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Abstract

Objective—To determine the effects of interleukin-4 (IL-4) on IL-1 induction of collagenase
(matrix metalloproteinase 1 [MMP-1]) and stromelysin-1 (MMP-3) in human synovial fibroblasts.

Methods—Northern blot analysis was performed to determine the effects of IL-4 on IL-1 induction
of MMP messenger RNA (MRNA). MMP protein levels were determined by enzyme-linked
immunosorbent assay, and prostaglandin E, (PGE>) levels were measured by enzyme immunoassay.
Run-on transcription assays and transient transfection experiments were performed to determine
whether the effects of IL-4 occur at the level of transcription. Activator protein 1(AP-1) binding was
assessed by electrophoretic mobility shift assay.

Results—Northern blot analysis revealed that coincubation of synovial fibroblasts with IL-1 and
IL-4 resulted in a significant decrease in both collagenase and stromelysin mMRNA levels compared
with IL-1 alone, with a concomitant decrease in MMP protein levels. This inhibition is dose
dependent, with an ICsq (50% inhibition concentration) for both MMPs of ~0.3 ng of IL-4 per ml,
and is at least somewhat selective, since IL-1 induction of c-fos mMRNA is not affected. Nuclear run-
on experiments and transient transfection studies demonstrated that the suppression of IL-1-induced
collagenase and stromelysin expression by IL-4 occurs at least in part at the transcriptional level, and
that binding of transcription factor AP-1 is not affected. Although IL-1-induced levels of PGE; are
reduced by IL-4, exogenous addition of PGE, does not abrogate the inhibitory effects of IL-4 on
MMP expression.

Conclusion—IL-4 inhibits IL-1 induction of both collagenase and stromelysin, as well as PGE,
production, in human synovial fibroblasts. The inhibition occurs at least in part at the level of
transcription, does not affect binding of transcription factor AP-1, and appears to involve a
mechanism that is independent of the ability of IL-4 to inhibit production of PGE,.

Rheumatoid arthritis (RA) is a chronic inflammatory disorder in which a primary inflammatory
event occurs in the synovium. The inflamed synovium is characterized by infiltrating T cells
and macrophages, as well as activated fibroblasts. The macrophages produce inflammatory
cytokines, including interleukin-1 (IL-1) and tumor necrosis factor (TNF), which stimulate
production of chemotactic factors and matrix metalloproteinases (MMPs). These MMPs (e.g.,
collagenase [MMP-1] and stromelysin [MMP-3]) are believed to play a major role in the joint
and tissue destruction associated with chronic inflammatory diseases such as RA (1) and
periodontitis (2).
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Production of MMPs by synovial fibroblasts is regulated by a variety of growth factors and
cytokines, including IL-1. Although there are an increasing number of exceptions (3-7), the 2
genes are coordinately regulated under many conditions (8). The mechanism(s) by which IL-1
increases transcription of the MMP genes are not yet fully understood, but transcription factor
activator protein 1 (AP-I), which has a binding site at a similar location in both promoters, is
thought to play an important role (9,10).

Synovial fluid from RA patients and crevicular fluid from patients with periodontitis has been
shown to contain high levels of proinflammatory cytokines IL-1 and TNF (11-13), while
antiinflammatory cytokines IL-4 and IL-10 are virtually undetectable (14-16). IL-4 has been
shown to inhibit collagenase expression in lipopolysaccharide (LPS)-stimulated monocytes
(17,18) and in superantigen-induced synovial fibroblasts (19), as well as stromelysin
expression in human skin fibroblasts stimulated with IL-1 (20). However, its effects on MMP
expression in IL-1-stimulated synovial fibroblasts have not yet been examined. In addition,
although the inhibitory effects of IL-4 have been associated with decreased production of
prostaglandin E, (PGE,) (18-22) and lack of protein kinase C activation (20), the mechanism
of IL-4 inhibition of MMP expression has not been well established in any model system.

Herein we report that coincubation of human synovial fibroblast cultures with IL-1 and IL-4
results in a significant, dose-dependent reduction in the IL-1-stimulated production of both
collagenase and stromelysin messenger RNA (mRNA) and protein, as well as PGE,. However,
the mechanism of IL-4 inhibition of MMP expression appears to be independent of its inhibition
of PGE5 production, since exogenous addition of PGE, was unable to restore the MMP
induction. Although this inhibition takes place at least in part at the transcriptional level,
binding of transcription factor AP-1 is not affected. These findings suggest that the inhibitory
effects of IL-4 may be mediated through other, less well-characterized, transcription factors
involved in modulating the expression of these genes.

