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Matrix metalloproteinase-9 (MMP-9) plays an important role in the invasion and metastasis of cancer
cells. However, the regulatory mechanism of MMP-9 expression and its biological effects on breast cancer
development remain obscure. In the current study, we examined the potential role of annexin Al
(ANXA1) in regulating migration and invasion in breast cancer cell lines. Both ANXA1 mRNA and protein

Keywofd&' are expressed in the highly invasive, hormone-insensitive human breast cancer cell lines MDA-MB-231
&“M“le)"é“ Al and SKBr3, but not in the hormone-responsive cell lines MCF-7 and T47D. Downregulation of ANXA1
T expression with specific small interfering RNAs (ANXA1 siRNA) in MDA-MB-231 cells resulted in
Cell invasion . R . - . . .
NE-KB decreased cancer cell migration and invasion. Ablation of ANXA1 expression decreases the expression

of MMP-9 at both the mRNA and protein levels and also reduces the proteolytic activity of MMP-9 in
MDA-MB-231 cells. Moreover, silencing ANXAT also decreases the transcriptional activity of MMP-9 by
the suppression of nuclear factor kappa-B (NF-kB) activity. Collectively, these results indicate that ANXA1
functions as a positive regulator of MMP-9 expression and invasion of breast cancer cells through specific

Breast cancer

activation of the NF-xB signaling pathway.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

One of the basic properties of cancer cells is their ability to in-
vade surrounding tissues and metastasize to other organs [1].
Tumor cell invasion requires cell migration and degradation of
extracellular matrix (ECM) proteins [2]. Invasive cancer cells utilize
matrix metalloproteinases (MMPs) to degrade the ECM and base-
ment membrane during metastasis [3]. The metalloproteinases
MMP-2 and MMP-9, both of which perform critical roles in the deg-
radation of type IV collagen, are highly expressed in various malig-
nant tumors and closely related to invasion, metastasis, and the
epithelial-mesenchymal transition (EMT) in cancer cells [4,5].
While MMP-2 is constitutively overexpressed in highly metastatic
tumors, MMP-9 is regulated by various biochemical stimulators,
including growth factors, cytokines, and phorbol 12-myristate
13-acetate (PMA), via activation of various intracellular signaling
pathways [6]. Induction of MMP-9 is particularly important to
determine the invasiveness of human cancers, including breast can-
cer [7]. Blockade of MMP-9-mediated invasion suppresses the
metastasis of breast cancer cells into other organs [8]. The activity
of MMP-9 in various tumor cells is tightly regulated, primarily at
the transcription level [9]. The human MMP-9 promoter contains
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cis-acting regulatory elements and transcription factor-binding
sites, including sites for AP-1 (-533bp, —79bp) and NF-xB
(—600 bp), which participate in the regulation of MMP-9 gene tran-
scription [10]. Nuclear factor kappa-B (NF-xB) and activator pro-
tein-1 (AP-1) are well-known transcription factors that can be
induced by multiple stimuli and have critical roles in the activation
of genes encoding MMP-9 [11]. The transcription factors regulate
the expression of a number of proteins involved in metastasis,
tumorigenesis, and inflammation [12].

Annexin A1 (ANXA1), also known as lipocortin, is a member of
the annexin superfamily of calcium- and phospholipid-binding pro-
teins [13]. ANXAL1 is an endogenous mediator of the anti-inflamma-
tory effects of glucocorticoids [14]. A recent report indicated that
ANXAT1 enhances activation of NF-kB through its interaction with
the IxkB kinase (IKK) complex, and subsequently induces C-X-C
chemokine receptor type 4 (CXCR4)-mediated migration of breast
cancer cell lines in response to C-X-C chemokine ligand 12
(CXCL12)[15]. As a potential marker for tumor progression, ANXA1
expression levels are upregulated in pancreatic, hepatic, stomach
cancers, and breast cancers [16]. By contrast, reduced ANXA1
expression levels have been observed in prostate, head and neck,
and esophageal cancers [17]. In addition, loss of ANXA1 expression
is correlated with the development and progression of breast can-
cer [18]. The amplification of ANXAT1 levels has been reported to oc-
cur in several multidrug-resistant (MDR) tumor cells with or
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without P-gp1 and MRP1 expression [19,20]. When comparing
MDA-MB-231 (ANXA1") and MCF-7 (ANXA1") cells, MDA-MB-231
cells have greater resistance to adriamycin, melphalan, and etopo-
side than MCF-7 cells do [20]. Recent studies also suggest the exis-
tence of potential correlations between the level of ANXA1
expression and EMT in breast cancer [21]. However, the mechanism
by which ANXA1 functions as a tumor promoter in breast cancer
cells remains unclear.

