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The relationship between MMP-2 and MMP-9 expression
levels with breast cancer incidence and prognosis
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Abstract. The relationship between the expression levels of
matrix metalloproteinase-2 (MMP-2) and MMP-9 and breast
cancer prognosis was studied. Two breast cancer cell lines
(MDA-MB-231 and MCF-7) and one human normal breast
cell line (HS578Bst) were investigated. Fluorescence real-time
reverse transcription-polymerase chain reaction (RT-PCR)
and western blotting were used to detect cellular mRNA and
protein MMP-2 and MMP-9 expression levels. Breast cancer
tissue samples from 80 patients and tumor-adjacent normal
tissue samples from 40 patients were collected, and MMP-2
and MMP-9 expression in these samples were examined using
immunohistochemistry (IHC). The relationship of MMP-2 and
MMP-9 expression levels with breast cancer patient clinico-
pathological parameters and prognosis was analyzed. RT-PCR
and western blot results showed that MMP-2 and MMP-9
mRNA and protein expression levels were significantly higher
in MDA-MB-231 and MCF-7 cells than in HS578Bst cells. A
high expression of MMP-2 and MMP-9 was found in 83.75%
(67/80) and 78.75% (63/80) of breast cancer tissue samples,
respectively. MMP-2 and MMP-9 expression in breast cancer
tissues were significantly different from that in tumor-adjacent
normal tissues (p<0.01). MMP-2 and MMP-9 expression levels
in breast cancer tissues were correlated with lymph node
metastasis and tumor staging. Single factor survival analysis
showed that MMP-2 and MMP-9 were factors influencing
breast cancer prognosis. MMP-2 and MMP-9 are highly
expressed in breast cancer tissues and are closely related
to lymph node metastasis and tumor staging. MMP-2 and
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MMP-9 can be used as reference indices for guiding breast
cancer prognosis and treatment.

Introduction

Breast cancer is a malignant tumor that often occurs in
females, comprising ~7-10% of all systemic malignant tumors.
Tumor recurrence rate, metastasis rate, and mortality are high
in patients with advanced breast cancer (1). As breast cancer is
characterized by high rates of metastasis due to the presence
of lymphatic vessels and reflux veins in the female breast, it is
easy for breast cancer to transfer to the lung, liver, brain, and
other organs during the early stages, resulting in poor clinical
treatment and high mortality (2). In recent years, with devel-
opments in molecular biology and evidence-based medicine,
treatment methods utilizing a combination of surgical resec-
tion with radiotherapy, chemotherapy, and targeted therapy
has been developed to combat breast cancer. Although this
comprehensive treatment method has a certain curative effect,
the recurrence and metastasis rates for breast cancer patients
remain high and prognosis is generally poor (3-5).

Matrix metalloproteinases (MMPs) are a family of
zinc-dependent proteases, and MMP-2 and MMP-9 are major
members of the MMP family (6,7). MMP-2 and MMP-9 are
mainly secreted by tumor cells and stromal cells in the form
of zymogens. After activation via hydrolysis, MMP-2 and
MMP-9 degrade basement membrane (BM) type IV collagen,
affecting the ability of BMs to impede tumor cell move-
ment (8). Research has shown that MMP-2 and MMP-9 play
key roles in degrading extracellular matrices and promoting
tumor invasion and metastasis (9,10).

The study aimed to investigate MMP-2 and MMP-9
expression levels in breast cancer and their relationships with
breast cancer clinicopathological parameters and prognosis.
In this study, two breast cancer cell lines (MDA-MB-231 and
MCF-7) and one human normal breast cell line (HS578Bst)
were cultured in vitro. Fluorescence RT-PCR and western
blotting were used to detect the expressions of MMP-2
and MMP-9 in cells at mRNA and protein levels. MMP-2
and MMP-9 expression levels in breast cancer tissues and
tumor-adjacent normal tissues were detected using immuno-
histochemistry (IHC) and the relationship between MMP-2
and MMP-9 expression and clinicopathological parameters
and prognosis was studied.
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Materials and methods

