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Kaposi’s sarcoma (KS) is an angioproliferative inflammatory disorder induced by endothelial cell infection
with the KS-associated herpesvirus (KSHV). ORFK13/vFLIP, one of the KSHV genes expressed in KS, encodes
a 188-amino-acid protein which binds to the I�b kinase (IKK) complex to activate NF-�B. We examined
ORFK13/vFLIP contribution to KS phenotype and potential for therapeutic targeting. Retroviral transduction
of ORFK13/vFLIP into primary human endothelial cells induces the spindle morphology distinctive of KS cells
and promotes the formation of abnormal vascular networks typical of KS vasculature; upregulates the
expression of proinflammatory cytokines, chemokines, and interferon-responsive genes; and stimulates the
adhesion of inflammatory cells characteristic of KS lesions. Thymidine phosphorylase, a cellular enzyme
markedly induced by ORFK13/vFLIP, can metabolize the prodrug 5-fluoro-5-deoxyuridine (5-dFUrd) to 5-flu-
ouridine (5-FU), a potent thymidine synthase inhibitor, which blocks DNA and RNA synthesis. When tested for
cytotoxicity, 5-dFUrd (0.1 to 1 �M) selectively killed ORFK13/vFLIP-expressing endothelial cells while sparing
control cells. These results demonstrate that ORFK13/vFLIP directly and indirectly contributes to the inflam-
matory and vascular phenotype of KS and identify 5-dFUrd as a potential new drug that targets KSHV latency
for the treatment of KS and other KSHV-associated malignancies.

Kaposi’s sarcoma-associated herpesvirus (KSHV/human
herpesvirus 8) is the etiological agent of Kaposi’s sarcoma
(KS), primary effusion lymphoma (PEL), and a subset of mul-
ticentric Castleman’s diseases. KS typically presents as a mul-
ticentric angioproliferative tumor characterized by multiple
nodular or macular lesions often on the skin, and less fre-
quently in the gastrointestinal tract and the lung. Histologi-
cally, the lesions consist of spindle cells infected with KSHV,
inflammatory infiltrates of monocytes/macrophages, lympho-
cytes and other cells, and “vascular slits” replete of red blood
cells (8). KS spindle cells are likely to be of endothelial lineage
(19).

In KS tissues, KSHV establishes a mostly latent infection
characterized by expression of a limited number of viral genes
that are likely important to the disease pathogenesis (30).
ORFK13 is one such KSHV latent gene. Its gene product,
called vFLIP (for viral Flice-like inhibitory protein) or K-FLIP,
comprises two tandem death-effector domains that are often
found in apoptotic signaling mediators such as cellular FLICE
inhibitory protein (cFLIP) and caspase-8/FLICE. Consistent
with its sequence similarity with cFLIP, vFLIP was found to
inhibit caspase activation and prevent apoptotic cell death
(39). Silencing ORFK13/vFLIP expression by RNA interfer-
ence stopped PEL growth in vitro and in vivo, providing evi-

dence of the essential role of K13/vFLIP in PEL pathogenesis
(16). Transgenic mice of K13/vFLIP in lymphoid cells devel-
oped more lymphomas than controls (11). Similar to the viral
proteins of many other lymphogenic viruses, K13/vFLIP acti-
vates NF-�B (1, 10, 25, 27, 42). By activating NF-�B and
inhibiting the AP-1 pathway, K13/vFLIP was recently reported
to promote viral latency (49).

Recent studies have characterized selected effects of K13/
vFLIP expression in primary endothelial cells transduced with
ORFK13/vFLIP (15, 20, 29), providing important insights into
its function. Here, we broadly investigated K13/vFLIP function
in endothelial cells. By establishing stable retrovirus-mediated
transduction of ORFK13/vFLIP in primary human endothelial
cells, we have extensively characterized the biochemical and
functional consequences of K13/vFLIP expression in these
cells.

MATERIALS AND METHODS

Cells. Human umbilical vein endothelial cells (HUVEC), isolated by collage-
nase digestion of umbilical veins, were cultured in HUVEC culture medium
(M199 medium, 10% [vol/vol] fetal bovine serum [FBS]), human AB serum (5%
[vol/vol]), heparin (25 �g/ml [Sigma-Aldrich, St. Louis, MO]), ascorbic acid (50
�g/ml [Sigma-Aldrich]), endothelial growth supplement from bovine neural tis-
sue (15 �g/ml [Sigma-Aldrich]), L-glutamine (1.6 mM [Invitrogen, Carlsbad,
CA]) and 1% (vol/vol) penicillin-streptomycin liquid (Invitrogen), as described
previously (31). The human monocytic cell lines U937 and THP-1, the Burkitt’s
lymphoma cell line BL41, and the PEL cell line BCBL1 were cultured in RPMI
1640 GlutaMax-I medium (Invitrogen) with 10% heat-inactivated FBS. Phoenix,
the retroviral packaging cell line (gifted from G. Nolan, Stanford University) was
maintained in Dulbecco modified Eagle medium (high glucose)–GlutaMax-I
medium (Invitrogen) with 10% FBS. Peripheral blood mononuclear cells were
obtained from leukocyte-enriched peripheral blood (National Institute of
Health, Clinical Center Blood Bank). Monocyte-enriched mononuclear cells
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were obtained by positive selection with CD11b magnetic beads (Militenyi Bio-
tec, Bergisch Gladbach, Germany).

Plasmids. The DNA fragment for the K13 open reading frame was amplified
from KSHV DNA (BC-1) by PCR with primers designing an amino-terminal
FLAG epitope (DYKDDDDK) and inserted into the LZRSpBMN-IRES-GFP
retroviral vector (G. Nolan) at the BamHI and EcoRI sites. A point mutation
(A57L) was introduced in K13/vFLIP by conventional PCR techniques; nucleo-
tide 169GCG171(Ala) in ORFK13 was changed to 169CTA171 (Leu). DNA se-
quencing confirmed accuracy of amplification and insertion (Applied Biosys-
tems, Foster City, CA; DNA Sequencing Facility at National Cancer Institute,
Bethesda, MD).

Retroviral infection. Plasmid transfection was performed with Lipofectamine
2000 (Invitrogen) as described by the manufacturer. Two days later, the super-
natant was filtered (0.45-mm-pore-size filter) and Polybrene (hexadimethrine
bromide [Sigma-Aldrich]) was added at a final concentration of 4 �g/ml. The
viral supernatant was added to HUVEC (�80% confluence) grown on gelatin-
coated 60-mm plastic plate, and the cells were spun (2,500 rpm, 30°C for 60 min).
Immediately after the centrifugation, supernatant was replaced with fresh
HUVEC culture medium, and cells were placed in incubator. Infection was
evaluated based on green fluorescent protein (GFP) expression microscopically
by Olympus IX51 (Olympus Optical, Melville NY) and/or by flow cytometry
(FACSCalibur; BD Bioscience, San Diego, CA).

Matrigel cord formation assay. Cord formation on Matrigel was carried out as
described previously (33). In brief, Matrigel (BD Bioscience, Bedford, MA) was
solidified onto 48-well plates at 37°C for 30 min; 15,000 cells were seeded onto
the gel. After 18 h of incubation, HUVEC formed a network of cord-like
structure, observed by using bright-field microscopy. The number of angles was
counted at low magnification (10� objective); five fields/well were counted, and
the mean number of angles were averaged, as described previously (33).

