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INVESTIGATIVE REPORT

Matrix Metalloproteinases-2 and -9 are Secreted from Human
Fibroblasts
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To investigate the pathophysiological role of fibroblasts
in tissue metabolism, we analysed gelatin-degrading
enzymes secreted from skin cells in culture. Using a
gelatin-zymography method, matrix metalloproteinase
(MMP)-2 was constitutively secreted from fibroblasts,
whereas both MMP-2 and MMP-9 were secreted from
keratinocytes. MMP-9 expression by fibroblasts was
induced by the addition of transforming growth factor
(TGF)-b1 or tumour necrosis factor (TNF)-a to the cultures.
Moreover, TGF-b1, TNF-a, or epidermal growth factor
augmented the secretion of MMP-2 from fibroblasts.
These results indicate that MMP-9 together with MMP2 secreted from fibroblasts could play important roles in
tissue metabolism, including cytokine-induced inflammation. Key words: MMP-2; MMP-9; epidermal growth
factor; transforming growth factor-b1; tumour necrosis
factor-a; fibroblast.
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More than 20 species of matrix metalloproteinases
(MMPs) have been reported to play important roles in
the metabolism of the extracellular matrix, including
pathological situations (1). Among them, MMP-2 and
MMP-9, also called gelatinases A and B, are reported
to cleave a wide variety of substrates, although their
primary substrates are considered to be gelatin (1, 2).
Gelatin-zymography is useful not only for identifying
gelatinolytic enzymes, but also for quantitating them
(3 – 6). Here, we report the secretion of these two kinds
of gelatinases from cultured human fibroblasts and
keratinocytes using the gelatin-zymography method.
MATERIALS AND METHODS
Human fibroblasts were derived from outgrowths of normal
human dermis and were split equally into each well of 24 well
plates in Dulbecco’s modified Eagle’s medium with 10%
fetal calf serum. Human keratinocytes were cultured using
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keratinocyte-serum free medium (SFM) (Life Technologies,
Gaithersburg, MD) containing 0.09 mM Ca2z without added
serum, as previously reported (4 – 6). Conditioned media were
harvested for 48 h after the cells reached subconfluence. For
fibroblasts, the conditioned medium from each well was
collected for 48 h after changing into SFM. For experiments
concerning the effects of cytokines, human epidermal growth
factor (EGF) (Sigma, St. Louis, MO, USA), tumour growth
factor (TGF)-b1 (Genzyme, Cambridge, MA, USA), or
tumour necrosis factor (TNF)-a (Sigma) was added to the
medium without serum for 48 h. No significant morphological
changes were observed in any of these fibroblast growth
conditions and there were no significant differences concerning
the proliferation of fibroblasts as determined using a cell
counting kit-8 (Dojindo, Kumamoto, Japan).
Gelatin-zymography analyses were performed as previously
reported (4 – 6). Aliquots of conditioned media (without reduction or boiling) were separated by SDS-polyacrylamide gel
electrophoresis on 7.5% gels containing 0.5% gelatin. After
electrophoresis, the gels were washed with 2.5% Triton X-100
for 1 h. Gelatinolytic zymography reactions were then
induced by incubating the gels in buffer (0.05 M Tris-HCl,
pH 7.4, 0.15 M NaCl, 5 mM CaCl2 and 0.02% NaN3) at 35‡C
for appropriate periods of time (usually 5 h, or 10 h for more
sensitive detection such as MMP-9 from fibroblasts). The gels
were stained with 0.1% amide black B-10 and then destained
with 10% acetic acid and 30% methanol. The intensity of
the bands was read using NIH image 1.55 and the content of
MMP-2 was calculated from the measurement of known
amounts of the purified reagent using a gelatin Sepharose
column (Pharmacia, Uppsala, Sweden) and a concanavalin A
Sepharose column (Pharmacia) as previously reported (4, 6).

