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INTRODUCTION

Matrix metalloproteinases (MMPs) are a family of

proteinase enzymes that breakdown a broad range of

extracellular matrix (ECM) and basement membrane

components. Invasion and metastasis of tumor cells

require adherence to ECM and passage through its

components. To invade, epithelial cancer cells need

to penetrate through the basement membrane com-

ponents (BM) and remove ECM tissue boundaries.

In this context, MMPs play a key role, because they

can either degrade or digest the ECM components

and thereby support cancer cell metastasis to the other

tissues (Nagase et al., 1999).

MMP-9 (gelatinase B) is the only member of the

metalloproteinase family that plays a role in degrad-

ing components of the BM, the first vital barrier

breached by tumor cells when they start invasion to

the other tissues. This enzyme plays several specific

roles in progression and invasion of some cancers

(Kähäri et al., 1999; Stamenkovic, 2000; Egeblad &

Werb, 2002; Ala-aho & Kähäri, 2005). 

The MMP-9 gene is located at chromosomal lo-

cation 20q13.2 and mechanisms involved in its ex-

pression are not clearly known. There are several fac-

tors which affect gene expression at different steps. A

single nucleotide polymorphism (SNP) at the pro-

moter causes change in RNA transcription rate. This

SNP is caused by a cytosine (C) to thymine (T) base

change, 1562 bases upstream the MMP-9 transcrip-

tion initiation site (MMP-9–1562 C/T). The presence

of the C allele has been associated with low levels of

MMP-9 promoter activity while the presence of the T

allele has been associated with high activity (Zhang et
al., 1999). There are several reports on the relation

between the presence of T allele and occurrence of

some cancers, including breast cancer (Roehe et al.,
2007). 
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Also, in recent studies, plasma and serum MMP-

9 levels have been reported as new tumor markers.

Elevated levels of plasma MMP-9 have been found in

a variety of malignant tumors such as breast cancer,

colon cancer, lung cancer, and hepatocellular carci-

noma (Zucker et al., 1993; Hayasaka et al., 1996; Torii

et al., 1997; Hoikkala et al., 2006). High plasma MMP-

9 levels in patients with breast cancer are considered

as a good diagnostic marker in correlation with the

features of the patients such as tumor progression

and node invasion (Mannelo & Tonti, 2007). In a

previous research effort, we found that the presence

of the T allele at this gene promoter is correlated with

tumor progression and lymph involvement of breast

cancer patients in Iranian population (Sadeghi et al.,
2009). With respect to the correlation between the

MMP-9 promoter T allele and several cancers as well

as recent reports about the plasma level of the en-

zyme and progression of cancer, we hypothesized that

the T allele at this gene promoter may be correlated

with gene expression and thus plasma level of the

MMP-9. Therefore, we conducted a study to investi-

gate the association between the different MMP-9

promoter alleles and plasma MMP-9 levels in breast

cancer patients.

MATERIALS AND METHODS

Samples

This study included blood samples from 124 breast

cancer patients; 52 of them without metastatic activi-

ty (all at stages I and II of disease) and 72 metastasis

patients with invasion to the other tissues like wide

bones and lymph nodes (stages IIIB and IV of dis-

ease). All subjects were middle-aged women (median

age 45±10.5 years). A structured questionnaire was

used through person-to-person interviews to elicit in-

formation on demographic features, dietary habits,

prior disease history, physical activities, weight, and

family history of cancer. The buffy coats (CinnaGen,

Iran) were stored at –70ÆC for subsequent DNA iso-

lation. Cancer diagnosis for all patients was con-

firmed by two senior study pathologists through a re-

examination of tumor slides. Genomic DNA was iso-

lated from the peripheral blood.