Proliferation assay. HUVEC (1,500 cells/well) were cultured for 3 days in
96-well tissue culture plates (Corning Incorporated, Corning, NY) in M199
containing 18% FBS and 25 �g of heparin/ml with bFGF (25 ng/ml; R&D
Systems, Minneapolis, MN), vascular endothelial growth factor (VEGF) (25
ng/ml; R&D Systems), or growth factor supplement from bovine neural tissue
(15 �g/ml; Sigma Aldrich). Proliferation was measured by evaluating [methyl-
3H]thymidine uptake (0.6 �Ci/well [0.022 MBq/well]; New England Nuclear,
Beverly, MA) during the last 16 to 18 h of culture. Each assay was done in
triplicate and repeated at least three times.

RNA preparation, microarray analysis, and RT-PCR. Total RNA was pre-
pared with TRIzol (Invitrogen) according to the manufacturer’s protocol. cRNA
synthesis, hybridization with Affymetrix HG133A, and analyses were performed
by the Virus Tumor Biology Section of Laboratory of Cellular Oncology, Center
for Cancer Research, National Cancer Institute. For conventional reverse tran-
scriptase PCR (RT-PCR), RNA was treated with DNase I (Invitrogen), and
cDNA was synthesized by using avian myeloblastosis virus reverse transcriptase
(Roche, Basel, Switzerland) with poly(dT) primer (Invitrogen) according to the
manufacturer’s protocol. One-twentieth of the reaction solution was used for
PCR with Taq DNA polymerase (Invitrogen). Each reaction was loaded onto
1.5% agarose–TAE gel with ethidium bromide. For quantitative RT-PCR (qRT-
PCR), cDNA was measured with SYBR green master mix kit (Applied Biosys-
tems) by 7900HT fast real-time PCR system (Applied Biosystems). Each cycle
threshold (CT) was obtained from SDS2.3 software (Applied Biosystems) and
normalized by the CT of the housekeeping gene (Gapdh or �-actin). qRT-PCR
experiments were performed in duplicate and repeated at least three times. The
sequences of the primer sets were as follows: Bcl2A1 (5�-CATTCTCAGCACA
TTGCCTCAACAG-3� and 5�-CCAGCCTCCGTTTTGCCTTATC-3�); Cox2
(5�-GCATTCTTTGCCCAGCACTTC-3� and 5�-CATCGCATACTCTGTTGT
GTTCCC-3�); Cxadr (5�-AAAGCCAAAGGGGAAACTGC-3� and 5�-GGCAC
ATCTTCCCTGATATC-3�); Emcn (5�-CAAGCACTTCAGCAACCAGCC-3�
and 5�-TGTGAGAGAACAGGAGAGCCCC-3�); Iap2 (5�-TGCCAAGTGGTT
TCCAAGGTG-3� and 5�-GTTGCTCTTTCTCTCTCCTCTTCCC-3�); Icam1
(5�-TTGAACCCCACAGTCACCTATGG-3� and 5�-TCCCTTCTGAGACCTC
TGGCTTC-3�); Il-6 (5�-GGAGAAGATTCCAAAGATGTAGCCG-3� and 5�-T
GGGTCAGGGGTGGTTATTGC-3�); Ip-10 (5�-TGAAAGCAGTTAGCAAG
GAAAGGTC-3� and 5�-TGAAGCAGGGTCAGAACATCCAC-3�); Isg15 (5�-
ATGCTGGCGGGCAACGAATTCCAGGTG-3� and 5�-GCCGCCTCCCCGC
AGGCGCAGATTCAT-3�); Mcp-2 (5�-GGAGAGATGGGTCAGGGATTC
C-3� and 5�-CAGACAGGTAGGAGGGAGAACAATG-3�); Mip1A (5�-CGGT
GTCATCTTCCTAACCAAGC-3� and 5�-CAGCCCTGAACAAAAGCATCC-
3�); Mx1 (5�-AAGATGGTTGTTTCCGAAGTGGAC-3� and 5�-TCCTGGTAA
CTGACCTTGCCTCTC-3�); Lif (5�-TCACCATCTGTGCCTTTGCTGC-3�
and 5�-CGGGGAAGAGAACGAAGAACCTAC-3�); Lox-1 (5�-TGAAGGAC
CAGCCTGATGAGAAGTC-3� and 5�-TGAGCCCGAGGAAAATAGGTAA

CAG-3�); Pd-ecgf (5�-TTCAATGTCATCCAGAGCCCAG-3� and 5�-AGCCCC
TCCACGAGTTTCTTAC-3�); Rantes (5�-CTCGCTGTCATCCTCATTGCTA
C-3� and 5�-CCTGGGGAAGGTTTTTGTAACTG-3�); Sele (5�-CCAGGTGA
ACCCAACAATAGGC-3� and 5�-GCACTCCATTCTCCAGAGGACATAC-
3�); Sema3C (5�-TCAGCCTTTCCCACCATCCTTTAG-3� and 5�-GCAGCGT
CCTTTTCCAGATTCAC-3�); Stat1 (5�-AGAACAGAGAACACGAGACCAA
TGG-3� and 5�-GCTGGAAAAGACTGAAGGTGCG-3�); Vcam1 (5�-CACTT
TATGTCAATGTTGCCCCC-3� and 5�-TCCTGTCTCCGCTTTTTTCTTCA
G-3�); Xaf1 (5�-TTTTGATGTCAGAGCCCAAGCC-3� and 5�-TCACCTTTCA
CAAGACCACCACAG-3�); and ORKF13 (5�-CCCTGTTAGCGGAATGTCT
GTTTC-3� and 5�-GTAAGAATGTCTGTGGTGTGCTGC-3�).

ELISA. Enzyme-linked immunosorbent assays (ELISAs) for IP-10, I-TAC,
and MCP-2 were carried out by using ELISA kits from R&D Systems. Condi-
tioned media were prepared in M199 medium with 1% FBS and 25 �g of
heparin/ml from 3-day cultures of 80% confluent cells incubated in 12-well
plates.

Indirect fluorescent staining. HUVEC infected with either control or K13/
vFLIP-expressing retrovirus were seeded onto the fibronectin-coated four-chamber
glass slides (BD Biosciences, San Jose, CA). Cells were washed with phosphate-
buffered saline (PBS), fixed with 4% paraformaldehyde, and permeabilized with 1%
Triton–PBS. Fixed cells were incubated with Alexa 546-conjugated phalloidin (In-
vitrogen) and DAPI (4�,6�-diamidino-2-phenylindole) for 10 min at room tempera-
ture. After a washing step, glass slides were mounted with Dako fluorescent mount-
ing medium (Dako, Glostrup, Denmark).

AIDS-KS tissue specimens were fixed in paraformaldehyde and incubated in
15% sucrose in PBS overnight, followed by additional incubation in 30% sucrose
in PBS for 1 to 2 days at 4°C. Tissue samples were embedded in OCT compound
(Sakura Finetek, Tokyo, Japan), frozen in a dry ice-methyl butanol bath, and
kept at �80°C. Frozen tissues were sliced, placed on glass slides, and stained with
hematoxylin and eosin (Histoserv, Inc., Germantown, MD). For immunostain-
ing, slides were fixed with 4% paraformaldehyde for 5 min at room temperature,
washed in PBS, and then soaked in PBSTB (PBS plus 0.1% Triton, 1% bovine
serum albumin, and 5% FBS) for 1 h at room temperature. Primary antibodies
(1:200 dilution in PBSTB) were added to slides for 1 h at room temperature;
slides were washed in PBS for 20 min, followed by additional incubation with
secondary antibodies (1:500 dilution) for 1 h at room temperature. After being
washed, the samples were mounted (mounting solution from Dako) and ob-
served through a laser scanning confocal microscope LSM510 equipped with an
objective lens (Plan Neofluar �10/0.3; Carl Zeiss MicroImaging, Thornwood,
NY). The pseudocolored images were converted into tiff files and exported into
Adobe Photoshop (Adobe System, San Jose, CA).

