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Abstract Basic fibroblast growth factor (bFGF) is a mitogenic factor that is implicated in smooth muscle cell
growth in atherosclerosis and vascular restenosis. In this study, we examined the effect of bFGF on the expression of the
interstitial collagenase gene in human vascular smooth muscle cells. Results fromNorthern transfer analysis showed that
bFGF increased collagenase mRNA levels greater than threefold as early as 24 h. Collagenase pre-mRNA levels were
elevated approximately threefold by bFGF, according to RT-PCR analysis. Transient transfections of the smooth muscle
cells with a 4.4-kb human collagenase promoter-CAT reporter gene, however, failed to show upregulation of the
promoter activity by bFGF. Interestingly, transfections with deleted fragments containing promoter sequences from
21047 to 22271 resulted in modest stimulation of the collagenase-CAT promoter activity by bFGF. bFGF did not alter
the stability of the collagenase mRNA, as demonstrated by degradation studies. The enhanced collagenase mRNA levels
elicited by bFGFwere reflected in increased amounts of collagenase protein that were detected byWestern blot analysis.
In summary, bFGF upregulates the interstitial collagenase expression, resulting in turnover of the extracellular matrix, an
event that could facilitate smooth muscle cell migration and proliferation during the early stages of atherosclerosis and
restenosis. J. Cell. Biochem. 65:32–41. r 1997 Wiley-Liss, Inc.
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Vascular smooth muscle cell proliferation is
recognized as a hallmark feature of atheroscle-
rosis and restenosis following balloon angio-
plasty or endarterectomy [Ross, 1986; Hanke et
al., 1990; Casscells, 1992]. The stimulation of
smooth muscle cell growth is an early patho-
logic event that ensues from some form of insult
or injury to the vessel wall [Ross, 1986]. Cyto-
kines have been documented to play a role in
the activation of smooth muscle cell migration
and proliferation [Ferns et al., 1991; Majesky et
al., 1991; Jackson and Reidy, 1993].
Amajor cytokine that has been shown to be a

potent smoothmuscle cell mitogen is basic fibro-
blast growth factor (bFGF), a pluripotent mem-
ber of the fibroblast growth factor family. Poly-

peptides of this family are well known for their
mitogenic effects in a variety of cells. bFGF and
a related member, acidic FGF (aFGF), are also
involved in the induction of angiogenesis and
differentiation of mesodermal, endodermal, and
ectodermal cells [Gospodarowicz et al., 1987;
Klagsbrun and Edelman, 1989; Burgess and
Maciag, 1989; Rifkin and Moscatelli, 1989].
bFGF, in particular, is known to be expressed

in early vascular lesions by endothelial, smooth
muscle cells, and macrophages. However, the
lack of a signal peptide sequence precludes
conventional secretion of the cytokine into the
extracellular milieu. Its extracellular localiza-
tion is thought to occur primarily via mechani-
cal release from damaged cells following injury
to the vessel wall. The FGFs bind to sulfated
proteoglycans, particularly to the heparan sul-
fate proteoglycans in the extracellular matrix,
which serves as a storage depot for the growth
factors. The biologic effects of the FGFs are
mediated by binding to high-affinity cell sur-
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face receptors associated with tyrosine kinase
activity [Neufeld and Gospodarowicz, 1985]. In
addition to the high-affinity receptor-mediated
pathway, bFGF is capable of interacting di-
rectly with cell surface heparan sulfate proteo-
glycans and is internalized by the cell [Roghani
and Moscatelli, 1992].
We and other investigators have shown previ-

ously that bFGF or aFGF in the presence of
heparin is capable of regulating the expression
of extracellularmatrixmacromolecules. Specifi-
cally, the FGFs have been shown to alter colla-
gen [Tan et al., 1993] and interstitial collage-
nase gene expression by human fibroblasts in a
divergent manner [Chua et al., 1985, 1991]. We
have also documented the suppression of colla-
gen expression by bFGF in vascular smooth
muscle cells [Kennedy et al., 1995]. The changes
in the abundance and composition of the extra-
cellular matrix macromolecules have been
shown to influence cellularmigration and prolif-
eration. These events are integral in wound
healing [Saarialho-Kere et al., 1993; Juhasz et
al., 1993].
In vivo, collagen is present as an abundant

