
Abstract. Endothelial cells (ECs) and vascular smooth
muscle cells (VSMCs) have been shown to communicate with
each other via cytokine signaling during neovascularization.
In this study, we investigated the effect of platelet-derived
growth factor (PDGF), a cytokine released from tumors and
ECs, on vascular endothelial growth factor (VEGF) expression
in human VSMCs and underlying signal transduction pathways.
PDGF induced VEGF expression in a time- and concentration-
dependent manner. PDGF induced the activation of extra-
cellular signal-regulated kinase-1/2 (ERK-1/2), but not the
activation of c-jun amino terminal kinase (JNK) and P38
mitogen-activated protein kinase (MAPK). Specific inhibitor
of mitogen-activated protein kinase kinase (MEK)-1 was
found to suppress VEGF expression and promoter activity.
The expression of vectors encoding a mutated-type MEK-1
decreased the VEGF promoter activity. Electrophoretic
mobility shift assay revealed that PDGF dose-dependently
increased the DNA binding activity of AP-1. Transient trans-
fection studies using an AP-1 decoy oligonucleotide confirmed
that the activation of AP-1 is involved in PDGF-induced
VEGF upregulation. Conditioned media from the human
VSMCs pretreated with PDGF could remarkably stimulate
the in vitro growth of human umbilical vein endothelial cells
and this effect was partially abrogated by VEGF neutralizing
antibodies. The above results suggest that ERK-1/2 and AP-1
signaling pathways are involved in the PDGF-induced VEGF
expression in human VSMCs and that these paracrine signaling
pathways induce endothelial cell proliferation.

Introduction

Endothelial cells (ECs) and vascular smooth muscle cells
(VSMCs) are the major cellular components of small tumor

vessels. The interactions between these cells play significant
roles in the homeostasis of the structure and function of the
blood vessel (1). Angiogenesis, the growth of novel capillaries
from pre-existing vessels, is an essential step in tumor growth
and metastasis (2). The formation of new blood vessels is
mediated by angiogenic growth factors (3). The growth factors
not only bind their receptors on ECs and stimulate the cell
proliferation initiating new blood vessel formation but also bind
receptors on accessory cells, such as VSMCs, that maintain
vessel integrity (4). One of the most potent angiogenic factors
is vascular endothelial growth factor (VEGF), which stimulates
capillary formation and has specific mitogenic and chemotactic
activities for vascular ECs (5). VEGF is produced by various
cell types, including ECs, VSMCs, fibroblasts, epithelial cells,
mesenchymal cells, and macrophage (5-7).

A variety of cytokine and growth factors, including IL-1ß,
IL-6, PDGF-BB, TGF-ß, basic fibroblast growth factor, and
hepatocyte growth factor have been shown to induce VEGF
expression in malignant and non-malignant cell lines (5). The
binding of cytokine to specific cell surface receptors should
initiate intracellular signaling that ultimately induces VEGF.
However, the specific cytokine-induced signaling pathways
that contribute to VEGF upregulation have not been fully
elucidated. Hypoxia is an another well characterized inducer
of VEGF expression (8-10). Hypoxia leads to a rapid increase
in VEGF expression in numerous cells by both increasing the
transcription of the gene and prolonging the mRNA half-life
(11).

Two specific signal transduction pathways are known to
mediate the upregulation of VEGF: the PI-3 kinase/Akt (9)
and mitogen-activated protein kinase (MAPK) pathways
(12). The located upstreams of these pathways are activated
Src and Ras, which have also been associated with increased
VEGF production and angiogenesis in in vitro models (10,13).
Analysis of gene structure revealed that the VEGF gene has
several potential binding sites for tanscription factors, AP-1,
AP-2 and SP-1 (14), and hypoxic stress induced the activation
of AP-1, NF-κB and HIF-1 in various cell types (15,16). 

We have investigated the cytokine paracrine signalings
in perivascular cells which induce VEGF expression, thereby
enhancing the proliferation of ECs. In the present study, we
demonstrate that PDGF upregulates VEGF in human VSMCs
(hVSMCs) via activation of the ERK-1/2 and AP-1 pathways.
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We also show that the condition medium (CM) from hVSMCs
treated with PDGF can enhance the proliferation of ECs.

