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Abstract

A 5T/6T polymorphic site in the matrix metalloproteinase-3 (MMP-3) promoter has been identified as a repressor element in-
volved in inhibiting induction of MMP-3 transcription by interleukin 1; and the 6T allele has been associated with decreased ex-
pression of MMP-3 as compared to the 5T allele. Zinc-binding protein-89 (ZBP-89) was cloned from a yeast one-hybrid assay via its
ability to interact with this site, but when the protein was over-expressed, it resulted in activation of the MMP-3 promoter rather
than repression. Here we show that in nuclear extracts isolated from human gingival fibroblasts stimulated with IL-1, this site is
bound by p50 and p65 components of NF-kB in addition to ZBP-89, and that recombinant p50 binds preferentially to the 6T

binding site. These results are consistent with a role for NF-«B in limiting the cytokine induced expression of MMP-3.

© 2004 Elsevier Inc. All rights reserved.
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Stromelysin-1 (MMP-3) is a metalloproteinase with
broad substrate specificity, capable of degrading proteo-
glycan, laminin, fibronectin, and the non-fibrillar colla-
gens [1]. Perhaps equally important, it is also capable
of activating other pro-MMPs, including MMP-1, -8, -9,
and -13 [2-6], of inactivating plasminogen activator in-
hibitor I [7], and of cleaving FasL [8] and E-cadherin [9].
MMP-3 is produced by synovial and gingival fibroblasts,
chondrocytes, macrophages, neutrophils, and endothelial
cells in response to inflammatory cytokines [e.g., inter-
leukin-1 (IL-1) and tumor necrosis factor (TNF)] and
mitogens. Its role in tissue destruction associated with
chronic inflammation in rheumatoid arthritis and perio-
dontitis is well established. In addition, it also plays an
important role in normal tissue remodeling as well as in
other pathological processes such as cancer [10-12] and
atherosclerosis [13-15].

In a previous study of the MMP-3 promoter region,
the SIRE site (stromelysin IL-1 responsive element;
“ISUG(T)TTTTTCCCCCCATCAAAG ), was iden-
tified as a site of IL-1 induced DNA binding [16].
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Transient transfection experiments using a reporter
construct in which the SIRE site was mutated in the
context of a 2.3kb MMP-3 promoter fragment showed
that the mutant construct has a twofold greater IL-1
induction as compared to the wild type. These results
indicated that proteins binding to the SIRE site act as a
repressor of cytokine induced expression of MMP-3 [16].

This same site has also been identified as the site of a
common S5T/6T polymorphism, and there is evidence
that the repressor binds with higher affinity to the 6T site
than to the 5T [17,18]. A 5T reporter construct was twice
as transcriptionally active as a 6T construct in transient
transfection experiments [18], and tissue levels of MMP-
3 protein are determined by the polymorphism as ex-
pected from in vitro studies [19,20]. In addition, there
are now many studies that find an association of the
polymorphism with either susceptibility to or severity of
various diseases and conditions [21-26]. These studies
suggest that both low and high levels of MMP-3 can
have important pathological consequences. For exam-
ple, in cardiovascular disease homozygosity for the high-
expressing 5T allele is associated with increased risk for
myocardial infarction and aneurysm [27-30], while the
low-expressing 6T allele is associated with stenosis and
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more rapid progression of atherosclerosis [17,31-34].
Based on these studies it is clear that levels of MMP-3
must be tightly controlled to maintain health, and that
the SIRE site plays an important role in this fine-tuning
control.

Recently, zinc binding protein 89 (ZBP-89) was
cloned from a yeast one-hybrid system through its
ability to bind to this site [35]. However, it seemed to
function as an activator rather than a repressor of
MMP-3 transcription in over-expression studies, and its
binding was dependent on Cs in the site rather than the
Ts as expected for the repressor [35]. Binding of en-
dogenous ZBP-89 to the SIRE site was not shown.

In the experiments reported here, we confirm that
ZBP-89 is expressed in HGF, and that it is included in
IL-1 induced binding to the SIRE site in nuclear extracts
isolated from these cells. In addition, we show that these
complexes also contain the well-known transcription
factor, NF-kB, and that recombinant NF-kB p50 binds
preferentially to the 6T SIRE site. These results are
consistent with a role for NF-«kB in fine-tuning expres-
sion of MMP-3 in response to inflammatory cytokines.

Materials and methods

Cell culture. Human gingival tissue samples from patients under-
going periodontal surgery were obtained from Howard M. Sobel,
D.D.S. and Kevan S. Green, D.M.D. of Sobel Periodontal Associates,
P.C. The tissue was processed by enzymatic dispersion to produce
primary cultures [36,37]. Cells were maintained in Eagle’s minimal
essential medium (EMEM) supplemented with 10% fetal bovine serum
and antibiotic/antimycotic (penicillin, streptomycin, and amphotericin;
Gibco-BRL). Cells between passages 3 and 5 were used for experi-
ments. Cells were serum deprived for 16h in serum free EMEM sup-
plemented with 10% insulin, transferrin, and sodium selenite (Sigma
Chemical) prior to the addition of 100 ng IL-1p/ml (DuPont-Merck) or
10ng TNFo/ml (Sigma Chemical) or 10ng/ml IL-4 (Sigma Chemical)
or 10ng LPS/ml (Calbiochem).