In this study, we investigated the effects of ANXA1 on MMP-9
expression in breast cancer cells and explored the underlying up-
stream signaling mechanism. We found that ANXA1 significantly
enhances MMP-9 gene expression by increasing NF-kB activity
and consequently, induces invasion and migration of human breast
cancer cells.

2. Materials and methods
2.1. Cells and reagents

The human breast cancer cell lines drug sensitive-MCF-7 [20],
MDA-MB 231, T47D, and SKBr3 were maintained in RPMI 1640
supplemented with 10% heat-inactivated FBS. Lipofectamine
2000 reagent was purchased from Invitrogen (Carlsbad, CA).
Anti-ANXA1, anti-tubulin, and anti-p65 antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-MMP-9 anti-
body was from Cell signaling (Beverly, MA). Phorbol 12-myristate
13-acetate (PMA) was purchased from Calbiochem (San Diego,
CA). All the chemicals not included above were from Sigma.

2.2. Western blot analysis

Cell lysates were separated on 10% SDS-polyacrylamide gels
and transferred to nitrocellulose membranes. The blots were incu-
bated with anti-ANXAT1 and anti-MMP-9 antibodies and developed
with the enhanced chemiluminescence detection system (Amer-
sham Pharmacia Biotech., Piscataway, NJ). The same blot was
stripped and reprobed with anti-tubulin antibody for use as an
internal control.

2.3. In vitro invasion assay

The 8-pum pore size polycarbonate nucleopore filter inserts in a
24-well transwell chamber were coated with 30 pg/well Matrigel
(Sigma). Transfected-MDA-MB-231 cells were seeded into the
upper part of the Matrigel-coated filter, and serum-free RPMI
was added to the lower part. After 36 h, the cells that had migrated
through the Matrigel and the 8-um pore-size membranes were
fixed, stained, and counted under a light microscope.

2.4. Wound healing assay

Transfected-MDA-MB-231 cells were incubated until 90-100%
confluency. After cells were scratched by a P-10 pipette tip, cells
were incubated for various time periods and the pictures were ta-
ken. The pictures were taken at 0 and 24 h. Phase contrast images
were taken by Nikon microscopy system (Nikon Instrument). The
wound-healing gap distance was measured using the computer
program Image ]. Results were expressed as the mean * SE.
p < 0.05 was considered significant (Student’s t test).

2.5. RNA interference of ANXA1

Scrambled control and human ANXA1 specific siRNA were
purchased from Bioneer (Daejeon, Korea). For RNA interference
experiments, cells were plated at a density of 5 x 10° cells/well

in a 6-well plate. After 24 h, cells were transfected with siRNA
using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA),
according to the manufacturer’s instructions.

2.6. RNA extraction and semi-quantitative RT-PCR

Total RNA was extracted from cells with Trizol (Invitrogen)
according to the manufacturer’s protocol. Approximately 1 pg of
total RNA was used to prepare cDNA using the Superscript First
Strand cDNA synthesis Kit (Bioneer, Daejeon, South Korea). The fol-
lowing primers were used in this study: 5-AGCGTCAACAGAT-
CAAAG CAGCAT-3' and 5'-AGACCCTGTTAATGTCTCTGATTT-3' for
ANXA1; 5-TCCCTGGAGACCTGAGAACC-3' and 5'-CGGCAAGTCTT
CCGAGTAGTT-3' for MMP-9; 5-CCATCACCATCTTCCAGGAG-3’ and
5'- CCTGCTTCACCACGTTCTTG-3' for GAPDH. PCR was performed
with Platinum Taq polymerase (Invitrogen) under the following
conditions: 30 cycles of 96 °C for 40 s, 55 °C (ANXA1 and MMP-9)
or 60°C (GAPDH) for 40s, and 72°C for 1 min followed by
10 min at 72 °C. All the PCR reactions were repeated at least three
times. GAPDH was amplified as an internal control. The intensity of
each band amplified by RT-PCR was analyzed using MultilmageTM
Light Cabinet (version 5.5, Alpha Innotech Corp., San Leandro, CA.

