replication. The findings suggest novel, direct functions of
vCCL-1 and vCCL-2 in both virus biology and viral pathogen-
esis, independent of immune evasion and cytokine-inducing
activities and distinct from the strictly autocrine functions of
other, mechanistically distinct and intracellularly expressed vi-
ral antiapoptotic proteins.

MATERIALS AND METHODS

Recombinant proteins. Intein–chitin-binding protein fusion proteins of CCL1,
vCCL-1, vCCL-2, and CXCL1/GRO� were purified from isopropyl-�-D-thio-
galactopyranoside-induced pTYB4 chemokine expression vector-transformed
bacteria (Rosetta; Novagen, Madison, WI) by passage of sonicated cell extracts
over chitin columns (New England Biolabs, Beverly, MA) and washing with 10
bed volumes of washing buffer (20 mM HEPES [pH 8.0], 500 mM NaCl, 1 mM
EDTA) four times. The chemokines were recovered by cleavage of the fusion
proteins by incubation of the columns in cleavage buffer (20 mM dithiothreitol,
20 mM HEPES [pH 8.0], 500 mM NaCl, 1 mM EDTA) at 4°C overnight,
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followed by elution with washing buffer. Eluates were dialyzed in phosphate-
buffered saline (PBS), and endotoxin was removed by using Detoxi-gel (Pierce,
Rockford, IL). Recombinant human VEGF165 was purchased from Peprotech
Inc. (Rocky Hill, NJ).

Antibodies. Phospho-ERK1/2 (Thr202/Tyr 204), phospho-AKT (Ser473),
phospho-FOXO3a (Ser253), phospho-Bcl-2 (Ser70), ERK1/2, FOXO3a, Bcl-2,
and Bim antibodies were purchased from Cell Signaling Technology, Inc. (Bev-
erly, MA). Other antibodies used were to HDAC1, AKT, and Mcl-1 (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA), K8.1 and latency-associated nuclear anti-
gen (LANA; Advanced Biotechnologies Inc., Columbia, MD), CCR8 (Epitomics,
Inc., Burlingame, CA), calnexin (BD Bioscience, Franklin Lakes, NJ), �-actin
(Sigma, St. Louis, MO), and DR3 (Abcam, Cambridge, MA). ORF59 antibody
was kindly provided by B. Chandran.

Plasmids and oligonucleotides. The coding sequences of CCL1, vCCL-1,
vCCL-2, and GRO�/CXCL-8 were cloned as NcoI and SmaI fragments into
pTYB4 (New England Biolabs). The NotI and BamHI fragment containing the
forkhead responsive element (FHRE) and luciferase gene sequences from
pGL3/FHRE (Addgene, Cambridge, MA) was cloned into lentiviral vector
pYNC320 (a derivative of pTYF [9]). The corresponding part of pGL3/basic
(Promega, Madison, WI) was cloned into pYNC320. Complementary pairs of
59-nucleotide oligonucleotides encoding a 21-nucleotide short hairpin RNA
(shRNA) to CCR8 (5�-CCTCCAGCGTAGACTACATTT-3�), Bim (5�-GACC
GAGAAGGTAGACAATTG-3�), vCCL-1 (5�-GCGGCTGCCTGCCATAGCT
TA-3�) and vCCL-2 (5�-GGTGAAGAAGCTGATGCAGCA-3�), or nonsilenc-
ing (NS) shRNA (5�-CAACAAGATGAAGAGCACCAA-3�) were designed
according to the strategy of MISSION (Sigma) and annealed and cloned into the
BamHI and MluI sites of the pYNC352 (pTYF derivative) or pSUPER.retro-
.puro (OligoEngine, Seattle, WA) vectors. Primer sequences used for quantita-
tive PCR were the following: K8.1 forward primer, 5�-TGCCATTTTCTGCCA
CCACTACAACGACT-3�; K8.1 reverse primer, 5�-ACAAGTCCCAGCAATA
AACCCACAGCCCA-3�; vCCL-1 forward primer, 5�-GCAGCAGCTATTAGG
CGTGTA-3�; vCCL-1 reverse primer, 5�-CCACGTTTTATGCTGCGTTA-3�;
vCCL-2 forward primer, 5�-GGGTACCAGCTGGACAGAAG-3�; vCCL-2 re-
verse primer, 5�-TGACTGCCTTGCTTTGTTTG-3�; Bim forward primer, 5�-C
CTACAGACAGAGCCACAAGG-3�; Bim reverse primer, 5�-CGGGGATCTG
GTAGCAAAAGG-3�; CCR8 forward primer, 5�-GGCTGCTGCTCATTGAG
CTGC-3�; CCR8 reverse primer, 5�-TCAGACAGGGCCAGGTTCAAG-3�);
actin forward primer, 5�-TGCCATCCTAAAAGCCACCCCACTTC-3�; actin
reverse primer, 5�-AAGCAATGCTATCACCTCCCCTGTGT-3�.

Cell culture. Dermal microvascular endothelial cells (DMVEC) and telome-
rase immortalized microvascular endothelial (TIME) cells were maintained in
EGM-2 MV medium (Lonza, Walkersville, MD) containing 5% fetal bovine
serum (FBS) and cytokine supplements. BCBL-1 cells were maintained in RPMI
1640 supplemented with 10% heat-inactivated FBS and gentamicin. HEK293T
and Phoenix (Orbingen, San Diego, CA) packaging cells were maintained in
Dulbecco’s modified Eagle’s medium supplemented with 10% FBS and genta-
micin.