protein in the blood vessel wall. Several types of
collagens are expressed in the vasculature; a
major collagen is type I collagen [Tan andUitto,
1994]. The smooth muscle cells express the
pro-a1(I) and pro-a2(I) type I collagen chains
both in vitro and in vivo. The turnover of type I
collagen is mediated by interstitial collagenase,
a major metalloproteinase that is secreted by
both smooth muscle and endothelial cells [Tan
and Uitto, 1994].
The objective of the present study is to eluci-

date the regulatory control of the interstitial
collagenase gene expression by bFGF in human
vascular smooth muscle cells. Our results sug-
gest that bFGF is a potent cytokine that upregu-
lates the interstitial collagenase gene expres-
sion in human smooth muscle cells. The control
of the gene expression by bFGF appears to be
regulated primarily at the transcriptional level.

METHODS
Cell Culture

Human vascular smooth muscle cells were
derived from adult iliac arteries of brain-dead,
heart-beating cadaver renal donors by an ex-
plant method [Hoover et al., 1980]. The vascu-
lar smooth muscle cells were grown in Medium
199 and 10% fetal bovine serum (FBS) (Inter-
gen Corp., Purchase, NY), 2mMglutamine, 200

U/ml penicillin, and 200 µg/ml of streptomycin
(GIBCO, Grand Island, NY) and were posi-
tively identified as such by their characteristic
‘‘hill and valley’’ growth morphology, positive
staining for a- and g-actin, and negative stain-
ing for factor VIII-related antigen expression.
Eight donor smooth muscle cell strains were
employed for the experiments in this study.

Quantitation of mRNA Steady-State
Levels by Northern Blot

Early confluent smooth muscle cell cultures
were incubated without or with 50 ng/ml of
bFGF for varying periods. To determinewhether
de novo protein synthesis was required for in-
duction of gene expression by bFGF, the cells
were pretreated with 10 µg/ml of cycloheximide
for 1 h and then incubated without or with
bFGF for 24 or 48 h. Total RNA samples were
prepared for Northern blot analysis. Briefly,
total RNAwas isolated by extraction of the cells
with 4 M guanidinium isothiocyanate, pH 7.0,
containing 5 mM sodium citrate, 0.5% sarkosyl,
and 0.1M2-mercaptoethanol. TheRNAsamples
were isolated by the chloroform–phenol extrac-
tion method [Chomcynski and Sacchi, 1987],
and the amount was quantitated by spectropho-
tometric absorbance. The RNAs were electro-
phoresed in 1% agarose gels under denaturing
conditions and were processed for Northern
blot as described previously [Thomas, 1980]. A
2-kb full-length human collagenase [Goldberg
et al., 1986] and 7S ribosomal [Balmain et al.,
1982] cDNA probes were used for the Northern
analysis. The latter cDNAwas used as an inter-
nal control to standardize the collagenase
mRNA levels in the untreated control versus
bFGF-treated samples. The autoradiograms
were scanned with a BioRad Gel Doc 1000 with
Molecular Analyst/PC Software (BioRad, Her-
cules, CA).

Reverse Transcription and Polymerase
Chain Reaction

Reverse transcription–polymerase chain reac-
tion (RT-PCR)was employed to quantitate colla-
genase pre-mRNA levels using primers specific
for the sequence of the first intron of the human
interstitial collagenase gene. Total RNA in an
amount of 5 µg was reverse transcribed using
200 units of Superscript II RNase H2 reverse
transcriptase (Superscript Preamplifica-
tion System, GIBCO BRL). Primers for the
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first intron of the human interstitial collage-
nase, 58-ATGCATACGCTCTCTTTTCGAG-38

