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Fibroblast growth factor-2 (FGF-2) immobilized on non-tissue culture plastic promotes
adhesion and spreading of bovine and human endothelial cells that are inhibited by anti-
FGF-2 antibody. Heat-inactivated FGF-2 retains its cell-adhesive activity despite its incapac-
ity to bind to tyrosine-kinase FGF receptors or to cell-surface heparan sulfate proteoglycans.
Recombinant glutathione-S-transferase-FGF-2 chimeras and synthetic FGF-2 fragments iden-
tify two cell-adhesive domains in FGF-2 corresponding to amino acid sequences 38–61 and
82–101. Both regions are distinct from the FGF-receptor-binding domain of FGF-2 and
contain a DGR sequence that is the inverse of the RGD cell-recognition sequence. Calcium
deprivation, RGD-containing eptapeptides, soluble vitronectin (VN), but not fibronectin
(FN), inhibit cell adhesion to FGF-2. Conversely, soluble FGF-2 prevents cell adhesion to VN
but not FN, thus implicating VN receptor in the cell-adhesive activity of FGF-2. Accordingly,
monoclonal and polyclonal anti-avb3 antibodies prevent cell adhesion to FGF-2. Also, puri-
fied human avb3 binds to immobilized FGF-2 in a cation-dependent manner, and this
interaction is competed by soluble VN but not by soluble FN. Finally, anti-avb3 monoclonal
and polyclonal antibodies specifically inhibit mitogenesis and urokinase-type plasminogen
activator (uPA) up-regulation induced by free FGF-2 in endothelial cells adherent to tissue
culture plastic. These data demonstrate that FGF-2 interacts with avb3 integrin and that this
interaction mediates the capacity of the angiogenic growth factor to induce cell adhesion,
mitogenesis, and uPA up-regulation in endothelial cells.

INTRODUCTION

Angiogenesis, the growth of new blood vessels, plays
a key role in different physiological and pathological
conditions, including embryonic development,
wound repair, inflammation, tumor growth, and an-

giogenesis-dependent diseases (Folkman, 1995). Neo-
vascularization is a multi-step process. It begins with
the degradation of the basement membrane by pro-
teases secreted by activated endothelial cells that will
migrate and proliferate, leading to the formation of
solid endothelial cell sprouts into the stromal space.
Then, vascular loops are formed and capillary tubes
develop with formation of tight junctions and deposi-
tion of new basement membrane (Ausprunk and Folk-
man, 1977). A close interaction exists among cell-ad-
hesive proteins of the extracellular matrix (ECM), their
integrin receptors, and soluble angiogenesic growth
factors during each step of the angiogenesis process
(Ingber and Folkman, 1989a, 1989b; Davis et al., 1993;
Brooks et al., 1994; Plopper et al., 1995).

One of the best characterized modulators of angio-
genesis is the heparin-binding basic fibroblast growth
factor (FGF-2). FGF-2 has been demonstrated to in-
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duce neovascularization in vivo in different experi-
mental models (Basilico and Moscatelli, 1992) and to
be implicated in the growth of new blood vessels
during wound healing and chick embryo develop-
ment (Broadley et al., 1989; Ribatti et al., 1995). In vitro,
FGF-2 induces cell proliferation, migration, and pro-
duction of proteases in endothelial cells (Moscatelli et
al., 1986) by interacting with specific tyrosine kinase
receptors (FGFRs) and with heparan sulfate proteogly-
cans (HSPGs) of the cell surface (Johnson and Wil-
liams, 1993). In addition, FGF-2 modulates integrin
expression in endothelium (Enenstein et al., 1992;
Klein et al., 1993).

Integrins are a family of transmembrane, het-
erodimeric adhesion receptors comprised of a and b
subunits. The combination of different subunits pro-
duces distinct integrin molecules that mediate cell ad-
hesion to a variety of adhesive proteins of the ECM
such as fibronectin (FN), vitronectin (VN), throm-
bospondin (TSP), laminin, and collagens (Albelda and
Buck, 1990; Hynes, 1992; Ginsberg et al., 1992). In
addition to mediating cell adhesion, the interaction of
integrins with cell-adhesive proteins plays a crucial
role in regulating the response of endothelial cells to
soluble growth factors, including FGF-2 (Ingber et al.,
1986, 1987, 1990; Ingber and Folkman, 1988, 1989a,
1989b). Also, it has been demonstrated that avb3 inte-
grin is highly expressed by endothelial cells during
angiogenesis, and it is specifically required to sustain
neovascularization induced in vivo by FGF-2 (Brooks
et al., 1994; Friedlander et al., 1995). Despite these
observations, the molecular mechanism(s) underlying
the relationship between FGF-2 and the cell adhesion
machinery are not fully elucidated.

A first point of convergence between FGF-2 and the
cell-adhesion machinery may occur intracellularly and
is represented by the signal transduction mecha-
nism(s) activated by two biological effectors. For in-
stance, binding of cell-adhesive proteins to integrins
results in the activation of focal adhesion kinase
pp125FAK, that can be tyrosine phosphorylated also by
growth factors, including FGF-2 (Hatai et al., 1994).
Integrins and FGF-2 also share the activation of phos-
pholipase C (Banga et al., 1986; Peters et al., 1992),
mitogen-activated protein kinases (Chen et al., 1994;
Schlaepfer et al., 1994; Besser et al., 1995), inositol lipids
turnover (Banga et al., 1986; Peters et al., 1992), calcium
channel (Pelletier et al., 1992; Peters et al., 1992;
Schwartz, 1993), and protein kinase C (Vuori and Ruo-
slahti, 1993; Presta et al., 1989a) as common down-
stream targets for their intracellular signaling systems.
Interestingly, FGFRs, integrins, and intracellular trans-
ducers, including pp125FAK and protein kinase C, co-
localize in focal adhesion contacts (Plopper et al.,
1995). This may facilitate the cross-talk between sig-
naling pathways that has long been viewed as sepa-
rate systems.

Alternatively, the interplay between FGF-2 and the
cell adhesion machinery may occur extracellularly by
distinct mechanisms. 1) Adhesive proteins may signal
through FGFRs, as suggested by the presence in FGFR
of the trypeptide His-Ala-Val, implicated in ho-
mophilic cadherin interaction (Byers et al., 1992). Also,
FGFR contains regions characterized by a high homol-
ogy with the neuronal adhesion molecule L1 and with
the variant alternatively spliced exon NCAM isoform
(Mason, 1994), and it is involved in neurite outgrowth
stimulated by NCAM, N-cadherin, and L1 (Williams
et al., 1994). 2) FGF-2 binds directly to TSP (Taraboletti
et al., 1997) and may interact also with other adhesive
proteins including FN, laminin, and collagen (Feige et
al., 1989). 3) FGF-2 may interact with cell-adhesive
receptors, as indicated by its capacity to bind the
E-selectin-ligand ESL-1B in a myeloid cell line (Steeg-
maler et al., 1995).