Monocyte adhesion assay. THP-1, U937, and human CD11b� cells isolated
from the peripheral blood were suspended in PBS at 107/ml with red fluorescent
dye PKH26 (Sigma-Aldrich) for 10 min at room temperature. FBS was added to
stop RKH26 uptake, and cells were washed with PBS. Labeled cells (30,000
cells/well) were added to HUVEC monolayers established in 48-well plate and
incubated for 1 h. After washing to remove detached cells, adherent cells were
counted under a fluorescence microscope Olympus IX51 phase-contrast micro-
scope equipped with a �4/0.13 PhC objective lens and a �10 eyepiece (Olympus
Optical, Melville, NY). The results reflect the counting of five replicate cultures/
experiment.

Antibodies. For immunostaining: mouse anti-CD68 monoclonal antibody
(clone Ki-M7; AbD Serotec, Raleigh, NC), goat anti-CD31 polyclonal antibody
(BD Biosciences), and rabbit anti-VEGF antibody (Santa Cruz Biotechnology,
Santa Cruz, CA). For Western blotting: mouse monoclonal anti-p65 antibody
(BD Biosciences), goat anti-COX2 polyclonal antibody (Santa Cruz Biotechnol-
ogy), rabbit anti-hIL-6 polyclonal antibody (Pepro Tech, Rocky Hill, NJ), goat
anti-actin antibody (Santa Cruz Biotechnology), rabbit polyclonal antibodies to
p38, phospho-p38 (Thr180/Tyr182), phospho-JNK (Thr183/Tyr185), phospho-
AKT (Ser473), and anti-IkB mouse monoclonal antibody (Cell Signaling
Technology, Danvers, MA).

Chemicals. Bay11-7082 {(E)3-[(4-methylphenyl)sulfonyl]-2-propenenitrile [Cal-
biochem, San Diego, CA]}, SB202190 [4-(4-fluorophenyl)-2-(4-hydroxyphenyl)-5-(4-
pyridyl)-1H-imidazole], and 5-dFUrd were purchased from Sigma-Aldrich. KIN59
(5�-O-trityl-inosine) was kindly provided by J. Balzarini (Rega Institute for Medical
Research, Leuven, Belgium) (24).

Cytotoxicity assay. On a gelatin-coated 96-well plate, either control or K13/
vFLIP retrovirus-infected HUVEC was seeded (1,500 to 2,000 cells/well) and
incubated for 2 h to allow cell attachment to the plate. Serial dilutions of
5-dFUrd in M199 complete HUVEC medium were added. In some experiments,
the thymidine phosphorylase inhibitor, KIN59 (1 to 10 �M) or the same volume
(0.1% [vol/vol]) of control dimethyl sulfoxide (DMSO) was added. Samples were
tested in triplicate. After 48 h of culture, the cytotoxicity was evaluated by
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measuring the conversion rate of WST-8 [2-(2-methoxy-4-nitrophenyl)-3-(4-ni-
trophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt] to WST-8
Formazan (Cell Counting Kit 8 [Dojindo Molecular Technologies, Gaithersburg,
MD]) according to the manufacturer’s protocol. The absorbance at 450 nm was
measured by using a VersaMax turnable microplate reader (Molecular Devices,
Sunnyvale, CA). The numbers of live cells were calculated from a standard curve
generated with HUVEC. The results were then expressed as percentages of
living cell numbers.

Statistical analysis. Results are expressed as means 	 the standard deviation
(SD). A Student t test was applied to evaluate group differences; a P value of

0.05 was considered significant.

RESULTS

Retroviral induction of KSHV ORFK13/vFLIP. We selected
primary HUVEC for these studies because of their suscepti-
bility to KSHV infection. HUVEC (from two separately de-
rived populations; passage 2) were transduced with the K13/
vFLIP gene by infection with a Moloney murine leukemia
virus-derived retroviral vector carrying the FlagORFK13-IRES-
Gfp gene cassette. As a control, we used HUVEC transduced
with the empty retroviral vector. By day 3, more than 70% of
control and K13-transduced HUVEC were GFP positive as
measured by flow cytometry (Fig. 1A). At this time (day 3 after
infection), K13/vFLIP retrovirus-infected HUVEC exhibited a

dramatic change in shape to become elongated and resembling
KS spindle cells (Fig. 1A and B). This change in cell morphol-
ogy, not seen in control cells, persisted over subsequent prop-
agation in culture over 3 weeks. When stained with fluorescent
phalloidin, most K13/vFLIP-HUVEC displayed a prominent
bipolar elongation of filamentous actin, which was not seen in
control cells (Fig. 1B), a finding indicative of rearrangement of
the actin cytoskeleton. By qRT-PCR, K13/vFLIP mRNA was
specifically amplified from K13/vFLIP-HUVEC but not from
control cells, and the level of K13/vFLIP expression was com-
parable to that found in BCBL-1 cells that are naturally in-
fected with KSHV (Fig. 1C). Functional evidence for the pres-
ence of K13/vFLIP protein in K13/vFLIP-HUVEC was derived
by analysis of I�B�, which is known to undergo ubiquitin-
dependent degradation following K13/vFLIP binding to IKK�
and activation of IKK kinase activity (25). By Western blotting,
we found that I�B� protein levels were markedly reduced in
K13/vFLIP-HUVEC compared to control cells, whereas levels
of the p65 subunit of NF-�B were unchanged (Fig. 1D).

Since K13/vFLIP activates the NF-�B pathway through its
interaction with IKK� and/or through TRAFs and NF-�B2/
p100 (p52) (17, 28), and this pathway upregulates transcription

FIG. 1. Morphological changes in HUVEC transduced with K13/vFLIP retrovirus. (A) Two independent isolates of HUVEC were infected with
ORFK13/vFLIP-IRES-Gfp retrovirus or IRES-Gfp retrovirus to yield K13#1 and K13#2 cultures. On day 3 after infection, living cells were
observed under phase-contrast microscopy (original magnification, �100, upper panels). Infectivity was evaluated by flow cytometric evaluation of
GFP fluorescence (lower graphs). (B) Actin fibers stained by phalloidin in K13 (right)- and vector (left)-transduced cells growing on fibronectin-
coated glass chamber slides observed by laser confocal microscopy (original magnification, �63). (C) K13/vFLIP mRNA expression in BCBL1 cells
and retrovirus-infected HUVEC measured by qRT-PCR. Burkitt’s lymphoma BL41 cells were used as a negative control. (D) Western blot analysis
of I�B� and NF�B p65 levels in cell lysates of K13/vFLIP- and control vector-infected HUVEC.
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of growth stimulatory and prosurvival genes, we tested the
effect of K13/vFLIP expression on the growth and survival of
HUVEC. Using tritium-labeled thymidine, we found that K13/
vFLIP-HUVEC proliferated less vigorously than control cells
in response to bFGF/FGF2, VEGF165, and endothelial cell
growth supplement (ECGF, a crude mixture of endothelial
growth factor supplements from bovine neural tissue [Sigma-
Aldrich]) (Fig. 2A). This reduced proliferation to ECGF by
K13/vFLIP-HUVEC was associated with a reduction in the
number of viable cells compared to control cells (Fig. 2B).
K13/vFLIP-HUVEC did not undergo long-term outgrowth

and did not display a prolongation in life span compared to
control cells (not shown).