Northern blot analysis. Total RNA was isolated according to the
acid—phenol method of Chomczynski and Sacchi [38], and 15pg was
run on 1% agarose-formaldehyde gels. A 900 bp cDNA fragment of
ZBP-89 was cloned by PCR from HGF, inserted in the pGEM-T Easy
vector (Promega), and fully sequenced. Probes were made by random
priming (Stratagene, La Jolla, CA) of the ZBP-89 cDNA and of a
cDNA corresponding to glyceraldehyde-3-phosphate dehydrogenase
(a gift of R. Newton, Wilmington, DE).

Nuclear extract isolation and EMSA Nuclear extracts were isolated
according to the method of Schreiber et al. [39] and quantitated in
mini-Bradford assays (Pierce). Synthetic oligonucleotides correspond-
ing to the 5T or 6T SIRE site (5 ACAAGACATGG(T)TTTTTCCC
CCCATCAAAG 3'; Invitrogen) were annealed and treated with T4
polynucleotide kinase in the presence of [y-**P]JATP. A consensus NF-
kB binding site was obtained from Santa Cruz Biotechnology and
labeled in the same way. An oligonucleotide probe corresponding to a
ZBP-89 binding site from the ornithine decarboxylase promoter was
also used in competition experiments (5 GGCCGATGCGCCCCTC
CCCGCGCCGATC 3, [40]). Binding reactions contained 5pg pro-
tein, 20 mM Hepes—OH, pH 7, 50mM NaCl, 0.2M EDTA, 5% glyc-
erol, 4 pg poly(dI-dC), and 10,000cpm probe in a total volume of
20 pl.

Western blotting. Twenty micrograms nuclear extract was separated
on 10% SDS-polyacrylamide gels. Proteins were transferred to Im-
mobilon-P Transfer Membrane (Millipore) and the membrane was
blocked overnight with Super Block blocking buffer (Pierce). The blot
was then incubated with anti-ZBP-89 mouse monoclonal antibody
(BD Transduction) diluted 1:1000 in Super Block for 1h at room
temperature. After washing three times in TBST (20 mM Tris—HCl, pH
7.5, 150 mM NacCl, and 0.5% Tween 20), the blots were incubated with
a goat anti-mouse secondary antibody conjugated to horseradish
peroxidase (Pierce) for 1 h. After three more washes in TBST, the blot
was incubated with SuperSignal West Pico Chemiluminescent Sub-
strate (Pierce) and exposed to X-ray film.

Results
ZBP-89 is expressed in HGF and binds to the SIRE site

Zinc binding protein-89 was cloned from a cDNA
library through its ability to bind to the SIRE site in a
yeast one-hybrid system, and the in vitro translated
protein was shown to bind to the site in EMSA [35]. In
order to begin to determine the role of endogenous ZBP-
89 in regulation of MMP-3 expression in HGF,
Northern blot analysis was done to determine whether
or not ZBP-89 is expressed in these cells, and if so,
whether its levels are regulated by inflammatory cyto-
kines. Results of these experiments (Fig. 1) showed that
ZBP-89 mRNA and protein are expressed in HGF, but
levels do not change appreciably in response to IL-18,
IL-4, TNFo or LPS.

Supershift analysis showed that ZBP-89 is contained
in IL-1 induced complexes binding to the SIRE site in
HGF nuclear extracts (Fig. 2). We previously reported
that there are two major complexes binding to the SIRE
site in gingival and synovial fibroblasts. Each of these
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Fig. 1. ZBP-89 is expressed in HGF. (A) Total RNA was isolated from
untreated HGF and from cells treated for 12 h with IL-1f (100 ng/ml),
LPS (10 ng/ml) or TNFa (10 ng/ml). Northern blots were hybridized to
a ¥P-labeled cDNA probe corresponding to human ZBP-89. (B) Nu-
clear extract isolated from rat kidney (as a positive control) and nu-
clear extract isolated from untreated HGF and cells treated for 12h
with IL-1 (100 ng/ml), IL-4 (10 ng/ml), IL-1 and 1L-4, LPS (10 ng/ml)
or TNFa (10ng/ml) were separated on 10% SDS-PAGE and trans-
ferred to a nylon membrane. Proteins were detected with anti-ZBP-89
and anti-actin antibodies followed by chemiluminescence. +C, positive
control, rat kidney nuclear extract. C, control, no cytokines.
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Fig. 2. IL-1 induced binding to the SIRE site contains NF-xB p50 and
p65 in addition to ZBP-89. Nuclear extract isolated from HGF cul-
tures 1h after addition of IL-1 (100ng/ml) was incubated with a **P-
labeled oligonucleotide corresponding to the 6T SIRE site. Antisera
against NF-xB p50, p65, and ZBP-89 were added as indicated.
P, probe alone, no extract.

two complexes can be further resolved and shown to
contain two complexes. The ZBP-89 antisera preferen-
tially inhibited the upper complex of Complex 2. It did
not affect binding of the lower portion of Complex 2 and
did not affect Complex 1 at all. These results indicate
that although ZBP-89 is present in HGF nuclear ex-
tracts and capable of binding to the SIRE site, it is not
the only protein capable of binding to this site.