Virus production and infection. Infectious HHV-8 virus was obtained by
inducing BCBL-1 cells with phorbol 12-myristate 13-acetate (20 ng/ml) and
calcium ionophore (A23187; 500 ng/ml). After 16 to 20 h cells were pelleted
and resuspended in fresh medium without phorbol 12-myristate 13-acetate and
A23187. After 5 days, cells were pelleted, the supernatant filtered through
0.45-�m filters, and virions pelleted at 15,000 rpm for 2 h in an SW41 rotor. For
infection of TIME cells, the viral pellet was resuspended in basal EGM-2 MV
medium supplemented with 5 �g of Polybrene per ml and added to cell cultures
for 2 h, prior to replacement of inoculum with fresh medium. For virus induc-
tions, the medium was replaced (after �48 h) with fresh medium containing 20
ng/ml tetradecanoyl phorbol acetate (TPA). Lentiviruses were produced using
calcium phosphate-mediated cotransfection of HEK293T cells with pYNC352-
or pYNC320-based vectors together with pGag-Pol and pVSV-G. Retroviruses
were produced by cotransfection of Phoenix cells with pSuper-NS, pSuper-
CCR8i, or pSuper-Bimi together with pVSV-G. All virus preparations were
subjected to 0.45-�m filtration.

Western blotting and immunofluorescence assay. For immunoblotting, cells
were lysed in lysis buffer (50 mM HEPES [pH 8.0], 100 mM NaCl, 5 mM MgCl2,
1 mM EGTA, 1 mM Na3VO4, 50 mM NaF, and protease inhibitor cocktail).
Cytoplasmic fractions were prepared by homogenizing cells with 10 strokes of a
Dounce homogenizer in homogenization buffer (10 mM HEPES [pH 8.0], 1.5
mM MgCl2, 10 mM KCl, 0.5 mM dithiothreitol, and protease inhibitor cocktail)
on ice and centrifuging at 3,000 � g for 5 min; the supernatant was used as the
cytoplasmic fraction. Proteins were size fractionated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane
for immunoblotting. Immunoreactive bands were visualized in a chemilumines-

cence assay. For immunofluorescence assays (IFAs), cells on a 0.1% gelatin-
coated coverglass were either fixed and permeabilized in chilled methanol (for
detection of HHV-8 lytic antigens and Bim) or fixed in 4% paraformaldehyde
without permeabilization (for detection of surface-expressed CCR8). Following
incubation with blocking buffer (3% bovine serum albumin [BSA] in PBS),
coverslips were incubated with primary antibody, washed with PBS, and then
incubated with appropriate florescent dye-conjugated secondary antibody. Cov-
erslips were mounted in 90% glycerol containing 10 mg/ml p-phenylenediamine.
Nuclei were visualized by staining with Hoechst 33342.

Apoptosis assays. Endothelial cells grown on a 0.1% gelatin-coated coverglass
were washed with Annexin V binding buffer (10 mM HEPES [pH 7.4], 140 mM
NaCl, and 2.5 mM CaCl2), stained with fluorescein isothiocyanate (FITC)- or
Cy-3-conjugated Annexin V (Biovision Inc., Mountain View, CA), fixed in 2%
formaldehyde, mounted, and visualized by UV microscopy. For terminal de-
oxynucleotidyltransferase (TdT)-mediated dUTP-biotin nick end labeling
(TUNEL), cells were fixed in chilled methanol for 5 min and preincubated in
TdT reaction buffer (25 mM Tris-HCl [pH 6.6], 200 mM sodium cacodylate, 0.25
mg/ml BSA, and 1 mM CoCl2) for 10 min. TUNEL reactions were carried out at
42°C for 2 h in TdT reaction buffer containing TdT and biotin-dUTP (Roche,
Indianapolis, IN) and terminated with stop solution (300 mM NaCl and 30 mM
sodium citrate). LANA IFAs were performed after TUNEL assays, and biotin-
dUTP and LANA were visualized by staining with FITC-avidin (Roche) or
Cy-3-conjugated secondary antibody, respectively.

Quantitative PCR. For quantitative reverse transcriptase PCR (qRT-PCR),
total RNA was isolated using Trizol (Invitrogen, Carlsbad, CA). First-strand
cDNA was synthesized from 1 �g of total RNA using SuperScript II RT (In-
vitrogen) with random hexamers. For determination of encapsidated HHV-8
genome copy number, viral DNA was phenol extracted after treatment of virus
suspensions with DNase I for 15 min at room temperature and then with pro-
teinase K-sodium dodecyl sulfate at 65°C for 1 h. Excess HHV-8 bacmid DNA
was treated with DNase I and processed identically to control for DNase I
efficacy. All qPCRs were performed in a 96-well microplate using an ABI Prism
7500 detection system (Applied Biosystems, Foster City, CA) with the RT2Real-
Time SYBR green/ROX master mix (SuperArray Bioscience Corp., Frederick,
MD). Reactions were performed in a total volume of 25 �l and contained 50 ng
of reverse-transcribed RNA (based on the initial RNA concentration) or an
appropriate volume of viral DNA and 250 nM of each set of primers. To
calculate the copy number of viral DNA, BAC-cloned HHV-8 genomic DNA
(52) was used as a standard. PCR conditions included an initial incubation step
of 2 min at 50°C and an enzyme heat activation step of 10 min at 95°C, followed
by 45 cycles of 15 seconds at 95°C for denaturing and 1 min at 60°C for annealing
and extension.

RESULTS

vCCL-1 and vCCL-2 signaling in endothelial cells. To char-
acterize signaling by the v-chemokines, and CCL1, in endothe-
lial cells we utilized bacterially expressed recombinant proteins
(Fig. 1A) and primary and telomerase-immortalized DMVEC
and TIME cells (50). Initial dose-response experiments were
conducted in TIME cells, to verify the activities of the recom-
binant chemokines and determine their minimally and maxi-
mally effective doses (Fig. 1B). ERK activation after 10-minute
stimulation was detected in cell lysates by Western analysis for
the phosphorylated, activated form of the kinase. We found
that vCCL-1 and vCCL-2 had somewhat different activity pro-
files, with detectable and maximum activities occurring at 4.5
and 42 ng/ml for vCCL-1 and 13 and at least 125 ng/ml for
vCCL-2. When used in combination, the activities of vCCL-1
and vCCL-2 appeared to be synergistic at low doses, with
maximum stimulation being achieved at 4.5 ng/ml of vCCL-1
and vCCL-2. This level of stimulation was maintained with up
to 125 ng/ml of each v-chemokine and was equivalent to the
maximum level of ERK activation obtained with individual
stimulation by vCCL-1 and vCCL-2. In a parallel experiment,
cells were treated with 250 ng/ml of vCCL-1, vCCL-2, or cel-
lular CCR8 agonist CCL1, or with a pTYB4 (empty bacterial
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expression vector) transformant-derived negative control sam-
ple or an irrelevant recombinant protein (BimL; 250 ng/ml).
The results confirmed specificity of signaling by the chemo-
kines, with no activation of ERK in the negative controls (Fig.
1B, lower section).