2.7. Gelatin zymography

The presence of MMP-9 in the supernatants of ANXA1 siRNA
transfected-MDA-MB-231 cells was analyzed with gelatin zymo-
grams. Briefly, cells were incubated in serum-free RPMI and the
supernatants were collected after incubation for 24 h, clarified by
centrifugation, normalized to the total protein concentration of
the cell lysate, mixed with non-reducing Laemmli sample buffer,
and separated by electrophoresis in 10% SDS-PAGE containing
1 mg/ml gelatin (DIFCO). Subsequent steps were performed as de-
scribed [22] and MMP-9 activities were visible as clear bands on a
blue background where the gelatin substrate had been hydrolyzed
by enzyme activity.

2.8. Elisa

The supernatants were collected for measuring secreted-
MMP-9 protein. The total and active MMP-9 protein was assayed
according to SensoLyte PlusTM 520 MMP-9 assay system (AnaSpec,
San Jose, CA). MMP-9 activity unit was expressed as a change in
fluorescence intensity at excitation of 490 nm/emission of 520 nm.

2.9. Transient transfection and luciferase reporter assay

Transcriptional activities of MMP-9, NF-kB and AP-1 were mea-
sured by the luciferase reporter assay using the pMMP-9-Luc,
pNF-kB-Luc and pAP-1-Luc reporter plasmids. MDA-MB-231 cells
were seeded into 6-well plates. Cells at 70-80% confluency were
co-transfected with 0.2 pg of MMP-9 or NF-kB reporter constructs
and 0.2 pg of pSV-p-galatosidase for 24 h. The luciferase and
B-galactosidase activities were assayed according to the manufac-
ture’s protocol (Promega), using a Luminometer 20/20n (Turner
BioSystems, Sunnyvale, CA).

2.10. Electrophoretic mobility shift assay (EMSA)

Double-stranded oligonucleotides containing the NF-xB
(5’-AGTTGAGGGGACTTTCCCAGGC-3’) or consensus sequences
were 5'-end-labeled with y-32P ATP using T4 polynucleotide
kinase. Unincorporated nucleotide was removed by passage over
a Bio-Gel P-6 spin column (Bio-Rad, Inc., Hercules, CA). Nuclear
extract was incubated with radiolabeled probe for 20 min, and
protein-DNA complexes were separated from free probes by
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Fig. 1. ANXA1 siRNA inhibits invasion and migration of MDA-MB-231 cells. (A) Expression of ANXA1 protein and mRNA in cultured breast cancer cell lines (MCF-7, T47D,
MDA-MB-231, and SKBr3) were assessed by western blotting and semiquantitative RT-PCR. Expression of Protein and mRNA levels were normalized with a-tubulin or
GAPDH. (B) MCF-7, T47D, MDA-MB-231, and SKBr3 cells were analyzed for quantification of cell migration using transwells as described in Materials and Methods. Data are
expressed as the mean * SD and one way analysis of variance (ANOVA) was performed to determine statistical significance (*p < 0.05). (C) MDA-MB-231 cells were transfected
with the ANXA1 siRNA. Representative images of wound healing were taken at the time of the scratch and 24 h of the wound scratch. The level of cell migration into the
wound scratch was quantified as the percentage of wound healing. Data are presented as the mean + SD. (D) MDA-MB-231 cells were transfected with the indicated amounts
of ANXAT1 siRNA, and after 36, Matrigel invasion under normal growth conditions was measured. Data are presented as the fold change of invasion relative to control inserts

(*p <0.05).

electrophoresis on a 4% native polyacrylamide gel in 0.5 x Tris-HCI
(pH 7.5), 1 mM MgCl,, 50 mM NaCl, 0.5 mM EDTA, 4% glycerol,
0.5 mM DTT, and 50 mg/ml of poly (dI-dC). Dried gels were visual-
ized by autoradiography.

2.11. Chromatin immunoprecipitation assay

For ChIP experiments, approximately 4 x 107 cells were used
per each sample. Cells were washed with PBS and treated with
1% formaldehyde in medium for 10 min at 25 °C followed by addi-
tion of glycine to a final concentration of 0.125 M for 5 min. Cells

were then scraped into PBS and centrifuged at 1000g for 5 min at
4 °C. ChIP assays were performed by co-precipitating the DNA-
protein complexes with anti-p65 antibody or control-IgG. The pro-
moter region —690 to —506 and —485 to —301 of MMP-9 were
amplified from the prepared DNA samples using the oligomers.

