
Abstract. Background: Tumor hypoxia promotes cancer
progression. Matrix metalloproteinases (MMPs) are required
for breast cancer cell invasion. Materials and Methods: The
effect of cobalt chloride (CoCl2)-stimulated hypoxia on
invasion potential and the expression of MMPs and tissue
inhibitors of metalloproteinases (TIMPs) were investigated in
four breast cancer cell lines, derived from primary sites
(HCC1395 and HCC1937) and metastatic sites (MCF-7 and
MDA-MB-231). Results: CoCl2-induced hypoxia induced HIF-
1α protein expression in all four cell lines. Hypoxia
significantly increased the invasiveness of HCC1395 cells,
which did not correlate with a change of any one MMP.
Constitutive MMP expression was different between primary
and metastatic breast cancer cells. MMP-2 and MMP-9
measured by RT-PCR and zymography were notably expressed
in primary cancer cells but not apparent in metastatic ones.
MMP-7 was also highly expressed in primary cancer cells.
Hypoxia increased the expression of MMP-1, -10 and -13 in
metastatic breast cancer cells, whereas only MMP-13 was up-
regulated in primary HCC1937 cells by hypoxic stimulation.
TIMPs were not altered by hypoxia, except for TIMP-4 which
was down-regulated in MDA-MB-231 cells. Conclusion: This
study demonstrated a cell line-specific effect of hypoxia on
invasive potential and differential expression of constitutive
MMPs in primary versus metastatic breast cancer cells, i.e.

primary cancer cells expressed a wider range of MMPs, in
particular MMP-2, -7 and -9, than the metastatic ones. The
data suggest that MMPs play no crucial roles in hypoxia-
induced tumor progression in primary breast cancer cells. 

Invasion and metastasis are the main causes of therapeutic
failure and death for breast cancer patients (1). Before breast
cancer cells can invade tissue and metastasize, they must
cross the extracellular matrix (ECM) and, more specifically,
the basement membranes (2). Matrix metalloproteinases
(MMPs) principally participate in the process of matrix
degradation and have been regarded as major critical
molecules assisting tumor cells during invasion and
metastasis (3). In breast cancer patients, high levels of
MMPs expressed in tumor cells are correlated with
metastatic potential and poor prognosis (4). 

The MMP family comprises more than 20 structurally
related zinc-dependent endopeptidases. Based on their
specificity for ECM components and domain structure, the
MMPs have traditionally been divided into four subgroups:
interstitial collagenases (MMP-1, -8 and -13), gelatinases
(MMP-2 and -9), stromelysins (MMP-3, -7, -10 and -11)
and membrane MMPs (MMP-14, -15, -16 and -17) (3, 4).
Type-IV collagen is particularly abundant in basement
membranes, which are the specialized ECM separating
epithelial tissue compartments from the underlying stroma.
MMP-2 and -9 degrade type-IV collagen and play a critical
role in facilitating invasion and metastasis. Tissue inhibitors
of metalloproteinases (TIMPs) are the endogenous inhibitors
of MMPs (5). Some studies have demonstrated that
overexpression of TIMP reduces experimental metastasis (6).
Other studies have revealed that tumorigenesis is induced
after antisense depletion of TIMP-1 and the development of
breast cancer is reduced in TIMP-1 transgenic mice (7). A
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strong link between MMP expression and malignant
progression was enough to provide the rationale of targeting
MMPs in the development of cancer drugs. However, most
clinical trials of pharmaceutical inhibitors for MMPs have
failed in patients with end-stage disease, including breast
cancer (8, 9). In addition, the use of MMP inhibitors in
humans has so far been limited to patients with adverse
disease. More recent studies demonstrated that MMPs
contribute to every stage of the matastatic cascade (10, 11),
which indicates that MMPs may have specific roles
depending on the tumor stage and tumor site (primary vs.
metastasis). These results have led to the evaluation of the
potential roles of MMPs in breast cancer cells derived from
primary and metastatic sites.

