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Matrix Metalloproteinase-9 -1562T Allele and its Combination
with MMP-2 -735 C Allele are Risk Factors for Breast Cancer
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Abstract

Background: Expression of matrix metalloproteinases (MMPs) is up-regulated in human cancers. The aim
of present study was to investigate the role of MMP-9 C-1562T polymorphism and its interaction with MMP-
2 C-735T polymorphism in susceptibility to breast cancer in a population from Western Iran with Kurdish
ethnic background. Materials and Methods: The study sample of 205 individuals consisted of 101 breast cancer
patients and 104 healthy subjects. MMP-9 C-1562T and MMP-2 C-735T variants were identified using the
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. Results: Among
67.4% of studied patients the breast cancer developed in the third and forth decades of the life. The frequency
of MMP-9 T allele was 17.3% in patients and 10.1% in controls. The presence of T allele significantly increased
the risk of breast cancer by 1.87-fold [OR=1.87 (95% CI 1.05-3.33, p=0.035)]. The frequency of MMP-9 CT+TT
genotype tended to be higher in those patients with a family history of cancer in first degree-relatives (36.8%)
than those without a family history (28.3%, p=0.37). We observed an interaction between the MMP-9 -1562 T
allele with MMP-2 -735 C allele that significantly increased the risk of breast cancer [OR=1.42 (95% CI 1.02-
1.98, p=0.036)]. Conclusions: The present study demonstrated that MMP-9 C-1562T polymorphism alone and
in combination with MMP-2 C-735T polymorphism increased the risk of breast cancer that might be a useful
biomarker in identifying women at risk of developing breast cancer. Also, this study revealed that in most women

from Western Iran breast cancer presents in third and fourth decades of life.
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Introduction

Breast cancer as the most common cancer among
women worldwide comprises 16% of all female cancers.
Breast cancer is the leading cause of mortality among
women worldwide. Hereditary, environmental and life
style risk factors are involved in the risk of breast cancer
(Zhou et al., 2011; Kaviani et al., 2013).

The incidence of breast cancer is increasing in
developing countries in a rate of 3-4% (Babu et al.,2011).
Breast cancer is the most prevalent cancer among Iranian
women with a crude incidence rate of 24.4% and age-
standardized incidence rate (ASR) of 17.1 per 100000
of all malignancies (Kolahdoozan et al., 2010). Among
Asian patients including Iran breast cancer is developed
around one decade earlier than that in Caucasians (Kim
et al., 2013). In Iran breast cancer predominantly affect
younger women in their fourth decade of the life with more
aggressive course and poorer prognosis (Babu et al.,2011).
Early detection of breast cancer reduces the mortality
rates and improves patient prognosis. Also, early-onset
and aggressive estrogen receptor (ER) negative breast
cancers are common among Iranian women. Lifestyle

could be one of the reasons for high prevalence of breast
cancer (Babu et al., 2011).

Matrix metalloproteinases (MMPs) are a family of
structurally related, zinc-dependent enzymes that play
a crucial role in restructuring the extracellular matrix
(ECM) (Rahimi et al., 2013). The MMPs substrates
are extracellular proteins such as collagen type I-VIII,
gelatin, elastin, laminin and also myelin basic protein and
several growth factors (Ke et al., 2013). These enzymes
increase the cancer cell growth, differentiation, apoptosis,
migration, invasion and angiogenesis. In human cancers
the MMPs expression are up-regulated. MMP-9 due
to type IV collagenolytic activity which disrupts the
basement membrane plays an important role in the distant
metastatic potential of cancer cells (Przybylowska et al.,
2006).

Functional polymorphism of C-1562T (rs3918242)
in the promoter of MMP-9 is associated with increased
MMP-9 levels (Rahimi et al., 2014). In the presence
of MMP-9 T allele the activity of promoter is 1.5-fold
compared to the presence of MMP-9 C allele (Decock
et al., 2008).

The influence of MMP-9 C-1562T variants in the risk
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of breast cancer, its prognosis and metastasis has been
investigated in various populations with controversial
results (Grieu et al., 2004; Przybylowska et al., 2006;
Hughes et al., 2007; Lei et al., 2007; McColgan et al.,
2009; Beeghly-Fadiel et al., 2011; Zhou et al., 2011;
Slattery et al., 2013; Chiranjeevi et al., 2014).