(forward primer) and 58-TGCATGGGAAATCTT-
TCTCATTA-38 (reverse primer) were used. Hu-
man glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) amplimer sets (Clontech, Palo
Alto, CA) were used with each of the RT reac-
tions. One-tenth of the RT reaction was used in
the PCR reaction in a 50-µl volume containing
100 nM of the forward and 100 nM of reverse
primers; 2 units of Taq polymerase (Boehringer
Mannheim); 200 µM of each dATP, dCTP, dTTP,
dGTP (Perkin-Elmer Cetus, Norwich, CT); and
10 mM Tris–HCl, pH 8.3, with 1.5 mM MgCl2,
and 50 mM KCl. The mixture was overlayed
with 2 drops of mineral oil and amplified in a
thermal cycler for 25 cycles. An initial denatur-
ation step was employed at 95°C for 5 min, and
then 25 repeat cycles of 95°C for 1min (denatur-
ation), 55°C for 45 s (annealing) and 72°C for 1
min (elongation). The samples were incubated
at 72°C for 5 min and stored at 4°C; 15 µl of the
PCR samples was electrophoresed on a 2.0%
agarose gel and stained with ethidium bro-
mide. The size of the PCR products was deter-
mined by accompanying standard DNA mark-
ers obtained from GenSura Laboratories (Del
Mar, CA). The ethidium bromide bands were
quantitated using the Gel Doc 1000 with Mo-
lecularAnalyst/PC Software (BioRad).

Transient Transfections

Human vascular smoothmuscle cells at early
confluence were transfected with 40 µg of
pCLCAT3, which contains ,4.4 kb of the 58

flanking DNAof the human interstitial collage-
nase gene linked to a chloramphenicol acetyl-
transferase (CAT) reporter gene [Frisch et al.,
1990]. Transient transfections of smoothmuscle
cells were also performed with deletion con-
structs of the collagenase promoter. The con-
structs were prepared using restriction en-
zymes with single recognition sites within the
pCLCAT3. Specifically, double digests with
HindIII and SacI, EcoRV, BglII, StuI, or KpnI
were conducted to generate expression plas-
mids: p345, which contains 522 bp, p346 with
893 bp, p347 with 1,047 bp, p348 with 1,194 bp,
p349 with 1,548 bp, and finally p352 containing
2,271 bp of the upstream sequences. The plas-
mids were ligated with a HindIII–SacI linker
or HindIII–KpnI linker isolated from the mul-
tiple cloning site of Bluescript KS (Stratagene,
La Jolla, CA). The DNA sequences were estab-

lished by automated DNA sequencing (Applied
Biosystemsmodels 373Aand 377DNASequenc-
ing Systems, Foster City, CA), using the Prism
Ready Reaction DyeDeoxy Terminator Cycle
Sequencing kit. The cells were incubated in the
absence and presence of 50 ng/ml of bFGF for
24 h prior to transfection with Lipofectin
(GIBCO-BRL, Grand Island, NY) or Profectin
(Promega,Madison,WI), after which the respec-
tive cultures were restored in medium without
and with bFGF for 48 h.

CAT Assay

Smooth muscle cell cultures were harvested
and lysed in reporter lysis buffer (Promega);
the protein concentration of each sample was
determined by a dye-binding assay (BioRad).
Identical amounts of the samples were incu-
batedwith [14C]chloramphenicol as detailed pre-
viously for the CAT reporter assay [Gorman et
al., 1982]. The acetylated and nonacetylated
forms of radioactive chloramphenicol were sepa-
rated by thin-layer chromatography (TLC) and
visualized by autoradiography. Parallel trans-
fections were performed with pBSOCAT con-
struct lacking the promoter and with pSV2CAT
construct containing the SV40 early region pro-
moter linked to the reporter gene [Gorman et
al., 1982]. Alternatively, a FLASHR CAT nonra-
dioactive assay (Stratagene) was used to sepa-
rate the acetylated from the nonacetylated prod-
ucts by TLC, after extraction with ethyl acetate.
This assay employs a fluorescent chlorampheni-
col substrate labeled with a borondipyrrometh-
ane (BODIPY) difluoride fluorophore [Lefevre
et al., 1995]. The products were visualized un-
der long-wavelength ultraviolet (UV) in the Gel
Doc 1000 system.

