
Interferon- upregulates the stromelysin-1 gene expression
by human skin fibroblasts in culture

A b s t r a c t
The equilibrium between deposition and degradation
of extracellular matrix(ECM) is essential to normal
tissue developement and repair of wound or inflam-
matory responses. It has recently become apparent
that several cytokines and growth factors are capable
of modulating fibroblast proliferation and
biosynthetic activity. To understand the role of these
factors in connective tissue regulation, we examined
the effect of interferon- ( I F N - ) on stromelysin-1
gene expres-sion in cultured human dermal
fibroblasts. The steady-state levels of stromelysin-1
mRNA were increased in IFN- treated cultured
dermal fibroblasts. In the CAT assay, the
stromelysin-1 promoter activity was increased 2.8-
fold compared with untreated control. Therfore IFN-

stimulates the stromelysin-1 promoter activity,
resulting in transcriptional enhance-ment of gene
expression. Transforming growth factor- ( T G F - )
showed the antagonistic action to the effects of IFN-

in cultured dermal fibroblasts. Furthermore, gel
mobility shift assays demonstrated enhanced AP-1
binding activities in nuclear extracts from cells
incubated with IFN- . These data suggest that IFN-
is an up-regulator and TGF- is a down regulator on
the stromelysin-1 gene expression, respectively,
and the AP-1 binding site may be necessary for
gene response.
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Introduction
The matrix metalloproteinase (MMP)familly, which includes
collagenase (MMP-1), gelatinase (MMP-2), stromelysins
(MMP-3), matrilysin and metalloelastase, were structurally
related zinc-dependent proteolytic enzymes, yet specific
activities are divergent (Wo e s s n e r, 1990; McCachren,
1991; Mauviel, 1993). Stromelysin-1 and -2 are closely
related, yet distinct from metalloproteinases, and both can
degrade many non-collagenous connetive tissue macro-
molecules such as fibronectin, laminin, elastin, IgG, and
proteoglycans (Chin et al,, 1985). Stromelysin-1-producing
keratinocytes resided on the basement membrane,
whereas stromelysin-2-producing keratinocytes were in
contact with the dermal matrix (Saarialho-Kere et al. ,
1993). Furthermore, stromelysin-1 expression was
prominent in dermal fibroblasts, whereas no signal for
stromelysin-2 was observed in any dermal cells (Saarialho-
kere et al., 1993). Beside participating in normal connective
tissue homeostasis, development and remodeling, the
proteolytic activity of matrix metalloproteinases contributes
significantly to the tissue damage that occurs in chronic
inflamatory disease, such as rheumatoid arthritis and
osteoarthrtis (Pelletier et al., 1993), as well as tumor
invasion (Martrisian, 1990).

Metalloproteinases are produced by multiple cell types
and typically, their expressions are tightly regulated and
limied to periods of active remodelling. The cell type-
specific expression of metalloproteinases is regulated by
various factors, including cell-matrix interaction, growth
factors and cytokines, lipid mediator, tumor promotors, and
inflammatory agent such as bacterial lipopolysaccharide
( S a a r i a l h o -Kere et al ., 1993). One of the cytokines
previously shown to modulate the activity of MMP-1 and
MMP-3 is interferon-γ ( I F N -γ), a physiologic mediator
synthesized and released primarily by helper T-lympho-
cytes (Sen, 1992). It has been demonstrated that IFN-γ
decreases the activity of MMP-1 in rheumatoid synovial
fibroblasts, human articular chondrocytes or human
alveolar macrophages in culture (Andrew et al., 1990;
Shaprio et al., 1990; Unemori et al., 1991). But the
expression of MMP-1 and MMP-3 in cultured human
skin keratinocytes cultures were found to be
upregulated by the addit ion of IFN- γ. IFN- γ a l s o
suppressed lipopoly-saccharide-induced production of
srtromelysin in human macrophage, whereas inhibition
of tissue inhibitor of metalloproteinase synthesis required
50 to 100 fold higher concentrations of this cytokine
(Shaprio et al., 1990). Thus, these previous studies
suggest that IFN-γ affect MMP activities of a variety of
d i fferent cell types in vitro culture systems. But, few
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reports are available about the effect of this cytokine on
MMP activities in skin dermal fibroblasts. 

In this study, we have examined the expression of
the stromelysin-1 and collagenase in cultured human
dermal fibroblasts treated with IFN-γ and/or TGF-β.