The MMP-2 gene locates on chromosome 16 at q13-21
and has thirteen exons (Saeed et al., 2013). MMP-2, also
known as gelatinase A or 72-kDa type IV collagenase, is
secreted from macrophages in fibrous caps and is involved
in the remodeling processes (Bahrehmand et al., 2012).
A C—T transition at nucleotide -735 (rs2285053) in the
promoter region of MMP-2 disrupts a SP1 binding element
results in lower promoter activity and reducing the MMP-2
expression (Wang et al., 2011).

Previously, we indicated that the C allele of MMP-2
C-735T polymorphism increased the risk of breast cancer
by 1.64-fold (Yari et al., 2014).

The aim of present study was to examine the influence
of MMP-9 C-1562T polymorphism and its interaction
with MMP-2 C-735T polymorphism in the risk of breast
cancer in a population with Kurdish ethnic background
from Western Iran.

Materials and Methods

Sample consisted of 101 patients (100 females and
1 male) with breast cancer and 104 healthy individuals
consisted of 103 females and 1 male. The mean age of
patients was 49.5+10.2 years and the mean age of controls
was 40.1+9 years.

Diagnosis of breast cancer was according to standard
clinical, radiological and histological parameters. Patients
and controls had the Kurdish ethnic background and
were from provinces of Kermanshah and Ilam from
Western Iran. Patients were individuals who admitted to
the Kermanshah University of Medical Sciences clinics.
Demographic, histopathology and medical characteristics
of patients including age, sex, family history of cancer,
tumor stage, lymph node metastasis and the status of
ER, progesterone receptor (PR) and human epidermal
growth factor receptor (HER2) and P53 were obtained
from the files of patients. Informed written consent was
obtained from each individual before participation in the
study. The study was approved by the Ethics Committee
of Kermanshah University of Medical Sciences and was
in accordance with the principles of the Declaration of
Helsinki II.

Genotyping

From each subject 5 ml EDTA treated whole blood was
obtained. Genomic DNA was extracted from peripheral
blood leukocytes according to standard phenol-chloroform
method as previously described (Rahimi et al., 2006).

The variants of MMP-9 promoter polymorphism
at position -1562 were identified by polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP). The PCR included the forward primer of 5° GCC
TGG CAC ATA GTA GGC CC--3’, and the reverse primer
of 5’- CTT CCT AGC CAG CCG GCATC -3°. The PCR
products were digested with 2 U of Sph I restriction
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enzyme. The presence of MMP-9 T allele produces 247-
and 188-bp fragments while the MMP-9 C allele results
in undigested fragment of 435-bp (Rahimi et al., 2013).

The MMP-2 C-735T polymorphism was detected
using PCR-RFLP method. The obtained 300-bp PCR
product was digested with Hinf I restriction enzyme.
The PCR product remained intact while the C allele was
present but in the presence of T allele two fragments with
254- and 46-bp were produced (Yari et al., 2014).

Statistics

The allelic frequencies were calculated by the
chromosome counting method. The significance of the
difference of alleles and genotype frequencies between
the groups was tested using the chi-square method. Data
on quantitative characteristics were expressed as means +
standard deviations. Odds ratios (OR) were calculated as
estimates of relative risk for disease and 95% confidence
intervals were measured by logistic regression using
SPSS software. Statistical significance was assumed at the
p<0.05 level. All of the statistical analyses were performed
using SPSS statistical software package version 16.0.

Results

Demographic and clinical characteristics of breast
cancer patients and healthy individuals are demonstrated
in Table 1. As indicated in Table 1 there was 40 (39.6%)
patients with a family history of breast cancer in first-
degree relatives. Around 99% of patients had invasive

Table 1. Characteristics of Patients and C ontrols

Variable Patients, n=101 Controls, n=104
n (%) n (%)
Gender

Female 100 (99) 103 (99)
Male 1 (1%) 1 (1%),p=0.98

Age (years) 49.5+10.2 40.1+9
(range: 29-79)  (range: 28-70),

p<0.001

Family history of cancer
No 61 (60.4)

Yes (first-degree relatives) 40 (39.6) -
Tumor size (mm)
Mean (range) 32 (4-90)
Stage
I 18 (24)
I 45 (60) -
I 11 (14.7)
v 1(1.3)
Lymph node metastasis
No 23 (29.1)
Yes 56 (70.9) -
Histological types
In situ 1(1.1)
Invasive ductal carcinoma 82 (90.1) -
Invasive lobular carcinoma 8 (8.8%)
ER
Negative 27 (28.4) -
Positive 68 (71.6)
PR
Negative 26 (274) -
Positive 69 (72.6)
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Table 2. Frequencies of MMP-9 C-1562T Genotypes and Alleles in Patients and Controls