In additional analyses of the effects of K13/vFLIP in
HUVEC function, we tested the extracellular matrix (ECM)-
dependent formation of cordlike structures, an in vitro assay
that recapitulates important steps of endothelial cell assembly
into vascular structures, including cell attachment to the ECM,
the generation of chemokine gradients, polarization, the for-
mation of filopodia, cell migration, cell-to-cell attachment, and
the formation of an orderly cord network (37). This is a tightly
regulated, multistep morphogenic process, which involves dy-
namic change in the endothelial cells and is orchestrated by a
variety of molecules. K13/vFLIP-HUVEC was consistently de-
fective in its ability to form the characteristic network of cord-
like structures produced by control cells. Microscopically, K13/
vFLIP-HUVEC displayed reduced formation of cytoplasmic
extensions connecting cells to each other and an increased
tendency to form regularly distributed cell aggregates rather
than connecting cords onto ECM (Fig. 2C). As a result, we
documented a significant (P 
 0.01) reduction in the number
of intersecting angles formed by K13/vFLIP-HUVEC com-
pared to control (Fig. 2C). Collectively, these results indicate
that K13/vFLIP expression induces marked phenotypic and
functional alterations in primary endothelial cells.

Analysis of gene expression regulated by K13/vFLIP. For a
comprehensive analysis of changes in gene transcription in-
duced by K13/vFLIP in HUVEC, Affymetrix GeneChip arrays
were used. Two-independent experiments originated from dif-
ferent donor-derived HUVECs were carried out. After retro-
viral infection, each HUVEC was expanded under standard
culture conditions for 7 to 10 days. Analysis of array results
indicated that expression of a large number of genes was
higher in K13/vFLIP-HUVEC than in control cells. Of 22,000
probe sets (14,500 genes), 499 probes detected a 
2-fold in-
creased expression (log ratio � 1, signal strength 
 150; see
Table S1 in the supplemental material). The results for the
most induced genes (log ratio �4) grouped by gene family are
shown in Table 1.

The expression of chemokine genes known to stimulate che-
motaxis in monocyte/macrophages and lymphocytes was mark-
edly increased by K13/vFLIP, including Ccl3/Mip1�, Ccl5/
Rantes, Ccl20/Mip3�, Ccl8/Mcp-2, Cxcl2/Mip2�, Cxcl3/Mip2�,
Cxcl5/Ena78, Cxcl6/Gcp-2, Cxcl10/Ip-10, and Cxcl11/I-tac. Cy-
tokine genes with proinflammatory and/or growth- stimulatory
activities that were highly induced by K13/vFLIP included
Csf2/Gm-csf, IL-1A, IL-1B, IL-6, IL-11, IL-27b/Ebi3 (EBV-
inducible3), and Lif (leukemia inhibitory factor). Of these gene
products, secreted interleukin-1 (IL-1), IP-10, and I-TAC have
been reported to variously affect endothelial cells (2, 36, 47).
The IL-1 and IP-10 receptors are expressed in HUVEC (36,
47), and we found that CXCR7/RDC1, a receptor for I-TAC
and SDF-1(9), is highly expressed in control HUVEC (data not
shown) and is moderately (ca. 3.2- to 4.0-fold) augmented by
K13/vFLIP (see Table S1 in the supplemental material).

Among genes found to be common targets of tumor necrosis
factor alpha (TNF-�) stimulation (45, 46), Traf1, Iap2, and
Tnfaip3/A20 were highly induced by K13/vFLIP in HUVEC,
whereas TNF-� was not. These genes, together with Tnip3
(Table 1), have been linked to initiation of a negative-feedback
loop for NF-�B, occurring late in the course of inflammatory

FIG. 2. Effects of K13/vFLIP transduction on HUVEC prolifera-
tion and ECM-dependent cord formation. (A) Proliferation assay.
HUVEC transduced with either vector or K13/vFLIP-retrovirus were
cultured (96-well plate) overnight without growth factors and then
incubated for additional an 48 h in medium alone or medium supple-
mented with VEGF (25 ng/ml), bFGF (25 ng/ml), or endothelial cell
growth supplement (ECGF [Sigma-Aldrich]). Proliferation was mea-
sured by [3H]thymidine deoxyribose uptake during the last 16 h of
culture. (B) Growth curve. Cells were seeded on gelatin-coated 48-well
plates (10,000 cells/well). At each time point, cells were treated with
trypsin and counted. Control and K13/vFLIP cells reached 100% con-
fluence on days 4 and 5, respectively. (C) HUVEC (15,000 cells/well)
were seeded onto 48-well plates coated with solidified Matrigel (BD
Bioscience) and incubated at 37°C overnight. Cord angles were
counted under phase-contrast microscopy (original magnification, �40
[top graph]). Representative images of cord formation by control and
K13-expressing HUVEC are shown (bottom panels). The results re-
flect the means (	 SDs) of triplicate counts from three experiments.
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TABLE 1. mRNAs strongly increased in K13/vFLIP-HUVEC compared to control HUVEC (log ratio � 4)

Category and gene (abbreviation) Probe set
name Gene accession no.

Ratio (log2)a of
K13/vFLIP to control cells

in expt:

1 2

Chemokines
CCL3/MIP1� 205114_s_at NM_002983.1 9.3 6.5
CCL5/RANTES 1405_i_at M21121 9.7 9.4

204653_at NM_002985.1 5.1 4.4
CCL20/MIP3� 205476_at NM_004591.1 8.9 6.6
CCL8/MCP2 214038_at AI984980 7.5 7.6
CXCL2/MIP2� 209774_x_at M57731.1 5.0 3.0
CXCL3/MIP2�/GRO3 207850_at NM_002090.1 6.6 5.4
CXCL5/ENA78 215101_s_at BG166705 8.2 6.5

214974_x_at AK026546.1 8.0 5.8
CXCL6/GCP2 206336_at NM_002993.1 6.0 5.6
CXCL10/IP10 204533_at NM_001565.1 7.4 9.1
CXCL11/I-TAC 210163_at AF030514.1 5.9 7.0

211122_s_at AF002985.1 6.1 6.7
CX3CL1/fractalkine 823_at U84487 6.8 5.2

203687_at NM_002996.1 5.9 5.6

Cytokines, growth factors, and secreted
ligands

CSF2/GM-CSF 210229_s_at M11734.1 8.2 5.5
CSF3/G-CSF 207442_at NM_000759.1 7.3 4.9
IL-1� 210118_s_at M15329.1 5.4 4.1
IL-1� 39402_at M15330 7.7 4.4

205067_at NM_000576.1 6.7 4.5
IL-6 205207_at NM_000600.1 5.3 5.8
IL-11 206924_at NM_000641.1 5.4 3.2
IL-27b 219424_at NM_005755.1 7.9 8.5
Leukemia inhibitory factor (LIF) 205266_at NM_002309.2 5.3 4.1
Platelet-derived endothelial cell growth

factor (PD-ECGF)
204858_s_at NM_001953.2 2.9 5.8

SEMA3C/semaphorin E 203789_s_at NM_006379.1 4.9 7.3
Complement component 3 (C3) 217767_at NM_000064.1 4.6 4.3
Complement factor B (CFB) 202357_s_at NM_001710.1 6.9 5.7
Complement C1s subcomponent (C1S) 208747_s_at M18767.1 7.4 8.8

Receptors and other cell surface proteins
Bone marrow stromal cell antigen 2 (BST2) 201641_at NM_004335.2 4.6 4.5
HLA class II gamma chain 209619_at K01144.1 3.2 5.2
Integrin �1 214660_at X68742.1 3.9 4.4
Lectinlike ox-LDL receptor (LOX1) 210004_at AF035776.1 6.9 9.5
TNF-�-induced protein 6 (TNFAIP6) 206025_s_at AW188198 7.1 7.7
TNFR superfamily 9 (TNFRSF9/4-1BB) 207536_s_at NM_001561.2 5.8 4.4
TNFR superfamily 11b (TNFSF11B/OPG) 204933_s_at NM_002546.1 9.1 7.8

