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Kaposi’s sarcoma (KS) is an inflammatory angioproliferative lesion induced by the infection of endothelial
cells with the KS-associated herpesvirus (KSHV). Infected endothelial cells assume an elongated (spindle)
shape that is one of the histologic signatures of KS. In vitro, latent viral infection of primary endothelial cells
(but no other cell type) strikingly recapitulates these morphological findings. Here we report that the spindling
phenotype involves major rearrangement of the actin cytoskeleton and can be attributed to the expression of
a single viral protein, vFLIP, a known activator of NF-�B. Consistent with this, the inhibition of NF-�B
activation blocks vFLIP-induced spindling in cultured endothelial cells. vFLIP expression in spindle cells also
induces the production of a variety of proinflammatory cytokines and cell surface adhesion proteins that likely
contribute to the inflammatory component of KS lesions.

Kaposi’s sarcoma (KS) is a complex angioproliferative lesion
that is the most common neoplasm in patients with untreated
AIDS, though it also exists in a human immunodeficiency
virus-independent form. All KS lesions have three histological
components: proliferation, inflammation, and neoangiogen-
esis. The principal proliferating element in KS is the so-
called spindle cell, so named because of its distinctive elon-
gated, spindle-like shape. Spindle cells have long been
thought to be the driving force of KS, responsible for the
recruitment of the inflammatory and angiogenic compo-
nents of the lesion; consistent with this, cultured spindle
cells produce a number of proinflammatory and angiogenic
factors (12, 34). The inflammatory infiltrate is also felt to be
an important part of KS pathogenesis, since cultured spindle
cells require the secreted products of activated T cells for
growth (12, 28). The histogenesis of spindle cells has long
been debated. Based on the expression of markers such as
CD31, CD34, CD36, UEA1 lectin, and EN4 by spindle cells,
it is generally believed that the cells are most likely of
endothelial origin (7). However, the exact endothelial line-
age from which spindle cells are derived remains unclear. A
number of lines of evidence favor the notion that KS is
derived from cells of lymphatic rather than vascular endo-
thelial origin. For instance, KS tumors are never observed in
tissues (e.g., brain) that are devoid of lymphatics (47). In
addition, KS cells consistently stain for markers of lymphatic
endothelium, e.g., VEGF-R3, LYVE-1, and podoplanin (21,
36, 46). However, the pathogenetic significance of the latter
observations has been rendered ambiguous by recent find-

ings that KS-associated herpesvirus (KSHV) infection of
lymphatic or vascular endothelial cells can reprogram their
expression of endothelial markers (17, 45).

Central to the pathogenesis of KS is infection by KSHV
(also called human herpesvirus 8). Like all herpesviruses,
KSHV has two modes of infection, latent and lytic. In KS
tumors, KSHV selectively infects the spindle cells (5), most of
which are latently infected (37); only a small subpopulation of
spindle cells support lytic KSHV growth. Latent gene expres-
sion is therefore considered central to the development of KS.
While many established cells in culture can be latently infected
by KSHV, most such cells display no phenotype (2). However,
recent studies from several groups show that primary vascular
endothelial cells from dermal microvasculature (9) or umbili-
cal vein (15, 30, 42) can undergo conversion from cuboidal to
spindle-like morphology, strongly reminiscent of KS tumor
cells, upon infection by KSHV in vitro.

Here we show that such morphological changes are due to
the cell-autonomous action of latent viral gene products and
occur in both lymphatic and vascular endothelium. By express-
ing the known KSHV latency genes individually in primary
endothelial cells, we show that this morphological change can
be effected by a single viral gene encoding the vFLIP protein.
This protein has previously been shown to be an antiapoptotic
factor (10, 16, 38) that acts by upregulating NF-�B activity (1,
8, 13, 25, 26, 39, 40). We show that NF-�B induction by vFLIP
is required for spindling and, in addition, results in the upregu-
lation of numerous proinflammatory cytokines by endothelial
cells. Thus, in addition to its widely recognized antiapoptotic
functions, vFLIP also induces the development of cell-auton-
omous morphological changes and contributes to the inflam-
matory microenvironment, two features that have long been
recognized as signatures of Kaposi’s sarcoma.

* Corresponding author. Mailing address: University of California
San Francisco, UCSF Box 0552, 513 Parnassuss Avenue, San Fran-
cisco, CA 94143. Phone: (415) 476-2826. Fax: (415) 476-0939. E-mail:
ganem@cgl.ucsf.edu.

