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Up-regulation of matrix metalloproteinase-1 expression in U937 cells by
low-density lipoprotein-containing immune complexes requires the activator
protein-1 and the Ets motifs in the distal and the proximal promoter regions
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SUMMARY

We reported previously that low-density lipoprotein (LDL)-containing immune complexes (LDL-
IC) stimulated matrix metalloproteinase-1 (MMP-1) expression in U937 histiocytes through Fc
gamma receptor (FcyR)-mediated extracellular signal-regulated kinase pathway. The present study
has explored the transcriptional mechanisms involved in the stimulation. Deletion analysis showed
that LDL-IC stimulated MMP-1 promoter activity in cells transfected with the Construct 1 that
contained a 4,334-bp MMP-1 promoter fragment, but had no effect in cells transfected with other
constructs that had shorter MMP-1 promoter (2685-bp or less), suggesting that cis-acting elements
located between —4334 and —2685 are required for the promoter stimulation. The mutation study
further indicated that the activator protein-1 (AP-1) (—3471) or Ets (—3836) motifs in this distal
region were essential for the LDL-IC-stimulated MMP-1 expression. Moreover, although above
deletion analysis showed that LDL-IC did not stimulate MMP-1 promoter activity in cells
transfected with constructs that contained the proximal AP-1 (—72) and Ets (—88) in the promoter
fragments that are 2685-bp or less, the mutations of the —72 AP-1 or the —88 Ets motif in the
construct 1 abolished the stimulation of MMP-1 expression by LDL-IC, suggesting that a long
promoter sequence is required for the —72 AP-1 and —88 Ets motifs to be involved in the
stimulation. Finally, electrophoretic mobility shift assay showed that LDL-IC stimulated the
activities of transcription factors AP-1 and Ets. In conclusion, the present study shows that both
the distal and proximal AP-1 and Ets motifs are required for LDL-IC-stimulated MMP-1 expression

in U937 histiocytes.

INTRODUCTION

In 1980, Hansson and coworkers reported that immunoglobulin
G (IgG) was deposited in the subendothelial zone of the
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atherosclerotic lesions. Using electronic microscopy, they found
that IgG was adhering to collagen fibres and coating the surfaces
of foam cells.' In 1981, Parums and Mitchinson also reported
the diffuse positive IgG-staining in the amorphous parts of the
atheromatous material.> While these studies provided evidence
that a relatively large quantity of IgG was present in athero-
sclerotic lesions, it was not clear whether these immunoglobu-
lins were in free form or complexed with antigens and what the
nature of the antigen was if immune complexes (IC) were
formed. In 1994, an elegant study conducted by Witztum and
coworkers showed that the IgG isolated from atherosclerotic
lesions recognized epitopes characteristic of oxidized low-
density lipoprotein (LDL) and that IC isolated from the lesions
contained apoprotein B-100 and its fragments.? Thus, this study
clearly demonstrates that LDL-containing IC (LDL-IC) are
present in atherosclerotic plaques.

In vitro studies have shown that the interaction of LDL-IC
with macrophages leads to the engagement of Fc gamma
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receptors (FcyRs) and subsequent macrophage activation. >
Activated macrophages release cytokines, such as tumour
necrosis factor-a and interleukin (IL)-13, and free radicals that
are believed to play crucial roles in atherogenesis.® Moreover,
studies have also demonstrated that Fc gamma receptor (FcyR)-
mediated uptake of LDL-IC by macrophages leads to foam cell
formation.” All these observations suggest that LDL-IC in
atherosclerotic lesions contribute to atherogenesis.