IL-1 induced binding to the SIRE site contains NF-kB p50
and p65

A search of the TRANSFAC database [41] showed
that the SIRE binding site has some similarity to the
consensus binding site for dorsal, a Drosophila homo-
logue of human NF-«B. Since IL-1 is known to induce
NF-«B in these cells, antibodies specific for p50 and p65
components of NF-kB were used in supershift experi-
ments. Results, shown in Fig. 2, demonstrated that NF-
kB is in fact involved in binding to the SIRE site. Both
p50- and p65-specific antisera resulted in supershifts, but
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Fig. 3. Cross-competition of NF-kB consensus and ZBP-89 binding
sites with the 6T SIRE site. Nuclear extract isolated from HGF cul-
tures 1h after addition of IL-1 (100 ng/ml) was incubated with the
indicated **P-labeled oligonucleotide probes in the presence and ab-
sence of increasing amounts of the indicated unlabeled competitor
oligonucleotide binding sites.

a c-Rel antibody had no effect (not shown). Both bands
of Complex 1 were shifted by antisera directed against
p65, while the p50 antibody shifted the lower portion of
Complex 1 and the lower portion of Complex 2. Al-
though the possibility of alternative dimers cannot be
ruled out, these results are consistent with the conclu-
sion that Complex 1 contains primarily p50/p65 hete-
rodimers, with the upper, lighter band perhaps
consisting of p65/p65 homodimers, and that Complex 2
contains both p50/p50 homodimers and ZBP-89 binding
independently. In addition, competition EMSA experi-
ments (Fig. 3) showed that the SIRE binding site can
compete for both complexes binding to an NF-xB
consensus probe, although only partially. The unlabeled
NF-kB consensus site was able to compete easily for
binding of Complex 1 to the SIRE site probe, but less
well for Complex 2. An unlabeled ZBP-89 binding site
competed for the upper portion of Complex 2.

Recombinant NF-xB p50 binds preferentially to the 6T
SIRE site

The fact that binding of ZBP-89 to the SIRE site was
shown to be dependent on the C’s in the binding site
rather than the T’s [35] suggested strongly that it could
not be responsible for the decreased transcription of the
6T promoter construct as compared to the 5T [18].
Recombinant NF-kB p50 was used in EMSA to deter-
mine whether it could differentiate between 5T and 6T
SIRE site probes. As shown in Fig. 4, recombinant p50
resulted in more binding to the 6T probe as compared to
the 5T. Furthermore, competition with unlabeled 5T
and 6T probes showed that the 6T competitor was more
effective than the 5T competitor, suggesting that p50
homodimers bind preferentially to the 6T site. Taken
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Fig. 4. Recombinant NF-kB p50 binds preferentially to the 6T SIRE site. (A) Nuclear extract isolated from HGF cultures one hour after addition of
IL-1 (100 ng/ml) were incubated with a 3>P-labeled probe corresponding to the 5T or 6T SIRE site, as indicated. Increasing amounts of unlabeled 5T
or 6T SIRE site oligonucleotides were added in competition. NC, no competition. (B) Autoradiographs were quantitated by scanning densitometry

and expressed as relative density for comparison.

together, these results are consistent with a role for NF-
kB as an IL-1 induced repressor of cytokine-induced
expression of MMP-3 in HGF.

Discussion

Previous studies identified the SIRE site as a repres-
sor of MMP-3 transcription [16,18]. Binding to this re-
pressor element is induced by IL-1 and TNF, and
mutation of two C’s in the site eliminates binding and
increases IL-1 induced transcription from the MMP-3
promoter [16]. Ye et al. [17] also identified the same
region as the site of a common 5T/6T polymorphism
and showed increased transcription from a 5T promoter
construct as compared to a 6T [18]. These results sug-
gested that the repressor binds with higher affinity to the
6T site than the 5T. They later cloned ZBP-89 in a yeast
one-hybrid assay through its ability to bind to the SIRE
site [35]. However, binding of the recombinant protein
was dependent on C’s in the site rather than the T’s, and
the over-expressed protein activated transcription from
the MMP-3 promoter rather than repressing it. Thus, it
was unlikely that ZBP-89 could by itself be responsible
for the repressor function of the SIRE site.

Here we show that ZBP-89 mRNA and protein are in
fact expressed in HGF (Fig. 1), and that ZBP-89 does
bind to the SIRE site in HGF nuclear extracts (Fig. 2).
However, results of supershift experiments made it clear
that ZBP-89 alone is not responsible for IL-1 induced

binding, since the ZBP-89 antisera affected only one of
the four sub-complexes. A search of the TRANSFAC
database [41] suggested that this site might be bound by
some form of NF-kB, and supershift experiments con-
firmed that IL-1-induced binding to the SIRE site con-
tains not only ZBP-89, but also p50 and p65
components of NF-kB (Fig. 2). Based on the fact that
the ZBP-89 antibody did not shift any complexes con-
taining p50 or p65, and vice versa, it seems likely that
binding of ZBP-89 and NF-kB to the SIRE site are
mutually exclusive, competitive events. Consistent with
this, co-immunoprecipitation studies failed to find any
evidence of physical interaction between ZBP-89 and
p50 or p65 (not shown).