Large amounts of FGF-2 are present in ECM both in
vivo and in vitro (Vlodavsky et al., 1987; Folkman et
al., 1988). Collagen-bound FGF-2 is mitogenically ac-
tive in situ for BALB/c-3T3 fibroblasts (Smith et al.,
1982) and FGF-2 immobilized onto heparin-coated
surfaces promotes endothelial cell adhesion (Baird et
al., 1988) and PC12 cell adhesion and differentiation
(Schubert et al., 1987). Finally, FGF-2 immobilized to a
plastic substrate retains the capacity to induce cell
proliferation and uPA production in adherent endo-
thelial cells (Presta et al., 1992). It is therefore tempting
to hypothesize that ECM-bound FGF-2 may induce
endothelial cell adhesion and act at the same time as a
localized, persistent stimulus for angiogenesis by in-
teracting with different cell-surface molecules.

In the present paper, we investigated the mecha-
nisms responsible for the endothelial cell-adhesive ca-
pacity of immobilized FGF-2. The results indicate that
surface-bound FGF-2 induces cell adhesion of cul-
tured endothelial cells of different origin. This de-
pends on the interaction of immobilized FGF-2 with
the VN receptor avb3. VN receptor plays a pivotal role
also in mediating the mitogenic activity and the uPA-
inducing capacity of soluble FGF-2, underlying the
complexity of the interaction among ECM compo-
nents, various endothelial cell-surface receptors (i.e.,
FGFRs, HSPGs, and integrins), and soluble and/or
immobilized FGF-2 during angiogenesis.

MATERIALS AND METHODS

Materials
Human recombinant FGF-2 was expressed and purified to homoge-
nity from transformed Escherichia coli cells by heparin-Sepharose
affinity chromatography (Isacchi et al., 1991). The production and
characterization of the synthetic peptides representing fragments of
human FGF-2 were described previously (Presta et al., 1991). Pep-
tides GRGDSPK and GRADSPK were from Neosystem Laboratoire
(Strasbourg, France). Bovine FN and VN were from Sigma (St.
Louis, MO). Anti-avb3 integrin antiserum was from Telios (San
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Diego, CA). Immunopurified anti-FGF-2 antibody was a gift from
D.B. Rifkin (New York University, New York, NY). Anti-avb3
monoclonal LM 609 antibody was from Chemicon International
(Temecula, CA). Anti-a5b1 integrin antiserum, anti-bovine FN anti-
serum, human VN, and anti-human VN monoclonal antibody were
gifts from E. Dejana (Istituto Mario Negri, Milan, Italy). Highly
specific antisera directed to av subunit, to b3 subunit purified from
human platelets, and to a synthetic peptide representing the COOH
terminus of the b5 subunit were gifts from G. Tarone (University
“La Sapienza,” Rome, Italy). Bovine TSP and anti-bovine TSP anti-
serum were gifts from G. Taraboletti (Istituto Mario Negri, Ber-
gamo, Italy).

Production and Purification of Recombinant
Glutathione-S-transferase (GST)-FGF-2 Fusion
Proteins
Human FGF-2 cDNA coding for amino acid residues FGF-2(20–156)
and two Fok-I fragments coding for amino acid residues FGF-2(20–
103) and FGF-2(104–156) were cloned in frame in pGEX-2T vector
(Pharmacia, Uppsala, Sweden) at the 39 end of cDNA. The recom-
binant plasmids were introduced in E. coli. After induction of GST
fusion proteins with 0.1 mM isopropyl b-d-thiogalactopyranoside,
the bacterial transformants were screened by Western blot analysis
using an anti-FGF-2 antiserum. Positive clones were grown on a
large scale, and FGF-2-GST chimeric proteins were purified on a
glutathione-agarose affinity chromatography column according to
manufacturer’s instructions.

Cell Cultures
Fetal bovine aortic endothelial GM 7373 cells were obtained from
the NIGMS Human Genetic Mutant Cell Repository (Institute for
Medical Research, Camden, NJ). They correspond to the BFA-1c
multilayered transformed clone described by Grinspan et al. (1983).
GM 7373 cells were grown in Eagle’s MEM containing 10% fetal calf
serum (FCS), vitamins, and essential and nonessential amino acids.
Human endothelium-derived EAhy 926 cells (Edgell, et al., 1983)
were provided by A. Albini (IST, Genova, Italy) and were grown in
DMEM containing 10% heat inactivated FCS, vitamins, and essen-
tial and nonessential amino acids. Chinese hamster ovary (CHO)
cells were a gift from D. Di Lorenzo (Spedali Civili, Brescia, Italy).
CHOflg7G clone expressing FGFR-1/flg was obtained by transfec-
tion of parental CHO cells with the plasmid 91023b-flg as described
(Rusnati et al., 1996). Both parental and CHOflg7G cells were grown
in Ham’s F-12 medium supplemented with 10% FCS.

Cell Adhesion Assay
Aliquots (100 ml) of 100 mM NaHCO3, pH 9.6 (carbonate buffer),
containing the adhesive molecule being tested were added to poly-
styrene non-tissue culture microtiter plates. After 16 h of incubation
at 4°C the solution was removed, and wells were washed three
times with cold phosphate- buffered saline (PBS). For the cell-
adhesion assay, confluent cultures of GM 7373 cells or EAhy 926
cells were trypsinized, washed, and resuspended with the appro-
priate medium. Preliminary observations had indicated that low
concentrations of serum were required in some experiments for
optimal cell adhesion to FGF-2–coated plastic. For this reason, 1%
FCS was utilized routinely in cell-adhesion experiments. Fifty thou-
sand GM 7373 cells or 6,000 EAhy 926 cells were resuspended in 200
ml of medium and were immediately seeded onto wells coated with
the molecule being tested or were mixed for 2 h at 4°C with
RGD-containing peptides, anti-integrin antibodies, or soluble adhe-
sive proteins before seeding. Routinely, cell adhesion was allowed
to occur for 2 h at 37°C. Then, wells were washed once with 2 mM
EDTA in PBS and once in MEM (GM 7373 cells) or DMEM (EAhy
926 cells) without serum. The washing procedure was repeated

three times. Adherent cells were trypsinized and counted in a
Burker chamber.