MATERIALS AND METHODS

Cell culture

Human synovial tissue was obtained from patients with osteoarthritis (OA) or RA who were
undergoing reconstructive and restorative surgery. The tissue was processed by enzymatic
dispersion to produce a primary culture, as described previously (23,24). Cells were maintained
in Eagle’s minimum essential medium (EMEM) supplemented with 10% fetal bovine serum
and antibiotic/antimycotic (penicillin, streptomycin, amphotericin; Gibco BRL, Grand Island,
NY). Cells between passages 5 and 8 were used for experiments.

Cells were serum deprived for 24 hours in serum-free EMEM supplemented with 10% ITS
(insulin, transferrin, sodium selenite; Sigma, St. Louis, MO) prior to the addition of 100 ng of
IL-1B/ml (a generous gift of R. Newton, Wilmington, DE) in the presence or absence of various
doses of IL-4 (a generous gift from L. Marshall, King of Prussia, PA). Human foreskin
fibroblasts (American Type Culture Collection [ATCC], Rockville, MD) were maintained and
treated in the same manner described above, and used in passage 14.

RNA isolation and Northern blotting

Total RNA was isolated according to the acid-phenol method of Chomczynski and Sacchi
(25) at various times after treatment, and run on 1% agarose—formaldehyde gels. Probes were
made by random priming (Stratagene, La Jolla, CA) of complementary DNA fragments
corresponding to human procollagenase (MMP-1; a generous gift of G. Coldberg, St. Louis,
MO), stromelysin 1 (MMP-3; ATCC), c-fos (a generous gift of K. J. Soprano, Philadelphia,
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PA), and GAPDH (a generous gift of R. Newton). Northern blots were quantitated by
densitometric scanning and normalized to GAPDH.

Nuclear extract isolation and electrophoretic mobility shift assay

Nuclear extracts were isolated according to the method of Schreiber et al (26) and quantitated
in mini-Bradford assays (Pierce, Rockford, IL). Synthetic oligonucleotides corresponding to
the stromelysin AP-1 binding site were annealed and kinased by T4 polynucleotide kinase in
the presence of y32P-ATP. Binding reactions contained 5 pg of protein, 20 mM HEPES-OH,
pH 7,50 mM NaCl, 0.2M EDTA, 5% glycerol, 4 ug of deoxyinosine-deoxycytosine, and 10,000
counts per minute of probe.

Run-on transcription assay

Nuclei were isolated according to the method of Greenberg and Bender (27) from human
synovial fibroblasts (HSF): untreated controls and cells treated for 6 hours with 100 ng of IL-1/
ml in the presence or absence of 10 ng of IL-4/ml. Transcription reactions were carried out
with equal numbers of nuclei in the presence of 32P-UTP for 30 minutes at 26°C with shaking.
RNA was then isolated and hybridized to cDNA fragments corresponding to collagenase,
stromelysin, and GAPDH at 32°C overnight. Results were quantitated by densitometry and
normalized to GAPDH.

Quantitation of collagenase and stromelysin proteins and PGE»

Collagenase and stromelysin protein levels were quantitated in conditioned media of HSF that
were untreated, treated with 100 ng of IL-1/ml alone, or with both 100 ng of IL-1/ml and 10
ng of IL-4/ml for 24 hours. Levels of PGE, were measured in 6-hour conditioned media. The
experiments were done in triplicate for 1 or 2 different cell strains by enzyme-linked
immunosorbent assay (for MMP) and enzyme immunoassay (for PGE,) using the Biotrak
system (Amersham, Arlington Heights, IL).

Transient transfections

A 2.3-kb fragment of the human stromelysin 5'-flanking region (a gift of D. Tewari,
Philadelphia, PA) was subcloned to the pGL3Basic luciferase reporter vector (Promega,
Madison, WI). This reporter construct was then cotransfected in triplicate in human foreskin
fibroblasts, along with a B-galactosidase (B-gal) reporter under control of the SV40 promoter
(SVB-gal; Promega) using 20 pg of lipofectin (Gibco BRL) and 48 pg of transferrin (Sigma).
Approximately 16 hours after transfection, the transfection medium was replaced with serum-
free medium supplemented with 10% ITS along with the appropriate interleukin(s). Cells were
harvested 24 hours later, and luciferase and p-gal activity were determined using reagents and
protocols from Promega and ClonTech (Palo Alto, CA), respectively.