Materials and methods

Cell culture and culture conditions. hVSMCs were obtained
from American Type Culture Collection (Rockville, MD,
USA) and cultured in Hank's modified Dulbecco's minimal
essential medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 2 U/ml penicillin-streptomycin at
37˚C in 5% CO2. Human umbilical vein endothelial cells
(HUVECs) were obtained from American Type Culture
Collection and cultured in DMEM supplemented with 15%
FBS and 5 ng/ml basic fibroblast growth factor (bFGF). To
determine the effects of PDGF (PDGF-BB, R&D Systems,
Inc., McKinley Place, NE) on Erk-1/2, JNK and P38 MAPK
activation, cells were harvested at various intervals and
phosphorylated and total protein levels were determined by
Western blot analysis. To examine the role of specific signaling
pathways in VEGF induction by PDGF, hVSMCs were
pretreated with 25 μM PD98059 (a MEK inhibitor, New
England Biolabs Inc., Beverly, MA), 20 μM SP600125 (a
JNK inhibitor, Calbiochem, San Diego, CA) and 10 μM
SB203580 (a specific P38 MAPK inhibitor; Calbiochem) for
1 h prior to exposure to PDGF, and the level of VEGF mRNA
was measured by Northern blot analysis.

ELISA for VEGF concentration. The concentration of VEGF
in the culture supernatants was measured by ELISA using a
commercially available kit (Immunoassay Kit Human VEGF;
BioSource International Camarillo, CA). Briefly, samples
were incubated in microtiter plates precoated with a mono-
clonal antibody specific for VEGF. After incubation at room
temperature for 2 h and washing, a substrate solution was
added. Color development was stopped after 30 min at room
temperature, and the color intensity was read at 450 nm within
30 min.

Western blot analysis. Protein extraction and Western blot
analysis were performed as previously described (5). The
primary antibody preparations used in this study were 1:1000
dilutions of rabbit polyclonal anti-phosphospecific ERK-1/2,
anti-phosphospecific JNK, and anti-phosphospecific P38
MAPK antibodies (New England Biolabs Inc.). The secondary
antibody was horseradish peroxidase-labeled anti-rabbit
immunoglobulins from donkey (Amersham Corp., Arlington
Heights, IL) used at a 1:3000 dilution. Protein bands were
visualized using a commercially available chemiluminescence
kit (Amersham Corp.). Total protein levels were assayed by
washing the blotted membrane with stripping solution [100 mM
2-mercaptoethanol, 2% sodium dodecyl sulfate, and 62.5 mM
Tris-HCl (pH 6.7)] for 30 min at 50˚C and then reprobing the
membrane with rabbit polyclonal anti-p44/42, anti-JNK, and
anti-P38 antibodies diluted at 1:1000. 

Northern blot analysis. Total RNA extraction and Northern
blot hybridization were performed as previously described (5).
The cDNA probe for VEGF was generated by PCR using sense
(5'-TCCAGGAGTACCCTGATGAG-3') and antisense (5'-ATT
CACATTTGTTGTGCTGT-3') primers (17). The glycer-

aldehyde-phosphate dehydrogenase (GAPDH) probe was
purchased from American Type Culture Collection. Each
cDNA probe was radiolabeled with [·-32P]deoxyribo-
nucleoside triphosphate by the random-priming technique
using the Rediprime labeling system (Amersham Corp.). The
probed nylon membranes were exposed to radiographic films
(Life Technologies Inc., Grand Island, NY).

Measurement of VEGF promoter activity. A 2951-bp fragment
containing the 5' flanking region and transcriptional start site
of the VEGF gene (-2362 to +589 bp) was prepared by PCR
with genomic DNA of VEGF as a template. The specific
primers contained KpnI and SmaI linker sites (18). This PCR
product was cloned into the pGL3-Basic vector (Promega,
Madison, WI) to make a VEGF promoter-luciferase reporter
construct (pGL3-VEGF). hVSMCs (5x105) were seeded and
grown to 60-70% confluence and then pRLTK (an internal
control plasmid containing the herpes simplex thymidine
kinase promoter linked to the constitutively active Renilla
luciferase reporter gene) and pGL3-VEGF were cotransfected
into cells using FuGENE (Boehringer Mannheim, Indianapolis,
IN) according to the manufacturer's protocol. pRLTK and
pGL3 were cotransfected as a negative control. Cells were
incubated in the transfection medium for 20 h and treated
with PDGF for 8 h. The effects of signaling inhibitors on
VEGF promoter activity were determined by pretreating
cells with the inhibitors for 1 h prior to addition of PDGF.
Cotransfection studies were performed in the presence or
absence of AP-1 decoy oligodeoxynucleotides (ODNs) and
dominant-negative mutants of MEK-1. Phosphorothioate
double-stranded ODNs with sequences against the AP-1
binding site (5'-CAG CTC AGA AGT CAC TTC-3', 3'-GAA
GTG ACT TCT GAG CTG-5') were prepared (Genotech
Corp., Yusung, Korea) and annealed (AP-1 decoy ODNs).
The expression vector encoding for the inactive MEK-1
(pMCL-K97M) was a gift from Dr N.G. Ahn (University of
Colorado, Boulder, CO) (19). Cells were harvested using
passive lysis buffer (Dual-Luciferase Reporter Assay System;
Promega), and luciferase activity was determined using a
single sample luminometer according to the manufacturer's
protocol.