Materials. Breast cancer cell lines MDA-MB-231 and MCF-7
and human normal breast cell line HS578Bst were acquired
from the Cell Banks of the Chinese Academy of Sciences
(Shanghai, China). The following reagents were used: Roswell
Park Memorial Institute-1640 (RPMI-1640) medium and
fetal bovine serum (FBS) (Gibco, Carlsbad, CA, USA); FBS
(HyClone Laboratories, Logan, UT, USA); TRIzol kits, reverse
transcription kits, and RT-PCR kits (Invitrogen, Carlsbad,
CA, USA); MMP-2, MMP-9, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) rabbit anti-human primary poly-
clonal antibodies (cat. no. 10373-2-AP, 10375-2-AP and
10494-1-AP), and mouse anti-rabbit horse-radish peroxidase
(HRP) secondary monoclonal antibodies (cat. no. HRP-60004;
Proteintech Group, Inc., Wuhan, China); bicinchoninic acid
(BCA) protein quantification kits (Beyotime Institute of
Biotechnology, Jiangsu, China); and IHC kit SP-9001 (Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing,
China). Primer synthesis was performed by Takara (Dalian,
China).

A total of 80 female breast cancer patients accompanied
by complete clinical data admitted to Yidu Central Hospital
of Weifang for treatment between January, 2007 and
December, 2010 were selected for this study. Patients were aged
24-78 years (median age, 55 years). All patients were clinically
and pathologically diagnosed with breast cancer and received
surgical treatment for the first time without any prior history of
receiving radiotherapy and chemotherapy. Informed consents
were signed by the patients and/or guardians. The study was
approved by the Ethics Committee of Yidu Central Hospital
of Weifang. Breast cancer tissue samples were extracted from
tumors by excision. Tumor-adjacent normal tissues were
extracted from an area 10 cm away from the tumor edge
(no infiltration of tumor cells was observed by microscopy).
Specimens were fixed with 10% formaldehyde and embedded
in conventional paraffin after extraction. All patients had
complete follow-up records, including age, tumor size, lymph
node status, clinical staging and survival condition.

Detection of cellular mRNA MMP-2 and MMP-9 expression
by RT-PCR. HS578Bst, MCF-7 and MDA-MB-231 cells were
cultured in RPMI-1640 medium containing 10% FBS in an
incubator at 37°C with 5% CO,. The medium was changed
every other day and cells were digested by Trypsin and then
subcultured upon initiation of cell fusion.

Cells were collected during the logarithmic growth phase
following digestion and centrifugation. Total RNA was
extracted from the sample using TRIzol kits according to
manufacturer's instructions. RNA concentration and purity
were measured, with an A260/A280 value from 1.8-2.0 deemed
acceptable. Reverse transcription was conducted according to
the instructions provided in the reverse transcription kit, and
mRNA expression was detected according to the methods
provided in the RT-PCR kit using the RT-derived cDNA as the
template (primer sequences are listed in Table I). GAPDH was
selected as the internal reference. The reaction conditions were
as follows: 94°C for 5 min; 94°C for 30 sec, 57°C for 30 sec,
72°C for 30 sec for 30 cycles; 72°C for 5 min. Ct values were
generated by instrument software (ABI7300; Thermo Fisher
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Table I. RT-PCR primer sequences.

Gene Primer sequences
MMP-2  F: 5-CTCATCGCAGATGCCTGGAA-3'

R: 5-TTCAGGTAATAGGCACCCTTGAAGA-3'
MMP-9  F: 5-ACGCACGACGTCTTCCAGTA-3'

R: 5-CCACCTGGTTCAACTCACTCC-3'
GAPDH F: 5'-GCACCGTCAAGGCTGAGAAC-3'

R: 5-TGGTGAAGACGCCAGTGGA-3'

MMP, matrix metalloproteinase; GAPDH, glyceraldehyde 3-phos-
phate dehydrogenase; F, forward; R, reverse.

Scientific, Waltham,MA,USA). Relative expression levels were
calculated using the 22" method according to the following
formula: ACt (target gene) = Ct (target gene)-Ct (control gene).