7179



MATERIALS AND METHODS

Cells and KSHV infection. Human umbilical vein endothelial cells (HUVECs)
were purchased from Clonetics and cultured in endothelial growth medium
(EGM-2) supplemented with the microvascular supplement pack (Clonetics).
Lymphatic endothelial cells (LECs) and blood endothelial cells (BECs) were
isolated and cultured as previously described (32). BCBL-1 cells were carried in
RPMI 1640 supplemented with 10% fetal bovine serum, penicillin, streptomycin,
glutamine, and �-mercaptoethanol. KSHV was concentrated from supernatants
of induced BCBL-1 cells as previously described (2, 23). KSHV infections were
performed in medium containing 2 �g/ml Polybrene and incubated with cells for
2 h, after which cells were rinsed and medium was added back.

Retrovirus production and infection. Retroviruses were produced using the
amphotropic Phoenix packaging cell line transfected with the Moloney murine
leukemia virus-based vector pBMN (internal ribosome entry site puromycin
resistance). Phoenix cells were transfected using FuGENE 6 (Roche) according
to the manufacturer’s specifications. Thirty-six hours after transfection, super-
natants were collected and concentrated at 5,000 rpm for 16 h. Concentrated
retroviruses were resuspended in EGM-2 with 6 �g/ml Polybrene and filtered
through a 0.2-�m filter. Concentrated retrovirus was diluted in EGM-2 with 6
�g/ml Polybrene and applied to cells. These cultures were spun at 2,000 rpm for
1.5 h, after which virus-containing medium was removed and regular culture
medium was added back. In cases were selection was employed, 24 h after
transduction, medium containing the selective agent was added to cells at the
stated concentration.

Immunofluorescence, cytokine array, ELISA, and flow cytometric analyses.
Immunofluorescence assays were performed as previously described using either
polyclonal antibody to latency-associated nuclear antigen (LANA) (A. Polson
and D. Ganem, unpublished data) or monoclonal antibody to K8.1 (gift of L. Wu
and B. Forghani) or anti-p65 (Santa Cruz Biotechnology) (2). Secondary anti-
bodies anti-rabbit and anti-mouse fluorescein isothiocyanate (FITC) and anti-
mouse rhodamine (Santa Cruz Biotechnology) were used at 1:300. FITC-coupled
phalloidin (Sigma) was used at 1:200. Human cytokine antibody array V was
purchased from RayBiotech and used according to the manufacturer’s instruc-
tions. Arrays were performed with EGM-2 basal medium plus 2% fetal bovine
serum conditioned by HUVECs for 24 h. Enzyme-linked immunosorbent assays
(ELISAs) were performed according to the manufacturer’s instructions (BD
Bioscience) using medium conditioned for 24 h. For flow cytometry,
HUVECs were incubated with anti-VCAM-1 antibody at a 1:100 dilution (BD
Pharmingen) for 30 min on ice. Allophycocyanin-conjugated goat anti-mouse
secondary antibody (Caltag) was used at a 1:250 dilution also for 30 min on ice.
Analysis was performed using a Becton Dickinson FACSCalibur.

NF-�B electrophoretic mobility shift assay. Nuclear enriched lysates were
made from cells by incubation with hypotonic buffer (20 mM HEPES [pH 7.8],
5 mM KCl, 1.5 mM MgCl2, 1 mM dithiothreitol, and protease inhibitors),
followed by pelleting and disruption of nuclei by incubation in high-salt buffer
(0.4 M KCl, 50 mM HEPES [pH 7.9], 0.1% NP-40, 0.5 �M EDTA, 10% glycerol,
and protease inhibitors). A total of 5 �g of lysate was incubated with 32P-labeled
oligonucleotide encoding the NF-�B consensus sequence (Santa Cruz Biotech-
nology) and dI:dC DNA (Sigma) in binding buffer (20 �M HEPES [pH 7.9], 50
mM KCl, 10% glycerol, 1 mM EDTA, 1 mM MgCl2, and 1 mM dithiothreitol).
In cases of competition, unlabeled wild-type or mutant oligonucleotides (Santa
Cruz Biotechnology) were included in a 250-fold excess. For supershifting, 1.5 �l
of anti-p65 (Santa Cruz Biotechnology) was included in the binding reaction.
Binding reactions were incubated at room temperature for 30 min without the
labeled probe and for an additional 30 min after the addition of the probe.
Complexes were resolved in a 1� Tris-borate-EDTA-4% acrylamide gel.