As noted previously, the SIRE site has also been
identified as the site of a common genetic polymorphism
[17]. Based on data from transient transfection experi-
ments, one would expect that an individual homozygous
for the 5T allele would express more MMP-3 than a
heterozygous individual or one homozygous for the 6T
allele, all other things being equal. Given the importance
of this protein in both normal and pathological tissue
remodeling, one might also expect that these differences
would be reflected in altered susceptibility to and/or
severity of certain diseases. In fact, there are numerous
studies that show association of the 5T/6T polymor-
phism to various diseases and conditions [21-26], and
most of these correlations are consistent with the
hypothesis that the 5T/5T genotype would result in
higher levels of MMP-3. Thus, for example, the 5T/5T
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genotype (higher expression of MMP-3) is associated
with increased risk for aneurysms and myocardial
infarction [27-30], while the 6T/6T genotype (lower ex-
pression) is associated with increased progression of
atherosclerosis and stenosis [17,31-34]. Moreover,
genotype at the SIRE site has been correlated with
MMP-3 protein levels in tissue samples [19,20]. There is
therefore ample evidence to suggest that this element
and its polymorphism are physiologically important,
and that it does act in vivo as a repressor element.

The present data do not allow any conclusion to be
drawn as to which of the complex(es) binding to the
SIRE site actually act as repressor(s) or how this func-
tion is accomplished. The fact that ZBP-89 over-ex-
pression resulted in activation of MMP-3 expression in
transient transfection experiments [35] does not neces-
sarily exclude it from consideration as a repressor in
vivo. ZBP-89 has been reported to act as either an ac-
tivator or a repressor of transcription, depending on
context. When it is a repressor, it normally acts by
competing with members of the Sp1 family for the same
binding site [40,42-45], although it has also been shown
to have a repressor domain [44]. It is therefore possible
that ZBP-89 acts as a repressor by competing with NF-
kB for binding to the SIRE site. However, as mentioned
before, ZBP-89 binding was shown to be dependent on
the C’s in the site, but not the T’s [35]. Since the 6T site
has been shown to be a better repressor than the 5T
[16,18-20], it is likely that the true repressor would bind
preferentially to the 6T site. NF-«xB is therefore a more
attractive candidate for the repressor, since recombinant
p50 does bind preferentially to the 6T site.

It was somewhat surprising to identify NF-kB as a
repressor of cytokine-induced expression of MMP-3,
since previous reports on MMP-3 regulation have sug-
gested that NF-xB activates its expression [46-50].
However, none of these reports showed a direct role for
NF-«B binding to the MMP-3 promoter and there are
no canonical NF-kB sites in the promoter sequence.
Thus it is possible that NF-kB acts as an activator of
MMP-3 transcription, either through another non-ca-
nonical site or perhaps indirectly by activating other
transcription factor(s), while at the same time acting as a
repressor via the SIRE site.

Although NF-xB is most often an activator of tran-
scription in response to inflammatory stimuli, there are a
growing number of examples of NF-kB acting as a re-
pressor. Many of these examples involve p50/p50 ho-
modimers [51-59]. Since p5S0 does not have an activation
domain [60,61], this inactive dimer can repress tran-
scription by competing with p50/p65 heterodimers for
binding to the same site. Thus, variations in the relative
abundance of NF-xB dimers during cell differentiation
or aging, or in different physiological conditions, can
have important effects on gene regulation [51,53,54,
57,58]. LPS tolerance is a well-studied example of this

[55,56,59,62]. In addition, a polymorphism has also been
identified in the TNFa promoter that reduces binding of
p50 homodimers and thereby increases the enhancer
function of the site, increasing transcription of the gene
[52]. This polymorphism has also been associated with
accelerated erosive rheumatoid arthritis [63]. It must
also be noted however that NF-xB p50 homodimers
have also been shown to be capable of activating gene
expression by recruiting Bcl-3 [64-66], and that p65-
containing dimers can also act as repressors by recruit-
ing co-repressors or histone deacetylases [67,68]. Further
experiments are needed to differentiate among these
possibilities.

Acknowledgments

The authors thank Howard M. Sobel, D.D.S., and Kevan S.
Greene, D.M.D. for providing gingival tissue samples, and Bill Laid-
law and Willie Mae Johnson for their tissue culture expertise. This
work was supported by Grant R29DE12096 from the NIH/NIDCR to
R.C.B.

References

[1] S.L. Parsons, S.A. Watson, P.D. Brown, H.M. Collins, R.J.
Steele, Matrix metalloproteinases, Br. J. Surg. 84 (1997) 160-166.

[2] V. Knauper, S.M. Wilhelm, P.K. Seperack, Y.A. DeClerck, K.E.
Langley, A. Osthues, H. Tschesche, Direct activation of human
neutrophil procollagenase by recombinant stromelysin, Biochem.
J. 295 (1993) 581-586.

[3] V. Knauper, C. Lopez-Otin, B. Smith, G. Knight, G. Murphy,
Biochemical characterization of human collagenase-3, J. Biol.
Chem. 271 (1996) 1544-1550.

[4] G. Murphy, M.L. Cockett, P.E. Stephens, B.J. Smith, A.J.
Docherty, Stromelysin is an activator of procollagenase. A study
with natural and recombinant enzymes, Biochem. J. 248 (1987)
265-268.