Treatment of DMVEC in addition to TIME cells with the
v-chemokines and CCL1 (using maximally effective, matched
doses) revealed chemokine-induced ERK and AKT activation
in both cell types (Fig. 1C). The kinetics of ERK and AKT
activation by vCCL-1, vCCL-2, and CCL1 were examined in
TIME cells. For each chemokine, maximal activation of AKT
and ERK occurred at 2 and 10 min, respectively, with return to
baseline or near-baseline levels by 30 min (Fig. 1D). Such
transient signaling is typical of G protein-coupled receptors
(GPCRs), which are negatively regulated by desensitization
and internalization (38). Our data revealed distinguishable ki-
netics of ERK and AKT activation and equivalent signaling by
vCCL-1, vCCL-2, and CCL1.

Viral chemokines signal via CCR8 in endothelial cells. To
verify utilization of CCR8 by the v-chemokines, we utilized two
approaches: receptor desensitization and RNA interference-
mediated CCR8 knockdown. For the first, TIME cells and
DMVEC were treated with CCR8 ligand CCL1 (or PBS, the
negative control) for 30 min prior to addition of vCCL-1 or
vCCL-2 for 10 min. ERK and AKT were activated by the
v-chemokines in PBS-treated cultures, but signaling was abro-
gated in the CCL1-pretreated cells (Fig. 2A, top). Non-CCR8
agonists CXCL1 (GRO�) and lysophosphatidic acid were, by
contrast, able to signal normally in CCL1-pretreated cultures
(Fig. 2A, bottom), demonstrating that effects on v-chemokine
signaling were the result of homologous (receptor-specific)
rather than heterologous desensitization.

To provide further evidence of v-chemokine utilization of
and dependence on CCR8, signaling assays were undertaken in
a TIME cell line, TIME-CCR8i(E2), stably transduced with a
lentiviral vector constitutively expressing CCR8 mRNA-spe-

FIG. 1. Activation of AKT and ERK1/2 by viral and cellular CCR8 agonists in endothelial cells. (A) Recombinant vCCL-1, vCCL-2, and CCL1,
along with Bim (negative control), were generated as described in Materials and Methods, and their integrity and purity were checked on
Coomassie-stained gels. (B) Viral chemokine activities and signaling in endothelial cells were checked in ERK activation assays in TIME cells. Cells
were serum and supplement deprived for 24 h and then treated with different doses of the v-chemokines, alone or combined, for 10 min prior to
cell harvest for analysis of ERK activation. Phospho-specific antibody was used to identify threonine-202/tyrosine-204-phosphorylated ERKs
(pERKs) by Western analysis. Antibodies recognizing ERKs independently of phosphorylation status were used to confirm equal protein loading
and transfer. In a parallel experiment, cultures were treated with 250 ng of the v-chemokines, CCR1, or BimL (nonsignaling control), or with
pTYB4 (empty bacterial expression vector) transformant extract processed identically and in parallel with the recombinant protein-containing
samples. (C) ERK and AKT activation assays were undertaken in TIME cells and primary DMVEC treated with maximally effective doses (250
ng/ml) of recombinant vCCL-1, vCCL-2, or CCL1. Antibody recognizing serine-473-phosphorylated AKT (pAKT) was employed to identify the
active form of the kinsase by immunoblotting. (D) Similar experiments were undertaken in TIME cells, which were harvested at different times
poststimulation to determine the kinetics and durations of ERK and AKT activation.
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cific shRNA. Quantitative RT-PCR for CCR8 mRNA and
IFAs to detect surface expression of CCR8 demonstrated
RNA interference efficacy in TIME-CCR8i cells (Fig. 2B and
C). Relative to TIME cells, TIME-CCR8i cells were greatly
diminished in their ability to support vCCL-1, vCCL-2, and
CCL1 signaling (Fig. 2D, top) but were unaltered in their

support of signaling induced by non-CCR8 agonists CXCL1/
GRO� and VEGF (Fig. 2D, bottom).

Together, the data from the desensitization and CCR8 knock-
down experiments demonstrated that vCCL-1 and vCCL-2, like
CCL1, operate through CCR8 in endothelial cells and that other
receptors are unlikely to be involved.

