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The Tat protein of HIV-1, a transactivator of viral gene expression, is released by acutely infected T cells and, in this form, exerts
angiogenic activities. These have linked the protein to the pathogenesis of Kaposi’s sarcoma (KS), a vascular tumor frequent and
aggressive in HIV-1-infected individuals (AIDS-KS). In this study, we show that a combination of the same inflammatory cytokines
increased in KS lesions, namely IL-1b, TNF-a, and IFN-g, synergizes with Tat to promote in nude mice the development of
angioproliferative KS-like lesions that are not observed with each factor alone. Inflammatory cytokines induce the tissue expres-
sion of both basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF), two angiogenic molecules
highly produced in primary KS lesions. However, bFGF, but not VEGF, synergizes with Tat in vivo and induces endothelial cells
to migrate, to adhere, and to grow in response to Tat in vitro. Tat angiogenic effects correlate with the expression of theavb3

integrin that is induced by bFGF and binds the arginine-glycine-aspartic acid (RGD) region of Tat. In contrast, no correlation is
observed with the expression ofavb5, which is promoted by VEGF and binds Tat basic region. Finally, KS lesion formation
induced by bFGF and Tat in nude mice is blocked by antagonists of RGD-binding integrins. Becauseavb3 is an RGD-binding
integrin that is highly expressed in primary KS lesions, where it colocalizes with extracellular Tat on vessels and spindle cells, these
results suggest thatavb3 competitors may represent a new strategy for the treatment of AIDS-KS. The Journal of Immunology,
1999, 163: 1929–1935.

H uman immunodeficiency virus-1, the etiologic agent of
AIDS (1, 2), contains several regulatory genes that co-
ordinate its expression and replication (reviewed in Ref.

3). Among them, thetat gene codes for a protein, Tat, which trans-
activates viral gene expression (4). During acute infection of T
cells by HIV-1, Tat is released into the extracellular compartment
both in vitro (5–7) and in vivo (8, 9). In this form, Tat enhances
angiogenesis, increasing the frequency of development and the ag-
gressiveness of Kaposi’s sarcoma (KS)3 (3), an angioproliferative

disease very frequent and aggressive only in association with
AIDS (AIDS-KS) (10, 11).

In particular, picomolar concentrations of extracellular Tat pro-
mote the locomotion, adhesion, and growth of spindle cells of
endothelial cell (EC) origin derived from KS lesions (KS cells) (5,
6, 12, 13) and of normal EC, considered to be the precursors of KS
cells (14). However, to become responsive to these effects of Tat,
EC require a preactivation with inflammatory cytokines (IC) (12,
13, 15). Among them, IL-1b, TNF-a, and IFN-g play a major role
in inducing EC responsiveness to the in vitro effects of Tat (15–
18). These IC are the same increased in lesions and blood of
AIDS-KS patients and patients at risk of KS (17–24).

The requirement of other factors for Tat effects is observed also
in vivo. In fact, Tat promotes the development of angioprolifera-
tive KS-like lesions in mice only when injected with suboptimal
(nonlesion forming) amounts of basic fibroblast growth factor
(bFGF) (8), an angiogenic molecule highly expressed by KS cells
both in vitro and in primary lesions (8, 25–27).

Although angiogenesis is triggered by soluble angiogenic fac-
tors, it is modulated by integrin receptors that mediate the adhesive
interactions between EC and the extracellular matrix (ECM) (28).
Interestingly, Tat basic sequence present in the product oftat I
exon binds theavb5 integrin (29), whereas the arginine-glycine-
aspartic acid (RGD) region present at the carboxyl-terminal of Tat
binds theavb3 integrin, and by this interaction mediates the ad-
hesion of EC and KS cells to Tat (12).

In this study, we show that the in vivo KS-promoting effect of
Tat is triggered by IC expressed in KS lesions and that it requires
both the presence of bFGF, but not of vascular endothelial growth
factor (VEGF), and the binding of the RGD region of Tat to RDG-
binding integrin receptors such asavb3.
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Materials and Methods
Reagents

rHIV-1 Tat protein (from the IIIB isolate) was obtained and handled as
previously described to avoid protein oxidation (5–8). Human rbFGF,
VEGF, mouse rIL-1b, TNF-a, and IFN-g were purchased from Boehringer
Mannheim (Mannheim, Germany) or Promega (Madison, WI). Gelatin
(from bovine skin) and BSA (fraction V) were from Sigma (St. Louis,
MO). Human collagen IV and matrigel, a reconstituted basement mem-
brane derived from a tumor cell line (30), were obtained from Collabora-
tive Research (Bedford, MA). The glycine-arginine-glycine-aspartic acid-
serine (GRGDS) peptide (31) and the mutated glycine-arginine-glycine-
glutamic acid-serine (GRGES) peptide were from Research Genetics
(Huntsville, AL). Rabbit polyclonal anti-bFGF, anti-VEGF, anti-b5, and
anti-b3 Abs used for immunohistochemistry on mice tissues were from
Santa Cruz Biotechnology (Santa Cruz, CA).