Genotype Patients n=101  Controls n=104 %2, p value OR (95%CI, p)
MMP-9 C-1562T n (%) n (%)
Co dominant CcC 68 (67.3) 84 (80.8)

CT 31 (30.7) 19 (18.3) 4.49,p=0.034 2.015 (1.05-3.88, p=0.036)

TT 2(2) 1(1) 0.57,p=045 1.57 (0.46-5 .28, p=0.46)
Dominant CcC 68 (67.3) 84 (80.8)

CT+TT 33 (32.7) 20 (19.2) 4.83, p=0.028 2.04 (1.07-3.87, p=0.029)
Recessive CT+CC 99 (98) 103 (99)

TT 2(2) 1(1) 0.36, p=0.54 2.08 (0.18-23.31, p=0.55)
Over dominant CC+TT 70 (69.3) 85 (81.7)

CT 31 (30.7) 19 (18.3) 4.28,p=0.038 1.98 (1.03-3.81, p=0.04)
Allele frequency C 167 (82.7) 187 (89.9)

T 35(17.3) 21(10.1) 4.54,p=0.033 1.87 (1.05-3.33, p=0.035)

Table 3. Carrier Odds Ratios Interaction between
Mmp-9 T with Mmp-2 C Alleles in Breast Cancer
Patients

Control group Patients MMP-2  MMP-9
n (%) n (%) C T
[OR (95% CI, p)]
22 (13.9) 16 (8.5) - -
Reference group  Reference group
120 (75.9) 140 (74.5) +
6(3.8) 11(5.9) - +
10 (6.3) 21 (11.2) + +

[1.42 (1.02- 1.98, p=0.036)]

ductal and lobular carcinoma. Approximately 72% of
patients were estrogen and progesterone receptor positive
(Table 1).

There were 10 (10.2%) and 28 (28.6%) patients aged
below 30 and 40 years, respectively. The highest incidence
of breast cancer existed in women aged 40-49 years
(38.8%) followed in order of frequency among women
aged 30-39 (28.6%), 50-59 (12.2%),20-29 (10.2%), 60-69
(8.2%) and 70-79 years (2%).

Agarose gel electrophoresis pattern of some of RFLP
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Figure 1. Agarose Gel Electrophoresis Pattern of Some
RFLP Products of the MMP-9 C-1562T Polymorphism
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products of the MMP-9 C-1562T polymorphism is
demonstrated in Figure 1.

Distribution of MMP-9 genotypes was in hardy-
Weinberg equilibrium in both patients and controls
(x>=0.51, *=0, respectively, p>0.1).

The frequencies of MMP-9 C-1562T genotypes and
alleles are presented in Table 2. In co-dominant model
the frequency of MMP-9 CT genotype in patients was
significantly higher (30.7%, p=0.034) than that in controls
(18.3%) and increased the susceptibility to breast cancer
by 2.015-fold (p=0.036). In dominant model the combined
genotype of CT+TT increased the risk of breast cancer
by 2.04 times (p=0.029). In over dominant model the
presence of CT genotype was associated with 1.98-fold
increased risk of breast cancer (p=0.04). The frequency
of MMP-9 T allele was 17.3% in patients and 10.1% in
controls, respectively and the presence of this mutant allele
significantly increased the risk of breast cancer by 1.87
tim es [OR=1.87 (95%CI 1.05-3.33, p=0.035)].

The frequency of MMP-9 CT+TT genotype tended to
be higher in those patients with a family history of cancer
in first degree-relatives [CT+TT,n=14 (36.8%),CC,n=24
(63.2%)] than those without a family history of cancer
[CT+TT, n=17 (28.3%), CC, n=43 (71.7%), p=0.37)].

Examining the synergistic effects of both
polymorphisms revealed in the presence of both MMP-9
T and MMP-2 C alleles the risk of breast cancer increased
1.42 times [OR=1.42,95%CI 1.02-1.98, p=0.036] (Table
3).

Discussion

The present study detected a significant association
between MMP-9 C-1562T polymorphism and the risk of
breast cancer. We indicated that the presence of MMP-9
T allele increased susceptibility to breast cancer by 1.87-
fold. Also, there was a synergism between MMP-9T and
MMP-2 C alleles to increase the risk of breast cancer
by 1.42 times. However, the MMP-9 variants were not
associated with the lymph node metastasis and steroid
hormone receptor status in our studied population.

MMPs play a role in tumor initiation and growth,
stimulation of angiogenesis, activation of growth factors
and receptors, apoptosis and metastasis of tumors
(Chiranjeevi et al., 2014).