Scanning Electron Microscopy
Glass coverslips (10 mm in diameter) were immersed in 65% HNO3
for 1 h, washed with distilled water, immersed in 7% NaOH for 1
more hour, washed with distilled water again, and dryed. Cover-
slips were then placed within 24-well tissue culture plates and
coated overnight at 4°C with carbonate buffer containing 20 mg/ml
of FGF-2, FN, or VN. Then, free molecules were removed by wash-
ing the plates three times with cold PBS. EAhy 926 cells were seeded
at 20,000/cm2 and allowed to adhere onto glass coverslips. Adher-
ent cells were then fixed with 2.5% glutaraldehyde in 0.1 M caco-
dylate buffer (pH 7.4) for 3 h. Coverslips were then washed, osmi-
cated, dehydrated, critical point dried with a Balzer apparatus
(BAL-TEC Liechtenstein, Principality of Liechtenstein) and sputter
coated with an Edward apparatus (Edwards High Vacuum Inter-
national, Wilmington, MA). Cells were then viewed under a Philips
scanning electron microscope model XL 20 (Philips, Eindhoven, The
Netherlands) at 30 kV and photographed at 31,200 magnification.

Evaluation of the Mitogenic and uPA-inducing
Activity of FGF-2
GM 7373 cells were seeded at 70,000 cells/cm2 onto 96-well tissue
culture plastic and incubated for 16 h at 37°C with MEM containing
10% FCS. Then cells were washed with serum-free medium and
incubated for 24 h in fresh MEM containing 0.4% FCS, the molecule
under test, and increasing concentrations of anti-avb3 monoclonal
antibody, irrelevant IgGs, nonimmune serum or antisera directed to
human avb3, or to human a5b1. At the end of incubation, parallel
cultures were trypsinized and counted in a Burker chamber. uPA
activity was measured in the cell extracts as described (Presta et al.,
1989a) by using the plasmin chromogenic substrate d-norleucyl-
hexahydrotyrosyllysine p-nitroanilide acetate (American Diagnos-
tica, Greenwich, CT). Human urokinase (Calbiochem, San Diego,
CA) was used as a standard.

Isolation of avb3 Integrin
Human avb3 integrin was purified from term placenta according to
the method of Pytela et al. (1987) with modifications. The affinity
matrix was prepared by coupling the eptapeptide Gly-Arg-Gly-
Asp-Ser-Pro-Lys (GRGDSPK) (Neosystem Laboratories, Strasbourg,
France) to cyanogen bromide-activated Sepharose. Human placenta
(;250 g) was extensively rinsed with cold PBS and homogenized at
4°C in a food processor in PBS containing 100 mM octylglucoside, 1
mM CaCl2, 1 mM MgCl2, and protease inhibitors (1 mM phenylm-
ethylsulfonylfluoride and 1 mg/ml leupeptin). The homogenized
tissue was centrifuged at 10,000 3 g for 30 min, dialyzed against PBS
containing 0.1% NP 40, 1 mM CaCl2, 1 MgCl2, and protease inhib-
itors, and loaded onto a wheat germ lectin-Sepharose column (1.5 3
6 cm, Pharmacia) equilibrated in the same buffer. After extensive
washing, the column was eluted with PBS containing 200 mM
N-acetyl-d-glucosamine, 1 mM CaCl2, 1 mM MgCl2, and protease
inhibitors. Eluted fractions were pooled, dialyzed against PBS con-
taining 1 mM CaCl2, 1 mM MgCl2, and protease inhibitors, and then
loaded onto the GRGDSPK-Sepharose column (1 3 5 cm) equili-
brated in the same buffer. After extensive washing, the column was
eluted with PBS containing 10 mM EDTA, 1 mM CaCl2, 1 mM
MgCl2, and protease inhibitors. Eluted fractions were analyzed by
SDS-PAGE followed by silver staining of the gel and by Western
blot with specific antisera directed against a5b1 integrin or against
av, b3, and b5 integrin subunit. Purity of human avb3 integrin was
routinely $ 95% as assessed by soft laser scanning of the silver-
stained gel.

avb3 Integrin/FGF-2 Interaction in Endothelial Cells
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Cell-free avb3 Integrin/FGF-2 Interaction
Aliquots (1 ml) of carbonate buffer containing FGF-2, FN, or BSA
(each at 20 mg/ml) were added to polystyrene non-tissue culture
dishes (35 mm in diameter). After 16 h of incubation at 4°C, the
solutions were removed, and dishes were washed three times with
cold PBS and incubated for 30 min at 37°C with 1 mg/ml BSA.
Aliquots of purified human avb3 integrin (6 mg/sample) were
added to each dish and incubated for 4 h at 37°C on an orbital
shaker. At the end of incubation the solution was removed and the
dishes were washed three times with PBS containing 2 mM EDTA,
added with 150 ml of nonreducing SDS-PAGE sample buffer and
incubated for 1 h at 50°C. At the end of incubation dishes were
scraped with a rubber policeman, and the sample buffer was recov-
ered and analyzed on SDS-7% polyacrylamide gel under nonreduc-
ing conditions followed by Western blot using anti-b3 subunit and
anti-av subunit antisera. In some experiments, avb3 integrin inter-
action with immobilized FGF-2 was assessed in the presence of 20
mM EDTA or of 75 mg/ml of soluble FN or VN.

RESULTS

Substrate-bound FGF-2 Promotes Endothelial Cell
Adhesion to Non-Tissue Culture Plastic
When non-tissue culture plates were incubated for
16 h at 4°C with 20 mg/ml of FGF-2 dissolved in
carbonate buffer in the presence of tracer amounts of
125I-FGF-2, 5–8% of the growth factor remained ad-
sorbed to the substrate. This amount corresponds ap-
proximately to 8.4 3 1011 molecules/cm2. FGF-2
bound to plastic resists extraction with 6 M urea, with
methanol or ethanol both at 95%, but it is removed by
drastic treatment with detergents, including incuba-
tion for 1 h at 37°C with 0.5% Triton X-100 or by
boiling with 1% SDS.