PCR optimization and genotype analysis

To analyze the C/T–1562 polymorphism, we ampli-

fied a region of the MMP-9 promoter with forward

primer 5′-GCCTGGCACATAGTAGGCCC-3′ and

reverse primer 5′-CTTCCTAGCCAGCCGGCATC-

3′ (CinnaGen, Iran). PCR-RFLP assay (for all sam-

ples) and sequencing (for half of the samples) were

used to determine different MMP-9 promoter geno-

types. Each PCR reaction was carried out in a total

volume of 25 Ìl consisting of 0.5 Ìl of a 10 ÌM solu-

tion of each primer, 2.5 Ìl of 10× reaction buffer (100

mM Tris-HCl pH 8.3 at 25ÆC, 500 mM KCl, 15 mM

MgCl2), 4 Ìl of a 1.25 mM solution of the four dNTPs

(CinnaGen, Iran), 1 Ìl of Taq DNA polymerase (Cin-

naGen, Iran), 1 Ìl of genomic DNA (80 ng Ìl–1), and

14.5 Ìl dH2O. Conditions were: initial denaturation

for 1 min at 95ÆC followed by 30 cycles of 30 sec at

94ÆC, 30 sec at 58ÆC, and 30 sec at 72ÆC. The PCR

products were separated by electrophoresis in a 1.5%

agarose gel and subsequently stained with ethidium

bromide. For RFLP analysis, the PCR products were

digested with SphI (New England BioLabs) overnight

at 37ÆC. SphI does not digest the C allele (435 bp)

but generates two fragments, 188 and 247 bp, for the

T allele. Digests were separated by electrophoresis on

1.5% agarose gels for 60 min at 100 V. Heterozygote

samples had a combination of both alleles (435, 188,

and 247 bp bands). Samples were PCR amplified and

then purified with a purification kit following the

manufacturer’s instructions (CinnaGen, Iran). One to

10 ng from 62 purified samples were sequenced in the
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FIG. 1. PCR-RFLP analysis of the C/T–1562 polymorphism

in breast cancer patients. The target region (435 bp) of the

MMP-9 gene promoter was PCR-amplified and digested

with SphI. SphI cleaved the T allele to generate two frag-

ments (188 and 247 bp), while the C allele was not digested

(435 bp). Numbers above the panel are case numbers. Ge-

notypes are indicated below each case.



DNA Sequencing Core Facility at CinnaGen Institute

Iran (Fig. 1).

Measurement of plasma MMP-9 concentration

Blood samples were collected in EDTA-coated plas-

ma collection tubes (CinnaGen, Iran). The plasma of

each person was obtained by centrifugation at 1300 g

for 12 min and stored at –80ÆC until used. Plasma

samples were allowed to thaw at room temperature

just before being used. Plasma MMP-9 level was

measured using an enzyme-linked immunosorbent

assay (ELISA) kit (Quantikine human total MMP-9

ELISA kit, Biorad). The detection limit of the assay

was 0.156 ng ml–1.

Statistical analysis

Total level of plasma MMP-9 was determined and

correlated with different allelic genotypes. Measure-

ments were done in duplicate and results were ex-

pressed as median (lower quartile Q25/upper quar-

tile Q75). The assumption of normality was verified

using the normal probability plot; the Shapiro-Wilk

test was used for homogeneity of different genotypes.

Differences in genotype distribution and consistency

with Hardy-Weinberg equilibrium were tested by chi-

square test. Differences in allele frequencies of the

SNP were tested by a two-tailed Fisher exact test. Va-

lues of p <0.05 were considered to be statistically sig-

nificant. Statistical analyses were performed using

Statistica for Windows (StatSoft Inc., USA).

RESULTS

MMP-9 plasma levels and different disease phenotypes

The plasma MMP-9 level was higher in patients with

progressive breast cancer (n = 72) than in patients

with initial breast cancer (n = 52, p = 0.017). More-

over, plasma MMP-9 was significantly higher in pa-

tients with MMP-9 promoter polymorphism T allele

(CT/TT, n=45, 8.9±3.43 ng ml–1) compared with C

homozygotes (n=79, 5.3±3.03 ng ml–1) (p<0.001).