Determination of mRNA Stability

To determine whether bFGF exerted a post-
transcriptional influence on the stability of the
interstitial collagenase mRNA transcripts,
smooth muscle cells were treated with 60 µM of
5,6-dichloro-1-b-D-ribofuranosylbenzimidizole
(DRB). Following DRB treatment to inhibit
transcription, the cells were incubated without
and with 50 ng/ml of bFGF for various periods.
Total RNA from untreated and bFGF-treated
samples at each time point were prepared for
Northern transfer analysis. Independent experi-
ments using 5 µg/ml of actinomycin D to inhibit
transcription were also conducted, and the de-
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cay rate of the transcripts was determined over
several time points.

Western Blot Analysis

Cell cultures were incubated without and
with 50 ng/ml of bFGF for 24 or 48 h. Themedia
and cell layers were harvested and prepared for
Western blot analysis. Samples representing
similar amounts of total protein were subjected
to electrophoresis using a NOVEX Mini-cell
System (San Diego, CA). After transferring the
proteins to nitrocellulose (MSI, Westboro, MA),
5% nonfat milk in Tris-buffered saline (TBS)
was added for 2 h to block nonspecific reaction.
The antiserum against the human collagenase
(kindly provided by Dr. Gregory Goldberg) was
added and incubated overnight. After several
washes, a secondary antibody conjugated with
alkaline phosphatase was added in a 1:7,500
dilution and incubated for 45 min. The bands
were visualized with Western Blue substrate
(Promega).

RESULTS
bFGF Regulates mRNA Steady-State Levels

of Interstitial Collagenase

Northern transfer analysis demonstrated that
bFGF enhanced collagenase mRNA levels at
least twofold and more after 24 and 48 h of
incubation. Stimulation of collagenase gene ex-
pression by bFGF was apparent at concentra-
tions ranging from 5 to 50 ng/ml of bFGF, as
shown in the representative experiment (Fig.
1A). The elevated collagenasemRNAlevels were
normalized with constitutively expressed levels
of 7S RNAs (Fig. 1B). Several Northern blots
were performed during the course of study, and
enhancement of the collagenase mRNA abun-
dance was noted consistently in all the human
donor smooth muscle cell strains. These find-
ings are also in agreement with those of an
earlier study [Kennedy et al., 1995].

De Novo Protein Synthesis Is Required for
bFGF-Induced Stimulation of Interstitial

Collagenase Gene Expression

To ascertain whether de novo protein synthe-
sis is necessary for the induction of collagenase
expression by bFGF, smooth muscle cell cul-
tures were pretreated with 10 µg/ml of cyclo-
heximide for 1 h and then incubated both in the
absence and in the presence of 50 ng/ml bFGF
for 24 or 48 h (Fig. 2). Enhanced collagenase

gene expression was noted in the cultures
treatedwith bFGF, as early as 24 h and substan-
tially after 48 h. Cycloheximide-treated cells in
the absence of bFGF exhibited limited reduc-
tion in collagenase mRNA levels. However, the
diminution of collagenase mRNAs by cyclohexi-
mide was clearly apparent in the bFGF-treated
cells, particularly after 48 h, at which time the
level was reduced to that of the control non-
treated cultures. The results suggest that ongo-
ing protein synthesis is required for upregula-
tion of collagenase gene expression by bFGF.

bFGF Enhances Interstitial Collagenase
Pre-mRNA Levels

RT-PCR analysis, using primers specific for
the sequence of the first intron of the collage-
nase gene, was performed to quantitate the
abundance of collagenase pre-mRNA. The re-
sults revealed that bFGF, at concentrations of
5 and 50 ng/ml, elicited an increase in collage-
nase pre-mRNAlevels after 24 and 48 h (Fig. 3).
The stimulation of transcription by bFGF was
evident during the course of 96 h (data not
shown). The induction of the collagenase pre-
mRNA by bFGF was specific relative to the
respective GAPDH pre-mRNA levels deter-
mined under identical experimental conditions.