Transient transfection of AP-1-reporter. The AP-1-luciferase
(Luc) reporter construct was purchased from Clontech (Palo
Alto, CA). At 80-90% confluency, cells were washed and
incubated with Hank's modified Dulbecco's minimal essential
medium without serum and antibiotics for 5 h. The cells were
then transfected with 1 μg AP-1-reporter containing pGL3
vector using FuGENE6 (Boehringer Mannheim) for 24 h.
To determine the effect of PDGF on AP-1 activation, the
transfected cells were incubated with 0-10 ng/ml PDGF for
8 h. After incubation, cells were lysed and luciferase activity
was measured using a luminometer.

Extraction of nuclear proteins. Eighty to ninety percent
confluent hVSMCs were incubated overnight in medium
containing 1% FBS and treated with 0-10 ng/ml PDGF for
8 h. The cells were then resuspended in 500 μl cold buffer A
[50 mM Tris (pH 7.4), 150 mM NaCl, 0.2 mM EDTA, 3%
(v/v) glycerol, and 1.5 mM MgCl2]. After the cells were
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allowed to swell for 5 min on ice, they were lysed with 500 μl
buffer B [identical to buffer A except containing 0.05%
Nonidet P-40 (Sigma)]. The homogenate was gently layered
onto an equal volume cushion of buffer C [10 mM Tris
(pH 7.4), 25% (v/v) glycerol, and 1.5 mM MgCl2] and
centrifuged for 5 min at 200 x g. The white nuclear pellet
was resuspended in 75 μl cold high-salt lysis buffer (20 mM
HEPES (pH 7.9), 400 mM NaCl, 1 mM EDTA, 1 mM
dithiothreitol, and 1 mM phenylmethylsulfonyl fluoride).
This suspension was agitated for 30 min at 4˚C and then
microcentrifuged for 15 min at 4˚C. The resulting supernatant
was stored in aliquots at -80˚C. Protein was quantitated
spectrophotometrically using the BCA assay (Pierce) with
bovine serum albumin as a standard.

Electrophoretic mobility shift assay (EMSA). EMSA was
performed using the Gel Shift assay system (Promega).
Briefly, oligonucleotides containing the consensus sequence
for AP-1 (5'-CGC TTG ATG AGT CAG CCG GAA-3') were
end-labeled with [·-32P]adenosine triphosphate (3000 Ci/mmol;

Amersham Pharmacia Biotech, Buckinghamshire, UK) using
T4 polynucleotide kinase and then purified in a Microspin
G-25 column (Sigma) and used as a probe for EMSA. Nuclear
extract proteins (6 μg) were pre-incubated with binding buffer
[10 mM Tris-HCl (pH 7.5), 50 mM NaCl, 0.5 mM EDTA,
1 mM MgCl2, 0.5 mM dithiothreitol, 4% (v/v) glycerol, and
0.05 mg/ml poly (deoxyinosine-deoxycytosine)] for 5 min and
then incubated with the labeled probe for 15 min at 37˚C. Each
sample was electrophoresed in a 5% non-denaturing poly-
acrylamide gel in 0.5X Tris borate-EDTA buffer at 150 V for
4 h. The gel was dried and subjected to autoradiography