[5] Y. Ogata, J.J. Enghild, H. Nagase, Matrix metalloproteinase 3
(stromelysin) activates the precursor for the human matrix
metalloproteinase 9, J. Biol. Chem. 267 (1992) 3581-3584.

[6] K. Suzuki, J.J. Enghild, T. Morodomi, G. Salvesen, H. Nagase,
Mechanisms of activation of tissue procollagenase by matrix
metalloproteinase 3 (stromelysin), Biochemistry 29 (1990) 10261-
10270.

[7]1 H.R. Lijnen, B. Arza, B. Van Hoef, D. Collen, P.J. Declerck,
Inactivation of plasminogen activator inhibitor-1 by specific
proteolysis with stromelysin-1 (MMP-3), J. Biol. Chem. 275
(2000) 37645-37650.

[8] H. Matsuno, K. Yudoh, Y. Watanabe, F. Nakazawa, H. Aono, T.
Kimura, Stromelysin-1 (MMP-3) in synovial fluid of patients with
rheumatoid arthritis has potential to cleave membrane bound Fas
ligand, J. Rheumatol. 28 (2001) 22-28.

[9] V. Noe, B. Fingleton, K. Jacobs, H.C. Crawford, S. Vermeulen,
W. Steelant, E. Bruyneel, L.M. Matrisian, M. Mareel, Release of
an invasion promoter E-cadherin fragment by matrilysin and
stromelysin-1, J. Cell Sci. 114 (2001) 111-118.

[10] J. Nikkola, P. Vihinen, T. Vlaykova, M. Hahka-Kemppinen,
V.M. Kahari, S. Pyrhonen, High expression levels of collagenase-1
and stromelysin-1 correlate with shorter disease-free survival in
human metastatic melanoma, Int. J. Cancer 97 (2002) 432-438.



R.C. Borghaei et al. | Biochemical and Biophysical Research Communications 316 (2004) 182-188 187

[11] T. De Angelis, A. Noe, M. Chatterjee, J. Mulholland, Stromely-
sin-1 activation correlates with invasiveness in squamous cell
carcinoma, J. Invest. Dermatol. 118 (2002) 759-766.

[12] M.D. Sternlicht, A. Lochter, C.J. Sympson, B. Huey, J.P.
Rougier, J.W. Gray, D. Pinkel, M.J. Bissell, Z. Werb, The
stromal proteinase MMP3/stromelysin-1 promotes mammary
carcinogenesis, Cell 98 (1999) 137-146.

[13] Y. Okamoto, K. Satomura, F. Ohsuzu, H. Nakamura, K.
Takeuchi, M. Yoshioka, Expression of matrix metalloproteinase
3 in experimental atherosclerotic plaques, J. Atheroscler. Thromb.
8 (2001) 50-54.

[14] H.R. Lijnen, Extracellular proteolysis in the development and

progression of atherosclerosis, Biochem. Soc. Trans. 30 (2002)

163-167.

J.L. Beaudeux, P. Giral, E. Bruckert, M. Bernard, M.J. Foglietti,

M.J. Chapman, Serum matrix metalloproteinase-3 and tissue

inhibitor of metalloproteinases-1 as potential markers of carotid

atherosclerosis in infraclinical hyperlipidemia, Atherosclerosis 169

(2003) 139-146.

[16] R.C. Borghaei, C. Sullivan, E. Mochan, Identification of a
cytokine-induced repressor of interleukin-1 stimulated expression
of stromelysin 1 (MMP-3), J. Biol. Chem. 274 (1999) 2126-2131.

[17] S. Ye, G.F. Watts, S. Mandalia, S.E. Humphries, A.M. Henney,
Preliminary report: genetic variation in the human stromelysin
promoter is associated with progression of coronary atheroscle-
rosis, Br. Heart J. 73 (1995) 209-215.

[18] S. Ye, P. Eriksson, A. Hamsten, M. Kurkinen, S.E. Humphries,

A.M. Henney, Progression of coronary atherosclerosis is associ-

ated with a common genetic variant of the human stromelysin-1

promoter which results in reduced gene expression, J. Biol. Chem.

271 (1996) 13055-13060.

T.L. Medley, B.A. Kingwell, C.D. Gatzka, P. Pillay, T.J. Cole,

Matrix metalloproteinase-3 genotype contributes to age-related

aortic stiffening through modulation of gene and protein expres-

sion, Circ. Res. 92 (2003) 1254-1261.

R. Lichtinghagen, M.J. Bahr, M. Wehmeier, D. Michels, C.I.

Haberkorn, B. Arndt, P. Flemming, M.P. Manns, K.H. Boeker,

Expression and coordinated regulation of matrix metalloprotein-

ases in chronic hepatitis C and HCV-induced liver cirrhosis, Clin.

Sci. (Lond.) (2003).

S. Beyzade, S. Zhang, Y.K. Wong, I.N. Day, P. Eriksson, S. Ye,

Influences of matrix metalloproteinase-3 gene variation on extent

of coronary atherosclerosis and risk of myocardial infarction, J.

Am. Coll. Cardiol. 41 (2003) 2130-2137.