RESULTS

IL-4 inhibition of IL-1 induction of both collagenase and stromelysin 1

To determine the effect of IL-4 on IL-1 induction of collagenase and stronielysin 1 mRNA
expression in HSF, total RNA was isolated at various times after the addition of either 1L-1
alone or IL-1 plus IL-4. Northern blot analysis revealed a significant reduction (~65-80% at
6 hours) in IL-1-induced expression of both genes (Figure 1). This inhibition was evident as
early as 3 hours after stimulation. Similar results were obtained with synovial fibroblasts
isolated from a patient with RA (Figure 2).

Levels of MMP proteins were measured in conditioned media from control cell cultures and
from HSF treated for 24 hours in the presence of 1L-1 alone or together with IL-4. Results of
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this analysis (Figure 3) showed a 70% inhibition of IL-1-induced collagenase levels and a 75—
80% inhibition of stromelysin levels, similar to the degree of inhibition observed at the mRNA
level.

Selective IL-4 suppression of MMP

To determine whether the ability of IL-4 to interfere with IL-1 induction of collagenase and
stromelysin is specific to these genes or represents a more global phenomenon, the same
Northern blots described above were hybridized with a probe specific for c-fos. c-fos is an early
response gene known to be induced by IL-1 (28), and as part of the transcription factor AP-1,
the protein it encodes is involved in IL-1 induction of both genes (9,10). Figure 4 shows that
IL-1 induction of c-fos mMRNA was not appreciably affected by IL-4. These results demonstrate
that the inhibitory activity of IL-4 is at least somewhat specific, and suggest that it is not simply
interfering with IL-1 receptor activation or signal transduction. In addition, expression of
another IL-1- induced gene, melanocyte growth stimulatory activity (29), was also unaffected
by addition of IL-4 (results not shown).

Dose-dependent IL-4 inhibition

Dose curve analysis was done by adding incremental doses of IL-4 simultaneously with a
constant dose of IL-1. Total RNA was isolated 6 hours after stimulation, and Northern blot
analysis was performed to determine the effects of each dose on IL-1 induction of the MMP.
Figure 5 shows that the suppressive action of IL-4 was dose dependent, with some inhibition
seen with as little as 0.01 ng of IL-4/ml. Maximum inhibition was seen with 0.5 ng of IL-4/ml
for collagenase and 10 ng of IL-4/ml for stromelysin. The I1Csq (50% inhibition concentration),
as determined by regression analysis of these data, was ~0.3 ng/ml.

Occurrence of IL-4 inhibition of IL-1-induced MMP expression at the transcriptional level

To determine whether and to what extent the suppressive activity of IL-4 occurs at the level

of transcription, run-on transcription assays were performed. Nuclei were isolated from HSF
cultures 6 hours after stimulation with IL-1 alone or in the presence of IL-4. The results, shown
in Figure 6A, demonstrated that IL-4 inhibited IL-1-induced transcription of both MMP genes.

To further confirm this finding, transient transfection experiments were done in human foreskin
fibroblasts, using a luciferase reporter construct containing 2 kb of the human stromelysin 5'-
flanking region. Figure 6B shows that IL-1-induced transcription from the stromelysin
promoter was reduced ~60% in the presence of IL-4. Similar results were obtained using a
transformed synovial cell line (results not shown).

Association of IL-4 inhibition of IL-1-induced MMP production with decreased production of

PGE,

Although IL-4 has been reported to inhibit the production of PGE, in several model systems
(18,19,21,22), the few results available in synovial fibroblasts have been conflicting. IL-4 was
found to inhibit the production of PGE in synovial fibroblasts stimulated with superantigen
(19), and Scitz et al (22) found that IL-4 inhibited production of PGE; in RA and OA
synoviocytes stimulated with IL-1B or TNF. However, Sugiyama et al (21) reported that the
effects of IL-4 were cell-type specific in that IL-1a-induced PGE levels were inhibited in
monocytes but not in rheumatoid synovial fibroblasts. In addition, there are conflicting reports
on the role of PGE; in IL-1-induced production of MMP (4,8,24,30-34).