Recently, we have explored the potential role of LDL-IC in
the macrophage-involved matrix degradation that contributes to
the disruption of atherosclerotic plaques.® We found that LDL-
IC stimulated expression of matrix metalloproteinase-1 (MMP-
1, interstitial collagenase), a proteinase responsible for the
initial cleavage of fibrillar interstitial collagen, through
FcyR-mediated extracellular signal-regulated kinase (ERK)
pathway in both human monocyte-derived macrophages and
U937 histiocytes. We also observed that both FcyRI and FcyRII
were involved in the stimulation. Furthermore, our results
showed that IC that contain human IgG and rabbit anti-human
IgG also stimulated MMP-1 expression, suggesting that IC,
regardless of their antigen contents, are capable of stimulating
MMP-1 secretion from U937 histiocytes by crosslinking FcyRs.
In a follow-up study, we demonstrated that pretreatment of
macrophage-like U937 cells with interferon-y (IFN-y) augmen-
ted LDL-IC-induced MMP-1 expression.9 Because MMP-1
released by macrophages has been implicated in the destabili-
zation of atherosclerotic plaques'®'* these studies suggest that
LDL-IC may contribute to plaque rupture.

Although above studies have shown that LDL-IC up-reg-
ulate MMP-1 expression through FcyR-mediated ERK signal-
ling pathway, the molecular mechanisms involved in the gene
expression remain unknown. The current investigation was
undertaken to determine the cis- and frams-acting elements
required for LDL-IC-stimulated MMP-1 expression. Our
results showed that the activator protein-1 (AP-1) and Ets motifs
located in both the distal and the proximal regions of the MMP-
1 promoter were involved in the stimulation and that LDL-IC
stimulated transcription factors AP-1 and Ets.

MATERIALS AND METHODS

Materials

The human histiocytic cell line U937, the plasmid clone of
human MMP-1, and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were purchased from the American Type Culture
Collection (Rockville, MD). The cell culture media were
obtained from Life Technologies, Inc (Rockville, MD). MMP
enzyme-linked immunosorbent assay (ELISA) kits were obtained
from Oncogene (Cambridge, MA). [a-**P]CTP, [y->*P]ATP, and
the chemiluminescence reagents were from NEN Life Science
Products (Boston, MA). The Prime-a-Gene Labeling System was
purchased from Promega (Madison, WI). The DNA assay kit was
purchased from Molecular Probes, Inc. (Eugene, OR).

Cell culture

The histiocytic origin (resident macrophage) of U937 cells was
shown by its capacity for lysozyme production and its strong
esterase activity.'”” U937 cells were cultured in a 5% CO,
atmosphere in Iscove’s modified Dulbecco’s medium supple-
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mented with 10% fetal calf serum, and the medium was
changed every 2-3 days.

Preparation of LDL-IC

LDL (d = 1-019 to 1-063 g/mol) was isolated from the plasma
of normal volunteers. Insoluble LDL-IC were prepared with
human native LDL and rabbit anti-LDL antiserum as described
previously.'® The endotoxin level in LDL-IC preparations was
measured using an endotoxin assay kit (Sigma, St Louis, MO)
and the level was found to be below the lower limit of detection
(0-015 units/ml).

ELISA of secreted MMP-1

Secreted MMP-1 from U937 cells was quantified using the
MMP-1 ELISA kits (Oncogene), according to the protocol
provided by the manufacturer. The Absorbance at 450 nm
was measured by a spectrophotometric plate reader.

Northern blot analysis

Total cellular RNA was isolated from control and stimulated
cells with the RNeasy minikit (Qiagen, Inc., Santa Clarita, CA)
according to the instructions from the manufacturer. Northern
blot of MMP-1 mRNA was performed as described pre-
viously.!”

DNA assay

Cellular DNA was quantified with the CyQUANT cell prolif-
eration assay kit (Molecular Probes), according to the proce-
dures provided by the manufacturer.