Effect of bFGF on Collagenase Promoter Activity

Collagenase deletion fragments with the CAT
reporter gene were prepared as depicted in
Figure 4A. The regulation of the collagenase
promoter activity was studied in the smooth
muscle cells by transient transfection/CAT re-
porter assays, using deletion and full-length
promoter constructs. No dose- or time-depen-
dent alterations of promoter activity by bFGF
were noted with the full-length, 4.4 kb, collage-
nase promoter (pCLCAT3)/CAT construct (Fig.
4B). Furthermore, the results from the deletion
constructs (Fig. 4A) demonstrated that the ac-
tivity of the 0.5-kb or that of the 0.8-kb pro-
moter fragment (p345 and p346, respectively)
was not regulated by bFGF. The p345 contains
a single AP-1 site and the p346 has two AP-1
motifs. The activities of the larger fragments,
p347, p348, p349, and p352 containing 1.0 kb,
1.2 kb, 1.5 kb, and 2.3 kb, respectively, of the 58

flanking sequences, showed minor response,
about 1.7- to 2-fold to bFGF (Fig. 4B). The
modest promoter activity elicited by bFGF was
consistent particularly with the p348 and p349
promoter fragments transfected into various
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human donor smooth muscle cell strains. It is
possible that partial or minor regulatory ele-
ments for bFGF-induction of the promoter activ-
ity may be located in the intermediate region of
the collagenase promoter. Numerous transient
transfections with the full-length collagenase
promoter and CAT assays of several human
donor smoothmuscle cell strains incubatedwith
bFGF at concentrations known to elicit major
increase in collagenase mRNA levels failed con-
sistently to reveal any alteration of the pro-
moter activity. That the findings of bFGF-
induced collagenase pre-mRNA and mRNA by
bFGF are not readily explained by correspond-
ing alterations of the promoter activity strongly
suggest that other pretranslational/transcrip-
tional processing are likely to be involved in the

upregulation of the collagenase gene expres-
sion by bFGF in smooth muscle cells.

mRNA Stability in bFGF-Treated
Smooth Muscle Cells

To determine whether the apparent increase
of the collagenasemRNAlevels in bFGF-treated
smooth muscle cell cultures was due to altered
stability of the transcript, early confluent cul-
tures were pretreated with bFGF and incu-
bated in the presence of DRB and bFGF (Fig. 5).
Examination of the mRNA levels at 0, 12, 24,
and 36 h showed that the decay of the collage-
nase transcript was evident over the course of
time in both bFGF-treated and parallel control
nontreated smooth muscle cultures, with one-
half of the collagenase mRNAdecayed by about

Fig. 1. Time- and concentration-dependent effects of bFGF on
interstitial collagenase mRNA steady-state levels in human
smooth muscle cells. Early confluent cultures of human smooth
muscle cells were incubated with 0, 5, and 50 ng/ml of bFGF for
24 and 48 h. A: Total RNA samples were extracted from the cell

cultures and Northern blot hybridizations were performed with
a human interstitial collagenase cDNA and 7S probes. B: Colla-
genase mRNA levels were quantitated and normalized to corre-
sponding 7S levels.
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16 h. There was no major alteration in the rate
of mRNA degradation in cultures exposed to
bFGFwhen compared to the corresponding con-
trol nontreated cells (Fig. 5). Therefore, the
enhanced expression of collagenase gene expres-
sion by bFGF is not attributed to increased
post-transcriptional stability of the mRNA.

bFGF Alters Protein Expression
of Interstitial Collagenase

To determine whether corresponding change
of the collagenase protein levels was elicited by
bFGF treatment, Western blot analysis was
performed on cell cultures, using the same

amount of total cellular protein incubated both
in the absence and in the presence of 50 ng/ml
of bFGF for 24 and 48 h. The total cellular
protein content is not altered by bFGF when
administered to confluent cell cultures for the
duration of 48 h. The amount of collagenase is
not substantial relative to overall protein con-
tent; thus, using identical amounts of total cel-
lular protein for each sample serves to normal-
ize the specific changes of the collagenase
content by bFGF. The results demonstrate that
the basal level of collagenase proteinwas appar-
ent after 48 h and the synthesis of collagenase
was upregulated as early as 24 h and enhanced