[22] G. Ghilardi, M.L. Biondi, M. Caputo, S. Leviti, M. DeMonti, E.
Guagnellini, R. Scorza, A single nucleotide polymorphism in the
matrix metalloproteinase-3 promoter enhances breast cancer
susceptibility, Clin. Cancer Res. 8 (2002) 3820-3823.

[23] B. Marasini, S. Casari, S. Zeni, O. Turri, M.L. Biondi, Strome-
lysin promoter polymorphism is associated with systemic sclerosis,
Rheumatology (Oxford) 40 (2001) 475-476.

[24] J. Satsangi, R.W. Chapman, N. Haldar, P. Donaldson, S.
Mitchell, J. Simmons, S. Norris, S.E. Marshall, J.I. Bell, D.P.
Jewell, K.I. Welsh, A functional polymorphism of the stromelysin
gene (MMP-3) influences susceptibility to primary sclerosing
cholangitis, Gastroenterology 121 (2001) 124-130.

[25] C. Selmi, M. Zuin, F. Meda, M. Podda, M.L. Biondi, F. Cecchini,
Common variants of the matrix metalloproteinase-3 (stromelysin)
gene promoter in primary biliary cirrhosis, Gastroenterology 122
(2002) 247-248.

[26] M. Takahashi, H. Haro, Y. Wakabayashi, T. Kawa-uchi, H.
Komori, K. Shinomiya, The association of degeneration of the
intervertebral disc with 5a/6a polymorphism in the promoter of
the human matrix metalloproteinase-3 gene, J. Bone Joint Surg.
Br. 83 (2001) 491-495.

[27] B. Zhang, S. Dhillon, I. Geary, W.M. Howell, F. Iannotti, I.N.
Day, S. Ye, Polymorphisms in matrix metalloproteinase-1, -3, -9,

[15

[19

[20

21

and -12 genes in relation to subarachnoid hemorrhage, Stroke 32

(2001) 2198-2202.

S. Yoon, G. Tromp, S. Vongpunsawad, A. Ronkainen, T.

Juvonen, H. Kuivaniemi, Genetic analysis of MMP3, MMP9,

and PAI-1 in Finnish patients with abdominal aortic or intracra-

nial aneurysms, Biochem. Biophys. Res. Commun. 265 (1999)

563-568.

M. Terashima, H. Akita, K. Kanazawa, N. Inoue, S. Yamada, K.

Ito, Y. Matsuda, E. Takai, C. Iwai, H. Kurogane, Y. Yoshida, M.

Yokoyama, Stromelysin promoter SA/6A polymorphism is asso-

ciated with acute myocardial infarction, Circulation 99 (1999)

2717-2719.

[30] N. Lamblin, C. Bauters, X. Hermant, J.M. Lablanche, N.
Helbecque, P. Amouyel, Polymorphisms in the promoter regions
of MMP-2, MMP-3, MMP-9 and MMP-12 genes as determinants
of aneurysmal coronary artery disease, J. Am. Coll. Cardiol. 40
(2002) 43-48.

[31] G. Ghilardi, M.L. Biondi, J. Mangoni, S. Leviti, M. DeMonti, E.
Guagnellini, R. Scorza, Matrix metalloproteinase-1 promoter
polymorphism 1G/2G is correlated with colorectal cancer inva-
siveness, Clin. Cancer Res. 7 (2001) 2344-2346.

[32] S. Humphries, C. Bauters, A. Meirhaeghe, L. Luong, M.
Bertrand, P. Amouyel, The 5A6A polymorphism in the promoter
of the stromelysin-1 (MMP3) gene as a risk factor for restenosis,
Eur. Heart J. 23 (2002) 721-725.

[33] S.E. Humphries, L.A. Luong, P.J. Talmud, M.H. Frick, Y.A.
Kesaniemi, A. Pasternack, M.R. Taskinen, M. Syvanne, The 5A/
6A polymorphism in the promoter of the stromelysin-1 (MMP-3)
gene predicts progression of angiographically determined coro-
nary artery disease in men in the LOCAT gemfibrozil study. Lopid
Coronary Angiography Trial, Atherosclerosis 139 (1998) 49-56.

[34] R. Rauramaa, S.B. Vaisanen, L.A. Luong, A. Schmidt-Trucksass,
I.M. Penttila, C. Bouchard, J. Toyry, S.E. Humphries, Stromely-
sin-1 and interleukin-6 gene promoter polymorphisms are deter-
minants of asymptomatic carotid artery atherosclerosis,
Arterioscler. Thromb. Vasc. Biol. 20 (2000) 2657-2662.

[35] S. Ye, C. Whatling, H. Watkins, A. Henney, Human stromelysin
gene promoter activity is modulated by transcription factor ZBP-
89, FEBS Lett. 450 (1999) 268-272.

[36] E. Mochan, J. Uhl, R. Newton, IL-1 stimulation of synovial
plasminogen activator production, J. Rheum. 13 (1986) 15-19.

[37] E. Mochan, J. Uhl, R. Newton, Evidence that interleukin 1
induction of synovial cell plasminogen activator is mediated via
prostaglandin E2 and cyclic AMP, Arthritis Rheum. 29 (1986)
1078-1084.