Tumor hypoxia can contribute to enhance malignant
progression and aggressive phenotype (12). In vitro studies
have demonstrated that hypoxia increases invasion of the
extracelluar matrix (13, 14). Clinical studies have also
shown that tumor hypoxia is an independent prognostic
indicator of poor outcome and correlates with metastatic
potential (15). Furthermore, a number of metastasis-
associated genes have been reported to be up-regulated
under hypoxic conditions in breast cancer (16). Hypoxia-
inducible factor 1 (HIF-1), a heterodimer composed of α
and β subunits, is a key transcription factor responsive to
hypoxia (17). HIF-1α is up-regulated under hypoxic
conditions, which facilitates both oxygen delivery and
adaptation to oxygen deprivation (17). However, metastasis
promoted by tumor hypoxia is difficult to explain solely on
the basis of the modulation of erythropoesis, angiogenesis
and glucose metabolism. Although MMPs have no hypoxic
response elements and therefore cannot be activated by
HIF-1 directly, there is some evidence that they may be
activated by hypoxia via an indirect mechanism (18). Some
reports have linked hypoxia with the regulation of the
activity and/or expression of MMPs (14, 19-21). However,
some results of these reports are contradictory, and tumor-
and cell type-specific constraints may exist. Cobalt is a
well-known blocker of voltage-gated calcium channels.
Previous studies have demonstrated that chemical hypoxia
is induced by cobalt chloride (CoCl2) and physical hypoxia
not only up-regulating HIF-1α but also similarly affecting
cellular functions, including metabolism (22, 23).
Therefore, CoCl2 as a hypoxia-mimetic agent provides an
easily-performed platform to investigate the hypoxic
response.

The aim of the present study was to examine the effect of
CoCl2-induced hypoxia on the invasive potential and the
expression of MMPs and their inhibitors in breast cancer
cells from primary sites (HCC1395 and HCC1937) and
metastatic sites (MCF-7 and MDA-MB-231). The invasive
potential was assessed using an in vitro model of basement
membrane invasion.

Materials and Methods

Cell lines and culture conditions. Four human breast cancer cell lines
(two cell lines from primary site, HCC1395 and HCC1937; two lines
from metastatic site, MCF-7 and MDA-MB-231) were purchased
from the American Type Culture Collection (Manassas, VA, USA).
HCC1395 and HCC1937 cell lines were initiated from a primary
ductal carcinoma (24). MCF-7 and MDA-MB-231 cell lines were
initiated from metastatic breast adenocarcinoma in pleural effusion. 
HCC1395 and HCC1937 cells were grown in RPMI-1640 (Gibco,
Invitrogen, Carlsbad, CA, USA) supplemented with 10%  fetal
bovine serum (FBS), 1.0 mM sodium pyruvate, 100 units/mL
penicillin and 100 μg/mL streptomycin (HyClone, Logan, UT, USA)
in a 5%  CO2 atmosphere at 37˚C. MCF-7 and MDA-MB-231 cells
were cultured in Dulbecco’s modified Eagle’s medium (Gibco)
supplemented with 10%  FBS, 100 units/mL penicillin and 100
μg/mL streptomycin (HyClone) in a normoxic atmosphere of 21%
O2 and 5%  CO2 at 37˚C. 

Hypoxia treatment. For hypoxia experiments, cells were treated with
150 μM CoCl2 for 24 hours and maintained in a 5%  CO2
atmosphere at 37˚C.

Western blot analysis. Cell lysate was extracted from the cells
incubated under the normoxic or hypoxic conditions. Forty μg of each
protein sample were loaded onto 10%  SDS-PAGE (polyacrylamide
gel), and the separated extracts were electrophoretically transferred
onto Hybond-PVDF membrane (Amersham Pharmacia Biotech,
Buckinghamshire, UK) in transfer buffer. The membrane was
incubated with anti-human HIF-1α Mouse monoclonal antibody
(Calbiochem, Germany) at a dilution of 1:500 and anti-human β-actin
Mouse monoclonal antibody (Sigma, St. Louis, MO, USA) at a
dilution of 1:5,000 at 4˚C overnight.