Animal experiments and immunostainings

Proteins were injected s.c. into the lower back (right side) of BALB/cnu/nu
athymic mice. The negative control (PBS-0.1% BSA, protein suspension
buffer) was injected into the left side. Proteins or buffer (in 200ml of final
volume) were mixed with 200ml of Matrigel before inoculation. Matrigel
is not essential to observe lesion formation, but it increases the efficiency
of the assay (8). Mice were sacrificed 6 days later. At this time, the sites of
injection were evaluated for the presence of macroscopic angioproliferative
lesions. Tissue samples were taken from all sites, fixed in Formalin, and
analyzed microscopically after hematoxylin-eosin staining, as previously
described (8).

For the immunohistochemical stainings, frozen tissue sections from the
sites of inoculation were stained with the primary Abs by the peroxidase-
antiperoxidase method, as reported elsewhere (8). The slides were coun-
terstained with Mayer’s hematoxylin solution (Sigma) before evaluation.
Animal care was in accordance with institutional and international
guidelines.

Cell cultures and cell adhesion, migration, and growth
experiments

HUVEC, passages 4–8, were obtained, characterized, and cultured, as de-
scribed (5, 15).

Cell adhesion assays were performed with HUVEC seeded onto Tat-
coated plates and incubated for 1 h at37°C in a 5% CO2 atmosphere. After
incubation, adherent cells were fixed with 3% paraformaldehyde, stained
with Giemsa, and quantitated by light microscopy, as previously described
(32), by counting 5 high power fields/well.

Migration assays were conducted at 37°C in 5% CO2 for 5 h in the
Boyden chambers separated in two compartments by polycarbonate filters
(12 mm pore; Nucleoprobe, Cabin John, MD) coated with type IV collagen
(13). HUVEC were placed in the upper compartment of the Boyden cham-
bers, whereas Tat or its resuspension buffer (PBS-0.1% BSA), which was
employed as the negative control, was placed in the lower compartment.
Migrated cells were fixed in ethanol, double stained by toluidine-blue and
by hematoxylin-eosin, and quantitated by light microscopy by counting 5
fields/filter, as described previously (13).

Cell growth assays were performed with HUVEC seeded onto gelatin-
coated plates and grown in the presence or absence of Tat in medium
containing 10% FBS. Media and Tat were replaced after 2 days, and cells
were counted after 4 days by trypan blue dye exclusion (in triplicate), as
previously described (5, 15).

Results
Combined IC synergize with Tat in inducing angiogenesis and
the development of KS-like lesions in nude mice

Exposure to a combination of the same IC increased in KS patients
induces EC to become responsive to the cell adhesion, growth,
migration, and invasion effects of Tat (12, 13, 15–18). Experiments
were therefore performed to evaluate the in vivo effect of these IC.

As shown in Table I, injection of Tat alone had no effects on
lesion formation, as previously reported (8). Similarly, recombi-
nant IL-1b, TNF-a, or IFN-g was not capable of inducing angio-
proliferative lesions in mice when injected either alone or by com-
bining two of them together at 0.1 or 0.5mg each. Again, the
injection of mice with IL-1b, TNF-a, and IFN-g combined to-
gether at 0.1mg each had no effects, even in the presence of Tat.

In contrast, the combination of these cytokines at 0.5mg each
promoted the development of angioproliferative KS-like lesions in
8% of the inoculated mice, which increased to 50% of the inocu-
lated mice in the presence of Tat (Table I). Thus, IL-1b, TNF-a,
and IFN-g are all required to observe the synergy with Tat in
inducing macroscopic vascular lesions and histological changes
closely resembling early KS in humans. However, the least amount
of IC required to exert this angiogenic synergy with Tat is 0.5mg
of each cytokine.