To evaluate the endothelial cell-adhesive capacity of
FGF-2, fetal bovine aortic endothelial GM 7373 cells
were seeded onto non-tissue culture plates coated
with increasing concentrations of FGF-2. As shown in
Figure 1A, FGF-2 promotes a dose-dependent adhe-
sion of GM 7373 cells with a maximal effect observed
at 20 mg/ml. Two hours after seeding, 53,000–60,000
cells/cm2 adhere to the immobilized growth factor.
Under the same experimental conditions, FN, VN, and
TSP promote adhesion of 87,000, 65,000, and 62,000
cells/cm2, respectively. No significant cell adhesion
and spreading were observed on BSA-coated plastic
for concentrations of the molecule up to 50 mg/ml. The
cell-adhesive capacity of FGF-2 was fully retained
when FGF-2-coated plates were incubated for 30 min
at 37°C with 3% BSA before the cell-adhesion assay.
Microscopic observation of GM 7373 cells adherent to
FGF-2-coated plastic showed that most of the cells
spread onto the substrate, as observed for FN- and
VN-adherent cells (Figure 1B).

GM 7373 cell adhesion to FGF-2 is time-dependent,
with half-maximal and maximal number of cells ad-
herent to the substrate 60 min and 90 min after seed-
ing, respectively (Figure 1C). Cell spreading was ap-
parent 60 min after seeding. Also, neutralizing

affinity-purified anti-FGF-2 antibodies inhibited cell
adhesion to FGF-2 coated plastic in a dose-dependent
manner while antibodies directed to FN, VN, or TSP
and irrelevant IgGs were ineffective (Figure 1D). Con-

Figure 1. GM 7373 cell adhesion to FGF-2–coated plastic. (A) Non-
tissue culture plastic plates were incubated with carbonate buffer con-
taining the indicated concentrations of native FGF-2 (F), heat-denatur-
ated FGF-2 (V), BSA (r), histone III-S (f), native FN (ç), heat-
denaturated FN (É), VN (M), or TSP(D). GM 7373 cells were seeded
onto coated plates and allowed to adhere for 2 h at 37°C. Then, the
number of adherent cells was evaluated. Each point is the mean of six
to seven determinations in duplicate. SEM does not exceed 11% of the
values. (B) GM 7373 cells adherent to plastic coated with 20 mg/ml of
FN (a), native (b), or heat-denaturated (c) FGF-2, VN (d), BSA (e), and
histone III-S (f) were photographed under a phase-contrast microscope.
Original magnification 2563. (C) GM 7373 cells were seeded on FN-
(ç) or on FGF-2- (F) coated plates and allowed to adhere at 37°C for the
indicated times. Then, the number of adherent cells was evaluated.
Each point is the mean of two determinations in duplicate. SEM does
not exceed 16% of the values. (D) GM 7373 cells were seeded on
FGF-2-coated plates in the presence of the indicated concentrations of
anti-FGF-2 antibody (F) or of nonimmune IgG (O). After 2 h of incu-
bation at 37°C, the number of adherent cells was evaluated. Each point
is the mean of four to five determinations in duplicate. SEM does not
exceed 9% of the values. Arrow points to the number of cells adherent
to FGF-2-coated plastic in the presence of anti-FN antiserum (1:100),
anti-TSP antiserum (1:100), or anti-VN monoclonal antibody (1:5). Un-
der the same experimental conditions, these antibodies fully inhibited
GM 7373 cell adhesion to plastic coated with their corresponding
antigens.
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versely, antiFGF-2 antibody did not affect GM 7373
cell adhesion to plastic coated with FN, VN, or TSP.

To investigate the role of protein synthesis and se-
cretion in the process of endothelial cell adhesion to
the substrate, cells were treated with 20 mM cyclohex-
imide or 1 mM monensin for 1 h at 37°C before the
adhesion assay (Dejana et al., 1988). Inhibitors were
also added to the medium during the assay. In our
experimental conditions these molecules caused a lim-
ited decrease (10–30%) in the number of cells adherent
to FGF-2 or to FN, indicating that de novo protein
synthesis and secretion do not play a major role in cell
adhesion.

The capacity to adhere onto bFGF-coated plastic was
not limited to endothelial GM 7373 cells being shared
by adult bovine aortic endothelial cells (E. Tanghetti,
unpublished observations) and by human endothelial
EAhy 926 cells (Figure 2). When observed by scanning
electron microscopy, EAhy 926 cells adherent to
FGF-Z show a flattened morphology representative of
well spread cells with pseudopodia and short filapo-
dial extensions distributed all around the cell. Irregu-
lar margin with filapodial extensions are present also
in VN-adherent cells, while FN-adherent cells appear
cobblestone-shaped with more regular cell margins.

Mapping of the Cell-adhesive Region(s) of FGF-2
To assess the possibility that the net positive charge of
cationic FGF-2 was responsible for its cell-adhesive
activity, we compared the cell-adhesive capacity of
FGF-2 with that of histone III-S, a molecule that shares
similar charge and molecular weight with the growth
factor. Also, to evaluate whether an appropriate three-
dimensional structure was required for FGF-2 to exert
its cell-adhesive activity, heat-denaturated FGF-2 was
included in the cell adhesion assay. As shown in Fig-
ure 1, histone III-S promotes only a limited adhesion
and spreading of GM 7373 cells when compared with
FGF-2. In contrast, as observed for heat-denaturated
FN, heat-denaturated FGF-2 exerts a cell-adhesive ca-
pacity similar to that shown by the native molecule.
Thus, in analogy with different cell-adhesive proteins,
our data suggest that specific primary amino acid
sequence(s), rather than 3-D structure and/or net pos-
itive charge, mediate the cell-adhesive capacity of
FGF-2.

To assess this hypothesis, recombinant GST-fusion
proteins were produced in which the C terminus was
represented either by the fragment FGF-2(20–103) or
by the fragment FGF-2(104–155) that contains the pu-
tative FGFR-binding domain (Baird et al., 1988) (Fig-
ure 3A). As shown in Figure 3B, GST-FGF-2(20–103)
protein is up to 30 times more potent than GST-FGF-
2(104–155) in promoting endothelial cell adhesion. A
very limited cell-adhesive capacity was shown by GST
alone. These data suggest that amino acid sequence(s)

within FGF-2(20–103) mediate the cell-adhesive activ-
ity of the growth factor.