FIG. 2. CCR8 usage by viral chemokines. (A) Receptor desensitization to investigate the utilization of CCR8 by vCCL-1 and vCCL-2 in
endothelial cells. Recombinant CCL1 (250 ng/ml) was applied to TIME or DMVEC cultures for 30 min (step 1); parallel cultures were stimulated
with PBS to provide a negative control. Then, optimal signaling doses (250 ng/ml) of vCCL-1 and vCCL-2, or non-CCR8 agonist controls, were
applied for a further 10 min (steps 2), before cell harvest. Cell lysates were analyzed by Western blotting for detection of ERK and AKT activation
(phosphorylation). Cells pretreated with CCL1, but not with PBS, were resistant to stimulation by the v-chemokines. Ten-minute stimulation with
CCL1 in the pretreatment step (1) gave the expected signaling responses, which diminished to baseline by 30 min (beginning of step 2). CCL1
pretreatment did not affect signaling by CCR8-independent GRO� (200 ng/ml) or lysophosphatidic acid (5 �M), demonstrating the specificity of
the desensitization effect. (B to D) CCR8 knockdown to determine CCR8 utilization. TIME cells were infected to near 100% efficiency
(determined by GFP fluorescence) with lentivirus (GFP�)-shRNA vectors specifying either CCR8 mRNA-directed (CCR8i) or nonsilencing (NS,
control) sequences. Cultures were analyzed by qRT-PCR (B) or with a derived cell line (E2) by CCR8-specific IFA (C) for the expression of CCR8
mRNA and protein, respectively. For the latter, lentivirus-infected cells were mixed with uninfected TIME cells to provide a means of comparison;
GFP-positive (lentivirus-infected) cells showed markedly decreased expression of CCR8 (red) relative to GFP/lentivirus-negative cells. (D) Signal
transduction by the v-chemokines and CCL1 (250 ng/ml) in TIME-CCR8i(E2) cells was greatly diminished relative to that in TIME cells
(top). Application of GRO� (200 ng/ml) or VEGF (10 ng/ml) to the cultures resulted in equivalent signal transduction in TIME and
TIME-CCR8i(E2) cells but reduced signaling in TIME-CCR8i(E2) cells by CCR8 agonist CCL1, demonstrating the specificity of the
CCR8-shRNA effect (bottom).
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Viral chemokines protect endothelial cells from starvation-
induced apoptosis. In consideration of previously reported an-
tiapoptotic activities of vCCL-1 and vCCL-2 on PEL and
vCCL-1 on murine BW4157 thymoma cells (25, 26), the v-
chemokines were tested for their abilities to protect endothe-
lial cells also. Apoptosis in TIME and DMVEC cultures was
induced by serum deprivation, and Annexin V-FITC staining
(Fig. 3A) was used to detect apoptosis after 48 h in the pres-
ence and absence of chemokine supplementation. For TIME
cells (Fig. 3B), the v-chemokines and CCL1 conferred protec-
tion of around 40 to 60% relative to the untreated (PBS) and
pTYB4-treated controls, very similar to the level of protection
obtained using VEGF, a known endothelial cell survival factor
(19, 36). Significant protection of DMVEC also was mediated
by each of the CCR8 agonists, and again, these levels were

comparable to VEGF-mediated protection (Fig. 3C). CCR8-
depleted TIME-CCR8i cells were refractory to the protective
effects of vCCL-1, vCCL-2, and CCL1, but not VEGF, dem-
onstrating that CCR8 was necessary for the prosurvival activ-
ities of the chemokines (Fig. 3D).

Regulation of apoptotic pathways by v-chemokines. Several
targets of AKT are involved in inhibiting apoptosis and pro-
moting cell survival. These targets include the proapoptotic
Bcl-2 family member Bad, caspase 9, GSK-3�, and the family
of forkhead transcription factors that positively regulate the
expression of proapoptotic proteins such as the BH3-only Bcl-
2-family protein Bim (4, 8, 12, 14, 15). Phosphorylation of
these proteins by AKT leads to their inactivation and to the
promotion of cell survival. Because the forkhead transcription
factor FOXO3a (FKHRL1) has been reported to be important

FIG. 3. Viral chemokine-mediated protection of endothelial cells from starvation-induced apoptosis. (A) Examples of Annexin V-FITC
staining to detect apoptosis in TIME cells deprived of serum for 48 h. (B) Quantified data from an experiment in which serum-starved cultures
were supplemented with recombinant vCCL-1, vCCL-2, CCL1, or VEGF, or to which PBS or “pTYB4-extract” (negative controls) was added.
(C) An analogous experiment was carried out in primary endothelial cells, DMVEC. (D) Similar analysis of TIME-CCR8i and TIME-NS (control)
cells demonstrated the dependence on CCR8 for the protective effects of vCCL-1, vCCL-2, and CCL1, but not of non-CCR8 ligand VEGF.
(Maximally effective chemokine and VEGF concentrations of 250 ng/ml and 10 ng/ml, respectively, were used for experiments B to D.)

VOL. 82, 2008 SURVIVAL SIGNALING BY HHV-8 CHEMOKINES 6505



in the regulation of endothelial cell survival (44), we investi-
gated whether the v-chemokines could regulate FOXO3a
phosphorylation in TIME cells. Serum-starved cells were
treated with vCCL-1, vCCL-2, or CCL1 for 15 min, and West-
ern analysis was used for detection of Ser-253-phosphory-
lated FOXO3a in cytoplasmic extracts, as the phosphory-
lated FOXOs localize in this compartment (4). Each of the
chemokines, and VEGF, induced FOXO3a phosphorylation
(Fig. 4A).

Effects of the v-chemokines on FOXO activity were tested
directly using FOXO-responsive reporter assays, utilizing a
lentivirus vector for high-efficiency reporter cassette delivery.
The results (Fig. 4B) confirmed inactivation of FOXO tran-
scription factors in response to the v-chemokines, CCL1, and

endothelial cell-protective VEGF, relative to cells treated with
processed bacterial extract (pTYB4) lacking recombinant
protein.

As Bim is regulated positively by FOXO3a, we undertook
qRT-PCR experiments to determine changes in endogenous
Bim mRNA expression in response to v-chemokine treatment.
TIME cells were treated for 12 h or 24 h with each of the
v-chemokines, CCL1, VEGF, or pTYB4-transformant sample
(negative control), and cells were then harvested for mRNA
preparation. Moderate reductions of Bim transcripts were
identified in response to the cytokines, relative to controls
(pTYB4). However, at present we cannot rule out involvement
of mRNA destabilization, known to operate in response to
IL-3 in Baf-3 cells (30). Western blotting revealed that each of