204932_at BF433902 7.1 8.3
VCAM1 203868_s_at NM_001078.1 6.6 5.5

Apoptosis-related genes
BCL2-related protein A1 (BCL2A1)/BFL1 205681_at NM_004049.1 4.2 5.8
IAP2 210538_s_at U37546.1 6.1 4.8
Superoxide dismutase 2 (SOD2) 215078_at AL050388.1 3.6 4.7

215223_s_at W46388 4.6 3.6
TNFR-associated factor 1 (TRAF1) 205599_at NM_005658.1 4.0 4.5
TNF-�-induced protein 3 (TNFAIP3)/A20 202644_s_at NM_006290.1 4.1 4.8

202643_s_at AI738896 4.2 4.4
XIAP associated factor-1 (XAF1) 206026_s_at NM_017523.1 8.7 7.5

206133_at NM_017523.1 4.1 5.1

Anti-virus and IFN-induced genes
2�5�Oligoadenylate synthetase 1 (OAS1) 205552_s_at NM_002534.1 3.9 5.6

202869_at NM_016816.1 3.6 5.6
204972_at NM_016817.1 5.5 7.0

2�5�Oligoadenylate synthetase 1 (OAS2) 206553_at NM_002535.1 4.7 4.2
2�5�Oligoadenylate synthetase 3 (OAS3) 218400_at NM_006187.1 3.6 4.6
2�5�Oligoadenylate synthetase-like (OASL) 210797_s_at AF063612.1 4.0 5.4

Continued on following page
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responses (21, 48). A number of IFN-inducible genes were also
highly induced in K13/vFLIP-expressing HUVEC. A previous
study (45) found that endothelial cells treated with TNF-�
display increased expression of the IFN-inducible genes 2�5�

oligoadenylate synthetase 1 (Oas1), diubiquitin (Ubd), interferon-
induced protein 44 (Ifi44), interferon-stimulated gene 20 kD
(Isg20), melanoma differential associated protein 5 (Mda5), and
myxovirus resistance 1 (Mx1). We found these same genes to be

TABLE 1—Continued

Category and gene (abbreviation) Probe set
name Gene accession no.

Ratio (log2)a of
K13/vFLIP to control cells

in expt:

1 2

205660_at NM_003733.1 3.1 5.2
APOBEC3G 204205_at NM_021822.1 3.8 4.7
Diubiquitin (UBD) 205890_s_at NM_006398.1 11.8 8.4
Hect domain and RLD 6 (HERC6) 219352_at NM_017912.1 4.3 5.5
Interferon alpha-inducible protein 6 (IFI6) 204415_at NM_022873.1 5.8 6.1
Interferon gamma-inducible protein 30

(IFI30)
201422_at NM_006332.1 4.8 5.0

Interferon-induced protein (IFI44) 214453_s_at NM_006417.1 3.6 5.3
214059_at BE049439 3.8 4.7

Interferon-induced protein 35 (IFI35) 209417_s_at BC001356.1 4.1 5.8
Interferon-induced protein with TRP 1

(IFIT1)
203153_at NM_001548.1 9.3 12.1

Interferon-induced protein with TRP 4
(IFIT4)

204747_at NM_001549.1 4.6 6.4

Interferon-induced transmembrane protein
2 (IFITM2)

201601_x_at NM_003641.1 4.8 4.7

214022_s_at AA749101 4.5 5.0
Interferon-inducible protein 44-like 204439_at NM_006820.1 6.8 8.4
Interferon-stimulated gene, 15 kDa (ISG15) 205483_s_at NM_005101.1 4.9 3.8
Interferon-stimulated gene, 20 kDa (ISG20) 204655_at NM_002985.1 5.6 8.1

204698_at NM_002201.2 5.1 5.2
33304_at U88964 4.3 4.2

Melanoma differentiation-associated protein
5 (MDA5)

219209_at NM_022168.1 4.4 4.7

Myxovirus resistance 1 (MX1) 202086_at NM_002462.1 6.1 7.0
Myxovirus resistance 2 (MX2) 204994_at NM_002463.1 6.7 8.0
Retinoic acid- and interferon-inducible

protein, 58 kDa
203595_s_at N47725 3.3 5.7

203596_s_at NM_012420.1 3.2 4.9
Viperin/cig5 213797_at AI337069 6.2 9.5

Transcription
ATF-like 3 (B-ATF3) 220358_at NM_018664.1 4.8 3.9
C/EBP delta 203973_s_at NM_005195.1 4.6 4.2
NKX3.1 209706_at AF247704.1 5.0 4.9
mSin3B 222095_s_at AW450345 5.7 6.6
Similar to mSin3B 209353_s_at BC001205.1 5.6 4.4

Others
Carbonic anhydrase VIII (CA8) 220234_at NM_004056.2 4.2 4.7
Caspase-1 (CASP1) 211368_s_at U13700.1 3.5 4.6
Galectin 3-binding protein (LGALS3BP) 200923_at NM_005567.2 4.9 5.4
Kynureninase (L-kynurenine hydrolase) 210663_s_at BC000879.1 7.0 8.6

217388_s_at D55639.1 7.1 8.3
204385_at NM_003937.1 5.2 5.6

Laminin �2 (LAMC2) 202267_at NM_005562.1 6.6 5.8
207517_at NM_018891.1 6.8 4.1

MMP7 204259_at NM_002423.2 2.4 6.3
Plasminogen activator inhibitor 2 (PAI2) 204614_at NM_002575.1 5.6 5.2
Pregnancy-associated plasma protein A

(PAPPA)
201981_at AA148534 5.4 5.8

Proteasome subunit beta 9 (PSMB9) 204279_at NM_002800.1 5.0 6.6
Receptor transporter protein 4 (RTP4) 219684_at NM_022147.1 5.1 6.2
Similar to differential display and activated

by p53 (DDA3)
201645_at BC001425.1 7.4 5.2

Solute carrier family 15 A3 (SLC15A3) 219593_at NM_016582.1 5.4 7.4
TNFAIP3 interacting protein 3 (TNIP3) 220655_at NM_024873.1 4.5 4.4

a The results are expressed as ratios of K13/control (log2) in two experiments.
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induced by K13/vFLIP expression in HUVEC. Other IFN-
inducible genes that we found induced by K13/vFLIP in
HUVEC include Apobec3G, Isg15, [scapi]l-kynurenine hydro-
lase (Kynu) (18), and receptor (chemosensory) transporter pro-
tein 4 (Rtp4) (14).

In contrast to its activity as a broad inducer of transcription,
K13/vFLIP substantially diminished the expression of only few
genes in HUVEC (Table 2 and see Table S2 in the supple-
mental material), including Coxackievirus and adenovirus recep-
tor (Cxadr) and G-protein-coupled receptor 126 (Gpr126), whose
repression was previously noted in TNF-�-treated endothelial
cells (45).

We performed RT-PCR, ELISA, and immunoblotting to
confirm selected microarray results. By conventional RT-PCR,
we confirmed increased expression of a number of genes (Fig.
3A). Although Isg15, IL-6, Stat1, Iap2, and Bcl2A were de-
tected in the control cells, most of the other mRNAs were only
detected in the K13/vFLIP-HUVEC in conventional RT-PCR,
suggesting that expression of these genes was switched on by a
K13/vFLIP-mediated pathway. By qRT-PCR (Fig. 3B), we
documented a 10- to 40-fold increase in the expression of the
Stat1, Icam1, Pd-ecgf, Cox2, and Isg15 genes in K13/vFLIP-
HUVEC (day 10 after transduction) compared to controls. We
also found that Ip-10 mRNA was strongly induced (as much as
2,000-fold) and that Cxadr and Emcn mRNAs were reduced
(by �90%) in HUVEC by K13/vFLIP. By ELISA (Fig. 3, C),
we detected increased levels of IP-10 (�20-fold increase), I-
TAC (�8-fold increase), and MCP-2 (not detectable in the
control conditional medium) in the culture supernatant of
K13/vFLIP-HUVEC compared to the control. It is worth not-
ing that K13/vFLIP-HUVEC culture supernatants contained
IP-10 at sufficiently high levels (16.5 	 1.3 ng/ml) to negatively
regulate endothelial cell growth and ECM-dependent cord
formation (2). By Western blotting (Fig. 3D), we confirmed
increased expression of IL-6 and COX2 (cycloexogenase2) in
K13/vFLIP-HUVEC compared to the control.