Preparation of promoter—reporter constructs
A promoter fragment of the human MMP-1 gene from —4334 to
+52"'8 relative to the transcription start point was amplified from
human DNA by polymerase chain reaction (PCR), using a pair
of primers (agatgtaagagctgggaaaggacgg/tcagtgcaaggtaagtgatg-
gcttc) and the Expand Long Template PCR System (Boehringer
Mannheim Corp., Indianapolis, IN). The fragment was sub-
cloned into the pCR-XL-TOPO vector (Invitrogen) for propa-
gation in bacteria. The isolated plasmids were then digested
with restriction enzymes Mlul and Xhol to release the inserted
fragment. The fragment was re-subcloned in the sense orienta-
tion into the promoter-free pGL3-Basic vector (Promega) at the
Mlul and Xhol sites in the 5 flanking region of the luciferase
sequence. This construct was designated as Construct 1.
Seven reporter constructs with successively 5'-deleted frag-
ments of the MMP-1 promoter region were prepared (Fig. 1)
similarly as described above, using the downstream primer used
for Construct 1 and the following different upstream primers:
Construct 2 (—2685/452), agatgctcccagaggaaac; Construct 3
(—1524/+4-52), caggaatccataaggggagg; Construct 4 (—1216/
+52), gggcaggagatgctaaataag; Construct 5 (—572/452),
tgectggetetgagtaaag; Construct 6 (—93/4-52), tcaagaggatgtta-
taaagc; Construct 7 (—76/+52), agcatgagtcagacacctct; Con-
struct 8 (—62/452), acctctggctttctggaagg. All constructs were
sequenced to ensure fidelity.

Site-directed mutagenesis
Five reporter constructs designated as Construct 9, 10, 11,
12, and 13, which contain mutations in the AP-1, Ets, and
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Figure 1. Promoter-reporter gene constructs. Eight 5'-restricted (1-8) and five mutated human MMP-1 promoter—reporter constructs
(9-13) were prepared as described in Materials and Methods. Normal binding sites for AP-1, Ets, and CREB (closed squares) and

mutated binding sites (opened squares) are indicated.

Table 1. Oligonucleotides used for the site-directed mutagenesis

Constructs # Mutated motifs

Wild-type sequences

Mutation sequences

9 AP-1 motif at —3471
10 PEA-3 motif at —3836
11 CREB motif at —3187
12 AP-1 motif at —72
13 PEA-3 motif at —88

aaataagagagattgagtgacagcttgaaggeg
gggagtctgaggcaggaagattgcttaagecca
ggtaaccatgaggactgacggaaccagtgtgtacc
atgttataaagcatgagtcagacacctctgget
atagctaatcaagaggatgttataaagcatgag

aaataagagagattgCAtgacagcttgaagggg
gggagtctgaggcagTCagattgettaagecca
ggtaaccatgaggactTaTggaaccagtgtgtac
atgttataaagcatgCAtcagacacctetgget
atagctaatcaagagTCtgttataaagcatgag

The motifs are underlined. The mutated nucleotides are indicated by capital letters.

cAMP-responsive element binding protein (CREB) motifs
(Fig. 1), were prepared using the QuikChange XL Site-Directed
Mutagenesis Kit (Stratagene, La Jolla, CA). Construct 1 was
used as template and five oligonucleotides with the mutated AP-1,
Ets and CREB motifs (Table 1) were synthesized to generate
mutated constructs.

Transient transfection

U937 histiocytes were transiently transfected with the reporter
constructs, using FuGene 6 transfection reagent (Roche Mole-
cular Biochemicals, Indianapolis, IN), according to the instruc-
tions provided by the manufacturer. For transfection, cells were
seeded in 35-mm culture dishes (Costar Corp, Cambridge, MA.)
at 5 x 10°/ml. Transfection was performed in triplicate with
1 ng each of construct DNA and control pSVBGal vector
(Promega) and 6 pl of FuGene 6 per dish for 24 hr. After the
transfection, cells were incubated with or without 150 pg/ml of
LDL-IC for 24 hr. Luciferase activity in cells was measured
using a luciferase activity assay kit (Promega). The (-galacto-

sidase activity was determined by a colorimetric assay (Pro-
mega) for the correction of transfection efficiency.

Electrophoretic mobility shift assay (EMSA)

U937 cells were seeded at 10 x 10° per 100-mm dish and
incubated with or without 150 pg/ml of LDL-IC for 24 hr.
Nuclear extracts were prepared using the NE-PER Nuclear and
Cytoplasmic Extraction Kit (Pierce, Rockford, IL) according to
the instructions provided by the manufacturer. Nuclear extracts
were quickly frozen at —70°.