2.12. Statistics analysis

Data are presented as the mean + S.D. Statistical evaluation was
carried out by the Student’s t-test. Data were considered statisti-
cally significant when p<0.05. All statistical analysis was
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Fig. 2. ANXAT1 siRNA suppresses expression of MMP-9 in MDA-MB-231 cells. (A and
B) MDA-MB-231 cells were transfected with the indicated amounts of ANXA1
siRNA. After 24 h, cells were assessed by western blotting and semiquantitative
RT-PCR. Western blotting and RT-PCR analysis showing downregulation of MMP-9
in ANXA1-silenced MDA-MB-231 cells by 80% respectively, as compared to
scramble siRNA. Tubulin or GAPDH is used as a loading control. (C and D) MDA-
MB-231 cells were transfected with the indicated amounts of ANXA1 siRNA. The
MMP-9 protein levels in the supernatants were determined using an ELISA (C), and
the proteolytic activity of MMP-9 was determined by gelatin zymographic analysis
(D). Results are shown as the mean +SD of three experiments performed in
triplicate.

performed by the computer program Prism (GraphPad Software, La
Jolla, CA).

3. Results
3.1. ANXAT1 regulates invasion and migration of breast carcinoma cells

To investigate the potential role of the ANXAT1 in breast cancer
cell migration and invasion, we first examined both ANXA1 expres-
sion and cell invasion in four breast cancer cell lines. Western blot-
ting and RT-PCR analysis showed that ANXA1 expression was high
in the MDA-MB-231 cell line, but low in the SKBr3 and T47D cell
lines, and non-existent in the MCF-7 cell line (Fig. 1A). These re-
sults agree with a previous study reporting that ANXA1 was not ex-
pressed in drug-sensitive MCF-7 cells, but highly expressed in
MDA-MB-231 cells [19,20]. Transwell migration assays demon-
strated that cell lines with high ANXA1 expression levels were
invasive in nature, whereas lines with poor or no ANXA1 expres-
sion were poorly migratory in nature (Fig. 1B). These results dis-
play an excellent correlation between ANXA1 expression and cell
migration (Fig. 1A and B). We then investigated the importance
of ANXA1 expression in cell migration and invasion; ANXA1 levels
were depleted by performing a siRNA knockdown in MDA-MB-231

cells. An ANXA1 knockdown performed in MDA-MB-231 cells re-
sulted in a markedly decreased ability of cellular migration and
invasion compared with the scrambled control siRNA-transfected
cells, as examined by wound healing and a transwell matrix pene-
tration assay (Fig. 1C and D). These results strongly suggest a role
for ANXA1 in modulation of the invasiveness of breast cancer cells.

3.2. si-ANXAT1 suppresses the expression and proteolytic activity of
MMP-9

MMP-9 is upregulated in metastatic cancer cells and has been
implicated in a wide range of pathological conditions, including
inflammation and tissue repair [4]. To examine whether ANXA1
is involved in MMP-9 gene expression, we performed an ANXA1
siRNA knockdown in MDA-MB-231 cells, which exhibit higher
expression levels of ANXA1 than other breast cancer cell lines.
The mRNA and protein expression levels of MMP-9 were decreased
in a dose-dependent manner in cells transfected with ANXA1
siRNA compared with cells transfected with a scramble control
siRNA, i.e., a siRNA with a scrambled sequence (Fig. 2A and B).
We then examined whether ANXA1 induces the expression of
MMP-9 protein using an ELISA assay. Consistent with the RT-PCR
and western blotting results, ANXA1 siRNA-transfected cells
showed lower MMP-9 protein production compared with cells
transfected with a scramble control siRNA (Fig. 2C). We also exam-
ined the effect of ANXA1 on the proteolytic activity of MMP-9
using zymographic analysis. ANXA1 siRNA reduced the proteolytic
activity of MMP-9 in MDA-MB-231 cells (Fig. 2D). These results
indicate that ANXA1 is involved in the regulation of endogenous
MMP-9 gene transcription and subsequently, in the proteolytic
activity of MMP-9.