Plasma MMP-9 was also higher in patients with lymph

node metastasis (n = 52) than in noninvasive ones

(n=72, p=0.032) (Fig. 2).

MMP-9 promoter (C/T–1562) allelic genotype analysis

A significant correlation was found between the pres-

ence of the MMP-9 promoter polymorphism T allele

and progression of breast cancer. The allelic distribu-

tion of MMP-9 promoter polymorphism in patients

was CC/CT/TT: 64/29.5/6.5%. The overall frequen-

cy of allele T was 0.215. The frequency of MMP-9 al-

lele T was higher (0.276) in patients with progressive

breast cancer than in patients with early breast cancer

(p=0.043). Plasma MMP-9 was significantly higher

in breast cancer patients with the T allele than in pa-

tients with the CC genotype (p=0.001) (Table 1).

DISCUSSION

Cancer is a multistage process disease and there are

several genes and environmental factors affecting its

development. The identification of patients at risk
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FIG. 2. Box plots of plasma MMP-9 level in breast cancer patients with different allelic genotypes and different stages of the

disease. A: levels of MMP-9 between the two groups of patients with different genotypes is significantly different (p<0.001);

B: MMP-9 plasma level is significantly increased in breast cancer patients with lymph node metastasis (p=0.032). 



and patients with breast cancer in the early stages is

very important for treatment planning and better in-

hibition of cancer cell growth. MMP-9 is an enzyme

with proteolytic activity. Over-expression of the MMP-

9 has been reported in several cancers and other dis-

eases. By its proteolytic activity, MMP-9 is also known

as a potential diagnostic marker in several cancers.

There are reports on the role of the T allele of MMP-

9 promoter C/T polymorphism in the occurrence and

progression of some cancers. In addition, recent stud-

ies have reported plasma and serum MMP-9 levels as

potential diagnostic markers for breast cancer. We

come to the conclusion that a supplementary study is

needed to find the correlation between the presence

of different MMP-9 promoter alleles and the concen-

tration of this enzyme in breast cancer patients’ plas-

ma. In the present study, the concentration of MMP-

9 was measured in plasma of 124 breast cancer pa-

tients and also the correlation between the plasma

MMP-9 level and presence of MMP-9 promoter T al-

lele was investigated. The obtained results showed

that patients with the MMP-9 promoter T allele dis-

played higher MMP-9 concentration compared with

that of patients with the MMP-9 promoter C allele.

This observation could be a confirmation for the pre-

vious findings about the function of MMP-9 promoter

polymorphism or the MMP-9 plasma levels in breast

cancer cases. Also, we have found a correlation be-

tween the increased plasma MMP-9 and lymph node

metastasis in breast cancer patients. Elevated levels

of plasma MMP-9 have been found in a variety of ma-

lignant tumors, such as breast cancer, lung cancer, he-

patocellular carcinoma, and gastric cancer (Zucker et

al., 1993; Hayasaka et al., 1996; Torii et al., 1997;

Hoikkala et al., 2006). Also, there are several reports

on the relation between the presence of the T allele

and occurrence of different cancers including col-

orectal cancer, renal cell cancer, melanoma, lung can-

cer, and breast cancer (Awakura et al., 2006; Cotig-

nola et al., 2007; Enping et al., 2007; Roehe et al.,
2007). 

As circulating MMP-9 has different forms (active

and proenzyme), it is crucial to characterize the activ-

ity of this gelatinase with a sensitive method. ELISA

level of MMP-9 is significantly correlated with both

the plasma and serum levels of this enzyme. ELISA

level of MMP-9 is also significantly correlated with

both active and pro-MMP-9 forms (Kubben et al.,
2006). In the present study, we used ELISA and PCR-

RFLP to investigate the association between the pres-

ence of T allele and plasma MMP-9 level in breast

cancer patients. For the first time, it is observed that

the circulating levels of MMP-9 were higher in the

plasma of breast cancer patients with MMP-9 pro-

moter T allele. This finding can be a confirmation of

previous studies on the function of MMP-9 promoter

T allele and occurrence of the cancer. Also, we have

observed that plasma MMP-9 levels were higher in

patients with progressive breast cancer than in those

with early stages of the disease.