Materials and methods 

Cell Cultures 
The cell line used in the present experiment was esta-
blished from foreskin of infant. Cells were grown in
Dulbecco’s modified Eagle's medium (DMEM) with 10%
fetal bovine serum, penicillin (100 U/ml), streptomycin
(100 µg/ml), and amphotericine B (1µg/ml) at 37˚C in a
humidified atmosphere of 5% CO2. Trypan blue test
was used for checking cell viability. Confluent fibroblast in
100-mm petri dishes were treated with IFN-γ (Sigma Co.,
MO) or TGF-β (Genzyme Co., CA) in the concentrations
indicated for 24 h.

Northern blot analysis
Total celluar RNA was isolated by the methods of Chom-
zynski and Sacchi from cultured normal skin fibroblasts.
An equal amount of total RNA (25 µg) was fractionated
by 1% agarose gel electrophoresis (100 volts, 5 h) after
denaturating the samples with formaldehyde and
formamide and stained with ethidium bromide (Whal et

al., 1979). RNA transcripts obtained were transferred to
Zeta probe filters (BioRad, Richmond, USA) by vacuum
transfer and immobilized by heating at 80˚C for 30 min.
Each filter was prehybridized for 12-18 h and subsequently
hybridized for 24 h with cDNAs labeled by [3 2P ] d C T P
(NEG 036H, New England Nuclear, Boston, USA) by
nick translation (Rigby et al., 1977). Following hybridi-
zation, the filter was washed and autoradiography was
performed (Thomas P., 1980). The following human-
sequence-specific cDNAs were utilized this study: for
stromelysin-1, a 1.5-kb stromelysin cDNA (Saus et al.,
1988); for collagenase, a 2.0-kb collagenase cDNA
(Goldberg et al., 1986); for glyceraldehyde-3-phosphate
dehydrophate dehydrogenase (GAPDH); a 1.2-kb GAPDH
cDNA (Fort et al., 1985).

Transient cell transfection and CAT assay
Human foreskin fibroblasts were transfected with 10 or
20 µg of construct DNA (ST- 5 6 / C AT), which contains
0.5 kb of 5'-flanking DNA of stromelysin-1 gene linked
to the CAT reporter gene (Buttice et al., 1991). This
construct has been derived from a 560 bp XhoI/HindIII
genomic subclone that spans from position -560 to +6
of the stromelysin-1 promoter (Saus et al., 1988).

Transfection was performed with the calcium phosphate/
DNA co-precipitation method (Graham and Van der Eb,
1973), followed by a 1 min glycerol (15%) shock. After

40 h incubation with or without the IFN-γ or TGF-β, the
cells were harvested and lysed by three cycles of freezing
and thawing in 100 µl of 0.25 M Tris-HCl, pH 7.8. The
protein concentration of each extract was determined
with a protein assay kit (Bio-Rad) and the same amount
(5-10 µg per assay) of protein from each cell extract
was used for parallel determinations of CAT activity
using [14C]chroramphenicol as substrate (Gorman et al.,
1982). The acetylated and non-acetlated forms of radio-
active chloramphenicol were seperated by thin-layer
chromatography and visualized by autoradiography.
The enzyme activity was quantified by cutting out
pieces of thin layer chromatography plates containg
different forms of [14C]chroramphenicol converted to its
acetlated forms, after correction for β- g a l a c t o s i d a s e
activity in each as a control of transfection eff i c i e n c y
(Sambrook et al., 1989).

Gel mobility shift assay

Nuclear proteins were isolated from cultured skin fibro-
blasts incubated with or without IFN-γ or TGF-β for 24 h
using a small scale preparation technique (Andrews and
F a l l e r, 1991). For DNA binding assay, a 21-bp, 5'-
CGCTT GAT G A G T C C A G C C G G A A-3', double-stranded
oligomer containing the stromelysin-1 AP-1 binding site
was used. The end-labeled oligomer (total radioactivity
per reaction, 5 X 104 cpm) was incubated with 8 µg of
the nuclear extract for 30 min on ice in 20 µl of binding
reaction buffer (12 mM HEPES, pH 7.9; 4 mM Tris, pH
7.9; 60 mM KCI; 1 mM EDTA; 1 mM dithiothreitol; 12%
glycerol) in the presence of 0.2 µg of poly(dI-dC), and
the DNA-protein complexs were fractionated on 4%
polyacrylamide gel containing 0.4X Tr i s - b o r a t e - E D TA
(TBE) buffer under non-denaturing conditions, as described
previously (Tamai et al., 1994). As a competitor for the
binding, a hundred-fold molar excess of the same oligomer
was added to the binding reaction. The oligomer-protein
complexes were visualized by autoradiography by
exposure of the gels to X-ray films at -70˚C overnight. 