The EMSA was performed using a gel shift assay system
(Promega). DNA probes were synthesized according to the
MMP-1 promoter sequence.'® The sequence for the AP-1
motif-containing oligonucleotides is gagagattgagtgacagcttg
(—3478/—3458) and the one for the Ets motif-containing oli-
gonucleotides is ctgaggcaggaagattgctta (—3844/—3824). DNA
probes were radiolabelled with **P in the presence of T4 poly-
nucleotide kinase and purified by chromatography using a
Sephadex G-25 spin column (Roche Molecular Biochemicals).
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An aliquot of the labelled probe (0-035 pmol/ul) was incubated
with 3-5 pg of nuclear extract in 5x gel shift binding buffer
containing 20% glycerol, 5 mM MgCl,, 2-5 mM ethylenedia-
minetetra-acetic acid (EDTA), 2-5 mM dithiothreitol (DTT),
250 mM NaCl, 50 mm Tris—HCI (pH 7-5) and 0-25 mg/ml poly
(dI-dC)poly (dI-dC) at room temperature for 20 min After
the incubation, an aliquot of the incubation mixture was loaded
onto a 4% polyacrylamide non-denature gel or Novex precast
gels (Invitrogen Life Technologies, Carlsbad, CA) and electro-
phoresis was performed at 350 V for about 10 min The gel
was then dried and exposed to X-ray film for 4-12 hr. For
supershift assay, the radiolabelled AP-1 oligonucleotides were
incubated with nuclear extract in the presence or absence of
1 pg of antic-Jun antibody (Santa Cruz Biotechnology, Inc,
Santa Cruz, CA) overnight at 4° and the mixture was electro-
phoresed as described above.

Statistical analysis

Data was presented as mean £ SEM. Comparison between
treatments was performed using the one-way analysis of var-
iance (ANOVA). A value of P < 0-05 was considered significant.

RESULTS
LDL-IC stimulate MMP-1 transcription

The effect of LDL-IC on MMP-1 expression was re-examined at
the beginning of this study to ensure that the response of U937
cells to LDL-IC was similar to that we reported previously.® As
shown in Fig. 2, LDL-IC stimulated MMP-1 secretion and
mRNA expression by U937 cells. MAPK/ERK kinase
(MEK) inhibitor PD98059 abolished the stimulation of
MMP-1 expression (Fig. 3a), suggesting that LDL-IC-stimu-
lated MMP-1 expression is ERK-dependent. All these results
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Figure 2. Stimulation of MMP-1 secretion and mRNA expression by
LDL-IC. U937 cells were incubated with or without 150 pg/ml of LDL-
IC for 24 hr. After the incubation, the conditioned medium was col-
lected for quantitative analysis of secreted MMP-1 by ELISA (a) while
the total RNA was isolated for Northern analysis of MMP-1 mRNA (b).
The data are representatives of three experiments with similar results.
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Figure 3. Inhibition of LDL-IC-stimulated MMP-1 expression by
PD98059 and actinomycin D. (a) U937 cells were incubated for
24 hr with 150 pg/ml of LDL-IC in the presence of increasing con-
centrations of PD98059 as indicated. After incubation, the conditioned
medium was subjected to ELISA to quantify secreted MMP-1. Dimethyl
sulphoxide, a vehicle for PD98059, was 0-1% of the medium volume
and has been shown to have no effect on MMP-1 secretion.® Data
presented are the mean + SEM of three different experiments run in
duplicate. (b) U937 cells were preincubated in medium with actino-
mycin D (5 pg/ml) for 30 min The cells were then incubated with
150 pg/ml of LDL-IC for 24 hr. After the incubation, total RNA was
isolated for Northern blot analysis of MMP-1 mRNA as described in
Materials and Methods. (c¢) control; IC, LDL-IC; Act, actinomycin D.

are consistent with our previous reports.® To determine whether
the stimulation of MMP-1 mRNA expression by LDL-IC is
caused by a transcriptional or post-transcriptional regulation,
cells were pretreated with actinomycin D, a transcription inhi-
bitor, before the stimulation with LDL-IC. Results showed that
5 pg/ml of actinomycin D abolished the stimulation (Fig. 3b),
indicating that LDL-ICs up-regulate MMP-1 expression by
activating the transcription of MMP-1 gene. The transcriptional
activation by LDL-IC was also indicated by the observation that
LDL-IC stimulated MMP-1 promoter activity in cells trans-
fected with a MMP-1 promoter—luciferase reporter construct
(Fig. 4).