FIG. 4. Antiapoptotic pathways induced by v-chemokines. (A) Western analysis of cytoplasmic extracts of serum-starved TIME cultures treated
for 15 min with vCCL-1, vCCL-2, CCL1, VEGF, or pTYB4 (negative control) for serine-phosphorylated (inactive) FOXO3a (arrowhead). Nucl.,
nuclear extract. (B) Functional inactivation of FOXO transcription factors in response to the v-chemokines was confirmed by reporter assay,
utilizing a lentivirus-delivered FOXO-responsive (FHRE) luciferase expression construction (or promoterless control). Cultures were serum
starved for 12 h in the presence and absence of the CCR8 agonists before cell harvest. Parallel cultures were maintained in serum-supplemented
medium (complete). (Data are from triplicate cultures; standard deviations from mean values are indicated.) (C) qRT-PCR determinations of Bim
mRNA levels in serum-deprived TIME cultures in response to the v-chemokines, CCL1, and VEGF. Serum withdrawal and cytokine treatments
were for 12 h and 24 h. (Triplicate cultures were used; standard deviations are indicated.) (D) Western analysis of Bim and Bcl-2 protein levels
in serum-free (SF), cytokine-treated TIME cultures (24 h treatment). (E) Immunoblotting to investigate ERK targeting of Bcl-2 at serine-70.
Phosphorylation of Bcl-2 in response to chemokine or VEGF treatment (10 min, following 12-h serum starvation) was sensitive to the ERK kinase
(MEK) inhibitor PD98059 (PD) (added to cultures at 50 nM for 30 min prior to cytokine stimulation). (Chemokine and VEGF concentrations of
250 ng/ml and 10 ng/ml, respectively, were used in all experiments.)
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the cytokines was able to repress Bim protein expression by at
least twofold (Fig. 4D). The greater reductions in Bim protein
expression relative to mRNA levels in response to cytokine
treatment may indicate that posttranslational regulation, e.g.,
ERK-mediated Bim destabilization (24, 27), is relevant here.

Also analyzed for expression was the antiapoptotic protein
Bcl-2, regulated positively by NF-�B, a target of AKT signaling
that promotes NF-�B nuclear translocation and activation (31,
37). In contrast to Bim, Bcl-2 levels were increased by the
CCR8 agonists and VEGF (Fig. 4D). Further investigation
determined that Bcl-2 phosphorylation at Ser-70, associated
with Bcl-2 activation, was induced by vCCL-1, vCCL-2, and
CCL1 in a PD98059-sensitive (MEK [ERK kinase]-dependent)
manner (Fig. 4E). ERK targeting of serine and threonine res-
idues in this loop region of Bcl-2 has been reported to regulate
Bcl-2 stability and activity (5, 7). Together, these data suggest
that the antiapoptotic effects of the v-chemokines and CCL1,
in addition to VEGF, are in part mediated via suppression of
proapoptotic Bim and may also involve induction and activa-
tion of Bcl-2.

HHV-8 v-chemokines inhibit apoptosis induced by HHV-8
productive replication. Relevant to potential roles of the v-
chemokines in promoting virus replication via survival signal-
ing, we tested their effects on apoptosis induced during lytic
replication. TIME cells were infected with BCBL-1 PEL cell-
derived virus, and lytic cycle replication was then induced with
TPA. Apoptosis was monitored at day 6 postinduction by
TUNEL staining in the absence and presence of vCCL-1,
vCCL-2, and CCL1, with LANA costaining performed to iden-
tify infected cells. The results (Fig. 5A and B) revealed, firstly,
that apoptosis was induced in a proportion of LANA-positive
cells but not in uninfected, LANA-negative cells, and secondly,
that chemokine treatment reduced significantly (around three-
fold) the frequency of induced apoptosis. The low frequencies
of cells undergoing TPA-induced, HHV-8-dependent apopto-
sis are consistent with the typically very inefficient reactivation
of HHV-8 from endothelial cells. TPA treatment of uninfected
cells did not induce apoptosis, nor did treatment of uninfected
or infected cultures with chemokine alone have any effect.
These data demonstrate that v-chemokines inhibit lytic cycle-
induced apoptosis, as they do apoptosis induced by serum
starvation.

vCCL-1 and vCCL-2 promote HHV-8 lytic cycle. To examine
effects of the v-chemokines on virus replication, HHV-8 la-
tently infected (LANA�) TIME cells were treated with TPA to
induce lytic replication either in the absence or presence of the
v-chemokines, CCL1, or VEGF, and cells were monitored by
IFA for expression of virus lytic proteins encoded by ORF59
(early) and K8.1 (late). The numbers of cells expressing late
lytic antigen (K8.1) were increased markedly (�2-fold) at all
time points in the chemokine- and VEGF-treated cultures
(Fig. 5C). Expression of early antigen (ORF59) was increased
by cytokine treatment at days 3 and 4 but for the chemokine-
supplemented cultures was similar to the untreated control on
day 5, possibly indicative of accelerated kinetics of early lytic
gene expression in response to the chemokines.

Further experiments were undertaken to investigate by
qPCR the production of encapsidated (DNase I-resistant) viral
genomes released into the medium over the course of 10 days
post-TPA induction, allowing total virus yields to be deter-

mined. Consistent with the IFA results, we found markedly
increased virus production in cells treated with the chemokines
or VEGF relative to untreated controls (Fig. 5D). The cyto-
kines had no effect on virus production in the absence of lytic
induction by TPA (data not shown). In a separate experiment,
Western blotting revealed higher cumulative amounts of late
K8.1 virion glycoprotein produced in the cytokine-treated cul-
tures (Fig. 5E), consistent with the qPCR data.

Lastly, experiments were undertaken to investigate the in-
fluence of v-chemokine concentration and potential coopera-
tive effects of vCCL-1 and vCCL-2 on virus replication and lytic
cycle-induced apoptosis. Different doses of vCCL-1 and
vCCL-2 were added separately and in combination to TPA-
treated HHV-8-infected TIME cultures, and virus production
and apoptosis in infected cells were measured by qPCR and
TUNEL/LANA costaining, respectively, as performed previ-
ously. The data (Fig. 5F) demonstrated clear dose-dependent
effects of each of the v-chemokines on virus replication and
apoptotic inhibition, with evidence of cooperativity at low con-
centrations. These results reflect the activity profiles of vCCL-1
and vCCL-2, individually and together, obtained in signal
transduction assays (Fig. 1B).