Results 

Effect of IFN- and TGF- on stromelysin-1
mRNA expression 

The expression of the stromelysin-1 and collagenase
genes was examined in cultured fibroblasts by determining
the steady-state levels of mRNA by Northern analysis.
The size of stromelysin-1, collagenase, and GAPDH
mRNA transcripts, was 2.2 kb, 2.4 kb, and 1.4 kb,
r e s p e c -tively (Figure 1A). The levels of stromelysin-1
mRNAs were 160 ± 12.5 densitometric abundance units
(mean ± S.E.M.) in control, 430 ± 20.5 units in IFN-γ
treated group, 280 ± 18.4 units in both IFN-γ and TGF-β



61G proteins in human melanoma cell lines

(1 µg/ml) treated, 103 ± 8.3 units in TGF-β t r e a t e d
group. The expression of stromelysin-1 gene was
significantly enhanced by IFN- γ, 430 ± 20.5 units
compared with 160 ± 12.5 units in control, and maximum
e ffect was noted at 1 µg/ml (data not shown) and its
e ffect was decreased by TGF-β. IFN-γ c o o r d i n a t e l y
upregulates stromelysin-1 and collagenase gene
expression in cultured fibroblasts (Figure 1A and 1B). 

Figure 1. Effect of interferon-γ (IFN-γ) and transforming growth factor-β (TGF-β) on
collagenase and stromelysin-1 gene expression. IFN-γ and TGF-β, both at 1 µg/ml,
were added to confuluent fibroblast cultures maintained in medium containg 1% fetal
bovine serum. Total RNA (15 µg/lane) was extracted after a 24 h incubation and
analyzed by Northern hybridization with cDNA probes for stromelysin-1, collagenase
and GAPDH(A). Quantitation of stromelysin-1 and collagenase mRNA levels by
densitometric scanning of the X-ray film in A. The mRNA levels were corrected for
GAPDH mRNA level in the same RNA samples Experiments were performed in
triplicate and repeated twice. Bars represent mean ± S.E.M.(B).

Figure 2. Enhancement of stromelysin-1 promotor activity by IFN-γ in transient cell
transfections. Confluent cultures of skin fibroblasts were transfected with the
stromelysin-1 promotor/CAT gene construct ST-56/CAT. Three hours after the glycerol
shock, the cells were exposed to IFN-γ and TGF-β in medium containg 0.5% calf
serum. After 24-48 h of additional incubation, the cells were harvested and CAT activity
was determined. CAT assay was performed by separation of acetylated (AC) and
unacetylated (C) forms of [14C]chloramphenicol by thin-layer chromatography.

A

B

Tanscriptional regulation of the stromelysin-1
gene at the promoter level
To examine the possibility that the elevated mRNA level
for stromelysin-1 is resulted from enhanced transcriptional
activity of the corrresponding genes, 566-bp stromelysin-
1 CAT constructs were used in transient transfections of
cultured humam skin fibroblasts. Fifteen hours following
the transfection with strmelysin-1/CAT construct, 1 µg /
ml IFN-γ was added to parallel duplicate cultures for 24 h.
As the result of CAT assay, the percentage of acetylation
were 6.6 ± 0.05% in control group, 18.3 ± 1.25% in IFN-
γ treated group, 10.2 ± 1.15% in both IFN-γ and TGF-β,
3.5 ± 0.24% in TGF-β treated group. Therefore, the
promoter activity was increased 2.8-fold compared to
untreated control (Figure 2, Table 1). IFN-γ up-regulated
stromelysin-1 promotor activity, suggesting transcriptional
enhancement of gene expression, and TGF-β a n t a g o n i z e



foreskin fibroblasts. It was revealed on Northern blot
analysis that IFN-γ increased the gene expression of
stromelysin-1 up to 2.5 fold, while TGF-β counteracted
the effect of IFN-γ. The regulation point of stromelysin-1
gene expression by IFN-γ and TGF-β appeared to be at
the transcriptional stage. CAT assay after transient
transfection of stromelysin-promoter/CAT gene construct
showed that the CAT activity was enhanced by 2.8-fold
in the presence of IFN-γ and decreased by 1.5-fold with
TGF-β. This suggests that IFN-γ may be an up-regulator
of stromelysin-1 promoter activity and TGF-β a n t a g o n i z e
the effect of IFN-γ.