Detection of cellular MMP-2 and MMP-9 expression by
western blot analysis. Digestion and centrifugation were
used to collect cells during the logarithmic growth phase.
Cell lysates were generated and protein concentrations were
determined by BCA assay. Protein samples (50 p#g) were then
loaded and separated by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE). Isolated proteins
were transferred to polyvinylidene difluoride (PVDF)
membranes and blocked with 5% skim milk powder at room
temperature for 2 h. Rabbit anti-human MMP-2, MMP-9, and
GAPDH primary polyclonal antibodies (1:1,000) were added,
respectively, and membranes were incubated overnight at 4°C.
Membranes were then completely washed by Tris-buffered
saline with Tween-20 (TTBS) and mouse anti-rabbit secondary
monoclonal antibodies (1:2,000) were added, with the
membrane incubated for 1 h at room temperature. Enhanced
chemiluminescence (ECL) development was conducted in the
dark, with a gel imager (Bio-Rad Laboratories, Hercules, CA,
USA) used to obtain results. GADPH was used as an internal
reference and gray scale analysis was performed.

Detection of MMP-2 and MMP-9 protein expression in
pathological tissues by IHC. The procedure was carried out
according to the instructions of the IHC kit. Briefly, after
paraffin sections were dewaxed, endogenous peroxidases
were inactivated with 3% H,O,. Citrate buffer was used
for thermal remediation and proteins were blocked with
10% goat serum. MMP-2 and MMP-9 primary antibodies
(1:100 dilution) were applied, respectively, and samples
were incubated at 4°C overnight. After washing with
phosphate-buffered saline (PBS) three times, biotin-labeled
secondary antibodies were added, with samples allowed to
incubate for 15 min. After that, proteins were washed with
PBS three times and diaminobenzidine (DAB) solution was
applied for color development in the dark. Hematoxylin was
used for restaining, and gum was used for mounting. Finally,
pictures were taken under a microscope (TE2000-U; Nikon,
Tokyo, Japan).

MMP-2 and MMP-9 protein expression was noted in the
cytoplasm by the presence of a brown color. The proportion
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Table II. MMP-2 and MMP-9 protein expression levels in breast cancer and tumor-adjacent normal tissues (cases, %).
MMP-2 MMP-9
Group Cases -and + ++ and +++ -and + ++ and +++
Breast cancer tissues 80 13 (16.25) 67 (83.75) 17 (21.25) 63 (78.75)
Tumor-adjacent normal tissues 40 31 (77.50) 9 (22.50) 33 (82.50) 7 (17.50)
y>-value 43.08 41.16
P-value <0.01 <0.01
MMP, matrix metalloproteinase.
B3 HS578Bst Results
MCF-7
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Figure 1. Detection of matrix metalloproteinase-2 (MMP-2) and MMP-9
mRNA expression in MCF-7, MDA-MB-231 and HS578Bst cells. The expres-
sion levels of MMP-2 and MMP-9 mRNA in MDA-MB-231 and MCF-7 cells
were significantly higher than in HS578Bst cells, “p<0.01.

of positive cells among total cells in the entire visual field
were recorded and divided into four categories: <10% (-);
10-25% (+); 26-75% (++); >75% (+++). Categories - and +
represent low expression while ++ and +++ represent high
expression. Scores were calculated and analyzed.

Examining the relationship between MMP-2 and MMP-9
expression and breast cancer prognosis. Patients were divided
into MMP-2 low expression and high expression groups as
well as MMP-9 low and high expression groups according to
the THC results. There were no statistically significant differ-
ences in terms of gender, smoking history, alcohol history, and
family history among these groups. Regular follow-ups were
conducted after surgery for 5 years in the form of phone calls
or outpatient reviews. Survival duration was recorded from
the first day after surgery to the patient death or the follow-up
conclusion deadline. MMP-2 and MMP-9 expression effects
on breast cancer patient survival conditions were analyzed
statistically based on follow-up results.