The —3471 AP-1 and —3836 Ets motifs Are essential for
LDL-IC-stimulated MMP-1 expression

To explore the transcriptional mechanisms by which LDL-IC
stimulate MMP-1 expression, deletion analysis was performed
by transfecting U937 cells with eight luciferase reporter con-
structs, which contain successively 5'-deleted fragments of
MMP-1 promoter region (Fig. 1), followed by treatment with
LDL-IC or phorbol 12-myristate 13-acetate (PMA) as positive
control. Results from luciferase activity assay showed that PMA
stimulated luciferase activity in cells transfected with Construct
1 (—4334/+52) and 2 (—2685/452) (Fig. 4). Interestingly,
LDL-IC only stimulated luciferase activity in cells transfected
with the Construct 1 (—4,334/+52), suggesting that the cis-
acting elements that are responsive to LDL-IC are located
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Figure 4. LDL-IC stimulate MMP-1 promoter activity in cells trans-
fected with Construct 1. U937 cells were transiently transfected with
MMP-1 promoter-reporter constructs and [-galactosidase vector for
24 hr, and then stimulated without (control) or with 150 pg/ml of LDL-
IC or 100 nM PMA for 24 hr. The cellular luciferase and -galactosi-
dase activities were measured and the ratios were calculated for
correction of the transfection efficiency. Data presented are mean
+ SEM of three experiments run in triplicate.

between —4334 and —2685. By analysing the sequence of the
region between —4334 and —2685, cis-acting elements AP-1
(—3471), Ets (—3836), and CREB (—3187) motifs were found.
To determine whether these motifs are involved in the LDL-IC-
stimulated MMP-1 expression, mutation analysis using Con-
struct 9 (—3471 AP-1 mutant), Construct 10 (—3836 Ets
mutant), and Construct 11 (—3187 CREB mutant)*’ (Fig. 1)
was performed. Results showed that the AP-1 mutation in
Construct 9 and the Ets mutation in Construct 10, but not the
CREB mutation in Construct 11, abolished LDL-IC-stimulated
luciferase activity (Fig. 5a). The AP-1 mutation in Construct 9
also markedly inhibited the baseline level of luciferase activity
(Fig. 5a), which is consistent with the deletion study showing
that control cells transfected with Constructs 2—8, which do not
have the —3471 AP-1 motif, had a substantial reduction of
MMP-1 promoter activity as compared to those transfected with
wild-type Construct 1 (Fig. 4). These results indicate that these
‘distal’ AP-1 and Ets motifs play an essential role in the LDL-
IC-stimulated MMP-1 expression, and the former is also critical
for the constitutive expression of MMP-1.

The —72 AP-1 and —88 Ets-1 motifs require a long
promoter sequence for activation

The results from the deletion studies (Fig. 4) showed that LDL-
ICs did not stimulate MMP-1 promoter activity in cells trans-
fected with Constructs 2, 3, 4, 5, 6 and 7, which all contain the
proximal AP-1 (—72) and Ets (—88) motifs that have been
shown previously to be essential in MMP-1 expression.?’ Two
reasons may explain this observation. First, these motifs may
need long promoter sequence for their activation. Second, the
proximal AP-1 and Ets motifs may simply not respond to LDL-
IC. To clarify this issue, mutation analysis, using Construct 12
and Construct 13, which have a long MMP-1 promoter sequence

A. Maldonado et al.

550
500

(@) P> 005

450 P

<00
[

1

Luciferase Activity
(% of Wild-type control)

400
350
300
250
200
150
100 ~| g
50
0 -

P <0-01

=

Construct

Wild
type

LDL-IC -

Wild
type

+

AP-1
mutant

+

Ets

mutant

+

CREB
mutant

+

Luciferase Activity
(% of Wild-type control)