Fig. 2. Effect of cycloheximide on bFGF-induced changes in
interstitial collagenase gene expression. Human smooth muscle
cells were incubated without (2) and with (1) 50 ng/ml of bFGF,
provided 1 h after the addition of 10 µg/ml of cycloheximide

(CHX), for a duration of 24 or 48 h. A: Total RNA was analyzed
by Northern blot hybridization with a cDNA probe for human
interstitial collagenase. B: mRNA values were normalized with
the respective 7S.
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after 48 h of treatment with bFGF (Fig. 6).
Thus, the elevated mRNA steady-state level of
collagenase by bFGF is reflected in correspond-
ing increase at the protein level.

DISCUSSION

bFGF is a well-characterized pluripotent
member of the fibroblast growth factor family,
known for potent mitogenic effects for various
cell types. The cytokine has been associated
with smooth muscle cell proliferation in vascu-
lar diseases, such as atherosclerosis and reste-
nosis [Winkles et al., 1987; Lindner et al., 1991].
Previous studies have also demonstrated that
the proliferative potential of cells in vitro is
influenced by the surrounding extracellularma-
trix [Saarialho-Kere et al., 1993; Juhasz et al.,
1993]. bFGF has been shown to inhibit collagen
synthesis significantly by human fibroblasts
[Tan et al., 1993], immortalized osteoblast-like
cells [Hurley et al., 1993], and vascular smooth
muscle cells [Majors and Ehrhart, 1993;
Kennedy et al., 1995]. In addition, enhanced
synthesis of interstitial collagenase by bFGF
has been documented in fibroblast cultures
[Chua et al., 1985, 1991]. The present study
aims to elucidate the mechanism for the alter-
ation of interstitial collagenase gene expression
by bFGF in human vascular smooth muscle
cells.
Northern analysis in this study demonstrated

major enhancement of collagenase mRNA lev-

els expressed by human smooth muscle cells
incubated with bFGF. Upregulation of the colla-
genase gene expression was noted in all of the
human donor smooth muscle cell strains. Our
previous study showed that the increase was
time and dose dependent and was accompanied
by concomitant reduction in the pro-a1(I) colla-
gen levels in bFGF-treated smooth muscle cells
[Kennedy et al., 1995]. Thus, bFGF elicits diver-
gent regulation of interstitial collagenase and
type I collagen gene expression. It is, however,
unclear whether the regulation of the expres-
sion of the genes is controlled at the transcrip-
tional and/or post-transcriptional level. None-
theless, the alterations of the extracellular
matrix components are known to facilitate mi-
gration and subsequent proliferation of smooth
muscle cells.
The results from this study suggest that up-

regulation of the interstitial collagenase gene
expression by bFGF is likely related to tran-
scriptional modification. Results from the RT-
PCR analysis showed elevated amounts of colla-
genase pre-mRNA suggesting that
transcriptional activity of the collagenase gene
is enhanced by bFGF. Transient transfection
experiments, however, revealed that the pro-
moter activity of the full-length promoter was
not altered by bFGF in the smooth muscle cells.
The activity of the shortest promoter fragment
of 0.5 kb that contained an AP-1 motif was
detectable in the smooth muscle cell cultures
but was not responsive to bFGF. The presence
of the first and second AP-1 sites was appar-
ently not required for bFGF induction of the
collagenase promoter activity in the human
smooth muscle cell cultures. Even though a
modest stimulation of the promoter activity
was noted with the regulatory elements pre-
sent upstream of21047 bp but was absent with
longer sequences, the overall results suggest
that other poorly defined transcriptionalmecha-
nism(s) are likely to be involved in the induc-
tion of the collagenase pre-mRNA abundance
by bFGF.
mRNA stability studies demonstrated that

the half-life of the collagenase mRNA was ap-
proximately 16 h for human smooth muscle
cells and that bFGF did not alter the rate of
degradation of the collagenase transcript. The
rate of degradation of collagenase mRNA in
bFGF-treated smooth muscle cells was compa-
rable to that of parallel nontreated control cul-
tures, indicating that bFGF does not increase