MMP-9 that is also known as gelatinase B or type IV
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collagenases is a proteolytic enzyme that degrades type [V
collagen, a major component of the basement membrane.
It has been demonstrated that the presence of MMP-9
-C1562T abolishes the binding of transcription repressor
protein, resulting in a higher activity of the MMP-9 T allele
(Przybylowska et al., 2006). So, the MMP-9 C-1562T
polymorphism might increase degradation of ECM with
lymph node metastasis. A positive correlation between
expression levels and genotypes of the MMP-9 T allele and
a higher risk of advanced breast cancer has been indicated
due to the higher promoter expression in the presence of
this allele. Association of higher plasma MMP-9 levels
with poor prognosis in breast cancer patients has been
reported (Chiranjeevi et al., 2014).

There are controversial reports related to the role
of MMP-9 C-1562T variants in susceptibility to breast
cancer or influence on its prognosis. Some studies showed
an evidence of association between MMP-9 C-1562T
polymorphism with cancer susceptibility. In a study from
Sweden a moderate increased risk of developing breast
cancer was observed in the presence of TT genotype (Lei
etal.,2007). Also, in a study among Indians an association
between the TT genotype with the risk of breast cancer
was detected (Chiranjeevi et al., 2014). However, other
studies did not detect such association. Among Chinese
breast cancer patients from Shanghai Breast Cancer
Genetics Study, the MMP-9 C-1562T polymorphism was
not associated with the risk of cancer (Beeghly-Fadiel et
al., 2011). In a meta-analysis conducted by McColgan
and Sharma in 2009, MMP-9 C-1562T was not associated
with the risk of breast cancer (McColgan et al., 2009).
Subsequent meta-analysis confirmed an absence of
association between the risk of breast cancer and MMP-9
C-1562T (Zhou et al., 2011).

An evidence of association between MMP-9 C-1562T
genotypes and clinical outcome of the cancer has been
provided in some studies. Among mixed ethnicity
Caucasians with breast cancer the presence of MMP-9
CT genotypes significantly increased the risk of lymph
node metastasis (Hughes et al., 2007). Over expression
of MMP-9 due to promoter polymorphism and elevation
of MMP-9 level may increase migration of tumor cell
and progression of cancer through degradation of ECM.
Also, variable individual susceptibility to breast cancer
and its outcome might be explained by influence of MMPs
variants on tumor microenvironment (Hughes et al.,2007).

In a study from Poland the MMP-9 T allele was
associated with poor differentiation, tumor size and
steroid hormone receptor status but not with lymph node
involvement (Przybylowska et al., 2006). Also, among
breast cancer patients the presence of MMP-9 -1562 T
allele was associated with good prognosis in these patients
(Grieu et al.,2004). Further, in a study of mixed population
of Hispanic and non-Hispanic white women both MMP3
(rs650108) and MMP9 (rs3918261) were associated with
ER-/PR- tumors (Slattery et al., 2013). However, among
Swedish patients this polymorphism did not affect the
prognosis. Also, no association was detected between this
polymorphism and tumor size, steroid hormone receptor
status, lymph node metastasis or differentiation (Lei et
al., 2007). Among Indians the stratification of MMP-9
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genotypes based on the histological classification status
did not indicate a difference (Chiranjeevi et al., 2014).

Controversial reports related to the role of MMP-9
C-1562T in susceptibility to breast cancer and its clinical
outcome could be due to differences in ethnicity, sample
size, subtypes of cancer, environmental factors and gene-
gene interactions.

In our previous report the MMP-2 -735 C allele was
found to be a risk factor for breast cancer (Yari et al.,
2014). In the present study the increased risk of breast
cancer in the concomitant presence of both MMP-9 -1562
T and MMP-2 -735 C allele could be attributed to higher
promoter activity and expression of promoter of both
genes in the presence of these alleles with consequence of
increased breast cancer risk (Beeghly-Fadiel et al., 2011;
Wang et al., 2011; Saedi et al., 2012; Yari et al., 2014).

In contrast to developed countries (Kim et al.,2013) in
the present study around 67.4% of the patients developed
breast cancer in the third and forth decades of their life.
The presence of early-onset breast cancer with higher
mortality and morbidity should be considered in screening
and prevention programs of the cancer of the country.

In conclusion, the present study demonstrates the
MMP-9 C-1562T polymorphism increases the risk of
breast cancer and also, synergistically acts with MMP-2
C-735T polymorphism to increase the risk of breast cancer
that might be a useful biomarker in identifying women at
risk of developing breast cancer. Also, this study indicates
that in women from Western Iran breast cancer present
mostly in third and fourth decades of life.
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