550
500
450
400
350
300
250
200 -
150
100

50

0_

P <0-01

FT

P <0-01

Construct

Wild
type

LDL-IC

Wild
type

+

AP-1
mutant

+

Ets
mutant

+

Figure 5. Mutations in the distal AP-1 (—3471)/Ets (—3836) (a) and
proximal AP-1 (—72)/Ets (—88) motifs (b) inhibit LDL-IC-stimulated
MMP-1 promoter activity. (a). U937 cells were transiently transfected
with Construct 1 (wild-type construct), Construct 9 (—3471 AP-1
mutant), Construct 10 (—3836 Ets mutant), or Construct 11 (—3187
CREB mutant) and then treated with 150 pg/ml of LDL-ICs for 24 hr.
The cellular luciferase activity was measured and corrected for trans-
fection efficiency. (b). U937 cells were transiently transfected with
Construct 1 (wild-type), Construct 12 (—72 AP-1 mutant), and Con-
struct 13 (—88 Ets mutant), and then treated with 150 pg/ml of LDL-ICs
for 24 hr. The cellular luciferase activity was measured and corrected
for transfection efficiency. Data presented are mean + SEM of three
experiments run in triplicate. The luciferase activity in cells transfected
with wild-type Construct 1 and that had no exposure to LDL-IC was
designated as 100%.

(4334-bp) and contain mutations in —72 AP-1 and —88 Ets
motifs, respectively (Fig. 1), was conducted. Interestingly,
results showed that the mutations of either the AP-1 or the
Ets motif inhibited both the basal and the LDL-IC-stimulated
luciferase activity (Fig. 5b), indicating that the activation of the
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Figure 6. LDL-IC stimulate transcription factor AP-1 and Ets activ-
ities. Nuclear proteins of U937 cells treated without (C, control) or with
150 pg/ml of LDL-IC (IC) were extracted and incubated with radi-
olabelled oligonucleotide probes containing AP-1, Ets, or CREB motifs.
The binding of transcription factor in the nuclear extracts to their
corresponding probe was detected by the EMSA as described under
Materials and Methods. FP, free probes. SP, shifted probes. The blot
presented is representative of three blots with similar results.

is

proximal AP-1 and Ets motifs requires a long promoter
sequence.

LDL-ICs stimulate transcription factor AP-1 and Ets-1

The above deletion and mutation studies showed that both the
distal and the proximal AP-1 and Ets motifs were LDL-IC-
responsive cis-acting elements. Based on these observations, we
investigated the effects of LDL-IC on the trans-acting elements
(transcription factor) AP-1 and Ets. Results from the EMSA
(Fig. 6) showed that the nuclear AP-1 activity, which was very
low in control cells, was markedly stimulated by LDL-IC. The
Ets activity was also stimulated by LDL-IC. In contrast, LDL-
IC had no effect on CREB activities, which is consistent with

the mutation analysis (Fig. 5a) showing that Construct 11
(—3187 CREB mutant) did not affect LDL-IC-stimulated
MMP-1 promoter activity. The binding of AP-1 to the AP-1
motif was confirmed by the competition studies showing that
the unlabelled AP-1 probes competed effectively against the
radiolabelled AP-1 probe while the unlabeled SP-1 and nuclear
factor (NF)kB probes had no competition at all (Fig. 7a) and the
supershift assay using anti-c-jun antibody (Fig. 7b). The unla-
beled Ets-1 probe also effectively competed against the labeled
Ets probe (Fig. 7c).