[38] P. Chomczynski, N. Sacchi, Single-step method of RNA isolation
by acid—guanidinium-thiocyanate-phenol-chloroform extraction,
Anal. Biochem. 162 (1987) 156-159.

[39] E. Schreiber, P. Matthais, M.M. Muller, W. Schaffner, Rapid
detection of octamer binding protein with ‘mini-extracts’ prepared
from a small number of cells, Nucleic Acids Res. 17 (1989) 6419.

[40] G.L. Law, H. Itoh, D.J. Law, G.J. Mize, J.L. Merchant, D.R.
Morris, Transcription factor ZBP-89 regulates the activity of the
ornithine decarboxylase promoter, J. Biol. Chem. 273 (1998)
19955-19964.

[41] T. Heinmeyer, E. Wingender, 1. Reuter, H. Hermjakob, A.E. Kel,
0.V. Kel, E.V. Ignateiva, E.A. Ananko, O.A. Podkolodnaya,
F.A. Kolpakov, N.L. Podkolodny, N.A. Kolchanov, Databases
on transcriptional regulation: TRANSFAC, TRRD, and COM-
PEL, Nucleic Acids Res. 26 (1998) 264-370.

[42] A.C. Keates, S. Keates, J.H. Kwon, K.O. Arseneau, D.J. Law, L.
Bai, J.L. Merchant, T.C. Wang, C.P. Kelly, ZBP-89, Spl, and
nuclear factor-kappa B regulate epithelial neutrophil-activating
peptide-78 gene expression in Caco-2 human colonic epithelial
cells, J. Biol. Chem. 276 (2001) 43713-43722.

[43] J.L. Merchant, G.R. Iyer, B.R. Taylor, J.R. Kitchen, E.R.
Mortensen, Z. Wang, R.J. Flintoft, J.B. Michel, R. Bassel-Duby,

[28

29



188 R.C. Borghaei et al. | Biochemical and Biophysical Research Communications 316 (2004) 182-188

ZBP-89, a Kruppel-like zinc finger protein, inhibits epidermal
growth factor induction of the gastrin promoter, Mol. Cell. Biol.
16 (1996) 6644-6653.

R. Passantino, V. Antona, G. Barbieri, P. Rubino, R. Melchi-

onna, G. Cossu, S. Feo, A. Giallongo, Negative regulation of beta

enolase gene transcription in embryonic muscle is dependent upon

a zinc finger factor that binds to the G-rich box within the muscle-

specific enhancer, J. Biol. Chem. 273 (1998) 484-494.

[45] M.I. Dawson, J.H. Park, G. Chen, W. Chao, L. Dousman, N.
Waleh, P.D. Hobbs, L. Jong, L. Toll, X. Zhang, J. Gu, A. Agadir,
J.L. Merchant, L. Bai, AK. Verma, S.M. Thacher, R.A.
Chandraratna, B. Shroot, D.L. Hill, Retinoic acid (RA) receptor
transcriptional activation correlates with inhibition of 12-O-
tetradecanoylphorbol-13-acetate-induced ornithine decarboxylase
(ODC) activity by retinoids: a potential role for trans-RA-induced
ZBP-89 in ODC inhibition (In Process Citation), Int. J. Cancer 91
(2001) 8-21.

[46] A.J. Chase, M. Bond, M.F. Crook, A.C. Newby, Role of nuclear
factor-kappa B activation in metalloproteinase-1, -3, and -9
secretion by human macrophages in vitro and rabbit foam cells
produced in vivo, Arterioscler. Thromb. Vasc. Biol. 22 (2002)
765-771.

[47] M. Bond, A.H. Baker, A.C. Newby, Nuclear factor kappaB

activity is essential for matrix metalloproteinase-1 and -3 upreg-

ulation in rabbit dermal fibroblasts, Biochem. Biophys. Res.

Commun. 264 (1999) 561-567.

M. Bond, A.J. Chase, A.H. Baker, A.C. Newby, Inhibition of

transcription factor NF-kappaB reduces matrix metalloprotein-

ase-1, -3 and -9 production by vascular smooth muscle cells,

Cardiovasc. Res. 50 (2001) 556-565.

[49] J. Bondeson, B. Foxwell, F. Brennan, M. Feldmann, Defining
therapeutic targets by using adenovirus: blocking NF-kappaB
inhibits both inflammatory and destructive mechanisms in rheu-
matoid synovium but spares anti-inflammatory mediators, Proc.
Natl. Acad. Sci. USA 96 (1999) 5668-5673.

[50] J. Bondeson, F. Brennan, B. Foxwell, M. Feldmann, Effective

adenoviral transfer of IkappaBalpha into human fibroblasts and

chondrosarcoma cells reveals that the induction of matrix
metalloproteinases and proinflammatory cytokines is nuclear

factor-kappaB dependent, J. Rheumatol. 27 (2000) 2078-2089.

P. Zwollo, S. Rao, J.J. Wallin, E.R. Gackstetter, M.E. Koshland,

The transcription factor NF-kappaB/p50 interacts with the blk

gene during B cell activation, J. Biol. Chem. 273 (1998) 18647—

18655.