Luciferase assays. HUVECs were transduced with retroviruses encoding ei-
ther vFLIP or empty vector and subjected to selection. Once the vFLIP-express-
ing cells had fully developed into spindle cells, the cells were transfected in
OptiMEM medium (Gibco) with 0.6 �g NF-�B–luciferase vector and 0.4 �g
�-galactosidase-encoding vector using 0.25 �l Jurkat transfection reagent
(Mirus). The DNA transfection mixture was incubated on the cells for 4 h, after
which the cells were rinsed and regular medium was added back. After 48 h,
luciferase and �-galactosidase assays were carried out according to the manu-
facturer’s specifications (Promega).

Inhibition of NF-�B. HUVECs were treated with 4 �M Bay 11-7082 (Calbio-
chem) in dimethyl sulfoxide (DMSO) for 2 h before being transduced with
vFLIP-encoding retrovirus as described above. After transduction, medium con-
taining Bay 11-7082 was added back to the cells.

RESULTS

The spindle cell phenotype and its viral etiology. To exam-
ine the effects of KSHV on different populations of endothelial
cells, we employed primary cultures of HUVECs, LECs, and
BECs established by previously published methods (32). Cells
were infected at high multiplicities of infection (MOIs) by
KSHV virions concentrated from the medium of BCBL-1 cells,
a B-lymphoma line previously shown to produce infectious
KSHV virions after tetradecanoyl phorbol acetate stimulation
(33). In all three lines, virus infection and spread resulted in a
monolayer culture which, after a number of days, was virtually
entirely latently infected, as judged by staining for the viral
LANA (Fig. 1a to c); at this point, few cells (�2 to 5%) stain
for the lytic marker K8.1 (Fig. 1a to c). Remarkably, all three
lines display dramatic elongation to the spindle cell shape
characteristic of KS tumor cells (Fig. 1d to f). Phalloidin stain-
ing (Fig. 1g, h, and i) revealed that the elongated cells had
undergone a dramatic rearrangement of the actin cytoskeleton
with the prominent formation of parallel arrays of actin cables.
Interestingly, we did not observe immortalization of these cells,
which went on to senescence with kinetics similar to those of
uninfected cells (data not shown).

Since latently infected cells are known to produce a number
of cytokines and other paracrine factors (12), we considered
the possibility that spindling might be due to extracellular
signaling molecules produced in this fashion. Accordingly, we
tested the effect of conditioned medium from KSHV-positive
LECs and BECs on uninfected primary LEC or BEC cultures;
no spindling was observed in such conditions (data not shown).
While we cannot rule out the possibility that paracrine signal-
ing might be a cofactor for spindling, it is clearly not sufficient
to induce this morphology. The fact that spindle cells maintain
their morphologies at even low cell densities (not shown) is

FIG. 1. Infection of endothelial cells with KSHV causes the forma-
tion of spindle cells. Primary HUVECs, LECs, and BECs were ob-
tained as described in Materials and Methods. (a to f) HUVECs,
LECs, and BECs were subjected to infection with KSHV at high MOIs
for 2 h and rinsed and medium was replaced. (a to c) LANA, green;
K8.1, red; DAPI (4�,6�-diamidino-2-phenylindole), blue. Images were
taken at 3 days postinfection. (g to i) Mock- and KSHV-infected LECs
and KSHV-infected BECs were stained with FITC-coupled phalloidin.
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more consistent with the process being largely or entirely cell
autonomous.

To determine what viral gene(s) is responsible for this phe-
notype, we tested individual KSHV latency genes for the ability
to recapitulate this phenotype upon introduction into unin-
fected cells; HUVECs were chosen for this purpose because
they are easier to prepare and maintain. Since these cells are
poorly transfectable, we employed a retroviral vector to deliver
each of the known KSHV latency genes: LANA, v-cyclin,
vFLIP, kaposin A (open reading frame K12), and kaposins B
and C (this vector may also encode small quantities of kaposin
A). Early passage HUVECs were transduced at high MOIs
with the individual retroviruses and subjected to selection with
puromycin (0.5 �g/ml). After 3 days, cells were scored for
changes in their morphologies. As shown in Fig. 2a, the ex-
pression of LANA, v-cyclin, the K12 locus, and kaposin A
alone failed to induce morphological changes in the selected
cell lines. However, a different result was obtained with the
vFLIP vector; cells expressing this protein displayed dra-
matic elongation and spindling virtually identical to that
observed with authentic KSHV latency. This change was
also observed in LECs and BECs infected with the same
vector (Fig. 2b), affirming that the results apply to those
endothelial lineages as well.