Autocrine effects of v-chemokines. To determine whether
endogenously produced HHV-8 chemokines could stimulate
virus production via autocrine signaling, virus reactivation ex-
periments were undertaken in TIME-CCR8i cell lines and
“pooled” transformants (uncloned). This approach allowed as-
sessment of both the functionality of normal, virus-produced
concentrations of the v-chemokines and their effects on virus
replication in the cells in which they were produced. CCR8
depletion in these experiments was functionally equivalent to a
vCCL-1/vCCL-2 knockout virus. Western analysis of NS versus
CCR8 shRNA-transduced cultures confirmed reduced CCR8
levels in the mixed cell population (Fig. 6A), similar to results
obtained with CCR8 shRNA-expressing cell lines (Fig. 2B and
C). CCR8i cells (“pooled” and lines) were resistant to chemo-
kine-mediated promotion of virus replication upon lytic induc-
tion with TPA (for 3 days), confirming functional knockdown
of CCR8 and paracrine signaling inhibition (Fig. 6B). Cultures
treated with TPA alone, in the absence of exogenously added
chemokines, revealed CCR8i-dependent differences, with
CCR8-depleted cells showing markedly reduced virus produc-
tion relative to NS-shRNA-transduced control cultures (Fig.
6C). As no induction of CCL1 was identified, by qRT-PCR, in
TPA-treated (or TPA plus vCCL-1/2-treated) TIME cultures
(results not shown), the data indicated that virus-produced
vCCL-1 and vCCL-2 are able to promote virus replication in an
autocrine manner.

The combined and individual roles of vCCL-1 and vCCL-2
in virus replication via autocrine signaling were verified and
investigated through the generation of shRNAs for vCCL-1
and vCCL-2 knockdown. Initially, candidate shRNAs were
tested for efficacy in transfected HEK293T cells (Fig. 7A), and
the most active for each target was subsequently utilized in
functional assays in TIME cells. Single and double vCCL-
depleted cultures were generated via transduction of cells with
drug-selectable lentiviral vectors encoding either NS (control)
or vCCL-1 shRNA followed (after drug selection) by second-
ary high-efficiency (�80%) transduction with GFP� lentiviral
vectors specifying NS or vCCL-2 shRNA. HHV-8 reactivation
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from these cultures measured by qPCR of encapsidated viral
DNA identified individual and combined effects of the v-che-
mokines on virus yields following 6 days of TPA treatment
(Fig. 6B). Single depletion of vCCL-1 and vCCL-2 led to re-
duced yields of virus (around 60% of control), but this effect
was markedly enhanced by combined knockdown of vCCL-1
and vCCL-2, which diminished virus production by approxi-
mately 80% (Fig. 7B). TUNEL analysis for detection of apop-
tosis in these cultures revealed increased cell death in the
double knockdown cells, although only modest effects of single
vCCL depletion (Fig. 7C). We conclude that both vCCL-1 and
vCCL-2 function to promote virus replication via autocrine
signal transduction and that this may in part be mediated via
promotion of cell survival.

Bim induction in response to HHV-8 lytic replication. The
possible involvement of Bim in virus-induced apoptosis was
investigated by IFA to determine any correlation of Bim ex-
pression with virus-infected cells and, specifically, with those
induced into lytic replication. Dual staining was undertaken to
identify cells positive for Bim and either ORF59 (early) or
K8.1 (late) antigens at 3 days post-TPA induction. An example
of the IFA images obtained is shown for K8.1 plus Bim (Fig.
8A). A high proportion (73%) of Bim-positive cells also
stained positively for ORF59 early antigen (Fig. 8B, left panel,
NS). A lower percentage, 43%, costained for Bim and K8.1 late
antigen (Fig. 8B, right panel). The data indicate that the in-
duction of Bim expression is triggered by early events in the
replicative cycle and that only a proportion of these cells
progresses to full lytic replication (by day 3 post-TPA). Of
significance was the finding that the proportion of Bim plus
K8.1 costaining cells was increased from 43% to over 60% by
vCCL-1 and CCL1 treatments of TIME-NS cells (Fig. 8B, right
panel). TIME-CCR8i cultures had reduced numbers of Bim-
positive cells expressing K8.1 antigen in the absence of che-
mokine and were, as expected, essentially unresponsive to the
CCR8 agonists, although not to VEGF. Together, these IFA
data demonstrate a tight correlation between Bim expression
and lytic reactivation and indicate that v-chemokine signaling
via CCR8 promotes lytic cycle progression in both autocrine
and paracrine fashions.

Bim suppression mimics proreplication functions of HHV-8
chemokines. To correlate prosurvival activities of and Bim
regulation by the v-chemokines with increased lytic replication
induced by the CCR8 agonists, Bim-specific shRNA or NS-
shRNA (negative control) was transduced by virus vector into

FIG. 5. Chemokine modulation of lytic cycle-induced apoptosis and virus replication. (A) Example of IFA and TUNEL staining to identify
infected (LANA�) and apoptotic cells in BCBL-1 virus-infected TIME cultures induced with TPA for 6 days. TUNEL staining was seen only in
HHV-8-infected cells. (B) Quantified data from infected or uninfected HHV-8 cultures treated with control (pTYB4), v-chemokine, CCL1, and
VEGF, uninduced or induced with TPA. (Assays were performed on triplicate cultures.) (C) Early (ORF59-specified) and late (K8.1-encoded) lytic
antigen positivity among chemokine- or VEGF-treated TIME cells was determined by IFA at 3, 4, and 5 days post-TPA induction. (Data were
derived from duplicate coverslips; deviations from the mean are indicated.) (D) Direct measurements by qPCR of cell-free, encapsidated (DNase
I-resistant) viral DNA from TPA-treated cultures confirmed induction of virus productive replication by the chemokines and VEGF. Media were
harvested for analysis every 2 days; separate and cumulative titers are presented. (Error bars represent standard deviations from mean values
obtained from triplicate qPCR reactions per sample.) (E) Consistent with the qPCR data, amounts of K8.1 late antigen were higher at day-10
post-TPA treatment in the cytokine-treated cultures than in the pTYB4 control, as determined by Western analysis. (F) Dose-response experi-
ments to determine active concentrations of the v-chemokines with respect to their individual and combined effects on virus production and cell
survival. Cumulative virus production over 6 days of TPA treatment and apoptosis at day 6 were measured by qPCR and TUNEL assay, as before.
(Data were derived from triplicate cultures; error bars indicate standard deviations from average values; multiple random fields were viewed to
derive quantified TUNEL results.)