3.3. si-ANXAT1 inhibits the transcriptional activity of MMP-9 via
suppression of NF-kB activity

To understand the transcriptional activity of MMP-9 gene pro-
moter induced by ANXA1, we isolated the 5'-regulatory region of
the human MMP-9 gene located 925 bp upstream of the transcrip-
tional start sited and subcloned the insert into the pGL4-luc lucif-
erase reporter vector, yielding the pMMP-9 plasmids (—925/+13).
We co-transfected the MMP-9 promoter-luciferase construct into
MDA-MB-231 cells with ANXA1 siRNA or scramble control siRNA.
As shown in Fig. 3A, the promoter activity of MMP-9 in cells trans-
fected with ANXA1 siRNA was downregulated by 2.2-fold com-
pared with scramble control siRNA-transfected MDA-MB-231
cells. The presence of ANXA1 siRNA decreased promoter activity
of MMP-9 in a dose-dependent manner (Fig. 3A), indicating that
ANXAT1 regulates MMP-9 expression at the transcriptional level.
The promoter of human MMP-9 contains cis-acting regulatory ele-
ments that bind to transcription factors such as NF-xB or AP-1 [10].
The transcription factor binding sites in the MMP-9 promoter
include binding sites for NF-kB (—600 bp), SP-1 (—569 bp) and
AP-1 (—-533 bp and —79 bp) [10]. To determine which of the tran-
scription factors participate in regulation of the MMP-9 promoter
by ANXAT1, we generated serial fragments of the MMP-9 promoter
containing the various transcription factor-binding sites. Although
ANXAT1 siRNA reduced promoter activity of MMP-9 (-925/+13) by
2.2-fold, the promoter activities of NF-kB deletion mutants (—580/
+13 and —450/+13) displayed no difference in their response to
ANXAT1 siRNA. These results indicate that the NF-kB binding site
(—600 bp) in the MMP-9 promoter is involved in the modulator ef-
fect of ANXA1 on transcriptional activity of MMP-9. Furthermore,
we generated the promoter with a mutation in the NF-kB binding
site (MMP-9 mNF-kB). The results showed that ANXA1 siRNA did
not affect the promoter activity of MMP-9 mNF-xB (Fig. 3C). These
results indicated that the binding of NF-«xB to the MMP-9 promoter
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Fig. 3. ANXA1 siRNA inhibits the transcription of MMP-9 promoter constructs via suppression of NF-kB activity. (A) MDA-MB 231 cells were co-transfected with the
indicated amounts of ANXA1 siRNA and pMMP-9-luciferase (—925/+13). The luciferase activity was determined after 24 h of transfection. The luciferase activity was
normalized to B-galactosidase activity, and the experiments were performed in triplicate. Data are expressed as the mean + SD and are presented as the relative luciferase
activity. (B and C) ANXAT1 siRNA was co-transfected with the deletion mutants pMMP-9-Luc (B) and NF-KB binding site mutant (mNF-KB) pMMP-9-Luc (C) into MDA-MB-231
cells and then, the luciferase activities were determined. The luciferase activity was normalized to B-galactosidase activity, and the experiments were performed in triplicate.
Data are expressed as the mean + SD and are presented as the relative luciferase activity. (D and E) MDA-MB-231 cells were transfected with reporter plasmids containing
tandem NF-xB or AP-1 binding sites. The luciferase activity driven by the tandem NF-kB promoter was significantly decreased by ANXA1 siRNA, but rescue of ANXA1
expression in ANXA1-silenced cells or only ANXA1 expression cells resulted in up-regulation of NF-kB activity. SN50 was used as a positive control for NF-kB activity (D). The
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contributes to the inhibitory effect of ANXA1 siRNA on MMP-9
transcription activity. For further investigation, luciferase reporter
vectors containing tandem repeats of the NF-xB- or AP-1-binding
sites were used. As shown in Fig. 3D, the luciferase activity in cells
transfected with the NF-xB reporter was decreased in a dose-
dependent manner by ANXA1 siRNA. However, reconstitution of
ANXAT1 rescued NF-kB reporter activity compared with ANXA1
siRNA. As a positive control, SN50, a specific inhibitor of NF-KB,
completely abolished MMP-9 promoter activity. However, no
significant changes were observed in cells transfected with the
AP-1 reporter (Fig. 3E). These results indicate that NF-kB transcrip-
tion factor and its binding sites on the MMP-9 promoter region
contribute to the inhibitory effect of ANXA1 siRNA on MMP-9
transcription.