Activation of NF-�B correlates with spindle cell develop-
ment. Several reports have established that vFLIP is a potent
activator of the transcription factor NF-�B (1, 26, 38–40)
vFLIP has been shown to interact with several upstream com-
ponents of the NF-�B activation pathway, including TRAF 1
and 2, RIP, NIK, and IKK (13, 25), resulting in the activation
of IKK. This leads to the phosphorylation and subsequent
proteasome-dependent degradation of I�B, an inhibitory sub-
unit that binds cytosolic NF-�B and inhibits its nuclear import.
This degradation releases active NF-�B, allowing it to translo-
cate into the nucleus and activate the expression of its target
genes. Based on these reports, we investigated whether the
development of spindle cells, as driven by vFLIP, correlated
with increased activation of NF-�B.

First, we affirmed that, in primary endothelium cells stably
expressing v-FLIP, NF-�B was indeed activated. Spindled v-
FLIP-positive HUVEC transductants were transfected with an
NF-�B-dependent reporter construct; in parallel, HUVECs
transduced with an empty retrovirus were similarly transfected
and luciferase activity was measured in both cultures. Figure 3a,
bars 1 and 2, shows that, as expected, vFLIP-expression resulted
in a substantial induction of NF-�B activity. This was associated
with enhanced nuclear translocation of p65 and increased binding
of NF-�B to oligonucleotides bearing NF-�B recognition sites in
nuclear extracts (C. Grossmann, unpublished results).

KSHV vFLIP is a member of a small family of viral FLIP
proteins, all of which share partially homologous death effector
domains (43). Classical viral FLIPs, like the E8 protein of
equine herpesvirus, antagonize apoptosis by impairing the re-
cruitment of caspase 8 to Fas and other death receptors, but
they do not activate NF-�B (3, 8, 43). The transfection of 293
cells with an E8 expression vector did not activate LUC ex-
pression from an NF-�B-dependent reporter gene (Fig. 3a,
bars 3 to 5). Importantly, the transduction of HUVECs with an
E8-expressing retrovirus did not lead to cell shape changes
under conditions in which the transduction of KSHV v-FLIP
led to efficient spindling (Fig. 3b). Thus, endothelial spindling
is closely correlated with NF-�B activation.

vFLIP-expressing spindle cells show markers of inflamma-
tory activation. In addition to its angioproliferative features,
KS is also an inflammatory lesion. In early KS, inflammatory
cells are usually a prominent feature and are a potential source
of both proliferative and angiogenic signals (12). NF-�B is a
central player in orchestrating the inflammatory response, and
its dysregulated expression has been linked to several inflam-
matory disease states (41). NF-�B-regulated genes include
markers of endothelial cell activation as well as several inflam-
matory cytokines and chemokines; many of these may play
roles in KS histogenesis. Based on the potent activation of
NF-�B in vFLIP-expressing spindle cells, we asked whether
these cells showed evidence of upregulation of endogenous,
proinflammatory NF-�B-regulated genes. Supernatant from
fully spindled HUVECs expressing vFLIP was assayed for the
presence of 79 cytokines by using a cytokine array bearing
numerous anticytokine antibodies (Fig. 3c). Supernatant from
HUVECs expressing only vFLIP was found to have increased
amounts of interleukin-6 (IL-6) (in agreement with earlier
data) (1), IL-8, GRO, RANTES, GCP2, and MIP3� compared
to supernatant from HUVECs expressing empty vector. All of
these cytokines are known to be regulated by NF-�B (24, 27,

FIG. 2. vFLIP expression alone causes spindle cell formation in
HUVECs, LECs, and BECs. (a) HUVECs were transduced with ret-
roviruses encoding the individual latency-associated genes and sub-
jected to selection with 0.5 �g/ml puromycin. Images were taken at 3
days posttransduction. (b) LECs and BECs were transduced with ret-
roviruses encoding vFLIP or empty vector. The cells were then se-
lected with 0.25 �g/ml puromycin. Images were taken at 2 days post-
transduction.

VOL. 80, 2006 NF-�B OF KSHV IS REQUIRED FOR THE SPINDLE SHAPE OF INFECTED CELLS 7181



35). ELISAs were performed on supernatant from spindled
vFLIP-expressing HUVECs and confirmed elevated amounts
of the proinflammatory cytokines IL-6 and granulocyte-mac-
rophage colony-stimulating factor (Fig. 3d). Additionally, us-
ing flow cytometry, we detected upregulation of VCAM-1 on
vFLIP-expressing spindle cells (Fig. 3e). VCAM-1 expression
is a known marker of endothelial cell activation that is upregu-
lated by NF-�B (18, 29) and is commonly found on KS spindle
cells (12). These data suggest that the expression of vFLIP and
its subsequent activation of NF-�B in endothelial cells contrib-
ute to the inflammatory microenvironment of the KS lesion.