Involvement of the NF-�B pathway in the regulation of gene
expression by K13/vFLIP. To examine whether K13/vFLIP
modulates gene expression through the NF-�B pathway, we

used Bay11-7082, an inhibitor of NF-�B activity (35). On day 5
after retrovirus infection, 5 �M Bay11-7085 or vehicle (di-
methyl sulfate [DMSO]) was added to K13/vFLIP-transduced
HUVEC, and on day 7 the cells were harvested (Fig.4Aa). At
the time of harvest, the spindle cell morphology induced by
K13/vFLIP was slightly reversed by Bay11-7085, but the drug-
containing cell cultures were sparse (Fig.4Ab), suggesting drug
toxicity. By qRT-PCR, Bay11-7085 reduced by at least 50%
expression of Icam1, Vcam1, Cox2, and Ip-10, which was up-
regulated in K13/vFLIP-HUVEC treated with DMSO com-
pared to control HUVEC (Fig.4Ac). These results suggested a
role for the NF-�B pathway in gene regulation by K13/vFLIP,
but the presence of drug toxicity that may differently affect the
stability of distinct mRNAs prompted additional experiments.

Bagneris et al. reported the crystal structure of the K13/
vFLIP-IKK� complex, revealing that the molecular cleft on the
death-effector domain of K13/vFLIP represents a binding plat-
form for IKK� helices (amino acids 150 to 270) (4). Ala57
located in one of two clefts of K13/vFLIP was found to be
critical for IKK� binding because A57L substitution caused
K13/vFLIP to both lose physical interaction with IKK� in vitro
and the ability to activate NF-�B in a transient reporter assay
(4). To overcome the limitations of the experiments with
Bay11-7082, we engineered an A57L mutation into the retro-
viral expression vector for K13/vFLIP. Unlike wild-type K13/
vFLIP, mutant K13/vFLIPA57L transduced into HUVEC did
not change the cell morphology (Fig.4Ba). This difference
could not be attributed to reduced HUVEC infection by the
mutant K13/vFLIPA57L, as assessed by microscopic evaluation
of GFP expression. On day 5 after infection, cells were har-
vested for RNA extraction. Compared to wild-type K13/vFLIP,
which clearly induced expression of the Icam1, Stat1, Cox2,
Vcam1, and Ip-10 genes (albeit to a somewhat lower degree
than that observed in cells on day 7 or 10 after infection), the
mutant K13/vFLIPA57L failed to induce the expression of the
Icam1, Stat1, Cox2, and Vcam1 genes and stimulated very little
Ip-10 expression (Fig.4Bb). Emcn expression, which is sup-
pressed by K13/vFLIP transduction, showed no reduction by
K13/vFLIPA57L. Thus, we conclude that the K13/vFLIP-IKK�

TABLE 2. mRNAs decreased in K13-expressing HUVEC compared to control HUVEC (log ratio � 2)

Gene (abbreviation) Probe set name Gene accession no.

Ratio (log2)a of K13/
control in expt:

1 2

BMP 4 211518_s_at D30751.1 –2.1 –5.2
Clusterin 222043_at AI982754 –1.8 –3.8

208791_at M25915.1 –1.9 –3.1
208792_s_at M25915.1 –1.7 –3.3

Coxsackievirus and adenovirus receptor (CXADR) 203917_at NM_001338.1 –1.6 –5.5
Endomucin 219436_s_at NM_016242.1 –2.4 –4.6
Furry homolog (FRY) 214319_at W58342 –1.7 –3.4
G protein-coupled receptor 126 213094_at AL033377 –1.8 –4.0
IMAGE135460 214920_at R33964 –1.2 –4.1
Integrin alpha 6 215177_s_at AV733308 –1.8 –3.3

201656_at NM_000210.1 –1.7 –3.4
LIM domain binding 2 (LDB2) 206481_s_at NM_001290.1 –1.3 –3.8
Matrix Gla protein (MGP) 202291_s_at NM_000900.1 –2.0 –2.9
Multimerin (MMRN) 205612_at NM_007351.1 –1.9 –3.2
Paraneoplastic antigen 2 (PNMA2) 209598_at AB020690.1 –2.3 –3.2

a The results are expressed as ratios of K13 to control in two experiments.
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axis is critical to K13/vFLIP modulation of gene expression in
HUVEC. Other studies will be required to establish whether
K13/vFLIP can recruit additional pathways for regulation of
selected genes.

SAPK activation in K13/vFLIP-expressing HUVEC. The
pattern of gene and protein expression in K13/vFLIP-HUVEC
resembled, at least in part, the pattern induced in HUVEC by
inflammatory-type cytokines. We found the expression of two
such cytokines, IL-1� and IL-1� to be highly induced by K13/
vFLIP in HUVEC (Table 1), which express the cognate surface
receptors for these cytokines. Since IL-1� and IL-1�, and other
inflammatory cytokines are known to induce activation of the

mitogen-activated protein kinases (MAPKs) p38/SAPK2 and
JNK/SAPK (12), we examined their phosphorylation status in
K13/vFLIP-HUVEC. As shown in Fig. 4A, JNK/SAPK was
markedly more phosphorylated in K13-HUVEC compared to
the control, and p38 was slightly more phosphorylated in K13-
HUVEC compared to controls. STAT1 (for signal transducer
and activator of transcription 1) is a transcription factor acti-
vated by a variety of signals, including signals from a TNF-
induced autocrine loop mediated by interferon regulatory fac-
tors (IRF1/3) (49). Interestingly, phosphorylated STAT1
(tyrosine-701) was also markedly increased in K13/vFLIP-
HUVEC compared to control (Fig. 5A). It may be related to

FIG. 3. Gene regulation by K13/vFLIP in HUVEC. (A) RT-PCR for selected genes. Amplified DNAs were loaded onto 1.5% agarose–TAE
gels and visualized by ethidium bromide. (B) Fold change in expression levels of selected genes evaluated by qRT-PCR. Expression levels were
normalized by Gapdh and expressed as the fold change compared to control. (C) Secretion of IP-10, I-TAC, and MCP-2 evaluated by ELISA. Each
supernatant was harvested from 3-day cultures of K13/vFLIP-expressing or control HUVEC in 12-well plates. The results reflect the mean
concentrations (	 the SD) from two or three independent experiments. (D) Western blotting for COX2, IL-6, and actin. Equal amounts of cell
lysates were immunoblotted with specific antibodies.
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FIG. 4. The IKK/I�B/NF-�B pathway is critical for altered gene expression by K13/vFLIP. (A) Effects of the NF-�B inhibitor Bay11-7082. (a)
Schematic representation of the experiment. (b) Representative microscopic morphology of K13/vFLIP-HUVEC treated with DMSO or Bay11-
7082 for 2 days (original magnification, �200). (c) qRT-PCR for Icam1, Cox2, Vcam1, and Ip-10 in K13/vFLIP-HUVEC treated with DMSO or
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increased Stat1 expression (Fig. 3A and B) or be the result of
activation by signals indirectly induced by K13/vFLIP expres-
sion. Phosphorylated STAT3 was not detected (not shown),
and the kinases ERK1/2 and AKT (Ser473) displayed similar
degrees of phosphorylation in K13/vFLIP and control HUVEC
(Fig. 5A).