Determination of the effect of hVSMC-derived conditioned
medium (CM) on proliferation of HUVEC. CM derived
from hVSMCs was prepared as follows. Cells were grown to
95-100% confluence and incubated for 48 h in DMEM with
1% FBS and 10 ng/ml PDGF. After incubation, the supernatant
(conditioned medium, CM) was centrifuged, filtered, and
stored at -20˚C. To determine the effect of CM on endothelial
cell proliferation, HUVECs (5x103) were seeded on 96-well
plates (Falcon Laboratories, McLean, VA) and incubated for
24 h in DMEM containing 15% FBS and 10 ng/ml bFGF.
The medium was replaced with CM, and the cells were
incubated for 24 h. The neutralizing effect of anti-VEGF
antibody on CM activity was determined by incubating the
cells with CM after CM was treated for 1 h with 10 μg/ml
anti-VEGF antibody or non-specific IgG (R&D Systems).
Cell proliferation was determined by MTT assay.

Results

Effect of PDGF on VEGF mRNA and protein expression in
hVSMCs. To determine the effect of PDGF on VEGF ex-
pression in hVSMCs, cells were incubated with 0-20 ng/ml
PDGF for various periods and VEGF mRNA and protein
were measured by Northern blotting and ELISA, respectively.
As shown in Fig. 1A and B, PDGF treatment increased the
level of VEGF mRNA in a time- and dose-dependent manner.
Also, PDGF treatment increased the VEGF protein level. The
VEGF protein level increased nearly four times after cells
were incubated with 10 ng/ml PDGF for 48 h (Fig. 1C).

Involvement of Erk-1/2 in PDGF-induced VEGF expression.
To study the signaling pathways involved in VEGF induction
by PDGF, changes in the levels of phosphorylated and total
ERK-1/2, JNK, and P38 MAPK were determined in hVSMCs
after the cells were exposed to PDGF. As shown in Fig. 2A,
PDGF treatment led to a remarkable increase in ERK-1/2
phosphorylation within 15 min and the increased level was
maintained for 120 min. The level of total ERK-1/2 was
not significantly altered after PDGF treatment. In contrast,
however, PDGF did not induce the phosphorylation of JNK
and P38 MAPK. To examine further the specific role of
ERK-1/2 in PDGF-induced VEGF expression, hVSMCs were
pretreated with 25 μM PD98059 (a MEK inhibitor) before
PDGF treatment. The result showed that PD98059 remarkably
blocked the PDGF-induced VEGF expression (Fig. 2B).
However, 20 μM SP600125 (a JNK inhibitor) and 10 μM
SB203580 (a specific P38 MAPK inhibitor) did not affect the
PDGF-induced VEGF expression (Fig. 2B).
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Figure 1. Induction of VEGF by PDGF in hVSMCs. Northern blot analysis
was performed to determine the effect of PDGF on VEGF mRNA expression
in hVSMCs. The cells were incubated with 0-20 ng/ml PDGF for 8 h (A),
and with 10 ng/ml PDGF for the indicated times (B). ELISA was performed
to determine the VEGF protein level in the culture medium derived from
cells treated with or without 10 ng/ml PDGF for 48 h. Data represent the
means ± SD from triplicate measurements (C).
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Next, we sought to examine the effect of PDGF on the
transcriptional regulation of the VEGF gene. To this end,
hVSMCs were transiently transfected with the promoter-
reporter construct (pGL3-VEGF) of the human VEGF gene
fused to the luciferase gene. hVSMCs transfected with pGL3-
VEGF showed a 6-fold increase in promoter activity after
PDGF treatment (Fig. 3A). When the transfected cells were
pretreated with PD98059 before PDGF treatment, the induction
of VEGF promoter activity by PDGF was almost completely
inhibited (Fig. 3A). Again, SP600125 and SB203580 did not
affect significantly the VEGF promoter activity induced by
PDGF. Also, when the mutant form of MEK-1 (K97M) was
cotransfected with pGL3-VEGF into hVSMCs, the induction
of VEGF promoter activity by PDGF was inhibited dose
dependently (Fig. 3B). The above results strongly suggest
that the ERK-1/2 signaling pathway is involved in the PDGF-
induced activation of VEGF transcription.