Inhibition of NF-�B activation prevents the formation of
spindle cells. If NF-�B induction is required for the induction
of the spindle cell phenotype, then inhibition of NF-�B acti-
vation should block vFLIP-mediated spindling. Accordingly,
we took advantage of the availability of an NF-�B inhibitor,
Bay 11-7082, to explore the importance of this transcription
factor in spindling of HUVECs. Bay 11-7082 blocks NF-�B

activation by inhibiting phosphorylation of I�B-� (31).
HUVECs were pretreated with Bay 11-7082 for 2 h and then
transduced with the retrovirus encoding vFLIP at high MOIs.
After transduction, medium containing Bay 11-7082 was added
back and the cells were followed for several days. As seen in
Fig. 4a, treatment of HUVECs with Bay 11-7082 at 4 �M (in
DMSO) prevented the activation of NF-�B in these cells, as
judged by the lack of p65 staining in their nuclei. This inhibi-
tion of NF-�B coordinately inhibited the development of the
spindle cell phenotype, as these cells maintained their typical
cobblestone morphologies. In contrast, vFLIP-transduced cells
that received only the DMSO diluent readily developed the
spindle cell phenotype and showed robust NF-�B activation, as
seen by the presence of p65 in their nuclei (Fig. 4a).

Bay 11-7082 is a toxic drug with a narrow therapeutic win-
dow. To further demonstrate that NF-�B activation is the
central event in spindling, we took advantage of a mutant of
I�B (I�B-SR) whose phosphorylation sites for IKK have been

FIG. 3. NF-�B activation correlates with spindle cell formation and upregulates inflammatory cytokines and markers of endothelial activation.
(a) Bars 1 and 2, Spindled vFLIP-expressing HUVECs (1) and HUVECs expressing vector alone (2) were transfected with 0.5 �g NF-�B–luciferase
reporter construct and 0.5 �g �-galactosidase-encoding plasmid to normalize for transfection efficiency. Forty-eight hours posttransfection,
luciferase and �-galactosidase assays were performed; bars show normalized levels of luciferase activity. Bars 3, 4, and 5, 293 cells were transfected
with equal amounts of vector (3), vFLIP (4), or E8 (5) plasmids along with an NF-�B–luciferase reporter and �-galactosidase construct. Error bars
indicate standard deviations. Assays were performed at 48 h posttransfection. (b) HUVECs were transduced with retrovirus encoding either vFLIP,
E8, or empty vector and selected with puromycin as described before. Images were taken 3 days posttransduction. (c) Supernatant conditioned for
24 h by fully spindled HUVECs expressing vFLIP was applied to the RayBio human cytokine antibody array V as per the manufacturer’s
indications. The cytokines indicated by arrows are those found to be increased over conditioned medium from vector-expressing HUVECs assayed
in parallel. (d) Medium from vFLIP or empty vector-expressing HUVECs was assayed for content of IL-6 or granulocyte-macrophage colony-
stimulating factor (GM-CSF) by ELISA. Error bars indicate standard deviations. (e) Spindle cells expressing vFLIP (thick line) or vector-
transduced HUVECs (thin line) were stained for surface expression of VCAM-1 and examined by flow cytometry. Numbers next to histograms
indicate geographic means of expression levels.
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ablated. As a result, the expression of this mutant results in
irreversible sequestration of NF-�B in the cytosol, since this
form of I�B cannot be directed to the proteasome. Accord-
ingly, we constructed a retroviral vector for I�B-SR and used it
(or an isogenic empty-vector control virus) to transduce
HUVECs; following selection for several days, cells were su-
perinfected with the vFLIP retrovirus at high MOIs and ob-
served for another 5 days. As shown in Fig. 4b, under condi-
tions in which exuberant spindling occurred in the control cells,
virtually no morphological change was evident in I�B-SR-ex-
pressing cells. (While it is likely that this effect results from
impaired action of v-FLIP, we cannot entirely exclude the
formal possibility that the inhibition of NF-�B reduces the
accumulation of vFLIP protein, since levels of vFLIP are too
low for routine detection by immunoblotting even in the pres-
ence of active NF-�B.)