It has been reported that the presence of T allele

is correlated with the progression of breast cancer.

Our results are in line with the observations made by

Roehe et al. (2007) who observed that the MMP-9

promoter T allele is correlated with progressive breast

cancer in patients. 
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TABLE 1. Correlation between the different genotypes of MMP-9 promoter polymorphism and MMP-9 plasma levels in

breast cancer patients

CC (%) CT (%) TT (%) ORa (95% CI) p

Patients 79 (64) 37 (29.5) 8 (6.5)

Lymph involvement
Positive 31 (59.6) 15 (28.8) 6 (11.5) 4.72 (1.970-11.383) 0.001

Negative 63 (87.5) 9 (12.5) 0 

Disease stages
Advanced 52 (53) 42 (42.8) 4 (4.08) 2.94 (1.116-7.743) 0.043

Primary 19 (73) 6 (23) 1(3.8)

MMP-9 plasma level 5.3 (ng ml–1) 10.1 (ng ml–1) 7.7 (ng ml–1) <0.001 

Positive lymph involvement 5.7 6.03 4.5 0.032

Negative lymph involvement 4.9 4.07 3.2

a Odds ratios are for C/T+T/T genotypes relative to C/C genotype with confidence interval CI=0.95



Several other reports suggest that plasma MMP-9

may play a significant role in the development of

breast cancer (Liu et al., 2006; Somiari et al., 2006).

Liu et al. (2006) reported that the MMP-9 protein

levels were higher in breast tumor tissues when com-

pared with normal tissues (p<0.01) and MMP-9 was

significantly increased in larger tumors. Somiari et al.
(2006) reported that in breast cancer patients, plasma

activity of MMP-9 is associated with progression of

this disease. These parallel results indicate that the

level of active MMP-9 and the presence of the T al-

lele at this gene promoter are related to breast cancer

progression and should be considered in breast can-

cer patients for better early diagnosis of the disease.

In our study, lymph node metastasis of breast can-

cer was associated with high plasma MMP-9 level and

this elevated level was in correlation with the pres-

ence of T allele. The present study is the first to re-

port an association of plasma MMP-9 with the MMP-

9 promoter T allele. Our most intriguing finding is

the association of higher plasma MMP-9 levels with

presence of the T allele. These results support the ex-

pressional role of the T allele at the MMP-9 promoter

and may even indicate that MMP-9 exhibits greater

transcription in the presence of the T allele. The MMP-

9 promoter includes several transcription regulating

binding sites for AP-1, NF-kB, Sp-1, and Ets tran-

scription factors (Chakrabarti et al., 2006). The C/T

polymorphism is exactly located within a transcription

factor binding site, and the T allele may prevent tran-

scription repressor protein binding at this region

(Galateau-Salle et al., 2000). 

Establishment of metastasis requires the serial

processes of invasion, migration, implantation, and

regrowth of cancer cells at the metastatic site. The

MMP-9 polymorphism may affect the initial invasion

step of lymph node metastasis. The present findings

support our hypothesis that the C/T–1562 polymor-

phism may have a significant role on the gene expres-

sion.

In conclusion, this study demonstrates that breast

cancer patients with MMP-9 promoter T allele dis-

play significantly different concentrations of MMP-9

in plasma compared to breast cancer patients with the

MMP-9 promoter C allele. Also, the plasma MMP-9

level is increased in breast cancer patients with lymph

node metastasis. According to our findings MMP-9

over-expression in clearly associated with the pres-

ence of the T allele at the gene promoter and this

polymorphism can serve as a diagnostic marker in

breast cancer. Nonetheless, further studies are re-

quired to validate our results and determine if there

is an association with the age of the patients or their

hormonal status.
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