The promoter regions of the gene encoding for stro-
melysin-1 have been sequenced and exhibit common
features important for transcriptional regulation (Qui e t

al., 1989). The promoter contain a TATA box, about 30
nucleotides upstream from the transcriptional start site,
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the effect of IFN-γ. 
IFN- -treated nuclear extract leads to
increased AP-1 binding activity
Ap-1 binding activity to the [3 2P]-labeled AP-1-stromelysin
DNA fragment derived from the strmelysin-1 promoter was
increased in IFN- γ-treated nuclear extract. The
specif ic i ty of  the binding was demonstrated by
competetion of the binding protein with unlabeled 100
molar excess AP-1 binding element. These data
empha-size the possibility of transcriptional level of
regulation of stromelysin-1 expression by interferon-γ in
cultured human skin fibro-blasts (Figure 3).

Discussion
Maintenance of the equilibrium between deposition and
degradation of ECM is essential to normal tissue develop-
ment and tissue repair processing. Matrix metallopro-
teinases form a family of enzymes capable of degrading
various ECM components that are expressed in normal
remodeling of connective tissue, such as that occurring
during embryonic development, uterine resorption and
wound healing as well as in disease states, such as in
rheumatoid arthritis or tumor invasion (McCachren, 1991;
Mauviel, 1993). 

Stromelysin is critical for degradation of ECM of con-
nective tissue, such as collagen III, IV and IX, fibronectin,
gelatin, proteoglycans, and laminin, and for collagenase
activation. These modulation of ECM is often selective
and different cytokines can alter the balance between
the active protease and their inhibitors (Mauviel, 1993). 

It has been previously demonstrated that IFN-γ, an
important lymphocyte product, is capable of inhibiting
fibroblast collagen synthesis in vitro and that IFN-γ is the
most potent inhibitor among other lymphokines (Jimenez
et al., 1984). It was shown that inhibitory effects of IFN-γ
on collagen synthesis were accompanied by decreased
levels of type I, II and III procollagen mRNA in dermal and
synovial fibroblasts (Unemori et al ., 1991) and articular
and costal chondrocytes (Adrew et al ., 1990). Similary,
the expression of MMP-3 (stromelysin) in fibroblasts
cultures was found to be inhibited by the addition of IFN-
γ (Mauviel et al., 1993). These results suggests that INF-
γ may play an important role in preventing excessive
connective tissue degradation in physiologic condition.
But, these findings are not consistent with other report
that IFN-γ upregulates the expression of the collagenase
and stormelysin in cultured skin keratinocytes (Tamai et

al., 1995). This report further emphasizes the cell-type
specificity with respect to IFN-γ effects on the regulation
of MMPs. TGF-β showed little effect on the expression of
stromelysin gene, whereas it suppressed the collagenase
activity in cultured fibroblasts (Mauviel et al., 1993). 

In this study, we examined the effects of IFN-γ and/or
T G F -β on stromelysin-1 gene transcription in cultured

Figure 3. IFN-γ enhances nuclear protein binding to the collagenase/stromelysin-1 AP-
1 cis-elements, as analyzed by gel mobility shift assay. A radioactively labeled double-
stranded oligonucleotide containing the AP-1 binding sequence, was incubated with
nuclear extracts from foreskin fibroblasts treated with or without IFN-γ for 5 h in medium
containg 10% FCS. The reaction mixture was subsequently fractionated by
electrophoresis on 4% non-denaturing polyacrylamide gels. Competition assay was
performed with a hundred-fold molar excess of unlabeled AP-1-containg
oligonucleotide. CTL: control.
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a tumor promotor-responsive element (TRE) (Angel et al. ,
1987). The TRE (5'-TGAGTCA-3') binds the transcrip-
tional factor AP-1, composed of dimers of protein product
encoded by the families of oncogenes, fos and jun. In
this context, it was of interest to note that the constitutive
expression of stromelysin-1 has been suggested to involve
AP-1. In this study, the binding activity of nuclear extract
to oligonucleotide containing AP-1 sequence was
increased during incubation of the dermal fibroblasts
treated with IFN-γ. The competition assay was performed
with 100-fold molar excess of unlabeled AP-1
containing oligonucelotide. 

These data suggest that IFN-γ may be an up-regulator
of the stromelysin-1 gene expression at the level of
transcriptionin human skin fibroblasts and further
provide intriguing evidence for the role of the cytokine
net work in regulating the extracellular matrix turnover in
physiological and pathological situations. 
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