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 17.0 (International Business Machines Corp., Armonk,
NY, USA) was used in this study. Measurement data were
analyzed by using one-way analysis of variance (ANOVA). The
data were compared between the two groups using % analysis.
Clinical prognostic data were analyzed by Kaplan-Meier
survival analysis. p<0.05 was interpreted as a statistically
significant difference.

than those in HS578Bst cells (p<0.01) (Fig. 2). Representative
western blot analyses for MMP-2 and MMP-9 protein expres-
sion (Fig. 2A). Gray-scale densitometry analysis results for
MMP-2 and MMP-9 protein expression (Fig. 2B). MMP-2 and
MMP-9 protein expression in MDA-MB-231 and MCF-7 cells
were significantly higher than in HS578Bst cells, p<0.01.

MMP-2 and MMP-9 protein expression in breast cancer
tissues. IHC results showed that the positive expression of
MMP-2 and MMP-9 appeared as brown particles in the cyto-
plasm (Fig. 3). Through statistical analysis, it was found that
high expression rates of MMP-2 and MMP-9 were found in the
tumors of 83.75% (67/80) and 78.75% (63/80) of the patients
enrolled in this study, respectively. Differences in MMP
expression between breast cancer tissues and tumor-adjacent
normal tissues were statistically significant (p<0.01) (Table II).

The relationship between breast cancer clinicopathological
indices and MMP-2 and MMP-9 expression levels. Table 111
shows the analysis results of the relationship between breast
cancer clinicopathological indices and MMP-2 and MMP-9
expression. Abnormal expression levels of MMP-2 and MMP-9
were correlated with the occurrence of lymph node metastasis
and tumor staging (p<0.05), but not correlated with patient age
and tumor size (p>0.05).

Analysis of survival condition and breast cancer patient
prognosis. A total of 80 patients with breast cancer were
followed up, in which 51 patients survived and 29 patients
died (Table IV). Kaplan-Meier single factor analysis showed
that MMP-2 and MMP-9 expression were associated with a
significant effect on patient prognosis (p<0.05). Low MMP-2
and MMP-9 expression indicated a relatively good patient
prognosis (Table IV and Fig. 4).
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Table III. The relationship between abnormal MMP-2 and MMP-9 expression and clinicopathological parameters.

MMP-2 positive MMP-9 positive
Clinical parameter Cases Cases, % y>-value P-value Cases, % y>-value P-value
Age (years)
<40 33 28 (84.85) 0.05 >0.05 25 (75.76) 0.30 >0.05
>40 47 39 (82.98) 38 (80.85)
Tumor size (cm)
<5 49 42 (85.71) 0.36 >0.05 38 (77.55) 0.11 >0.05
>5 31 25 (80.65) 25 (80.65)
Lymphatic metastasis
No 34 25 (73.53) 445 <0.05 23 (67.65) 4.36 <0.05
Yes 46 42 (91.30) 40 (86.96)
Tumor staging
I-11 29 20 (68.97) 5.70 <0.05 18 (62.07) 7.56 <0.05
I-1v 51 47 (92.16) 45 (88.24)

MMP, matrix metalloproteinase.

Table IV. Relationship between patient survival condition and MMP-2 and MMP-9 expression.

Group Cases 5-year-survival (cases) 5-year-survival (%) Wald (log-rank) P-value
MMP-2
High expression 67 39 58.21 5.007 <0.05
Low expression 13 12 9231
MMP-9
High expression 63 36 57.14 5.584 <0.05
Low expression 17 15 88.24

MMP, matrix metalloproteinase.
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Figure 2. (A and B) Detection of matrix metalloproteinase-2 (MMP-2) and MMP-9 protein expression in MCF-7, MDA-MB-231 and HS578Bst cells by
western blot analysis (“p<0.05).