Matrigel invasion assay. Transwell invasion experiments were
performed using 24-well BD BioCoat™ Growth Factor Reduced
Matrigel™ Invasion Chambers (BD Biosciences, Bedford, MA,
USA). The invasion chambers consist of a BD Falcon™ cell culture
insert with an 8 μm pore size PET membrane coated with BD
Matrigel Matrix, which serves as a reconstituted basement membrane
in vitro. Tumor cells under normoxia or hypoxia treatment were
prepared for cell suspension in serum free culture medium and at a
density of 1×105 cells/mL (HCC1395, HCC1937, MCF-7) and 5×104

cells/mL (MDA-MB-231). Subsequently, 100 μL of cell suspension
were loaded into the upper chamber of each well. The bottom
chamber was filled with the medium containing 5%  FBS as the
chemoattractant and then the invasion chamber sets were incubated
for 24 hours in a 5%  CO2 atmosphere at 37˚C. After incubation, cells
on the top surface of the chamber (non-invaded cells) were removed
by wiping with a cotton swab. Membrane with cells attached to the
lower membrane surface (invaded cells) were fixed with methanol
and stained with hematoxylin. Membranes were permanently
mounted and all invaded cells were counted under a microscope at
×100 magnification. All experiments were performed in triplicate.
Results are expressed as the average cell number per filter. Invasion
indices are expressed as a percentage of the control value.

Zymography of MMP-2 and -9. Cell culture medium from
HCC1395, HCC1937, MCF-7 and MDA-MB-231 incubated under
the normoxic or hypoxic conditions was collected and supernatant
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medium was electrophoresed on a 10%  SDS-PAGE containing
0.1%  gelatin (Sigma). The gel was incubated overnight at 37˚C in
a buffer containing 50 mM Tris-HCl, pH 7.6, 0.2 M NaCl, 5 mM
CaCl2 and 0.02%  Triton® X-100. Gels were stained with
Coomassie blue R-250 (Bio-Rad, Hercules, CA, USA) for 2 hours
and distained to define signal as clear bands.

Expression of MMPs and TIMPs by RT-PCR. The expression of
mRNAs encoded for MMPs and TIMPs was examined by RT-PCR
(reverse transcriptase-polymerase chain reaction). RNA was isolated
from cells using the RNeasy Mini Kit (Qiagen, Hilden, Germany)
and was reverse transcribed for cDNA synthesis using M-MLV
reverse transcriptase (Promega Corp., Madison,WI, USA) on a
GeneAmp®PCR System 9700 (Applied Biosystems, Foster, CA,
USA). The amplification was performed through 35 PCR cycles for
MMPs and 30 PCR cycles for TIMPs. The thermal cycles were
denaturation at 94˚C for 30 s, annealing at 60˚C for 30 s, and
extension at 72˚C for 1 min. β-Actin was used as a housekeeping
control. All amplification products were separated by
electrophoresis in a 2%  agarose gel containing ethidium bromide
and visualized under UV light. Densitometric scanning was
performed using an ImageScanner (Amersham Pharmacia Biotech,
Uppsala, Sweden). For semi-quantitative analysis, the PCR products
of MMPs and TIMPs were expressed as the relative density of each
band compared with the band of β-actin. Image analysis was
performed using Image Master Total Lab 1.00 software (Amersham
Pharmacia Biotech, Uppsala, Sweden). The primer sequences were
as shown in Table I.

Statistical analysis. All values are given as mean±standard deviation
of three separate experiments in triplicate. Differences between
control and hypoxia-treated cells were evaluated using Student’s t-
test and considered statistically significant at the level of p≤0.05.