Activation of transcription factor, AP-1, during PDGF-
induced VEGF expression. Since earlier studies had
suggested a potential role of the transcription factor, AP-1, in
VEGF expression, we investigated the effect of PDGF on the
activation of AP-1 in hVSMCs. As shown in Fig. 4A, PDGF
treatment led to a remarkable increase in the amount of AP-1
which could form a complex with the radiolabeled oligo-
nucleotide probe in EMSA. Consistent with the EMSA result,
PDGF treatment increased the AP-1-dependent transcriptional
activity, as revealed by transient transfection study using the
pAP-1-Luc reporter construct (Fig. 4B). Also, when the

hVSMCs were transiently transfected with an AP-1 decoy
oligonucleotide, the PDGF-induced VEGF promoter activity
was decreased dose dependently by the AP-1 decoy oligo-
nucleotide (Fig. 5). These results suggest that the transcription
factor, AP-1, is indeed involved in PDGF-induced VEGF
expression in hVSMCs.

Effect of conditioned medium (CM) derived from PDGF-
treated hVSMCs on proliferation of HUVECs. We investigated
whether CM obtained from PDGF-treated hVSMCs could
stimulate the growth of endothelial HUVECs. HUVECs were
cultured in the presence or absence of the CM and cell
proliferation was determined 24 h later by MTT assay. As
shown in Fig. 6, the CM remarkably stimulated the in vitro
growth of HUVECs. When the CM was pretreated with
anti-VEGF antibody, its proliferation-stimulatory effect was
significantly abolished. The non-specific IgG did not influence
the proliferation-stimulatory effect of CM. These results suggest
that VEGF induced by PDGF in hVSMCs may stimulate
endothelial cell proliferation.
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Figure 2. Activation of ERK-1/2 during PDGF-induced VEGF expression in
hVSMCs. hVSMCs were incubated with 10 ng/ml PDGF for 0-120 min, and
cell lysates were determined for the phosphorylated and total ERK-1/2,
JNK-1/2 and P38 MAPK by Western blot analysis (A). hVSMCs pretreated
with 25 μM PD98059 (PD), 20 μM SP600125 (SP), and 10 μM SB203580
(SB) for 1 h were incubated with 10 ng/ml PDGF for 8 h. After incubation,
the cell lysates were determined for the VEGF mRNA by Northern blot
analysis (B).

Figure 3. Effects of inhibitors of signaling pathways on VEGF promoter
activity induced by PDGF. hVSMCs were transiently transfected with 1 μg
pGL3-VEGF. The transfected cells, after being pretreated with 25 μM
PD98059 (PD), 20 μM SP600125 (SP) and 10 μM SB203580 (SB), were
incubated with 10 ng/ml PDGF for 8 h (A). Where indicated, different
concentrations of a dominant negative mutant of MEK-1 (pMCL-K97M)
were cotransfected with pGL3-VEGF into hVSMCs (B). After incubation,
the cells were lysed and the luciferase activity was measured using a
luminometer. Data represent the means ± SD from triplicate measurements.
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Discussion

PDGF is a potent mitogen and chemoattattractant for mesen-
chymal cells and fibroblasts (20). PDGF is composed of A,
B, C, and D polypeptide chains that form the homodimers
PDGF-AA, BB, CC and DD and the heterodimer PDGF-AB
(21). Accumulated evidence has shown that PDGF-B plays
an important role in angiogenesis. Genetic studies have
demonstrated that PDGF-B is involved in vessel maturation
through the recruitment of VSMCs and pericytes to growing
vessels during embryonic development (20,22). Increased

PDGF and its receptor expression have also been implicated
in the progression of human tumors (23).

Our results show that PDGF-BB induced VEGF mRNA
and protein expression in hVSMCs and this induction of
VEGF expression was caused, in part at least, by an increase
in transcriptional activity. Recently, much effort has been
made to define the signal transduction pathways induced by
PDGF. Cellular responses to PDGF stimulation trigger a
cascade of protein kinases that transmit signals from the cell
surface to the nucleus and these signals ultimately upregulate
the gene expression. In mammalian cells, three subgroups of
MAPKs have been detected: ERK-1/2, JNK, and P38 MAPK
(24). In our study, PDGF induced the activation of ERK-1/2
but not of JNK and P38 MAPK in hVSMCs. ERK-1/2 phos-
phorylation increased within 15 min after exposure of hVSMCs
to PDGF and the increased levels were maintained for 120 min.
These results suggest that the ERK-1/2 signaling pathway
mediates the PDGF signal amplification and modulation that
induces VEGF. This suggestion was further supported by
observations that treatment with a specific inhibitor for MEK-1
(PD98059) and expression of vectors encoding a mutated-
type MEK-1 (pMCL-K97M) resulted in a remarkable reduction
in VEGF mRNA expression and promoter activity in hVSMCs.