IC induce expression of bFGF and VEGF; however, only bFGF
synergizes with Tat to induce KS-like lesions

Combined IL-1b, TNF-a, and IFN-g induce production and re-
lease of bFGF and VEGF in cultured EC and/or KS cells (33–35).
These angiogenic factors are highly expressed in KS lesions and
mediate autocrine and paracrine KS and EC growth effects and
angiogenesis (8, 25–27, 33–36). Therefore, immunohistochemical
analyses of the mice tissues inoculated with IC were performed to
evaluate the expression of these angiogenic factors. Injection of
combined IC at concentrations exerting angiogenic synergy with
Tat induced high levels of expression of both bFGF and VEGF
(Fig. 1). In contrast, lower IC concentrations, not sufficient to syn-
ergize with Tat in promoting angiogenesis (Table I), were not ca-
pable of inducing a significant bFGF and/or VEGF expression
(data not shown). These findings strongly suggested that IC may
synergize with Tat in vivo by promoting bFGF and VEGF
expression.

To investigate whether these two angiogenic factors were both
involved in the in vivo synergistic effects of Tat and IC, mice were
inoculated with suboptimal (nonlesion forming) amounts of bFGF
or VEGF alone or combined with Tat. In the presence of subop-
timal amounts of bFGF, Tat increased KS-like lesion formation
from 7 to 60% of the inoculated mice; on the contrary, no angio-
genic synergy was observed when Tat and suboptimal amounts of
VEGF were simultaneously injected in nude mice (Table II). Thus,

Table I. Combined IL-1b, TNF-a, and IFN-g synergize with Tat in
inducing the development of angioproliferative KS-like lesions in nude
micea

Injection

Vascular
Lesionsb

% n

Buffer 0 12
IL-1b (0.1 mg) 0 6
IL-1b (0.5 mg) 0 6
TNF-a (0.1 mg) 0 6
TNF-a (0.5 mg) 0 6
IFN-g (0.1 mg) 0 6
IFN-g (0.5 mg) 0 6
IL-1b 1 TNF-a (0.5 mg each) 0 6
IL-1b 1 IFN-g (0.5 mg each) 0 6
IFN-g 1 TNF-a (0.5 mg each) 0 6
IL-1b 1 TNF-a 1 IFN-g (0.1 mg each) 0 12
IL-1b, TNF-a, IFN-g (0.5 mg each) 8 12
Tat (10mg) 0 12
IL-1b 1 TNF-a 1 IFN-g (0.1 mg each)1 Tat (10mg) 0 12
IL-1b, TNF-a, IFN-g (0.5 mg each)1 Tat (10mg) 50 12

a rIL-1b, TNF-a, IFN-g, or Tat were injected in nude mice, alone or in combi-
nation. The effects resulting from protein inoculation were controlled by the injection
of the protein resuspension buffer (PBS-0.1% BSA). The sites of injection were also
examined histologically after hematoxylin-eosin staining for alterations typical of KS
such as angiogenesis, spindle cell growth, edema and haemorrhagies, as performed
previously (8). SeeMaterials and Methodsfor experimental details.

b Data shown include the percentage of mice developing macroscopic angiopro-
liferative lesions and the number of mice inoculated.
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although IC induce expression of both bFGF and VEGF, Tat syn-
ergizes with bFGF, but not with VEGF to promote KS-like lesion
formation in mice.

bFGF but not VEGF induces endothelial cells to become
responsive to the growth, migration, and adhesion effects of Tat

As mentioned above, EC require a preactivation with combined IC
to become responsive to the in vitro effects of Tat (12, 13, 15–18).
Because IC induce both bFGF and VEGF expression, but bFGF

and not VEGF cooperates with Tat in inducing angiogenic lesions
in mice, experiments were addressed to verify whether bFGF or
VEGF were capable of inducing EC to become responsive to the
in vitro angiogenic effects of Tat, as found previously with IC.

The culture of HUVEC with bFGF induced these cells to adhere
onto immobilized Tat, whereas exposure to VEGF had no effects
(Fig. 2). Similarly, HUVEC cultured with bFGF, but not after cul-
ture with VEGF, migrated and proliferated in response to soluble
Tat (Fig. 2). Thus, bFGF, but not VEGF, synergizes with Tat in
vivo because only bFGF induces EC responsiveness to the adhe-
sion, migration, and growth effects of Tat.

The in vivo angiogenic effect of Tat correlates with the tissue
expression ofb3 but not withb5 integrin expression

bFGF and VEGF activate different angiogenic pathways that re-
quire different integrins. Specifically, bFGF promotes angiogenesis
by inducing avb3 expression, whereas VEGF inducesavb5 ex-
pression (37). These integrins modulate angiogenesis by affecting
EC invasion, migration, adhesion, and growth (28). As mentioned
above, Tat basic sequence bindsavb5 (29), whereas the RGD re-
gion of Tat bindsavb3 (12).