3.4. si-ANXA1 inhibits the DNA binding activity of NF-kB in the MMP-9
promoter

To determine the effect of ANXA1 on the DNA binding activities
of NF-xB, we performed electrophoretic mobility shift assays and
chromatin immunoprecipitation (ChIP) assays. As shown in Fig
4A, ANXA1 siRNA reduced the DNA-binding activities of NF-kB in
a dose-dependent manner, whereas the DNA-binding activity of
AP-1 was unaffected by ANXA1 siRNA (data not shown). The ChIP
assay revealed that in scramble control siRNA-transfected cells,
NF-kB had already been recruited to the promoters of MMP-9,
and the recruitment was reduced by ANXA1 siRNA (Fig. 4B). There-
fore, ANXA1 siRNA antagonizes the NF-xB stimulatory effect on
MMP-9 expression, resulting in blockage of breast cancer cell
migration induced by NF-kB.

4. Discussion

MMPs belong to a family of zinc-dependent endopeptidases
that are involved in degradation and remodeling of ECM proteins
associated with tumorigenic processes [3]. These MMPs promote
tumor invasion and metastasis, as well as regulate host defense
mechanism and normal cell function. Therefore, MMP inhibitors
are expected to be useful chemotherapeutic agents in the treat-
ment of malignant cancer, osteoarthritis, and rheumatoid arthritis
[23]. Recent studies have shown that MMP-9 is a critical determi-
nant in the invasive ability of human breast cancer [10,24], and
inhibition of MMP-9-mediated invasion suppresses metastasis of
breast cancer cells [4]. Therefore, identification of proteins that
regulate MMP-9 expression could be effective in the treatment of
breast cancer. The current study was designed to estimate the
invasive potential of ANXA1 and to explore the molecular mecha-
nism underlying its function. We first evaluated the effect of
ANXA1 on promoting migration and invasion in MDA-MB-231
cells. We demonstrated that (1) ANXA1 siRNA inhibits invasion
and migration, (2) ANXA1 regulates MMP-9 expression and activ-
ity, and (3) ANX-1 siRNA inhibits the activation of NF-xB in
MDA-MB-231 cells.

While MMP2 is usually expressed constitutively, the synthesis
and secretion of MMP-9 is stimulated by a variety of stimuli during
various pathological processes such as tumor invasion, atheroscle-
rosis, inflammation, and rheumatoid arthritis [4,9]. Several reports
have shown that NF-xB and AP-1 induce invasion and migration of
breast cancer cells by MMP-9 secretion [11]. The MDA-MB-231
cells, which contain endogenous ANXAT1, are usually highly inva-
sive. Our results show that siRNA knock-down of ANXA1 decreases
the gene expression and secretion of MMP-9 in MDA-MB-231 cells.
Transcription of the MMP-9 gene is regulated by the upstream pro-
moter sequences, including the binding sites for AP-1, NF-kB, and
SP-1 [6]. The AP-1 and NF-kB elements of the MMP-9 promoter are

involved in the induction of MMP-9 [11]. To gain a comprehensive
understanding of the ANXA1-related signaling cascade underlying
MMP-9 expression in MDA-MB-231 cells, we examined MMP-9
promoter activity by using deleted and mutated reporter plasmids.
We found that the NF-xB binding site is necessary for the inhibi-
tion of MMP-9 expression by ANXA1 siRNA-transfected
MDA-MB-231 cells. Furthermore, results from a luciferase assay
showed that ANXA1 siRNA suppresses tandem NF-kB promoter
activity, but not AP-1 promoter activity. Our results are supported
by a recent report that ANXA1 is a constitutive activator of NF-kB,
in particular with an upstream signaling pathway, such as the IKK
complex [15]. The binding of ANXA1 to IKKy or NEMO has been
documented by gel-filtration analysis and immunoprecipitation.
This report suggests that ANXA1 enhances the activation of
NF-kB. Our results indicate that ANXA1 regulates the NF-kB activ-
ity that is involved in MMP-9 expression during invasion.

In summary, ANXA1 enhances breast cancer invasion, at least in
part, through the activation of NF-kB and expression of the MMP-9
gene. Given that ANXA1 is involved in human breast cancer pro-
gression, it is an attractive therapeutic target.
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