Previously, TNF-�-induced Cox2 expression in endothelial
cells was reported to be p38 MAPK/SAPK dependent (44). We
now tested whether the p38 MAPK/SAPK pathway is involved
in K13-induced activation of Cox2 in HUVEC. The p38
MAPK/SAPK inhibitor SB202190 (10 �M), selectively reduced
Cox2 expression in K13/vFLIP-HUVEC as detected by RT-
PCR (Fig. 5B) and Western blotting (Fig. 5C). In contrast,
expression of K13/vFLIP and expression of IL-6, which was
markedly induced by K13/vFLIP in HUVEC (Fig. 3C and
Table 1), was not significantly altered by the p38 MAPK/SAPK
inhibitor (Fig. 5B). These results provide evidence that the p38
MAPK/SAPK pathway is required for COX2 stimulation in
K13/vFLIP-HUVEC.

Monocyte/macrophage attachment to K13/vFLIP-express-
ing HUVEC, infiltration of KS tissue, and VEGF expression.
K13/vFLIP induced an “inflammatory-type” phenotype in
HUVEC by promoting the secretion of inflammatory-type cy-
tokines/chemokines and stimulating expression of Icam1 and
Vcam1 (Table 1). Since inflammatory capillary endothelium is
known to promote the recruitment of inflammatory leukocytes
to sites of inflammation (22), we examined leukocyte attach-
ment to K13/vFLIP-HUVEC. CD11b� mononuclear cells pu-
rified from peripheral blood and monocytic lineage THP-1 and
U937 cell lines were fluorescein labeled and incubated (1 h,
37°C) on monolayers of either control or K13/vFLIP-express-
ing HUVEC. After removal of the nonadherent cells, cell
attachment was measured. As shown in Fig. 6, we found that all
cells tested displayed a significantly (P 
 0.01) greater attach-
ment to K13/vFLIP-HUVEC compared to control HUVEC.
This indicates that K13/vFLIP expression in endothelial cells
promotes monocyte/macrophage adhesion to these cells.

Monocyte/macrophages often infiltrate KS tissues (8), an
observation confirmed here by CD68 immunostaining of a
representative KS tissue from an untreated patient (Fig. 7). KS
tissues are rich in VEGF (38), an observation confirmed here
by VEGF immunostaining (Fig. 7B). Since K13/vFLIP did not
promote VEGF mRNA expression in HUVEC (Table 1 and
see Fig. S1 in the supplemental material), and VEGF was not
detectable by ELISA in the culture supernatants of K13/
vFLIP-HUVEC (not shown), we examined the possibility that
K13/vFLIP might indirectly contribute to VEGF expression in
KS tissues. Double staining for monocyte/macrophages (CD68,
red) and VEGF (green) showed colocalization (yellow) in a
proportion of cells (Fig. 7C), demonstrating that inflammatory
cells of monocyte/macrophage lineage are a source for VEGF

Bay11-7082 for 2 days; the results are shown as the fold change compared to control HUVEC treated with DMSO (0.1% [vol/vol]). (B)
Loss-of-function mutation at A57 in K13/vFLIP affected on morphological and transcription changes. (a) Representative microscopic morphology
of HUVEC transduced with control, wild-type K13/vFLIP and its mutant A57L retrovirus 3 days after infection (original magnification, �100). (b)
qRT-PCR for ICAM1, Stat1, Cox2, Vcam1, Ip-10, and Emcn in HUVEC transduced with control, wild-type K13/vFLIP and its mutant A57L
retrovirus 3 days after infection. The results are shown as the fold change compared to control HUVEC.

FIG. 5. Activation of STAT1, JNK, and p38 in K13/vFLIP-express-
ing HUVEC; p38 activation is required for COX2 expression.
(A) Western blot analysis of cell lysates from HUVEC infected with
K13/vFLIP or control retrovirus. (B) RT-PCR analysis of Gapdh, Il-6,
Cox2, and K13/vFLIP expression in untreated HUVEC and HUVEC
treated with SB202190. The bar graph depicts the relative expression
of Cox2 measured by qRT-PCR (normalized by Gapdh). (C) Western
blot analysis of COX2 levels in HUVEC after 2-day incubation with or
without 10 �M SB202190.

FIG. 6. Enhanced monocyte attachment to HUVEC induced by
K13/vFLIP. Red fluorescence-labeled THP1 cells, U937, and purified
peripheral CD11b� cells were incubated onto monolayers of HUVEC
transduced with K13/vFLIP or empty retrovirus. After 2 h of incuba-
tion, the wells were washed twice with PBS, and attached cells were
counted under fluorescence microscopy. Each sample was counted five
times, and the average numbers (	 the SD) are shown. Representative
results from three experiments are shown.
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in KS lesions. Additional cells besides CD68� cells expressed
VEGF, including some vascular mural cells surrounding
CD31� cells (Fig. 7B). These observations provide evidence
that KSHV through K13/vFLIP contributes to the recruitment
of inflammatory cells and to VEGF accumulation in KS tis-
sues.

Enhanced biological activity of 5-dFUrd induced by K13/
vFLIP. ORFK13 transduction in HUVEC greatly stimulated
the expression of Pd-Ecgf (for platelet-derived endothelial cell
growth factor) (Table 1 and Fig. 3A). PD-ECGF is also a

thymidine phosphorylase (TP) (34), which can catalyze the
conversion of thymidine � phosphate into thymine � 2-deoxy-
D-ribose-1-phosphate (7). A substrate for TP is 5-dFUrd, a
pyrimidine nucleoside with antineoplastic activity, which is
largely dependent upon its enzymatic conversion to 5-FU by
PD-ECGF/TP (3, 6) (Fig. 8A). Increased expression of PD-
ECGF/TP in K13/vFLIP-HUVEC would be expected to cause
an increased conversion of 5-dFUrd prodrug into 5-FU. We
compared the cytotoxic effects of 5-dFUrd on K13/vFLIP-
HUVEC and control HUVEC. After 48 h of incubation with

FIG. 7. CD68� monocyte/macrophages infiltrate KS tissue. Frozen sections of KS biopsy tissue on glass slides were observed by laser confocal
microscopy. Control antibodies (mouse, rabbit, and goat immunoglobulins) were stained with DAPI (A), goat anti-human CD31 antibody plus
rabbit anti-VEGF antibody (B), and mouse anti-human CD68 monoclonal antibody plus rabbit anti-VEGF antibody (C). As secondary antibodies,
Alexa 488-conjugated anti-rabbit, Alexa 546-cojugated anti-mouse, and Alexa 546-cojugated anti-goat antibodies were used. DNA was stained by
using DAPI. (D) Enlargement of the area outlined by the dotted white line in panel C. Arrows point to the cells expressing both CD68 and VEGF
(yellow, right panel).
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5-dFUrd at concentrations ranging between 0.01 nM and 1
mM, we found that K13-expressing HUVEC were significantly
more sensitive than control to 5-dFUrd (Fig. 8B): 50% of the
K13-HUVEC (black dots) were killed at a drug concentration
as low as 1 �M, a drug concentration that minimally affected
the viability of control cells (open dots in Fig. 8B). A 5-dFUrd
concentration of 10 �M was required to kill �60% of the
control cells, and a drug concentration of 100 �M killed most
control and K13/vFLIP-HUVEC (Fig. 8B). We determined
that the 50% effective dose for 5-dFUrd is 13 �M for control
HUVEC and 1.1 �M for K13/vFLIP-HUVEC, an �10-fold
difference. These experiments demonstrate that K13/vFLIP-
HUVEC is significantly more sensitive to 5-dFUrd than con-
trol cells.