It remains to be known how PDGF mediates ERK-1/2
activation in hVSMCs. Pukac et al (25) reported that the
downregulation of PKC (which eliminates c/nPKC isoforms)
partially blocked the PDGF-BB activation of ERK in rat
aortic VSMCs, indicating that both c/nPKC and other signals
mediated the PDGF-BB stimulation of ERK. According to
Grammer and Blenis (26), both cPKC and PI-3 kinase
pathways are lined to the PDGF-BB stimulation of ERK.

The following observations in our study suggest that AP-1
is also involved in the signaling pathway for VEGF induction
by PDGF in hVSMCs: i) PDGF treatment increased the amount
of AP-1 which could form a complex with the radiolabeled
oligonucleotide probe for AP-1 in EMSA; ii) PDGF treatment
caused an increase in AP-1-dependent transcriptional activity,
as revealed by transient transfection study using the pAP-1-
Luc reporter construct; and iii) inhibition of AP-1 by AP-1
decoy ODN reduced the VEGF promoter activity. Several
cis-elements and trans-acing factors including AP-1, which
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Figure 4. Activation of AP-1 during PDGF-induced VEGF expression in
hVSMCs. hVSMCs were incubated with 0-10 ng/ml PDGF for 8 h, and
nuclear extracts from the cells were analyzed by EMSA for activated AP-1
using a radiolabeled oligonuclotide probe (A). hVSMCs were transiently
transfected with the pAP-1-Luc reporter construct. The transfected hVSMCs
were exposed to 0-10 ng/ml PDGF for 8 h and the luciferase activity was
determined using a luminometer. Data represent the means ± SD from
triplicate measurements (B).

Figure 5. Effect of AP-1 decoy oligonucleotide on PDGF-induced VEGF
promoter activity. AP-1 decoy oligonucleotide (AP-1 decoy, 0-4 μg) was
cotransfected with 1 μg pGL3-VEGF into hVSMC cells. After incubation
with 10 ng/ml PDGF for 8 h, the cells were lysed and the luciferase activity
was measured using a luminometer. Data represent the means ± SD from
triplicate measurements.

Figure 6. Effect of CM derived from PDGF-treated hVSMCs on HUVEC
proliferation. HUVECs were incubated with CM for 24 h in the presence or
absence of 10 μg/ml anti-VEGF antibody (anti-VEGF) and non-specific IgG
(IgG), and the number of cells was counted using MTT. Data represent the
means ± SD from triplicate measurements (*P<0.05). 
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can regulate the transcription of the VEGF gene, have been
identified (14). Also, it has been reported that MAPK cascades
activate transcription factor AP-1 in various cells. AP-1 activity
is regulated by different MAPKs depending on the kinds of
cells and stimuli (27). AP-1 is a homo- or heterodimer
composed of Fos and Jun. The transcription of c-fos and c-jun
is upregulated by activated MAPK (28). Thus, our results
suggesting that PDGF activates AP-1 through Erk-1/2 signaling
in hVSMC cells are consistent with earlier observations.

Although VEGF is a well-characterized angiogenic factor,
the role of VEGF secreted from hVSMCs is less defined.
Reinmuth et al (4) suggested that VEGF secreted from
pericytes or hVSMCs may enhance EC survival in a paracrine
manner via specific intracellular signaling pathways. In our
study, the CM collected from hVSMCs treated with PDGF
increased EC proliferation and, when neutralizing antibodies
to VEGF were added to the CM, this effect was significantly
blocked, suggesting that VEGF secreted from hVSMCs
enhances the proliferative activity of ECs.

The process of angiogenesis is essential for various
physiological processes and for tumor growth and metastasis.
In the search for a better understanding of the process of
angiogenesis, it is necessary to appreciate that it is dependent
not only upon the activity of endothelial cells but also upon
the function and activity of other cells in the vascular
microenvironment, such as VSMCs. In this study, our results
suggest that ERK-1/2 and AP-1 signaling pathways are
involved in the PDGF-induced VEGF expression in hVSMCs
and that these paracrine signaling pathways induced EC
proliferation. Further studies are needed to clarify the signaling
pathways for the VEGF expression and paracrine interactions
between ECs and VSMCs.
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