[52] I.A. Udalova, A. Richardson, A. Denys, C. Smith, H. Ackerman,
B. Foxwell, D. Kwiatkowski, Functional consequences of a
polymorphism affecting NF-kappaB p50-p50 binding to the
TNF promoter region, Mol. Cell. Biol. 20 (2000) 9113-9119.

[53] P.C. Supakar, M.H. Jung, C.S. Song, B. Chatterjee, A.K. Roy,
Nuclear factor kappa B functions as a negative regulator for the
rat androgen receptor gene and NF-kappa B activity increases
during the age-dependent desensitization of the liver, J. Biol.
Chem. 270 (1995) 837-842.

[54] A. Sundstedt, M. Sigvardsson, T. Leanderson, G. Hedlund, T.
Kalland, M. Dohlsten, In vivo anergized CD4+ T cells express

[44

48

[51

perturbed AP-1 and NF-kappa B transcription factors, Proc.
Natl. Acad. Sci. USA 93 (1996) 979-984.

[55] S. Kastenbauer, H.W. Ziegler-Heitbrock, NF-kappaBl (p50) is
upregulated in lipopolysaccharide tolerance and can block tumor
necrosis factor gene expression, Infect. Immun. 67 (1999) 1553—
1559.

[56] C.E. Goldring, S. Reveneau, D. Pinard, J.F. Jeannin, Hypore-
sponsiveness to lipopolysaccharide alters the composition of NF-
kappaB binding to the regulatory regions of inducible nitric oxide
synthase gene, Eur. J. Immunol. 28 (1998) 2960-2970.

[57] A.M. Brown, M.W. Linhoff, B. Stein, K.L. Wright, A.S Baldwin
Jr, P.V. Basta, J.P. Ting, Function of NF-kappa B/Rel binding
sites in the major histocompatibility complex class II invariant
chain promoter is dependent on cell-specific binding of different
NF-kappa B/Rel subunits, Mol. Cell. Biol. 14 (1994) 2926-2935.

[58] S.M. Kang, A.C. Tran, M. Grilli, M.J. Lenardo, NF-kappa B
subunit regulation in nontransformed CD4+ T lymphocytes,
Science 256 (1992) 1452-1456.

[59] J. Bohuslav, V.V. Kravchenko, G.C. Parry, J.H. Erlich, S.
Gerondakis, N. Mackman, R.J. Ulevitch, Regulation of an
essential innate immune response by the p50 subunit of NF-
kappaB, J. Clin. Invest. 102 (1998) 1645-1652.

[60] M.L. Schmitz, P.A. Bacuerle, The p65 subunit is responsible for
the strong transcription activating potential of NF-kappa B,
EMBO J. 10 (1991) 3805-3817.

[61] A.S. Baldwin Jr, The NF-kappa B and I kappa B proteins: new
discoveries and insights, Annu. Rev. Immunol. 14 (1996) 649-683.

[62] H.W. Ziegler-Heitbrock, 1. Petersmann, M. Frankenberger, pS0
(NF-kappa Bl) is upregulated in LPS tolerant P388D1 murine
macrophages, Immunobiology 198 (1997) 73-80.

[63] I.A. Udalova, A. Richardson, H. Ackerman, P. Wordsworth, D.
Kwiatkowski, Association of accelerated erosive rheumatoid
arthritis with a polymorphism that alters NF-kappaB binding to
the TNF promoter region, Rheumatology (Oxford) 41 (2002) 830—
831.

[64] T. Fujita, G.P. Nolan, H.C. Liou, M.L. Scott, D. Baltimore, The
candidate proto-oncogene bcl-3 encodes a transcriptional coacti-
vator that activates through NF-kappa B p50 homodimers, Genes
Dev. 7 (1993) 1354-1363.

[65] S.F. Elliott, C.I. Coon, E. Hays, T.A. Stadheim, M.P. Vincenti,
Bcl-3 is an interleukin-1-responsive gene in chondrocytes and
synovial fibroblasts that activates transcription of the matrix
metalloproteinase 1 gene, Arthritis Rheum. 46 (2002) 3230-3239.

[66] V. Bours, G. Franzoso, V. Azarenko, S. Park, T. Kanno, K.
Brown, U. Siebenlist, The oncoprotein Bcl-3 directly transacti-
vates through kappa B motifs via association with DNA-binding
pS0B homodimers, Cell 72 (1993) 729-739.

[67] B.P. Ashburner, S.D. Westerheide, A.S. Baldwin Jr, The p65
(RelA) subunit of NF-kappaB interacts with the histone deacety-
lase (HDAC) corepressors HDAC1 and HDAC2 to negatively
regulate gene expression, Mol. Cell. Biol. 21 (2001) 7065—
7077.

[68] W. Zhang, B.C. Kone, NF-kappaB inhibits transcription of the
H(+)-K(+)-ATPase alpha(2)-subunit gene: role of histone deacety-
lases, Am. J. Physiol. Renal Physiol. 283 (2002) F904-F911.



	NF-kappaB binds to a polymorphic repressor element in the MMP-3 promoter
	Materials and methods
	Results
	ZBP-89 is expressed in HGF and binds to the SIRE site
	IL-1 induced binding to the SIRE site contains NF-kappaB p50 and p65
	Recombinant NF-kappaB p50 binds preferentially to the 6T SIRE site

	Discussion
	Acknowledgements
	References