To determine whether IL-4 inhibition of MMP production is associated with changes in
PGE; levels in HSF, levels of PGE, were measured in 6-hour conditioned media from HSF
cultures stimulated with IL,-1p in the presence or absence of I1L-4. The results, shown in Figure
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7, demonstrated that coincubation of HSF with IL-4 plus IL-1 resulted in decreased production
of PGE, compared with incubation with IL-1 alone.

Lack of abrogation of IL-4 inhibition of IL-1- induced MMP expression by the addition of
exogenous PGE;.

To determine whether IL-4 inhibition of IL-1- induced PGE; production plays a causal role in
the inhibition of MMP expression, increasing doses of exogenous PGE, were added in the
presence of IL-1 and IL-4. Results of this experiment showed that addition of PGE, had no
effect on the ability of IL-4 to inhibit the IL-1 induction of MMP mRNA (Figure 8).

Lack of effect of IL-4 on binding of transcription factor AP-1

Transcription factor AP-1 is thought to be an important factor in the regulation of both
collagenase and stromelysin genes (9,10). Since the inhibition of IL-1-induced MMP expression
is at least partly transcriptional, and since IL-4 has been shown to inhibit gene expression by
interfering with LPS-induced binding of AP-1 in monocytes (35), the effects of IL-4 on AP-1
binding were investigated. Nuclear extracts were isolated from synovial fibroblast cultures 1
hour after addition of IL-1 alone, IL-4 alone, or IL-1 in the presence of IL-4.

As shown in Figure 9, IL-4 had no effect on IL-1-induced AP-1 binding activity. In addition,
binding to another promoter element present in both genes, the polyoma virus enhancer 3
(PEA-3) site (36,37), was also unaffected by IL-4 (results not shown). These results are
consistent with our earlier finding that induction of c-fos MRNA is unaffected, and with the
conclusion that IL-4 does not interfere generally with IL-1 signal transduction events.

DISCUSSION

Joint and tissue destruction in chronic inflammatory conditions such as RA and periodontitis
is thought to be largely a result of increased production of MMP by cytokine-stimulated
fibroblasts (1,2). We have shown here that the antiinflammatory cytokine IL-4 has a dose-
dependent inhibitory effect on IL-1 induction of both collagenase (MMP-1) and stromelysin
1 (MMP-3). Although similar results have been reported in LPS- stimulated monocytes (17,
18) and superantigen-induced) synovial cells (19), as well as stromelysin expression in human
skin fibroblasts stimulated with IL-1 (20), to our knowledge, this is the first report of such
findings in IL-1-stimulated synovial fibroblasts.

Our data suggest that the inhibitory action of IL-4 takes place, at least in part, at the
transcriptional level. The apparent discrepancy between the 30% (for collagenase) and 45%
(for stromelysin) inhibition observed in the run-on transcription assay and the 60% seen in
transfections may be due either to cell-specific variations or to the different experimental
protocols. However, the level of suppression of stromelysin transcription observed in
transfection experiments is very similar to that observed at both the mRNA and protein levels
in synovial fibroblasts. Although the present data cannot exclude the possibility that IL-4 may
also destabilize the MMP mRNA or inhibit protein production at the translational or
posttranslational level, the effects of IL-4 on transcription appear to be significant.

Collagenase and stromelysin genes are, in most cases, coordinately regulated (8), and both
genes contain AP-1 and PEA-3 sites at similar locations in their promoter regions that are
thought to be important in their regulation (9,10,36,37). Based on these facts, along with results
reported by Dokter et al (35) showing IL-4 inhibition of the induction of both c-jun and c-
fos mRNA, as well as AP-1 binding activity, in LPS-stimulated monocytes, it was somewhat
surprising to find that IL-1 induction of c-fos, as well as AP-1 and PEA-3 binding activity were
not affected by the addition of IL-4 in synovial fibroblasts.
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The fact that induction of c-fos mMRNA and AP-1 binding are not affected suggests that IL-4
does not interfere with IL-1 receptor signaling or signal transduction in general, but rather, is
at least somewhat specific. In addition, this result is consistent with evidence suggesting that
although AP-1 is important for basal expression of these genes, other transcription factors are
likely to be involved in determining the magnitude of induction. For example, the magnitude
of the induction of both genes has been shown to decrease as promoter constructs are deleted
from the 5’ end (9,10,38-40), and additional promoter elements have been identified for each
of the 2 genes (7,41,42). Our results therefore suggest the possibility that the inhibitory effects
of IL-4 on MMP expression may be mediated by other transcription factors that are not yet
fully characterized. However, since the possibility remains that IL-4 may be affecting AP-1
transactivation potential in ways not reflected in DNA binding (e.g., phosphorylation or
availability of coactivators), it cannot presently be definitively concluded that IL-4 inhibition
of IL-1 induction of collagenase and stromelysin is independent of AP-1.