Because only IC or bFGF, but not VEGF, synergized with Tat
to promote lesions in mice and to induce EC growth, migration,
and adhesion to Tat, immunohistochemical stainings were per-
formed to analyze the type of integrins expressed in mice upon
injection of bFGF, VEGF, or IC.

As shown in Table III and in Fig. 3, tissues from mice injected
with bFGF showed a prevalentb3 expression, whereas injection of

FIGURE 1. Induction of bFGF and VEGF expression in mice inoculated with combined IC. Shown are3200 magnification of the bFGF staining of
tissues from mice injected with 1mg/each of combined mouse recombinant TNF-a, IL-1b, and IFN-g (upper left panel) or with the protein resuspension
buffer (PBS-0.1% BSA,upper right panel), and the VEGF staining of tissues from mice injected with 1mg/each of combined mouse recombinant TNF-a,
IL-1b, and IFN-g (lower left panel) or with the protein resuspension buffer (lower right panel). Staining experiments were performed on frozen tissues with
rabbit polyclonal anti-bFGF and anti-VEGF Abs by the peroxidase antiperoxidase method, as described inMaterials and Methods. Morphometric quan-
titative analysis of bFGF and VEGF expression was performed in tissues derived from two to four mice per each experimental condition. The average
percentage of bFGF-positive cells (range between minimal and maximal values) was 46% (44–48) in tissues from mice injected with combined IC, and
8% (0–16) in tissues from mice injected with the cytokine resuspension buffer. The average percentage of VEGF-positive cells was 36% (27–42) in tissues
from mice injected with combined IC, and 0% in tissues from mice injected with buffer. Each of these values derives from the counting of at least 3 high
power microscopic fields per slides per each inoculated mice.

Table II. bFGF, but not VEGF, synergizes with Tat in inducing the
development of angioproliferative KS-like lesions in nude micea

Injection

Vascular Lesionsb

% n

Buffer 0 12
Tat (10mg) 0 12
bFGF (0.1mg) 7 12
bFGF (0.1mg) 1 Tat (10mg) 60 12
VEGF (1 mg) 0 8
VEGF (1 mg) 1 Tat (10mg) 0 8

a rVEGF, bFGF, or Tat were injected in nude mice alone or combined. The effects
resulting from protein inoculation were controlled by the injection of the protein
resuspension buffer (PBS-0.1% BSA). The sites of injection were also examined
histologically after hematoxylin-eosin staining for alterations typical of KS such as
angiogenesis, spindle cell growth, edema and haemorrhagies, as performed previously
(8). SeeMaterials and Methodsfor experimental details.

b Data shown include the percentage of mice developing macroscopic angiopro-
liferative lesions and the number of mice inoculated.
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VEGF induced mostlyb5 expression. Specifically, bFGF injection
induced a 14-fold increase ofb3 expression over basal levels and
only a 2.4-fold increase ofb5 expression. In contrast, VEGF in-
duced 0- and 7-fold increase ofb3 andb5 expression, respectively.
Consistent with the induction of both bFGF and VEGF (Fig. 1), the
injection of combined IL-1b, TNF-a, and IFN-g promoted the
expression of bothb3 andb5, although the former was more ex-
pressed than the latter. In particular, following IC injection,b3

expression was increased up to 18-fold over basal levels, whereas
b5 was augmented up to 8-fold (Table III). Thus,b3 expression
induced by IC or bFGF correlated with the angiogenic synergy by
Tat (Tables I, II, and III). In contrast, the expression ofb5, induced
by VEGF, did not correlate with lesion formation. This suggested
that the binding of Tat RGD region toavb3 is required for the
synergistic effect of combined bFGF and Tat.

Tat promotes angiogenesis in vivo by engaging RGD-binding
integrins

To evaluate whether the in vivo angiogenic effect of combined Tat
and bFGF requires the engagement of RGD-binding integrins, in
vivo experiments were performed with integrin antagonists. As
shown in Fig. 4, competitors of RGD-binding integrins such as
RGD peptides (31, 38) blocked the development of KS-like lesions
induced by the injection of combined Tat and bFGF in mice. To

the contrary, the mutated RGE control peptide had no effects (Fig.
4). Histologic examination of the lesions indicated that RGD pep-
tides, but not RGE peptides, blocked angiogenesis, spindle cell
growth, and hemorrhagies (see legend to Fig. 4), the typical fea-
tures of KS lesions (8, 14). Thus, the engagement of RGD-binding
integrins by Tat is required to observe the synergistic angiogenic
KS-promoting effect of bFGF and Tat.