Results

HIF-1α protein expression induced CoCl2-induced hypoxia.
Western blot analysis was performed to examine the
expression of HIF-1α under normoxia and CoCl2-induced
hypoxia. HIF-1α protein expression was induced in all four
cell lines after treatment with 150 μM CoCl2 for 24 hours
(Figure 1).

Effect of CoCl2-induced hypoxia treatment on invasiveness.
To investigate the effect of CoCl2-induced hypoxia on
invasive potential, the four cell lines were treated with 150μM
CoCl2 for 24 hours before the Matrigel invasion assay. The
invasive ability of HCC1395 cell line showed a significant
increase relative to a matched normoxic control (128.9%  of
control; p<0.05) (Figure 2). In the other three cell lines, the
changes of hypoxia-induced invasion relative to a matched
normoxic control were not statistically significant.

Effect of CoCl2-induced hypoxia treatment on the activity of
MMP-2 and -9. Gelatin zymography was used to measure
the activity of MMP-2 and -9 (Figure 3). Both of the two
primary cancer cell lines, HCC1395 and HCC1937, notably
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Table I. Primer sequences used in RT-PCR.

Gene Primer sequence Product 
(bp)

MMP-1
Sense ATTGGAGCAGCAAGAGGCTGGGA 183
Antisense TTCCAGGTATTTCTGGACTAAGT

MMP-2
Sense CACAGCCAACTACGATGACG 199
Antisense CTCCTGAATGCCCTTGATGT

MMP-3
Sense GCATAGAGACAACATAGAGCT 156
Antisense TTCTAGATATTTCTGAACAAGG

MMP-7
Sense AGATGTGGAGTGCCAGATGT 324
Antisense TAGACTGCTACCATCCGTCC

MMP-8
Sense GCTGCTTATGAAGATTTTGACAGAG 435
Antisense ACAGCCACATTTGATTTTGCTTCAG

MMP-9
Sense GGCCCTTCTACGGCCACT 133
Antisense CAGAGAATCGCCAGTACTT

MMP-10
Sense CACTCTACAACTCATTCACAGAGCT 408
Antisense CTTGGATAACCTGCTTGTACCTCAT

MMP-11
Sense CGCAACCGACAGAAGAGGTTCG 1078
Antisense GCAGGAAGTAGGCATAGCCATCAGC

MMP-12
Sense TTCCCCTGAACAGCTCTACAAGCCTGGAAA 517
Antisense GATCCAGGTCCAAAAGCATGGGCTAGGATT

MMP-13
Sense GCATCTGGAGTAACCGTATTG 330
Antisense GTGGTGTGGGAAGTATCATCA

MMP-14
Sense CGCTACGCCATCCAGGGTCTCAAA 497
Antisense CGGTCATCATCGGGCAGCACAAAA

MMP-15
Sense ACAACCACCATCTGACCTTTAGCA 454
Antisense AGCTTGAAGTTGTCAACGTCCTTC

MMP-16
Sense TTACTTCTGGCGGGGCTTGCCTCCTAGTAT 692
Antisense ACAGTACAGTATGTGGCGGGGTGTTCCTTT

TIMP-1
Sense CTTCCACAGGTCCCACAACC 300
Antisense CAGCCCTGGCTCCCGAGGC

TIMP-2
Sense GATGCACATCACCCTCTGTG 196
Antisense GTGCCCGTTGATGTTCTTCT

TIMP-3
Sense CGCTGGTCTACACCATCAAGC 658
Antisense CAGGAGGATAGTTCCCAATAAACC

TIMP-4
Sense CAGTGAGAAGGTAGTTCCGGCC 626
Antisense TCTTATTAGCTGGCAGCAAGAGG

β-Αctin
Sense TTAAGGAGAAGCTGTGCTACG 208
Antisense GTTGAAGGTAGTTTCGTGGAT



showed activity of MMP-2 and -9. MDA-MB-231 cells were
shown to weakly produce MMP-9 but not express of MMP-
2. MCF-7 did not express either of the two gelatinases.
However, hypoxia did not regulate the activity of MMP-2
and -9 in all cell lines. 