DISCUSSION

It has been shown that the expression of human MMP-1 is
stimulated by phorbol esters, cytokines, and growth factors at
the transcription level?'™23. Many studies have demonstrated
that multiple promoter elements are involved in the transcrip-
tional regulation of MMP-1 expression. For examples, tran-
scriptional activation of MMP-1 by PMA is mediated by the
proximal AP-1 (—72) and Ets (—88) as well as the ‘TTCA’
(—104) motifs.?*** Stimulation of MMP-1 expression by
insulin is also mediated by the proximal AP-1 and Ets.?
Besides the proximal AP-1 and Ets motifs, MMP-1 promoter
sequence contains several other AP-1 and Ets motifs, and
some of them are located in the ‘distal’ promoter region that
is more than 3000-bp from the transcription start site.'®
Although the potential involvement of the distal motifs in
MMP-1 expression has been suggested by previous studies
showing that higher levels of stimulation on the MMP-1 pro-
moter activity can be induced with larger promoter fragments,
the particular motifs in the distal promoter region that are
involved in MMP-1 expression have not been identified. In
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Figure 7. The competition between the unlabeled and radiolabelled probes and probe supershift. (a) The radiolabelled AP-1 probes
were incubated with nuclear extracts of U937 cells, which were treated without (control, C) or with 150 pg/ml of LDL-IC (IC), in the
presence or absence of 50-fold unlabelled AP-1, SP-1 or NFkB probes. The protein—-DNA complexes were detected by EMSA. (b) The
radiolabelled AP-1 probes were incubated with nuclear extracts of U937 cells, which were treated with 150 pg/ml of LDL-IC, in the
presence of absence of anti-c-jun antibodies. The protein-DNA-antibody complexes were detected by EMSA as supershift. (c) The
radiolabelled Ets probes were incubated with nuclear extracts of U937 cells, which were treated without (control, C) or with 150 pg/ml
of LDL-IC (IC), in the presence or absence of 50-fold unlabeled Ets and SP-1 probes. The protein-DNA complexes were detected by

EMSA.
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the present study, our deletion and mutation analyses demon-
strate that, in addition to the proximal AP-1 (—72) and Ets
(—88) motifs, the distal AP-1 (—3471) and Ets (—3836) motifs
are also LDL-IC-responsive elements. To our best knowledge,
this is the first study that shows the role of the distal AP-1 and
Ets motifs in the MMP-1 expression.

Another compelling finding from the present study is that the
proximal AP-1 and Ets motifs require a long distal promoter
sequence for their activation by LDL-IC. Our deletion analysis
shows that LDL-IC do not stimulate MMP-1 promoter activity
of Constructs 2, 3, 4, 5, 6 and 7 that all contain the proximal AP-
1 and Ets motifs. However, the mutation analysis, using con-
structs containing 4334-bp promoter fragment, shows that the
mutated proximal AP-1 or Ets motifs completely inhibited the
stimulation of MMP-1 expression by LDL-IC, suggesting that
the promoter sequence equal or less than 2685-bp is insufficient
for the proximal AP-1 and Ets motifs to be activated by LDL-IC.
Previous studies have shown that the regulation of MMP-1
expression in certain types of cells requires a long promoter
sequence. For examples, Brinckerhoff and colleagues showed
that in the breast cancer cell line BC-8701, a reporter construct
containing 512-bp MMP-1 promoter fragment was sufficient for
a fourfold stimulation of the MMP-1 promoter activity by IL-1f3,
whereas in human foreskin fibroblasts, a 3300-bp promoter
sequence is required for a significant stimulation by the same
cytokine.'® In another study by the same group, it was found that
transcriptional repression of MMP-1 gene in MDA231 breast
cancer cells by all-frans-retinoic acid requires distal regions of
the MMP-1 promoter.” These reports and our current study
suggest that different types of cells may utilize different pro-
moter elements, either proximal or distal to the transcription
start site, for MMP-1 gene expression. It is likely that for U937
cells, both the distal and proximal AP-1 and Ets motifs are
involved in the interaction with transcription factors AP-1 and
Ets. Additionally, our studies also show that the proximal AP-1
and Ets as well as the distal AP-1 motifs are required for the
baseline level of MMP-1 promoter activity, which agrees with
the previous report that the AP-1 and Ets motifs are essential for
the constitutive expression of the MMP-1 gene.”

In conclusion, we have provided evidence that LDL-IC up-
regulate the MMP-1 expression through AP-1 and Ets-depen-
dent transcriptional activation in U937 histiocytes. Thus, this
study has elucidated a transcriptional mechanism involved in
LDL-IC-stimulated MMP-1 expression.
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