To identify these amino acid sequence(s), GM 7373
cells were allowed to adhere onto non-tissue culture
plastic coated with different synthetic peptides corre-
sponding to various regions of the FGF-2 molecule
(Figure 4A, B). Among the peptides tested, only those
corresponding to amino acid sequences FGF-2(38–61)
and FGF-2(82–101) promote cell adhesion and a lim-
ited spreading. At 300 mg/ml the two peptides allow
the adhesion of 33,000 and 44,000 cells/cm2, respec-
tively. Both cell-adhesive peptides are included within
the FGF-2 region comprised in the cell-adhesive chi-
mera GST-FGF-2(20–103) and are distinct from the
putative receptor-binding domain of FGF-2 (Figure

Figure 2. Scanning electronic microscopy of EAhy 926 endothelial
cells adherent to different substrata. Cells were allowed to adhere
onto glass coverslips coated with 20 mg/ml of FN (a), FGF-2 (b), or
VN (c). Then, cells were fixed and photographed as described in
MATERIALS AND METHODS.
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3A). To rule out the possibility that the above data
may be the mere consequence of differences in the
capacity of FGF-2 fragments to adhere to the sub-
stratum rather than reflect differences in cell-adhe-
sive capacity of the peptides, FGF-2 fragments were
tested in solution for the ability to prevent cells
adhesion to FGF-2. As shown in Figure 4C, prein-
cubation of GM 7373 cells in suspension with

increasing concentrations of FGF-2(38 – 61) or FGF-
2(82–101) caused a significant decrease in the num-
ber of cells that were able to adhere to FGF-2-coated
plastic. Peptide FGF-2(138 –154) was instead ineffec-
tive. In conclusion, the data identify the primary
amino acid sequences FGF-2(38 – 61) and FGF-2(82–
101) as those involved in the cell-adhesive capacity
of the growth factor.

Figure 3. Cell-adhesive capac-
ity of GST-FGF-2 fusion pro-
teins. (A) Schematic repre-
sentation of the recombinant
GST-FGF-2 fusion proteins.
GST-FGF-2(20–103) contains the
two cell-adhesive fragments
FGF-2(38–61) and FGF-2(82–
101), both bearing the trypep-
tide DGR (see text). GST-FGF-
2(104–155) contains the putative
FGFR-binding domain (Baird et
al., 1988). (B) GM 7373 cells were
seeded and allowed to adhere
onto non-tissue culture plastic
coated with the indicated con-
centrations of FGF-2 (f), recom-

binant GST (D), GST-FGF-2(20–103) fusion protein (F), or GST-FGF-2(104–155) fusion protein (O). The number of adherent cells was
evaluated after 2 h of incubation at 37°C. Each point is the mean of four determinations in duplicate. SEM does not exceed 18% of the values.

Figure 4. Mapping of FGF-2 cell-adhesive domains. (A) GM 7373 cells were allowed to adhere onto non-tissue culture plastic coated with
100 mg/ml (white bars) or 300 mg/ml (black bars) of the indicated synthetic fragments of human FGF-2. The number of adherent cells was
evaluated after 2 h of incubation at 37°C. Each point is the mean 6 SEM of three to five determinations in duplicate. (B) Phase-contrast
microphotographs of cells adherent to plastic coated with 300 mg/ml of peptides FGF-2(38–61) (a), FGF-2(82–101) (b), and FGF-2(138–155)
(c). Original magnification 1283. (C) GM 7373 cells were incubated in suspension for 90 min at 37°C with increasing concentrations of
peptides FGF-2(38–61) (F), FGF-2(82–101) (O), or FGF-2(138–155) (å). Then, cells were centrifuged to remove unbound peptides and seeded
onto non-tissue culture plates coated with 20 mg/ml of FGF-2. The number of adherent cells was evaluated after 2 h of incubation at 37°C,
corrected for the nonspecific cell adhesion measured onto BSA-coated wells, and expressed as percentage of peptide-untreated cells
specifically bound to FGF-2-coated plates. Each point is the mean of five to seven determinations in duplicate. SEM does not exceed 14% of
the values.
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avb3 Integrin Mediates the Cell-adhesive Activity of
FGF-2
FGF-2 is known to bind to FGFRs and HSPGs of the
cell surface. However, the above data indicate that the
receptor-binding domain of FGF-2 does not mediate
cell adhesion to the growth factor. Furthermore, hep-
arin causes only a limited inhibition of endothelial cell
adhesion to FGF-2 even when administered at 1
mg/ml (Figure 5), a dose that is 1000 times higher than
that required to prevent the binding of 125I-FGF-2 to its
low-affinity sites (Rusnati et al., 1996). Accordingly,
undersulfation of cell-associated HSPGs by cell treat-
ment with 4-methyl-umbelliferyl-b-d-xyloside (Schor
and Schor, 1988; Saksela and Rifkin, 1990) induces a
60% reduction in the amount of 125I-FGF-2 that binds
to low-affinity sites without affecting cell adhesion to
FGF-2-coated plastic (E. Tanghetti, unpublished obser-
vations). Thus, the data indicate that FGFRs and cell-
associated HSPGs do not play a major role in mediat-
ing endothelial cell-adhesion to FGF-2. These findings
are in keeping with the capacity of heat-denaturated
FGF-2 to promote endothelial cell adhesion (see Figure
1), despite its incapacity to bind to FGFRs and to
cell-surface HSPGs.

Integrins are cell surface receptors that mediate cell
adhesion to different molecules. These receptors rec-
ognize Arg-Gly-Asp (RGD) sequences in their ligands
in a calcium-dependent manner (Ruoslahti and Pier-
schbacher, 1987). Examination of the primary se-
quences of the cell-adhesive peptides FGF-2(38–61)
and FGF-2(82–101) shows the presence of the amino

acid sequence DGR at position 46–48 and 88–90, re-
spectively (Figure 3A). Interestingly, both RGD- and
DGR-containing peptides have been demonstrated to
compete with adhesive proteins for integrin interac-
tion (Humphries et al., 1986; Yamada and Kennedy,
1987; Koivunen et al., 1993). On this basis, the possi-
bility that integrins are involved in the cell-adhesive
activity of FGF-2 was investigated. To this purpose,
we evaluated the effect of calcium and of RGD-con-
taining eptapeptides on endothelial cell adhesion to
FGF-2. As shown in Figure 5, calcium deprivation
inhibits endothelial cells’ adhesion to FGF-2 and to
FN, which was completely restored by addition of an
excess of CaCl2 to the medium during the assay. Also,
the synthetic peptide GRGDSPK, but not GRADSPK,
inhibits endothelial cell adhesion to FGF-2 and to FN.
It must be pointed out that calcium deprivation and
RGD-containing peptides do not affect the binding of
125I-FGF-2 to HSPGs and FGFRs in GM 7373 cells
(Presta et al., 1991). Finally, we evaluated the capacity
of soluble FN and VN to inhibit GM 7373 cell adhesion
to immobilized FGF-2. As shown in Figure 6A, a 90
min-incubation of GM 7373 cells in suspension with
soluble VN before the assay prevented cell adhesion
and spreading onto FGF-2, while preincubation with
soluble FN was ineffective. Conversely, soluble FGF-2
inhibits GM 7373 cell adhesion to VN but not to FN