Previous reports showing IL-4 inhibition of gene expression have focused on inhibition of
prostaglandin synthesis, presumably leading to decreased production of cCAMP (18,19,21,22).
However, Sugiyama et al (21) found that IL-4 inhibition of IL-1a—induced cyclooxygenase 2
mRNA and PGE, production was cell-type specific, occurring in phorbol myristate acetate—
differentiated U937 cells and freshly prepared adherent synoviocytes, but not in rheumatoid
synovial fibroblasts. In addition, there are several conflicting reports concerning the role of
prostaglandins in the IL-1 induction of collagenase and stromelysin genes. Inhibition of
prostaglandin synthesis by indomethacin has been shown to both augment (32) as well as inhibit
(33) MMP expression, as has exogenous addition of PGE, (4,8,30-32,34) and alterations in
levels of cCAMP (8,31,32,34).

Our results, showing an IL-4 inhibition of IL-1-induced PGE, production by synovial
fibroblasts, are in conflict with the results reported by Sugiyama et al (21). However, these
data are consistent with earlier reports that IL-4 inhibits PGE, production in other systems
(18,19,22). Although it has been suggested by some investigators that the induction of
collagenase is dependent on PGE, (18) and that the inhibitory effects of IL-4 are mediated by
inhibition of PGE; production (18,19,22), our finding that addition of exogenous PGE, was
unable to restore the IL-1 induction of the MMP suggests that IL-4 inhibition of MMP
expression is through some other mechanism. This conclusion is consistent with that of Mauviel
etal (4), who found that although addition of exogenous PGE; induced collagenase expression
in human dermal fibroblasts, inhibition of PGE, production had no effect on the IL-1 induction.
They concluded that while PGE, and IL-1 induce collagenase expression by a common
mechanism, the IL-1 induction is not dependent on the production of PGE,. In addition,
Prontera et al (20) have suggested that the IL-4 inhibition of IL-1-induced stromelysin
expression in human skin fibroblasts is independent of protein kinase A or CAMP levels. Taken
together, these results suggest that although IL-4 inhibits both IL-1-induced PGE, production
and MMP expression, the two events do not appear to be causally linked in synovial fibroblasts.

In summary, we have presented evidence that coincubation of HSF with IL-4 and IL-1 results
in a dose-dependent reduction in the IL-1-induced production of both collagenase and
stromelysin. This inhibition takes place, at least in part, at the level of transcription and is
accompanied by decreased production of PGE,. However, binding of transcription factor AP-1
is not affected, raising the possibility that the effects of IL-4 may be mediated by other, less
well-characterized, transcription factors.

Lastly, it has been suggested that the chronic inflammation and ensuing joint and tissue
destruction associated with diseases such as RA and periodontitis may be perpetuated by an
imbalance between proinflammatory and antiinflammatory cytokines (22,43). In addition to
inhibiting the production of MMP by synovial fibroblasts as demonstrated here, IL-4 has also
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been shown to: 1) inhibit the production of IL-1p while increasing the production of IL-1
receptor antagonist in rheumatoid synovial explants (44); 2) decrease the number of TNF
receptors on rheumatoid synovial fibroblasts (45); 3 ) inhibit mitogen-induced proliferation of
rheumatoid synoviocytes (46); and 4) increase production of tissue inhibitor of
metalloproteinases in chondrocytes while inhibiting IL-1p-mediated cartilage matrix
degradation (47). Taken together, these results suggest that restoring the cytokine balance
might elicit a variety of beneficial effects.
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Interleukin-4 (IL-4) inhibits IL-1 induction of collagenase (Coll) and stromelysin (Stro) mRNA
in human synovial fibroblasts (HSF). Total RNA was isolated at the indicated time points after
addition of 100 ng of IL-1/ml alone or in combination with 10 ng of IL-4/ml to cultures of
human synovial fibroblasts. A, Northern blots were hybridized to cDNA probes corresponding
to collagenase (matrix metalloproteinase 1 [MMP-1]), stromelysin 1 (MMP-3), and GAPDH.
B, Blots were quantitated by scanning densitometry and normalized to levels of GAPDH.
Shown are data from 3 independent experiments with RNA isolated from HSF.
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Figure 2.