Discussion
Previous work indicated that the angiogenic KS-promoting effects
of Tat are induced in vitro by combined IC, including IL-1b,
TNF-a, and IFN-g (12, 13, 15–18). These IC are increased in
tissues and blood of AIDS-KS patients or in patients at risk of KS
(17–24).

The results shown herein indicate that these same IC also trigger
the angiogenic effects of Tat in vivo. In fact, injection of combined
IL-1b, TNF-a, IFN-g, and Tat promotes in nude mice the devel-
opment of angioproliferative KS-like lesions in which both bFGF
and VEGF are highly expressed (Table I and Fig. 1). This is con-
sistent with IC capability of promoting bFGF and VEGF produc-
tion in vitro by EC and KS cells (33–35). In addition, it resembles
primary human KS lesions, in which both angiogenic molecules
are highly expressed (27, 36) and cooperate to mediate angiogen-
esis, edema, and tumor growth through autocrine (bFGF) and para-
crine (bFGF and VEGF) effects (11, 25–27, 33–36). However,
IL-1b, TNF-a, and IFN-g are not capable of inducing angiopro-
liferative lesions in mice when each cytokine is inoculated alone or
when two of them are combined. The synergism among these three
cytokines is likely to occur because IFN-g up-regulates TNF re-
ceptor expression (39); TNF and IL-1, in turn, increase IFN-g
receptor levels (40); and TNF mimics the effects of IL-1 on EC
(41). Nevertheless, to exert angiogenic synergy with Tat, however,
IL-1b, TNF-a, and IFN-g have to be injected at concentrations
sufficient to induce a significant level of bFGF and/or VEGF ex-
pression (Table I and Fig. 1). These findings confirmed that Tat is
not directly angiogenic, but it enhances the effect of true angio-
genic factors (8). In fact, our recent work indicates that Tat re-
leases sequestered, extracellular-bound bFGF into a soluble form
by competing for its heparin binding sites (42). As a consequence,
Tat enhances the mitogenic effect of bFGF on EC (42). On the
contrary, Tat does not synergize with VEGF in promoting EC
growth (42). Consistent with these in vitro findings, in this study

FIGURE 2. Induction of EC responsiveness to the migration, adhesion, and growth effects of Tat by bFGF, but not by VEGF. HUVEC were cultured
for 4 days with 5 ng/ml of VEGF (gray bars), bFGF (black bars), or in their absence (negative control, white bars). The adhesion, migration, and growth
assays were then performed as described inMaterials and Methods. For all assays, data are the average from three experiments (6SD). For adhesion assays
(left panel), the number of adherent cells is expressed as the percentage increase of cell attachment (6SD) to immobilized Tat (10mg/ml) over the cell
adhesion seen with the protein resuspension buffer (PBS-0.1% BSA), which was given a 0% increase value. For the migration assays (central panel), results
are relative to the number of migrated cells per field in response to 20 ng/ml of Tat (average of 5 fields/filter). Data are expressed as the percentage increase
of cell migration (6SD) over the number of cells migrated toward the buffer, which was given a 0% increase value. For the growth assays (right panel),
results are relative to the number of HUVEC collected 4 days after the addition of Tat (10 ng/ml). Data are expressed as the percentage increase of cell
growth (6SD) over the number of cells grown in the absence of Tat (basal cell growth), which was given a 0% increase value.

Table III. b3 and b5 expression in tissues from mice inoculated with
combined IL-1b, TNF-a and IFN-g, bFGF, or VEGF

Injection

Average (range), % Positive Cellsa

b3 b5

Buffer 3 (0–6) 10 (5–15)
bFGF 42 (28–56) 24 (20–28)
VEGF 1 (1–1) 66 (61–70)
IL-1b, TNF-a, IFN-g 55 (40–69) 35 (30–40)

a Indicates the average percentage and the range (minimal and maximal values) of
stained cells in tissues derived from two to four mice per each experimental condition.
Each value derives from the counting of at least three high power microscopic fields
per slide. Nude mice were inoculated with bFGF (1mg), VEGF (1 mg), or with
combined IL-1b, TNF-a and IFN-g (0.5 mg/each). The effects resulting from protein
inoculation were controlled by the injection of the protein resuspension buffer (PBS-
0.1% BSA). Staining experiments were performed on frozen tissues with rabbit poly-
clonal anti-b3 or anti-b5 Abs by the peroxidase antiperoxidase method. SeeMaterials
and Methodsfor experimental details.
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we have shown that Tat exerts in vivo synergistic angiogenic ef-
fects with bFGF, but not with VEGF (Table II). In agreement with
these in vivo findings, the exposure of EC to bFGF induces their
adhesion onto immobilized Tat as well as their migration and
growth in response to soluble Tat. On the contrary, cell exposure
to VEGF has no effects (Fig. 2). These results indicate that bFGF
is specifically required for Tat angiogenic effect.