Figure 5. Effect of calcium ion, RGD-containing peptides, and
heparin on GM 7373 cell adhesion to FGF-2–coated plastic. Cells
were seeded onto non-tissue culture plates coated with 20 mg/ml of
FGF-2 or FN in the presence of 10 mM EGTA (black bars), 10 mM
EGTA added with 20 mM CaCl2 (white bars), 30 mg/ml of the
peptide GRGDSPK (hatched bars), 30 mg/ml of the peptide GRAD-
SPK (shaded bars), or 1 mg/ml of heparin (cross-hatched bars). The
number of adherent cells was evaluated after 2 h of incubation at
37°C, corrected for the nonspecific cell adhesion measured onto
BSA-coated wells, and expressed as percentage of cells adherent to
FGF-2 or to FN in the absence of any addition. Each point is the
mean 6 SEM of three to six determinations in duplicate.

Figure 6. Effect of soluble VN and FGF-2 on GM 7373 cell adhe-
sion. (A) GM 7373 cells were incubated in suspension for 90 min at
37°C with increasing concentrations of VN (O) or FN (F). Then, cells
were centrifuged to remove unbound molecules and seeded onto
non-tissue culture plates coated with 10 mg/ml of FGF-2 and satu-
rated with 10 mg/ml BSA. (B) In a parallel experiment cells were
incubated for 90 min at 37°C with increasing concentrations of
FGF-2, centrifuged, and seeded onto non-tissue culture plates
coated with 10 mg/ml of VN (O) or FN (F) and saturated with 10
mg/ml BSA. In both experiments, the number of adherent cells was
evaluated after 2 h of incubation at 37°C, corrected for the nonspe-
cific cell adhesion measured onto BSA-coated wells, and expressed
as percentage of cells adherent to the different substrata when
preincubated the in absence of soluble molecules. Each point is the
mean of three determinations in duplicate. SEM does not exceed
13% of the values.
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(Figure 6B). Taken together, the data support the hy-
pothesis that integrins, possibly VN receptors, are in-
volved in cell adhesion to FGF-2.

On this basis, we evaluated the effect of neutralizing
antisera directed to the human VN receptor avb3 or to
the human FN receptor a5b1 on endothelial cell adhe-
sion to FGF-2. Preliminary experiments demonstrated
that anti-avb3 antiserum does not cross-react with the
100-kDa b1 subunit or with the 85-kDa b5 subunit in
endothelial cells, while anti-a5b1 antiserum shows a
limited cross-reactivity for the b3 subunit (E. Tang-
hetti, unpublished observations). As shown in Figure
7A, antiserum to avb3 inhibits endothelial cell adhe-
sion to FGF-2 and to VN, without affecting the adhe-
sion to FN. Conversely, antiserum to a5b1 inhibits the
adhesion of endothelial cells to FN-coated plastic, ex-
erting only a limited effect on VN- or FGF-2-depen-
dent adhesion.

In agreement with these observations, the highly
specific monoclonal LM 609 antibody directed to avb3
(Cheresh, 1987) completely prevented endothelial cell

adhesion to FGF-2-coated plastic while irrelevant IgGs
were ineffective (Figure 7B). In conclusion, the data
demonstrate that avb3 mediates the cell-adhesive ca-
pacity of immobilized FGF-2.

In Vitro Interaction of FGF-2 with avb3

The above observations prompted us to assess
whether FGF-2 can interact with avb3 integrin in vitro.
To this purpose, avb3 integrin was purified from hu-
man term placenta (see MATERIALS AND METH-
ODS for details). As shown in Figure 8A, SDS-PAGE
analysis of the purified material followed by silver
staining of the gel shows the presence of two bands
with apparent molecular masses of 138 and 85 kDa.
They were identified as the av and b3 subunits of the
VN receptor because of their molecular mass and im-
munoreactivity with specific anti-av and anti-b3 anti-

Figure 7. Effect of anti-avb3 antibodies on endothelial cell adhe-
sion to FGF-2-coated plastic. (A) EAhy 926 cells were incubated for
30 min at 37°C with neutralizing antisera directed to human a5b1
integrin (FNR) or avb3 integrin (VNR) at 1:400 or 1:200 dilution
(vol/vol), respectively. Then, cells were seeded onto non-tissue
culture plates coated with 20 mg/ml of FN (white bar), VN (shaded
bars), or FGF-2 (black bars). The number of adherent cells was
evaluated after 2 h of incubation at 37°C, subtracted from the
nonspecific cell adhesion, measured onto BSA-coated wells, and
expressed as percentage of cells adherent to the different substrata
in the presence of nonimmune serum. Each point is the mean 6
SEM of four determinations in duplicate. (B) GM 7373 cells were
incubated for 30 min at 37°C with the indicated concentrations of
irrelevant IgG (O) or of monoclonal anti-avb3 antibody (F). Then,
cells were seeded onto non-tissue culture plates coated with 20
mg/ml of FGF-2. The number of adherent cells was evaluated after
2 h of incubation at 37°C, corrected for the nonspecific cell adhesion
measured onto BSA-coated wells and expressed as percentage of
cells adherent to the different substrata in the absence of any addi-
tion. Each point is the mean of three determinations in duplicate.
SEM does not exceed 13% of the values.

Figure 8. Purification of avb3 integrin from human placenta and
its interaction with immobilized FGF-2. Human term placenta ex-
tract was applied onto a wheat germ lectin-Sepharose column that
was eluted with N-acetyl-d-glucosamine. Eluted proteins (a) were
loaded onto a GRGDSPK-Sepharose column that was then eluted
with EDTA (b). Proteins (15 and 0.5 mg/sample for a and b, respec-
tively) were analyzed by SDS-PAGE on 8% polyacrylamide gel
under reducing conditions and visualized by silver staining (A). In
panel B, aliquots (0.1 mg) of purified avb3 integrin (corresponding to
the material visualized in panel A, lane b) were analyzed by West-
ern blotting using the indicated polyclonal antibodies. (C) Aliquots
(6 mg) of purified human avb3 were incubated onto plastic dishes
coated with FN, BSA, or FGF-2 in the absence or in the presence of
soluble FN or VN (both at 75 mg/ml), or in the presence of 20 mM
EDTA. At the end of incubation proteins bound to plastic were
extracted and analyzed by Western blotting with anti-b3 and anti-av
antibodies. Molecular weights are in thousands.
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bodies, respectively. These bands do not cross-react
instead with anti-b5 and anti-a5b1 antibodies (Figure
8B). Prolonged time of exposure of the film revealed
only trace amounts of this latter integrin in the avb3
preparation.