Interleukin-4 (IL-4) inhibits IL-1 induction of collagenase and stromelysin mRNA in
rheumatoid arthritis synovial fibroblasts. Total RNA was isolated 6 hours after addition of 100
ng of IL-1/ml alone or in combination with 10 ng of IL-4/ml to a single culture of rheumatoid
arthritis synovial fibroblasts. A Northern blot was hybridized and quantitated as described in
Figure 1.
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Figure 3.

Interleukin-4 (IL-4) inhibits the IL-1 induction of collagenase and stromelysin proteins.
Conditioned medium was harvested from human synovial fibroblast (HSF) cultures incubated
for 24 hours with 100 ng of IL-1B/ml alone or in the presence of 10 ng of IL-4/ml. Levels of
collagenase (A) and stromelysin (B) were measured in triplicate by enzyme-linked
immunosorbent assay. For stromelysin, HSF cultures derived from 2 different individuals were
used.
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Figure 4.

Interleukin-I (IL-1) induction of c-fos mRNA is not affected by IL-4. The same Northern blots
described in Figure 1 were rehybridized with a cDNA probe corresponding to c-fos. Shown
are data from 3 independent experiments.
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Figure 5.

Interleukin-4 (IL4) inhibition of IL-1-induced matrix metalloproteinase mRNA is dose
dependent. Total RNA was isolated from human synovial fibroblast cultures 6 hours after
addition of 100 ng of IL-1p/ml alone or in the presence of the indicated doses of IL-4. Shown
are data from 3 independent experiments. The 1C50(50% inhibition concentration) calculated
from these data is ~0.3 ng of IL-4/ml.
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Figure 6.

Interleukin-4 (IL-4) inhibition of IL-1-induccd matrix metalloproteinase expression occurs, at
least in part, at the transcriptional level. A, Nuclei were isolated 6 hours after incubation of
human synovial fibroblasts with 100 ng of IL-1p/ml alone or in the presence of 10 ng of IL4/
ml. Nuclear run-on transcription assays were performed and the rcsulting RNA was hybridized
to filters containing cDNA corresponding to collagenase, stromelysin, and GAPDH. Results
were quantitated by densitometric scanning and normalized to GAPDH. The average of 2
independent experiments is shown. B, Human foreskin fibroblasts were transiently transfected
with a luciferase reporter construct containing a 2-kb fragment of the human stromelysin
promoter, along with SVB-galactosidase as a control for transfection efficiency. Cytokines
were added 16 hours after transfection, and cells were harvested 24 hours later. Shown are data
from 2 independent experiments performed in triplicate, normalized to levels of p-
galactosidase, and expressed relative to the control.
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Figure 7.

Interleukin-4 (IL-4) inhibits IL-1-induced production of prostaglandin E; (PGE,) in human
synovial fibroblasts (HSF). Levels of PGE, were measured in triplicate in conditioned media
from HSF cultures treated with the appropriate cytokine(s) for 6 hours. HSF cultures isolated
from 2 different individuals were used.
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Figure 8.

Interleukin-4 (IL-4) inhibition of 1L-1-induced expression of matrix metalloproteinase is
independent of prostaglandin E, (PGE»). Indicated amounts (ng/ml) or PGE, (PGE) were
added to cultures of human synovial fibroblasts simultaneously with 100 ng of IL-1p/ml and
10 ng of IL-4/ml. Total RNA was isolated after 6 hours, and Northern blots were hybridized
with cDNA probes corresponding to collagenase, stromelysin, and GAPDH. The blot was
quantitated and normalized to GAPDH as described abovc. Shown are data from 3 independent
experiments for collagenase and 2 for stromelysin.
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Figure 9.

Binding of transcription factor activator protein 1(AP-1) is not affected by interleukin-4 (1L-4).
Nuclear extracts were isolated from human synovial fibroblast cultures treated for Lhour with
100 ng of IL-1p/ml, 10 ng IL-4/m1, or both IL-1 and IL-4, as well as from control cultures.
Binding of 5 ug of nuclear extract to a 32P-labeled oligo(dT) probe corresponding to the AP-1
site in the stromelysin promoter was determined by electrophoretic mobility shift assay. P =
probe alone, without nuclear extract, C = control, without interleukin.
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