Discussion the disease. Breast cancer has become an important factor
affecting women's health (11-13).
Breast cancer is a malignant tumor occurring in breast The MMP-2 gene is located on the human chromosome

epithelial tissues, and its pathogenesis is very complex. In  16q21. Activated MMP-2 can not only degrade type IV
recent years, the incidence rate of breast cancer has increased  collagen in BMs, but also can degrade type V, VI and X
on an annual basis, and more young people have developed  collagens as well as gelatins (14). MMP-9 can be secreted
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Figure 3. Detection of matrix metalloproteinase-2 (MMP-2) and MMP-9 protein expression in clinicopathological tissues via immunohistochemistry (IHC)
MMP-2 and MMP-9 are expressed in the cytoplasm and appear as brown granules; a proportion of positive cells >25% in the visual field represented high

expression, otherwise, the result was categorized as low expression (x400).
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Figure 4. (A and B) Survival curves for patients with high and low expression levels of matrix metalloproteinase-2 (MMP-2) and MMP-9 Kaplan-Meier
analysis shows that patients with low expression of MMP-2 and MMP-9 showed improved prognoses.

extracellularly in the form of zymogen, and activated MMP-9
can degrade type I'V collagens and fibronectins to destroy BMs
and extracellular matrixes, thereby affecting the adhesion
ability of tumor cells (15). Extracellular matrixes and BMs are
natural barriers in tumor infiltration and diffusion processes,
and cancer cells passing through these physical barriers is key
to tumor cell transfer and migration. It has been found that
type IV collagens are the main components of the extracel-
lular matrix and BMs. Tumor cells are able to specifically
express MMP-2 and MMP-9 to degrade type IV collagens and
destroy these tissue barriers, thus promoting the invasion and
metastasis of tumor cells (16). According to studies, MMP-2
and MMP-9 expression levels in breast cancer tissues were
significantly higher than in fibrous adenomas, and likewise,
tumor tissue MMP-2 and MMP-9 expression was significantly
higher in patients with infiltrative breast cancer and lymph

node metastasis than patients with non-infiltrative cancer and
non-lymph node metastasis (17,18). Based on 168 cases of
postmenopausal advanced breast cancer, Rahko et al found
that MMP-9 expression was closely related to clinical staging,
pathology type, and hormone receptor status (19). Li et al (20)
used THC to detect MMP-2 and MMP-9 expression levels
in 270 cases of axillary lymph node-negative breast cancer,
finding that MMP-2 and MMP-9 expression were positively
correlated with histological grading.

This study investigated the effects of MMP-2 and MMP-9
on breast cancer patient pathological parameters and prog-
nosis. First, the breast cancer cell lines MDA-MB-231 and
MCF-7, as well as the human normal breast cell line HS578Bst
were selected and cultured. MMP-2 and MMP-9 mRNA and
protein expression levels were significantly higher in the breast
cancer cell lines than in HS578Bst cells. Following this, breast
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cancer tissue specimens were collected from 80 patients,
with tumor-adjacent normal tissue specimens collected from
40 patients. MMP-2 and MMP-9 expression in breast cancer
tissues were significantly higher than in tumor-adjacent normal
tissues. High expression levels of MMP-2 and MMP-9 were
correlated with lymph node metastasis and tumor staging by
clinicopathological data analysis. Kaplan-Meier single factor
survival analysis showed that low MMP-2 and MMP-9 expres-
sion indicated relatively good patient prognosis.

In recent years, the relationship between MMPs and breast
cancer has become a research hotspot. Jones et al found that
MMP-2 was mainly expressed in the cytoplasm of breast
cancer cells, and a small amount of these cells were present
in the normal breast duct and the BMs around acini (21).
Lebeau et al detected MMP-2 and MMP-9 expression in
70 infiltrative breast cancer patients, finding that MMP-2
and MMP-9 were expressed in tumor cells and surrounding
stromal cells, with particularly high expression at the edges of
the tumor infiltration area (22). This study not only confirmed
the presence of high MMP-2 and MMP-9 expression in breast
cancer cell lines and breast cancer tissues, but also confirmed
that MMP-2 and MMP-9 expression were associated with
lymph node metastasis, tumor staging and prognosis.

In conclusion, MMP-2 and MMP-9 are highly expressed
in breast cancer and are closely related to lymph node metas-
tasis and tumor staging. MMP-2 and MMP-9 can be used as
reference indicators for guiding breast cancer treatment and
estimating prognosis.
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