RESULTS
Gelatin-zymography revealed that human fibroblasts
without added cytokines secreted only MMP-2 (a 72 kDa
band). In contrast, keratinocytes secreted MMP-9 (a
92 kDa band) as well as MMP-2 (Fig. 1A). These results
are in accordance with previous reports (1 – 9).
The quantitation of MMP-2 activity by gelatinzymography is shown in Fig. 1B. The secretion of
MMP-2 was augmented in a dose-dependent manner by
TGF-b1 (about 1.5-fold), by TNF-a (1.5-fold), or by
EGF (approximately 2-fold) (Fig. 2). In addition, not
only MMP-2 but also MMP-9 was secreted from
fibroblasts following the addition of TGF-b1 or TNFa. EGF apparently had no effect on MMP-9 secretion
by fibroblasts (Fig. 2).
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Fig. 1. Gelatin-zymography showing a comparison of conditioned
media obtained from fibroblasts or from keratinocytes (A) and the
standard curve obtained from known amounts of MMP-2 (B). Keratinocytes secreted MMP-2 (the 72 kDa band) and MMP-9 (the 92 kDa
band). Fibroblasts secreted only MMP-2 under normal conditions.

DISCUSSION
Not only gelatin, but also other common substrates
have been reported for MMP-2 and MMP-9, although
the enzymes are distinctive gene products and have
their own gene regulatory elements (1, 2). For instance,
three TPA-responsive elements (TREs), NF-kB and our
recently identified KRE-M9 element are present in the
MMP-9 promoter, but have not been identified as
MMP-2 gene regulatory elements (9 – 12). The specific
secretion of MMP-9 from keratinocytes, but not from
fibroblasts in the absence of cytokines, might be
explained by the existence of these three TREs, as
has been reported for the specific human laminin A3
gene expression by keratinocytes (13). In this respect, a
remote 5’-flanking region in the murine MMP-9
promoter has also been reported to be responsible for
tissue specific MMP-9 expression (14).
In a previous report, the secretion of MMP-2 from
fibroblasts was augmented by treatment with TGF-b1,
while secretion of MMP-9 was induced by TNF-a and

synergistically stimulated by both cytokines (7, 9).
Although our results are basically in accordance with
this, the secretion of MMP-2 was also shown to be
induced by TNF-a and EGF.
MMP-9 from polymorphonuclear leucocytes has
been reported to play a role in blister formation (15 –
17), and in tumour invasion and metastasis (18, 19). In
addition, MMP-9 from keratinocytes reportedly works
in wound healing (20 – 22), and in apoptosis after UVB
irradiation (23, 24). EGF, which is known to work
in wound healing and to induce MMP-9 expression by
keratinocytes (20), augmented MMP-2 expression without MMP-9 expression by fibroblasts. Induction of
MMP-9 expression in fibroblasts, as shown here by
TGF-b1, also known for its role in wound healing
(7, 21), could play a similar role in wound healing, as
was previously proposed in the case of MMP-2
induction (7). These results indicate that MMP-2
secreted from fibroblasts has at least some effect on
wound healing through the distinctive signal transduction mechanism(s) of TGF-b1 and EGF.
In contrast, TNF-a, which is known as an inflammatory cytokine as well as an apoptotic one (25),
reportedly induces MMP-9 expression by fibroblasts
through TRE and NF-kB (8, 9). In keratinocytes, the
same mechanism of MMP-9 induction after UVB
irradiation was reported (23). In this relation,
TGF-b1 has been reported to induce apoptosis of
keratinocytes (24), and a synergistic effect of TGF-b1
and TNF-a on the TRE and NF-kB elements in the
case of MMP-9 induction has been reported (9). We
recently reported that MMP-9 expression by keratinocytes is induced through the KRE-M9 element, which is
probably common to involucrin expression by high
Ca2z induction in the model of keratinization, a kind
of programmed cell death (11). In addition to MMP-9,
the expression of MMP-2 induced in fibroblasts by
TNF-a and/or by TGF-b1 (as shown here) may also
suggest their roles in inflammation or apoptosis, although

Fig. 2. Gelatin-zymography patterns of MMP-2 (top panel) and MMP-9 (lower-panel) from fibroblasts 48 h after the addition of transforming growth factor (TGF)-b1 (A), tumor necrosis factor (TNF)-a (B) or epidermal growth factor (EGF) (C), at the concentrations noted.
The bar-graphs indicate MMP-2 activity as measured by gelscanning. TGF-b1 and TNF-a augmented MMP-2 secretion and induced MMP9, while EGF induced MMP-2 secretion without inducing MMP-9.
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the specific responsive element involved needs to be
elucidated in the case of MMP-2 induction by TNF-a.
Taken together, secretion of MMP-2 and/or MMP-9
from fibroblasts seems to work on tissue metabolism in
harmonized ways via regulation by cytokines, although
the specific substrates for these two enzymes in vivo
remain to be elucidated.
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