FIG. 6. CCR8 dependence and contribution of autocrine signaling
to enhancement of virus productive replication by HHV-8 chemokines.
(A) Western blot assay for verification of CCR8 depletion in un-
selected TIME cultures transduced at high efficiency with CCR8
shRNA lentivirus or the NS-shRNA lentivirus control. (B) Retrovirus-
shRNA-transduced TIME-CCR8i cell lines (left) or pooled (un-
selected) lentivirus transformants (right) were compared with
TIME-NS cultures (controls) for their abilities to respond to CCR8
agonist in replication-enhancing assays. Medium was harvested for
qPCR analysis of encapsidated HHV-8 genomic DNA at 3 days post-
lytic induction by TPA treatment. TIME-CCR8i cells were largely
refractory to stimulation by CCL1 (250 ng/ml), demonstrating func-
tional depletion of CCR8. (C) In the absence of exogenously added
chemokine, TIME-NS cells (CCR8�), but not TIME-CCR8i cultures,
were able to support significant TPA-induced HHV-8 virus production
and release by 3 days posttreatment. The results indicate that endog-
enously produced vCCL-1 and/or vCCL-2 can enhance virus produc-
tive replication. (Data for panels A and B were derived from triplicate
qPCR reactions per sample; standard deviations are shown.)
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TIME cells to generate (drug-selected) pooled cultures. These
were then infected with BCBL-1-derived virus, and reactiva-
tion experiments were undertaken as before. Representative
data from one such experiment are shown in Fig. 8C. Virus
productive replication (at day 3) was increased in
Bim-deficient cultures relative to the NS-shRNA controls, sup-
porting the hypothesis that v-chemokine suppression of lytic
cycle-induced Bim (and apoptosis) is involved centrally in v-
chemokine-enhanced virus production. To provide further ev-
idence of this mechanism of v-chemokine function, we re-
peated the experiment in the absence and presence of
v-chemokines, CCL1, and VEGF. This time, analysis of viral
antigen expression and virus production was analyzed after 6
days post-TPA, allowing a better assessment of the effects of
the different conditions, most evident at around this time point
(Fig. 5). IFA analysis of K8.1 expression at day 6 postinduction
revealed that the percentages of HHV-8-infected (LANA�)
cells expressing the late antigen were increased dramatically in
the Bim-depleted cultures but, notably, the effects of the cyto-
kines were reduced in these cells relative to TIME-NS controls
(Fig. 8D). Reflecting these data, virus production was en-
hanced greatly but effects of the v-chemokines, CCL1, and
VEGF were reduced in Bim-depleted cells relative to
TIME-NS cultures (Fig. 8E). Together, the results indicate
that the chemokines mediate their proreplication functions, at
least in part, via Bim repression and that this enhances lytic
cycle progression.

DISCUSSION

It is generally considered that functions of HHV-8 che-
mokines in HHV-8 productive replication include immune
evasion; the chemokines are able to engage as agonists with
Th2-expressed chemokine receptors and, in the case of
vCCL-2, to block cellular chemokine signaling via a range of
other chemokine receptors (reviewed in reference 35). The
proangiogenic activities of each of the three HHV-8 chemo-
kines (6, 47) indicate their possible contributions to virus
dissemination and also, as a by-product, to virus-associated
neoplasia. Under investigation here are the possible direct,
autocrine activities of HHV-8 CCR8 agonists vCCL-1 and
vCCL-2 to productive replication and their potential para-
crine contributions to HHV-8 pathogenesis via prosurvival
signaling. We have found that these viral chemokines, acting
in biologically relevant endothelial cells, promote survival

FIG. 7. Effects of viral chemokine depletion on virus productive
replication. (A) Lentiviral-cloned shRNAs directed to vCCL-1 or
vCCL-2 were tested for activity by cotransfection with v-chemokine
expression vectors in HEK293T cells. Western analysis for detection of

secreted and intracellular v-chemokines demonstrated efficacy of
both of the vCCL-2 shRNAs and of vCCL-1 shRNA-2. (B) Selected
shRNAs (2) were used for lentiviral-mediated single and double vCCL
depletion in TIME cells (NS shRNA vectors provided negative con-
trols) to determine the involvement of endogenously produced
vCCL-1 and vCCL-2 on virus replication. Quantitative PCR of ultra-
centrifuge-pelleted, DNase I-resistant (encapsidated) HHV-8 DNA
was undertaken to determine relative virus production from the vari-
ous latently infected TIME cultures after 6 days of TPA treatment.
(Data were derived from triplicate cultures; standard deviations from
mean values are shown.) (C) Apoptosis in reactivated cultures, as
determined by TUNEL assay. Data were derived from multiple ran-
dom fields.
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and enhance virus lytic replication in both autocrine and
paracrine fashions.