Effect of CoCl2-induced hypoxia treatment on mRNA
expression of MMPs and TIMPs. Semi-quantitative analysis
of RT-PCR results was quantified as: 4+, volume report
above 15,000; 3+, volume report between 10,000 and 15,000;
2+, volume report between 5,000 and 10,000; 1+, volume
report between 1,000 and 5,000; −, volume report below
1,000. Constitutive and hypoxia-stimulated mRNA

expression of MMPs and TIMPs measured by RT-PCR are
presented in Table II. MCF-7 expressed notably less
constitutive MMPs as compared to the other cell lines.
MMP-2 and -9 measured by RT-PCR were notably expressed
in primary cancer cells but not in both metastatic ones
(Figure 4), which was consistent with the results of gelatin
zymography. MMP-7 was also highly expressed in primary
cancer cell lines. Hypoxic stimulation increased the mRNA
level of MMP-1, -10 and -13 in metastatic breast cancer cell
lines, whereas only MMP-13 was up-regulated in primary
HCC1937 cells by hypoxic stimulation. The expression of
TIMPs was not altered by hypoxia; except for TIMP-4 which
was down-regulated in MDA-MB-231 cells.
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Figure 1. Western blots from HCC1395, HCC1937, MCF-7 and MDA-MB-231 cells exposed to normoxia (N) or CoCl2-induced hypoxia (H). HIF-1α
protein expression was induced in all four breast cancer cell lines under hypoxia.

Figure 2. Effect of CoCl2-induced hypoxia on invasiveness determined by Matrigel invasion assays. Invasion indices expressed as the mean±S.D. of
three independent experiments. The data were evaluated for statistical significance by Student’s t-test. The means noted with an asterisk were
statistically different from the matched normoxic control. Ν, Νormoxia; H, CoCl2-induced hypoxia; *, p<0.05.



Discussion

In the present study, CoCl2-induced hypoxia induced HIF-
1α protein expression in all four cell lines and significantly
increased the invasive ability of HCC1395 cell line. The
increase in invasive ability of HCC1395 cell line does not
correlate with a change in any one MMP. There was a
differential expression of constitutive MMPs observed in
primary versus metastatic breast cancer cells, i.e. primary
cancer cells expressed a wider range of MMPs, in particular
MMP-2, -7 and -9, than the metastatic ones. There was an
increase of MMP-1, -10 and -13 expressions under hypoxic
stimulation in HCC1937, MCF-7 and MDA-MB-231 cells.

These results are in contrast to previously reported
findings of increased invasion of MDA-MB-231 cells
exposed to 1%  O2 for 24 hours (14, 21). However, one
recent study did not observe enhanced invasion of MDA-
MB-231 cells at 1%  O2 (25), which is in agreement with the
present results. The contradictory results of exposure to
physical hypoxia may be due to different experimental
systems. In contrast to earlier studies (14, 21), a recent study
(25) directly measured the oxygen within the medium layer.
It is very possible that a long time period is needed for
oxygen to decline from normoxic to hypoxic levels in a
transwell system and the majority of invasion assays may
have been carried out at a relative higher oxygen
concentration in earlier studies. The present results
demonstrated by chemical hypoxia induced by CoCl2 were
similar to the effect of hypoxic medium by physical hypoxia. 

The difference between the cell lines with respect to
invasion under hypoxia may be due to the difference in their
ability to survive under hypoxic conditions. It has been
suggested that hypoxia-tolerant cells decrease their oxygen
consumption rate and retain mitochondrial function in
response to hypoxic challenge (26). In addition, hypoxia-
tolerant cells are consistently more sensitive to a wide
spectrum of inhibitors of mitochondrial function than are
hypoxia-sensitive cells.