Finally, to address whether PD-ECGF/TP contributed to the
increased 5-dFUrd susceptibility of K13/vFLIP-HUVEC, we
used a chemical inhibitor of PD-ECGF/TP, KIN59 (5�-O-trityl-
inosine) (24). KIN59 inhibits the conversion of thymidine to
thymine by E. coli TP and human PD-ECGF/TP in vitro and in
vivo as determined by the chick chorioallantoic membrane
assay (23). Because we found that 80 �M KIN59 killed 50% of

HUVEC (data not shown), we tested KIN59 at concentrations
ranging between 1 �M and 10 �M. As shown in Fig. 8D, the
cytotoxicity of 5-dFUrd for K13/vFLIP-HUVEC was signifi-
cantly reduced by KIN59 (black bars), which displayed no
effects on the viability of control cells (white bars). These
results indicate that the increased Pd-ecgf expression in K13/
vFLIP-HUVEC is responsible for the augmented cytotoxicity
of 5-dFUrd.

DISCUSSION

We show that expression of the KSHV ORFK13/vFLIP gene
in endothelial cells contributes to the proinflammatory pheno-
type, the spindle cell morphology, and the characteristic vas-
cular lesions of KS. We find that K13/vFLIP does not directly
promote expression of genes linked to increased cells growth
while inducing selected antiapoptotic proteins such as Iap2 and
Bcl2-related A1 (Table 1). However, by indirectly stimulating
the expression of VEGF and other growth factors, K13/vFLIP
may ultimately contribute to the proliferative phenotype of KS
lesions.

The proteins IL-6, granulocyte-macrophage colony-stimulat-
ing factor, IL-8, CCL5/RANTES, CCL20/MIP3A, HLA class I,
and VCAM1 were previously reported to be K13/vFLIP-in-
duced proteins, as Cox2 and Cxcr7/Rdc1 mRNAs (15, 20, 29).
We additionally found considerable induction of other chemo-
kines for attraction of monocyte/macrophages, lymphocytes,
neutrophils, dendritic cells, and activated T and NK cells; of
other proinflammatory cytokines, including IL-1� and IL-1�;
and of other growth factors, including G-csf and Lif (Table 1).
Consistent with K13/vFLIP promoting a proinflammatory,
proadhesive, and chemotactic phenotype, we found that K13/
vFLIP significantly enhances the attachment of monocytic cells
to endothelial monolayers (Fig. 5), and immunohistochemistry
of a typical KS lesion confirmed prominent infiltration with
CD68� monocytic cells (Fig. 6). Thus, our results confirmed
that K13/vFLIP is a driving force for the recruitment of the
inflammatory cell infiltrate that contributes to KS progression
(32).

Activation of the NF-�B pathway is an essential component
of the pathogenicity of gammaherpesviruses. K13/vFLIP phys-
ically associates with IKK�, and this interaction activates the
canonical NF-�B pathway (25). Consistent with its ability to
activate the canonical NF-�B pathway, we found that K13/
vFLIP stimulates expression of many genes for chemokines,
cytokines, growth factors, and surface receptors known to be
targets of NF-�B. A chemical inhibitor of NF-�B reduced
expression of selected genes induced by K13/vFLIP, and en-
dothelial cells transduced with a mutant K13/vFLIP (K13/
vFLIPA57L) that no longer binds to IKK� failed to exhibit
increased expression of index genes normally induced by wild-
type K13/vFLIP. According to a previous report, K13/vFLIP
can also activate the noncanonical NF-�B pathway by physi-
cally binding NF-�B2/p100 (27), but the importance of this
pathway could not be confirmed in the present study.

K13/vFLIP activated the stress-activated protein kinases p38
and JNK/SAPK in endothelial cells, but not ERK1/2 (Fig. 5A).
A potential mechanism for JNK/SAPK activation is through a
physical interaction of K13/vFLIP with TRAFs receptor-asso-
ciated factors) (10, 17), similar to the well-described pathway

FIG. 8. Concentration-dependent cytotoxicity of 5-dFUrd for K13/
vFLIP-transduced and control HUVEC. (A) Chemical structure of
5-dFUrd and its metabolite 5-FU. PD-ECGF/TP converts 5-dFUrd
into 5-F (Pi � inorganic phosphate). (B) Viability of HUVEC infected
with either control or K13-coding retrovirus after 48-hour incubation
with 5-dFUrd-containing medium. Cell viability was measured by using
a Cell Counting Kit-8 (Dojindo). The results reflect the percent via-
bility (	 the SD). Representative results of three experiments per-
formed are shown. (C) HUVEC viability after 48 h of incubation with
0.01, 0.1, and 1 �M 5-dFUrd. The results are expressed as the percent
viability in medium only and reflect the means (	 the SD) of three
experiments. (D) KIN59 reverses 5-dFUrd-induced cytotoxicity for
K13/vFLIP-HUVEC. Control and K13/vFLIP-HUVEC were treated
with 5-dFUrf (1 �M) with or without KIN59 (1, 3, or 10 �M) for 48 h.
The results reflect % viability in medium only and represent the means
(	 the SD) of three experiments.
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initiated by TNF receptor (TNFR) engagement. Another pos-
sibility is that these kinases are simply activated as a result of
autocrine signaling by inflammatory cytokines such as IL-1�,
which is markedly induced by K13/vFLIP in endothelial cells.
Regardless of the mechanism for its activation, we found that
the p38 kinase is clearly upstream of Cox2, since the p38MAPK
inhibitor SB202190 selectively reduced expression of COX2.

Erythrocyte-replete vascular slits, edema, and neovasculariza-
tion are characteristic features of KS histology, which give the
lesions a red or purple color. The vascular slits are believed to
reflect rudimentary attempts at forming vascular structures by the
virally infected cells, likely of endothelial cell lineage. We show
that K13/vFLIP disrupts the ability of endothelial cells to form
ECM-dependent vascular structures and may thus contribute to
formation of a discontinuous vascular system, leading to KS vas-
cular slits. Many factors likely contribute to this defect, but K13/
vFLIP stimulates secretion of IP-10, which alone can disrupt
ECM-dependent cord formation (2). K13/vFLIP can also en-
hance expression of SEMA3C and CXCR7/RDC1. Semaphorins
are guidance molecules critical to neuronal and vascular devel-
opment (40). CXCR7/RDC1, a coreceptor for CXCL12/SDF-1,
forms heterodimers with CXCR4, a chemokine receptor with
essential functions in vascular development and angiogenesis (26,
37, 41). Cox2, through prostaglandin E2, may provide proangio-
genic activity to KS lesions (5).

A most interesting observation we made is that endothelial
cells expressing K13/vFLIP are significantly more sensitive to
treatment with 5-dFUrd compared to control endothelial cells
and are 10 to 100 times more sensitive to 5-dFUrd than cancer
cell lines (3, 43). This increased drug sensitivity of endothelial
cells is attributable to K13/vFLIP inducing endothelial cell
expression of PD-ECGF/TP, an enzyme that converts 5-dFUrd
into the active pyrimidine nucleoside 5-FU, which interferes
with DNA and RNA synthesis and generate anticancer activity
(3, 7). A chemical inhibitor of PD-ECGF/TP specifically re-
duced 5-dFUrd cytotoxicity for K13/vFLIP-HUVEC, indicat-
ing the involvement of PD-ECGF/TP enzymatic activity.
5-dFUrd is an oral drug that has already been tested in several
clinical cancer trials (13) and would be a promising compound
for the treatment of KS that could be readily tested in KS
patients.
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