DISCUSSION

These findings establish that expression of the latent vFLIP
gene of KSHV is sufficient to cause the morphological changes
that underlie the spindle cell phenotype and demonstrate that
the activation of NF-�B is required for the development of this
phenotype. We made concerted attempts to demonstrate that
NF-�B activation is also necessary for spindling in the context
of authentic viral latency by asking whether I�B-SR expression
could block spindling following infection with KSHV virions.
However, we found that NF-�B inhibition resulted in dramatic
increases in cell death of the monolayer following KSHV in-
fection, making scoring of spindling impossible. We believe
this phenomenon to be due in part to increased lytic reactiva-
tion of the virus in cells that were unable to activate NF-�B, as
has previously been suggested by Brown et al. (6) on the basis
of reporter gene studies.

V-FLIP expression also upregulates genes that contribute to
the inflammatory microenvironment of KS. Other described
activities of vFLIP, e.g., binding of procaspase 8 or inhibition
of Fas-mediated caspase 8 activation (3, 10), are unlikely to be
required for spindling since selective inhibition of NF-�B ac-
tivation blocks the phenotype and since other FLIPs with these
activities (e.g., E8) lack the capacity to induce spindling. In-
terestingly, although NF-�B activation is usually an antiapop-
totic signal (22), neither we nor others (9, 15, 30, 42) have
observed life span prolongation of KSHV-infected HUVECs.
(This is in contrast to an earlier report in which viral infection
was associated with long-term outgrowth of endothelial cells;
however, in that study, the clones that did emerge largely did
not retain the viral genome [14], which is in keeping with the
known instability of KSHV latency in vitro [15, 23]. We do not
know the reason for this discrepancy.) Nonetheless, these ob-
servations do not exclude the possibility that vFLIP confers a
survival advantage on spindle cells in the complex inflamma-
tory milieu of an infection in vivo, for example, by reducing the
sensitivity of cells to proapoptotic stimuli. Since KSHV-in-
fected spindle cells accumulate progressively during the evo-
lution of KS (11), they certainly must have a survival/growth
advantage in vivo and it seems very likely that vFLIP’s anti-
apoptotic action would play a role in this.

This is the first report suggesting a role for vFLIP in cy-
toskeletal rearrangement. How this cytoskeletal alteration is
engendered remains unknown, but it is clear that NF-�B acti-
vation is responsible, as it is for vFLIP’s known antiapoptotic
effect (16). Surely, the morphological change reflects activation
of a different set of NF-�B target genes from those involved in
blocking programmed cell death. Since these cytoskeletal
changes are specific to endothelial cells, either there are en-
dothelium-specific NF-�B targets or the action of one or more
NF-�B targets must require endothelium-specific cofactors.
The linkage of NF-�B activation to cytoskeletal rearrangement
was unanticipated. Our review of the literature on NF-�B and
the cytoskeleton revealed no prior instances in which the ac-
tivation of this factor has been linked to cytoskeletal rearrange-
ment, although the converse has been observed; for example,
NF-�B activation has been observed in response to Rac1 ac-
tivation (and actin rearrangement) by endothelial shear stress
and to agents that disrupt microtubules (4, 19, 20, 44).

By contrast, the antiapoptotic and proinflammatory effects

FIG. 4. Inhibition of NF-�B prevents spindle cell formation. (a)
HUVECs were pretreated with either 4 �M Bay 11-7082 (lower
panels) or DMSO (top panels) for 2 h before being transduced at
high MOIs with retroviruses encoding vFLIP. After transduction,
medium containing either Bay 11-7082 or DMSO was added back.
At 3 days posttransduction, the cells were photographed (right
panels) or fixed and stained with a p65-specific antibody (left pan-
els). (b) HUVECs were transduced at high MOIs with retrovirus
coding for either the I�B superrepressor (lower panel) or empty
vector (upper panel) and then selected in 0.5 �g/ml puromycin for
several days. The cells were then superinfected at high MOIs with
retrovirus encoding vFLIP, and their morphologies were assayed at
5 days posttransduction.
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of vFLIP are observed in many cell types. For example, ele-
gant studies of B cells by Guasparri and coworkers revealed
that continuous vFLIP expression is essential for B-cell sur-
vival in primary effusion lymphoma caused by KSHV (16).
vFLIP also blocks apoptosis in myeloid cells deprived of
growth factors (38). NF-�B induction therefore plays pivotal
and overlapping, but nonidentical, roles in the lymphoid and
endothelial disorders linked to KSHV.
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