Constitutive MMPs determined by RT-PCR showed
differential expression in breast cancer cell lines of different
tumorigenicity. The primary breast cancer cells expressed

more MMPs than the metastatic ones. Comparing the two
metastatic cancer cells, the poorly-invasive MCF-7 expressed
fewer MMPs than the highly-invasive MDA-MB-231 cells.
MMP-2 and -9 measured by RT-PCR and zymography were
notably expressed in primary cancer cells but not in
metastatic ones. MMP-7 was also highly expressed in
primary cancer cell lines and expressed at low levels in
MDA-MB-231 cells, but was not expressed in MCF-7 cells.
Consistent with these findings, previous studies (27, 28) did
not detect MMP-2, -7 and -9 in MCF-7, and reported low
expression of MMP-2 and -7 and no expression of MMP-9
in MDA-MB-231 cells. Among the metastatic breast cancer
cell lines, the more malignant cells synthesized more MMPs
than the less malignant ones (29), which is in agreement
with the reported results.
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Figure 3. Zymography of MMP-2 and -9 in the culture media obtained from breast cell lines exposed to normoxia (N) or CoCl2-induced hypoxia (H).

Table II. Constitutive and CoCl2-stimulated mRNA expression of MMPs
and TIMPs in breast cell lines as determined by semi-quantitative RT-
PCR.

HCC 1395 HCC 1937 MCF-7 MDA-MB-231

Gene N H N H N H N H

β-Actin 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
MMP-1 3+ 2+ 2+ 2+ + 2+ 3+ 4+
MMP-2 4+ 4+ 3+ 3+ − − 2+ +
MMP-3 2+ 2+ − − − − + +
MMP-7 4+ 4+ 3+ 3+ − − 2+ +
MMP-8 + + − − − − 2+ 2+
MMP-9 2+ 2+ + + − − − −
MMP-10 2+ + − + + 2+ + +
MMP-11 2+ 2+ 2+ 2+ 2+ 2+ 3+ 2+
MMP-12 + + − − − − − −
MMP-13 4+ 4+ + 3+ + 3+ + 2+
MMP-14 4+ 4+ 3+ 4+ + + 4+ 4+
MMP-15 2+ 2+ 3+ 3+ 3+ 3+ 3+ 2+
MMP-16 4+ 4+ − + 3+ 3+ 3+ 2+
TIMP-1 4+ 4+ 4+ 4+ 3+ 3+ 4+ 2+
TIMP-2 4+ 4+ 4+ 4+ 2+ 2+ 4+ 4+
TIMP-3 4+ 4+ 3+ 4+ 3+ 3+ 3+ 3+
TIMP-4 − − 2+ 2+ − − 2+ +

N, Normoxia; H, CoCl2-induced hypoxia.



It was demonstrated that metastatic breast cancer cells
expressed fewer MMPs, in particular MMP-2 and -9. This result
suggests that metastatic breast tumors exhibit less sensitivity to
MMP inhibitors. These results provide insights into the failure
of MMP inhibitors in clinical trials in patients with metastatic
breast cancer (9). MMP-2 and -9 were notably expressed in
primary breast cancer cells, which indicated the critical
importance of MMP-2 and -9 for primary breast cancer cells to
escape from the primary site. In addition, a gene profiling study
demonstrated that the MMP-2 gene was identified among a set
of genes associated with the ability of human breast cancer cells
to metastasize spontaneously from the primary breast tumor to
the lungs of immunodeficient mice (30). MMP-2 has
demonstrated only minor intracellular staining in three metastatic
breast cancer cell lines by immunocytochemistry (29). MMP-9
has been shown to be expressed in the early stage of malignant
melanoma but not in late stage and metastatic lesions (10). It has
been reported that MMP-9 contributes to the early establishment
of tumors in the lung and has no effect on the growth of
established metastatic foci after orthotopic transplantation (31).
Therefore, inhibitors targeting MMP-2 and -9 may be effective
for primary breast cancer but not for metastatic breast disease. 