HHV-8 encodes several proteins, both latent and lytic, that
serve as survival factors for the infected cell. During latency,
these are likely to be necessary for viral maintenance within the
host by promoting long-term viability of infected cells. LANA
and viral interferon regulatory factor 3/LANA2-inactivating
interactions with p53 and the viral FLICE inhibitory protein
activation of NF-�B are among latency functions that serve this

role (18, 21, 39, 48). With regard to lytic replication, there are
several prosurvival candidates. These include vBcl-2 (11, 40),
calcium release- and caspase-inhibitory survivin-like ORF K7-
encoded protein (17, 51), and p53-inhibtory viral interferon
regulatory factor 1 (34, 41), all of which may serve to block lytic
cycle-induced apoptosis, leading to enhanced virus production
by delaying cell death long enough to allow completion of the
productive replication cycle. However, similar activities of the
viral chemokines are distinct because they are able to act in

FIG. 8. Bim induction during lytic replication and influence on virus production. (A) Example of IFA staining for lytic antigen expression (late
K8.1 glycoprotein) and Bim, showing costaining in a proportion of the cells. (B) Quantitation of early (ORF59) and late (K8.1) lytic antigen
coexpression with Bim at 3 days post-TPA induction of the lytic cycle. There is a high correspondence (�73%) of ORF59 protein coexpression
with Bim. K8.1/Bim coexpression is lower, especially in CCR8-depleted cells with or without chemokine, suggesting CCR8 signaling-dependent
promotion of lytic cycle progression by both autocrine and paracrine mechanisms. (C) Measurements of HHV-8 production in retrovirus-shRNA-
transduced Bim-depleted (Bimi) TIME cells and in NS-shRNA-transduced controls induced with TPA for 3 days. qPCR (performed in triplicate)
was applied to ultracentrifuge-pelleted and DNase I-resistant (encapsidated) DNA. (D and E) K8.1 late lytic antigen expression (D) and virus
productive replication (E) in Bim-depleted versus TIME-NS (control) cells after 6 days of TPA treatment in the absence or presence of added
cytokines (250 ng/ml chemokines, 10 ng/ml VEGF). Raw (left) and adjusted (right) data are presented to show, respectively, TPA-induced genome
copy numbers (background [-TPA] subtracted) and values relative to pTYB4 (negative control) for each culture type. (Data are from duplicate
cultures; triplicate qPCRs [E] were performed on each culture.)
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paracrine in addition to autocrine manners, thereby conferring
protection to surrounding cells that are not undergoing lytic
replication. This is of potential significance to virus-associated
neoplasia, such as Kaposi’s sarcoma, and provides a mecha-
nism by which an HHV-8 lytic protein can cooperate with
latency functions to promote pathogenesis or act on uninfected
cells to do the same. As noted previously, native and KS en-
dothelial cells express vCCL-1- and vCCL-2-responsive CCR8
(3, 22) and would therefore be subject to antiapoptotic activ-
ities of these lytic cell-released chemokines. During normal
“nonpathogenic” infection, the v-chemokines conceivably might
function to cooperate with latency functions in the maintenance
of viral persistence.

Other lytic functions of HHV-8 have been speculated to play
roles, via paracrine signaling, in virus-associated neoplasia,
especially KS. Most notably, vGPCR induces KS-like endothe-
lial lesions in transgenic mice but is expressed in only a small
minority of cells within the tumors, and there is evidence that
it cooperates with latency functions in such tumorigenesis (32).
The mechanism of paracrine effects of vGPCR is via the in-
duction of cellular secreted factors, such as VEGF, bFGF,
IL-8, and IL-6, that are proangiogenic and/or proinflammatory
and implicated in KS disease. However, the contribution of
vGPCR to KS disease in the context of HHV-8 infection is
unclear, not least because most cellular transcripts are desta-
bilized and encoded protein expression is dramatically sup-
pressed by the viral exonuclease (SOX) specified by ORF37
(20). The viral interleukin-6 homologue, vIL-6, also has been
speculated to contribute to pathogenesis; like its cellular coun-
terpart, it is both an angiogenic and an inflammatory cytokine.
Unlike vGPCR, its contributions to pathogenesis would be
independent of host shutoff functions. Thus, our work adds the
viral chemokines vCCL-1 and vCCL-2 to the short list of
HHV-8 lytic proteins that potentially contribute to neoplasia
via paracrine signaling. Uniquely, however, we also provide
evidence for enhancement of lytic replication by the v-chemo-
kines, by a mechanism that is likely to be mediated in part via
prosurvival functions.

The mechanisms of antiapoptotic signaling by vCCL-1 and
vCCL-2 in response to starvation and lytic replication in en-
dothelial cells are not fully resolved, but our data suggest that
regulation of Bim is important. Firstly, Bim, a key Bcl-2-family
protein in the regulation of apoptosis, is induced in both se-
rum-starved and lytically infected endothelial cells; secondly,
stress-induced Bim is repressed by the viral chemokines, to
levels comparable with those seen in VEGF-treated cells;
thirdly, knockdown of Bim expression both promotes virus
replication and diminishes the proreplication activities of
vCCL-1 and vCCL-2. In addition to Bim, Bcl-2 is targeted by
v-chemokine signaling, and this may contribute to prevention
of stress-induced apoptosis. We found that Bcl-2 levels were
induced and ERK-targeted residue S70 phosphorylated in re-
sponse to the v-chemokines. Mitogenic cytokine treatment has
been shown to enhance Bcl-2 antiapoptotic activity via such
phosphorylation (5). It is noteworthy that Bcl-2 is expressed at
elevated levels in KS tumors, suggesting that Bcl-2 dysregula-
tion may be significant for Kaposi’s sarcomagenesis (33, 43,
49). Our data suggest a novel, paracrine mechanism by which
vCCL-1 and vCCL-2 expressed from lytically infected cells

might contribute to pathogenically relevant regulation of Bcl-2
via both induction and functional activation.

In summary, we have shown in this report that HHV-8
chemokines vCCL-1 and vCCL-2 inhibit stress-induced apop-
tosis in endothelial cells and induce virus productive replica-
tion. We provide evidence that both activities involve suppres-
sion of Bim, a proapoptotic Bcl-2 family protein that is induced
by lytic replication. Thus, the v-chemokines have the potential
to contribute to both virus replication and HHV-8 neoplasia,
via autocrine and paracrine mechanisms.
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