Fig. 3. Effect of bFGF on collagenase pre-mRNA levels as
determined by RT-PCR. RT-PCR analysis of the pre-mRNA abun-
dance of collagenase was conducted on total RNA extracted
from confluent cultures of human smooth muscle cells incu-
bated with 0, 5, and 50 ng/ml of bFGF for 24 and 48 h.
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the stability of the collagenase mRNA tran-
scripts. Thus, bFGF does not appear to regulate
gene expression post-transcriptionally.
Induction of the collagenase gene expression

by bFGF resulted in increased collagenase pro-
tein as detected by Western blot analysis, par-
ticularly after 48 h. Previously, the suppression
of the pro-a1(I) collagen mRNA levels by bFGF
in human smoothmuscle cells was also found to
correlate with a major reduction of collagen
protein synthesis [Kennedy et al., 1995]. Thus,
the alterations caused by bFGF at the mRNA
level are reflected in corresponding changes
detected at the protein level.
Enhanced transcription of collagenase gene

expression by other cytokines has been docu-

mented previously. These cytokines include in-
terleukin-1b (IL-1b) [Vincenti et al., 1994] and
tumor necrosis factor-a (TNF-a) [Dayer et al.,
1985]. IL-1b stimulates collagenase gene expres-
sion through increased transcription of the col-
lagenase gene [Vincenti et al., 1994]. Induction
of transcription has been reported to involve
the AP-1 binding site, which is apparently nec-
essary but not always adequate for mediating
the promoter activity. The results from our study
demonstrate that the full-length collagenase
promoter, which has several AP-1 sites (unpub-
lished results), is not regulated by bFGF, and
suggest that the in vitro regulation of the colla-
genase gene expression in smooth muscle cells
is not dependent on theAP-1 site.

Fig. 4. Collagenase promoter activity of full-length and de-
leted promoter fragments in control and bFGF-treated smooth
muscle cells. A: Size and spatial location of the deletion frag-
ments. Arrows point to AP-1 consensus sequences. B: Early
confluent smooth muscle cells were grown for 24 h and the

promoter constructs, p345, p346, p347, p348, p349, p352 as
well as the full-length 4.4-kb pCL CAT3 promoter, were trans-
fected into the cells with Lipofectin. The cultures were treated
without and with 50 ng/ml of bFGF for 48 h and analyzed for
CAT promoter activity as described in Materials and Methods.
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Cytokines, such as bFGF, influence cellular
migration and proliferation of vascular smooth
muscle cells. These biologic events are elicited
directly by bFGF or may also be influenced by
bFGF-induced alterations of the extracellular
matrixmacromolecules. Indeed, it is well known
that cellular migration is increased when the
extracellular matrix of the cells is degraded by
proteinases, as in the case of metastatic cells
[Xie et al., 1994; Southgate et al., 1992]. More-
over, it has been shown that smooth muscle cell
migration and proliferation are suppressed
when metalloproteinases are inhibited by syn-
thetic inhibitors [Starkey et al., 1987]. Thus,
the increased turnover of collagen in the extra-
cellular matrix could well enhance in vivo cellu-
lar movement and growth, hallmark features of
early atherogenesis and restenosis. Finally, the
findings from this study highlight the complex-

ity of the pretranslational effects of bFGF on
the expression of the interstitial collagenase
gene, independent of its mitogenic action in
human vascular smooth muscle cells.
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collagenase protein level. Smooth muscle cells were incubated
without (2) and with (1) 50 ng/ml of bFGF for 24 and 48 h. The
media at each time point were dialyzed, concentrated, and
equal amounts of protein were applied to each lane before
incubation with an antibody against human collagenase.
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