MMP-7, also known as matrilysin, cleaves the ectodomain
of E-cadherin, disrupting the E-cadherin/catenin complex
and then promoting the migration and invasion of cancer
cells (32). MMP-7 has been shown to play an important role
in early breast tumorigenesis and was expressed in 75%  of
346 node-negative breast tumors on a tissue microarray (33).
MMP-7 has been associated with malignant potential in the
early stage of cancer (34, 35). Furthermore, MMP-7 has
been shown to promote invasion by increasing the secretion
and activation of proMMP-2 and proMMP-9 (36).
Contributions of MMP-7 to the early stage of tumor
progression suggest that the use of MMP-7 inhibitor may be
beneficial for anticancer treatment at the early stage.

To the Authors’ knowledge, this is the first study to
demonstrate comparative analysis of constitutive MMPs in
primary versus metastatic breast cancer cells. The data
showed different MMP expression profiles between primary
and metastatic breast cancer cells. This finding was in
agreement with the results in animal models (37), which
demonstrated significant differences in spontaneous and
xenografted human neoplasms. These results suggest that
MMPs serve certain roles in primary tumor and metastasis.
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Figure 4. mRNA expression of MMPs and TIMPs determined by RT-PCR in breast cell lines as determined by RT-PCR exposed to normoxia (N) or
CoCl2-induced hypoxia (H).



Recently, MMPs have been demonstrated to contribute to
every stage of tumor progression, not just the later stages as
was previously assumed (3). In addition, the same MMP can
have different effects depending on the cell type and tumor
stage (3, 11). Disappointing results from the use of MMP
inhibitors may be due to the complexity of MMP functions
rather than them being ineffective targets for cancer therapy.
Broad-spectrum inhibition was ineffective, but highly
selective and specific inhibition of MMPs could still be an
effective treatment for cancer (11). Therefore, understanding
of the exact roles of specific MMPs at different stages of
tumor progression is needed. 

It was demonstrated that MMPs play no crucial roles in
hypoxia-induced tumor progression in primary HCC1395
breast cancer cells. Hypoxic stimulation increased the mRNA
level of MMP-1, -10 and -13 in metastatic breast cancer cell
lines, whereas only MMP-13 was up-regulated in primary
HCC1937 cells. Down-regulation of MMP-1 in MDA-MB-
231 breast cancer cells has been reported to reduce the size
of xenograft tumors (38). Unlike the majority of MMPs,
MMP-10 is located in the tumor cells as opposed to tumor
stroma. MMP-10 protein was observed at low levels in
normal human lung tissues and at significantly higher levels
in non-small cell carcinoma (39). Down-regulation of MMP-
13 has been also shown to diminish the growth of human
squamous cell carcinoma xenografts (40). MMP-13 has been
identified as one of a group of hypoxia-induced genes using
a series of DNA array membranes in squamous cell
carcinoma cells (41). Taken together, MMP-1, -10 and -13
are likely to be involved in mediating metastatic breast cancer
growth and may thus be good targets for designing specific
MMP inhibitors for the treatment of metastatic breast cancer.

In summary, CoCl2-induced hypoxia enhanced the
invasion potential of primary HCC1395 breast cancer cells.
There was a differential expression of constitutive MMPs in
primary versus metastatic breast cancer cells, i.e. primary
cancer cells expressed more MMPs, in particular MMP-2, -
7 and -9, than the metastatic ones. These results provide
insights into the failure of MMP inhibitors in clinical trials in
patients with metastatic breast cancer. MMP-2, -7 and -9
inhibition with MMP inhibitors would be expected to have
little or no effect on patients in whom breast cancer
metastasis had already occurred. The development of new
MMP inhibitors for treatment of breast cancer will focus on
targeting specific MMPs as well as specific stages, especially
in the early stage of the metastatic cascade.
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