Previous work demonstrated that bFGF and VEGF promote an-
giogenesis by inducing distinct integrin pathways: VEGF pro-
motes the expression ofavb5 (37), an integrin that binds Tat basic
sequence (29), whereas bFGF induces the expression of theavb3

integrin (37), which binds Tat RGD region (12).
The avb3 receptor, which binds the RGD region of ECM mol-

ecules such as vitronectin (43), is highly expressed by KS cells
both in vitro and in primary human KS lesions (8, 12). In addition,
avb3 expression is induced in normal EC by the same IC that
induce EC responsiveness to Tat (12, 18).

Immunohistochemical analyses of the mice tissues indicated
that, differently from VEGF-inducedb5 expression, the expression
of b3, which is induced by IC or bFGF, correlates with Tat an-
giogenic effects (Tables I, II, and III, and Fig. 3). These results
suggested that the selective angiogenic effect of Tat could be due
to the specific interaction of its RGD sequence with theavb3 in-
tegrin, whose expression is triggered by bFGF or IC, but not by
VEGF. This is also supported by in vitro results indicating that Abs
directed againstavb3, but not anti-avb5 Abs block Tat-induced
migration and invasion of EC and KS cells (42).

Additional experiments confirmed that the in vivo angiogenic
effect of Tat requires the engagement of RGD-binding integrins. In
fact, the injection of RGD peptides, which are known inhibitors of

specific integrin function (31, 38), but not of mutated control RGE
peptides, inhibits the development of angioproliferative lesions in-
duced in nude mice by combined Tat and bFGF (Fig. 4).

The involvement of the RGD region in the in vivo angiogenic
effect of Tat is consistent with previous in vitro studies showing
that, as for the RGD region of ECM molecules (44–47), the bind-
ing of Tat-RGD region toavb3 provides EC with the adhesion
signal they require to proliferate in response to mitogens (8, 12,
42), promotes cellular migration, and activates the expression of
collagenase IV (8, 13, 42, 48), a protease that plays a key role in
angiogenesis and tumor progression (45, 47). Moreover, Tat was
found capable of inducing the expression of p125 focal adhesion
kinase (p125 FAK) that is activated by integrin triggering (49, 50,
and data not shown). This effect is specifically mediated by the
RGD region of Tat, because mutations of this Tat region, but not
of other Tat sequences, strongly decrease Tat-induced p125 FAK
tyrosine phosphorylation (50).

Although Tat was reported to stimulate angiogenesis by the
binding of its basic sequence to the VEGF receptor Flk-1/KDR
(51), this is unlikely to occur in our experimental system or in
primary KS lesions. In fact, Tat has no effect on resting EC (5, 6,
12, 13, 15–18) and it does not promote angiogenesis when it is
inoculated alone in mice (8, 17). Furthermore, in primary KS le-
sions the amount of VEGF is much higher than that of Tat (8, 35,
36), making unlikely a competition of the VEGF receptor by Tat
as opposed to its natural ligand. Finally, KS is found in several
epidemiologic forms that are not associated with HIV-1 infection,
but is more frequent and aggressive in AIDS (10, 11), indicating a
role for Tat as a progression and not as an initiating factor.

FIGURE 3. Activation of b3 or b5 integrin expression in mice inoculated with bFGF or VEGF. Shown are3200 magnification ofb3 staining (left
panels), b5 staining (middle panels), or by omission of the primary Ab (right panels) of mice tissues injected with bFGF (1mg, upper panels) or VEGF
(1 mg, lower panels).
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IC and bFGF are highly expressed in AIDS-KS lesions (8, 16,
24, 27), in which extracellular Tat costains withavb3 on both EC
and KS cells (8). This suggests that the mechanisms of Tat action
described in this study are operative in vivo and that integrin com-
petitors may be considered as a potential therapeutic strategy for
AIDS-KS.
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