The purified human avb3 integrin was then assessed
for its capacity to interact with FGF-2 in a cell-free
system. To this purpose the growth factor was immo-
bilized onto non-tissue culture plastic and assessed for
its capacity to bind the purified VN receptor. As
shown in Figure 8C, avb3 binds to immobilized FGF-2
but not to FN or BSA. Moreover, interaction of avb3
with immobilized FGF-2 is prevented by soluble VN
but not by soluble FN. Finally, EDTA prevents the
formation of the FGF-2/avb3 complex.

Anti-avb3 Antibodies Inhibit the Biological Activity
of Soluble FGF-2
The above data demonstrate the interaction of im-
mobilized FGF-2 with avb3 integrin located at the
basal site of the endothelial cell. However, in vitro
and in vivo studies have shown that avb3 integrin is
present also at the luminal aspect of endothelium
(Conforti et al., 1992), raising the possibility that also
free FGF-2 may interact with the VN receptor. On
this basis, to assess the role of VN receptor in me-
diating the biological activity of FGF-2, we evalu-
ated the effect of monoclonal and polyclonal neu-
tralizing anti-avb3 antibodies on the mitogenic and
uPA-inducing activity exerted by soluble FGF-2 on
GM 7373 cells adherent to tissue culture plastic.
When added to the cell culture medium, monoclo-
nal anti-avb3 antibody inhibits the mitogenic activ-
ity of FGF-2 in a dose-dependent manner (Figure
9A). The effect was specific, as demonstrated by the
incapacity of this antibody to inhibit the mitogenic
activity exerted by other mitogens, including FCS,
epidermal growth factor (EGF), and the phorbol
ester 12-O-tetradecanoyl phorbol 13-acetate (TPA)
(Figure 9B). Accordingly, polyclonal anti-VN recep-
tor antiserum, but not anti-FN receptor antiserum,
specifically inhibits the mitogenic activity exerted
by soluble FGF-2. Also, monoclonal anti-avb3 anti-
body, anti-VN receptor antiserum, but not anti-FN
receptor antiserum fully prevent uPA up-regulation
induced by soluble FGF-2 in GM 7373 cells without
affecting the uPA-inducing activity of TPA (Figure
10A, B). As shown in Figure 10C, anti-VN receptor
antiserum inhibits also uPA production induced by
soluble FGF-2 in CHO cells transfected with FGFR-
1/flg (Rusnati et al., 1996), thus suggesting that the
involvement of avb3 integrin in mediating the bio-
logical activity of FGF-2 is not restricted to endothe-
lial cells.

DISCUSSION

In the present paper we demonstrate for the first time
that immobilized FGF-2 interacts with a member of
the integrin family, namely avb3, thus promoting en-
dothelial cell adhesion and spreading. Also, anti-avb3
monoclonal and polyclonal antibodies specifically in-
hibit cell proliferation and uPA up-regulation induced
by soluble FGF-2 in GM 7373 cells grown on tissue
culture plastic. These data implicate avb3/FGF-2 in-
teraction in mediating the biological activity of the
growth factor and may explain and extend previous
observations on the capacity of avb3 antibodies to
selectively inhibit angiogenesis stimulated by FGF-2
(Friedlander et al., 1995).

Figure 9. Effect of anti-avb3 antibodies on the mitogenic activity of
soluble FGF-2. (A) GM 7373 cells grown on tissue culture plates
were incubated with FGF-2 (10 ng/ml) in the presence of the indi-
cated concentrations of monoclonal antiavb3 antibody (black sym-
bols) or irrelevant antibody (open symbols). (B) Cells were treated
with 10% FCS, EGF (30 ng/ml), or TPA (100 ng/ml) in the absence
(black bars) or in the presence of 50 mg/ml of monoclonal anti-avb3
antibody (white bars) or of irrelevant antibody (gray bars). (C) Cells
grown on tissue culture plates were incubated with FGF-2 (10
ng/ml) in the presence of the indicated concentration of anti-avb3
antiserum (F), antia5b1 antiserum (O), or irrelevant antiserum (D).
(D) Cells were treated with 10% FCS, EGF, or TPA (doses as in panel
B) in the absence (black bars) or in the presence of 1% (vol/vol) of
anti-avb3 antiserum (white bars), anti-a5b1 antiserum (gray bars), or
irrelevant antiserum (striped bars). After 24 h, all cell cultures were
trypsinized and cells were counted in a Burker chamber. Control
GM 7373 cells incubated with 0.4% FCS or 10% FCS in the absence
of any addition were 37,000 6 7,000 and 72,500 6 5,600 cells/well,
respectively. Each point is the mean 6 SEM of two to three deter-
minations in duplicate.
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Our findings are in keeping with the observation
that the capacity to interact with avb3 and promote
endothelial cell adhesion is not limited to typical ECM
cell-adhesive proteins but is shared by a variety of
molecules with different biological activities, includ-
ing thrombin (Bar-Shavit et al., 1991), perlecan (Ha-
yashi et al., 1992), matrix metalloproteinase MMP-2
(Brooks et al., 1996), and human immunodeficiency
virus type 1 (HIV-1) Tat (Barillari et al., 1993; Voegel et
al., 1993; Weeks et al., 1993). Interestingly, HIV-1 Tat,
like FGF-2, is endowed with angiogenic capacity (Al-
bini et al., 1996).

Immobilized FGF-2 induces cell adhesion and
spreading of fetal bovine aortic endothelial GM 7373
cells and of human endothelial EAhy 926 cells. The
effect is time- and dose-dependent and is fully pre-
vented by neutralizing anti-FGF-2 antibodies. The cell-
adhesive activity of immobilized FGF-2 is similar to
that exerted by classic cell adhesion molecules like FN,
VN, and TSP, even though FGF-2 may require the
presence of low concentrations of serum (,1%) to
exert an optimal cell-adhesive capacity. Experiments
in progress in our laboratory indicate that lysophos-
phatidic acid, a phospholipid naturally occurring in
serum and able to induce focal adhesion assembly and
organization of actin stress fibers (Moolenaar, 1995;
Ridley and Hall, 1992), is responsible for this effect
(Tanghetti et al., manuscript in preparation).

Several experimental results indicate that the cell-
adhesive capacity of FGF-2 is mediated by the VN
receptor avb3. 1) Cell adhesion to FGF-2 is calcium-

dependent and it is inhibited by RGD-containing pep-
tides. 2) Soluble VN, but not soluble FN, inhibits en-
dothelial cell adhesion to FGF-2. Conversely, soluble
FGF-2 prevents cell adhesion to VN but not to FN. 3)
Monoclonal and polyclonal anti-avb3 antibodies, but
not anti-a5b1 antibody, inhibit endothelial cell adhe-
sion to FGF-2. 4) Immobilized FGF-2 binds to purified
human avb3 integrin in a cell-free system, and this
interaction is competed by soluble VN but not by
soluble FN. We cannot rule out the hypothesis that
FGF-2 may interact also with other members of the
integrin family, as it occurs for HIV-1 Tat protein that
promiscuously interacts with both avb3 and avb5 in-
tegrins (Voegel et al., 1993; Weeks et al., 1993). Exper-
iments are in progress to assess this possibility.

FGF-2 does not require its native three-dimensional
conformation to exert a cell-adhesive activity, indicat-
ing that linear amino acid sequence(s) of the growth
factor are involved in FGF-2/integrin interaction.
Binding to several specific linear amino acid se-
quences, including the well known RGD sequence, is
a typical feature of integrin-mediated cell adhesion
(McCarthy et al., 1986; Humphires et al., 1986, 1987;
Elices et al., 1990; Guan and Hynes, 1990; Isberg and
Leong, 1990; Yamada, 1991; Koivunen et al., 1993,
1994). We have identified two cell-adhesion domains
in FGF-2 corresponding to amino acid sequences
38–61 and 82–101. Both domains contain one DGR
sequence that is exposed onto the surface of the native
FGF-2 molecule (Eriksson et al., 1991). DGR is the
inverse of the integrin recognition sequence RGD
present on adhesive proteins. Since DGR-containing
peptides inhibit integrin-mediated cell adhesion to FN
(Humphries et al., 1986; Yamada and Kennedy, 1987;
Koivunen et al., 1993), it is tempting to hypothesize
that the two DGR sequences of FGF-2 are responsible
for the integrin-mediated cell-adhesive activity of the
growth factor. On the other hand, the two cell-adhe-
sive regions of FGF-2 have a highly positive net charge
that may be partially responsible for cell interaction.
Indeed, positively charged amino acid sequences play
an important role in integrin interaction. For instance,
peptides containing RGD plus a basic segment bind
more avidly to IIb/IIIa integrin than peptides contain-
ing RGD alone (Savage et al., 1990); a basic domain in
VN plays a role in the interaction with avb4 (Voegel et
al., 1993); a3b1 binds a basic peptide present within
laminin (Gehlsen et al., 1992); a5b1 and a3b1 bind to
poly-R or poly-K affinity columns (Voegel et al., 1993).
All these observations point to a cooperation between
integrin recognition sequences and basic amino acids
in mediating the binding of adhesive proteins to inte-
grin receptors. This kind of cooperation has been well
demonstrated for the HIV-1 Tat protein in which one
RGD sequence and the basic domain mediate integrin-
dependent cell adhesion (Voegel et al., 1993; Weeks et
al., 1993).

Figure 10. Effect of anti-avb3 antibodies on the uPA-inducing ac-
tivity of soluble FGF-2. (A) GM 7373 cells grown onto tissue culture
plates were incubated in fresh medium containing 0.4% FCS in the
absence (white bar) or in the presence of 10 ng/ml FGF-2 or 100
ng/ml TPA (crossed bars). One-half of FGF-2 or TPA-treated cell
cultures was added also with 100 mg/ml of monoclonal anti-avb3
antibody (gray bars) or with a 4% dilution (vol/vol) of anti-avb3
antiserum (striped bars) or of anti-a5b1 antiserum (black bars). After
24 h, cell-associated uPA activity was evaluated and expressed as
milliunits of uPA activity/mg of protein. (B) FGFR-1/flg transfected
CHO cells grown onto tissue culture plates were incubated with
fresh medium containing 0.4% FCS alone (f) or added with 10
ng/ml FGF-2 in the absence or in the presence of the indicated
dilutions of anti-avb3 (v) or of anti-a5b1 (O) antisera. Each point is
the mean 6 SEM of two to three determinations in duplicate.
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RGD- and DGR-containing tetra- and eptapeptides
inhibit the mitogenic activity exerted by soluble FGF-2
in endothelial cells in a competitive manner without
affecting the binding of the growth factor to FGFRs or
to HSPGs (Presta et al., 1991). Moreover, the cell-ad-
hesive fragments FGF-2(38–61) and FGF-2(82–101) an-
tagonize the mitogenic activity of soluble FGF-2 with-
out interacting with FGFRs (Presta et al., 1991). These
data suggest that the binding of FGF-2 to FGFR is not
sufficient to induce cell proliferation in endothelial
cells and that an interaction of FGF-2 with a cell-
surface integrin receptor is also required. This hypoth-
esis is sustained by the observation that monoclonal
and polyclonal anti-avb3 antibodies specifically inhibit
the mitogenic and uPA-inducing activity exerted by
soluble FGF-2 in endothelial cell cultures. These data
are in keeping with the observation that anti-avb3
antibody inhibits the angiogenic activity exerted in
vivo by FGF-2 without affecting neovascularization
induced by vascular endothelial cell growth factor,
transforming growth factor-a, or phorbol ester (Fried-
lander et al., 1995). Thus, the mechanism by which
endothelial avb3 integrin mediates FGF-2-induced an-
giogenesis may consist in an interaction with the
growth factor that promotes endothelial cell adhesion
and that cooperates with FGFR in transducing the
intracellular signals required for the induction of the
angiogenic phenotype. FGFR and avb3 integrin may
be favored in their cross-talk by their structural vicin-
ity that can occur both at the basal aspect of the
endothelium, where they colocalize in the focal adhe-
sion contacts (Plopper et al., 1995), and at the luminal
aspect of the endothelium, where avb3 is also ex-
pressed (Conforti et al., 1992).

avb3 integrin is highly expressed in endothelium
during angiogenesis and is involved in neovascular-
ization induced by FGF-2 (Brooks et al., 1994; Fried-
lander et al., 1995). We report here that FGF-2 interacts
with avb3 integrin, affecting different aspects of the
angiogenic phenotype of the endothelial cell, includ-
ing cell adhesion, cell proliferation, and protease pro-
duction. This novel interaction is part of the intimate
cross-talking existing between cytokines and vascular
cell adhesion events during angiogenesis.
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