
Abstract. Prostate cancer (PCa) is the most common type of
malignant tumor in Brazilian males. Single nucleotide poly-
morphisms (SNPs) have been demonstrated to be present in
the promoter region of matrix metalloproteinase (MMP) genes
and have been associated with the development and progres-
sion of some cancers. In this study, our aim was to investigate
the association between the polymorphisms of MMP1, 2, 7,
and 9 and susceptibility, and their correlation with the classic
prognostic parameters of PCa. For genes MMP1, 2 and 9, the
frequencies of the polymorphic homozygote genotypes were
higher in the control group than in the PCa group (P<0.0001).
We conclude that the MMP1, 2 and 9 polymorphisms are
more common in the control group than in patients with
PCa, and may have a protective effect in the development of
this neoplasia.

Introduction

Prostate cancer (PCa) is a disease with a multifactorial and
complex etiology. It is the most common male malignancy
and the second leading cause of death in many countries,
including Brazil (1). The worldwide incidence of PCa varies
widely among different ethnic groups and geographical areas
(2). The widespread use of prostate-specific antigen and digital
rectal examination in the diagnosis of this cancer has increased

its detection at earlier stages; however, these diagnostic meth-
ods have proven insufficient for the identification of the disease
(3). Research has therefore been focused on the identification
of molecular markers that can predict a predisposition to PCa.

Matrix metalloproteinases (MMPs) are an important family
of metal-dependent enzymes responsible for the degradation
of extracellular matrix components, including the basement
membrane, interstitial collagen, fibronectin and the various
proteoglycans involved in physiologic processes such as
embryogenesis and tissue remodeling (4,5). They also play a
key role in the invasion of tumor cells and in metastasis, which
require the proteolysis of the basal membranes and the extra-
cellular matrix (6). Previously, MMPs were considered to
be almost exclusively involved in these two steps of carcino-
genesis. However, it was recently suggested that MMPs are
involved in several other processes associated with cancer
development. Indeed, they have proven to regulate tumor
growth and apoptosis, promote angiogenesis and induce the
loss of cell adhesion, facilitating invasion and metastasis. Some
are also required in immune responses to cancer (7). Although
the overexpression of MMPs is found in many tumor tissues,
somatic cell mutation and the gene transposal of MMPs are
rarely observed. Genetic variants that influence the level of
MMP gene expression or protein function could therefore be
expected to influence the role these enzymes play in tumor
invasion and metastasis (8).

A functional single nucleotide polymorphism (SNP) has
been reported in the MMP1 gene promoter consisting of a
guanosine (G) insertion at position -1607. This SNP generates
a new 5'-GGA-3' core recognition sequence for members of
the Ets family of transcription factors; the 2G/2G genotype
was reported to be linked to an increased risk of colorectal
cancer (9). A common functional polymorphism that abolishes
an Sp1-binding site has been described for the promoter
region of MMP2 (-1306 C/T) (10), and the TT genotypes
have been associated with a reduced risk of lung (11), gastric
(12) and breast (13) cancer. In the MMP7 gene promoter
region, one SNP (-181A/G) has been shown to modify gene
transcription activity and is associated with increased suscepti-
bility to esophageal squamous cell carcinoma, gastric cardiac
adenocarcinoma and non-small cell lung carcinoma (14). In
the MMP9 gene, a functional SNP (R279Q) that presumably
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enhances substrate binding (15,16) potentially alters the
protein structure of MMP9 and may have some functional
relevance, affecting an individual's susceptibility to cancer
(17).

The aim of this study was to explore whether the MMP1, 2,
7 and 9 gene polymorphisms are involved in the risk of PCa
occurrence.

Materials and methods

Patients. A case-control study was conducted using surgical
specimens from 100 patients aged 65±6.9 years (mean±SD)
who underwent a radical prostatectomy between 1993 and
2007 at the Department of Urology, Hospital das Clínicas da
Universidade de São Paulo and Hospital Sírio Libanês de São
Paulo. The prostate samples were formalin-fixed, paraffin-
embedded and examined in toto by one uropathologist
(KRML). To avoid the identification of mutations due to
neoplasia, the samples were representative of normal tissue,
mostly vesical margin negative for tumor.

A total of 100 serum samples from healthy men (aged
54±7.4 years) were used as controls. Their prostate-specific
antigen levels were within normal limits (<2.5 ng/ml) and
digital rectal examinations of the prostate showed no abnor-
malities.

Both groups were representative of the ethnic diversity of
all regions of Brazil, as both hospitals are designated treatment
centers for urological cancer.

All subjects in both groups provided informed consent for
their participation in the study and for their biological samples
to be genetically analyzed. The study was approved by the
Institutional Board of Ethics (no. 769/06).

Analysis of SNPs in the MMP genes. Genomic DNA was
extracted from paraffin blocks and serum using conventional
protocol [Wright and Manos (18)] and the GFX Kit (GE
Healthcare, UK), respectively. The SNPs were genotyped using
the TaqMan® SNP Genotyping Assay Kit and an ABI 7500
Fast System (Applied Biosystems, CA, USA).

SNP-specific polymerase chain reaction (PCR) primers
(Table I) and fluorogenic probes were designed using Primer
Express (Applied Biosystems). These fluorogenic probes are
labeled with a reporter dye (FAM™ or VIC®) and are specific
for one of the two possible bases identified at the four SNPs
in the MMPs.

The target sequence was amplified in a 10-μl reaction
volume containing 5 μl TaqMan® Universal PCR Master Mix,
0.25 μl SNP Genotyping Assay (primers and probes), 1 μl

genomic DNA and 3.75 μl DNase-free water. The PCR cycling
conditions were 2 min at 50˚C and 10 min at 95˚C, followed
by 40 cycles of 15 sec at 95˚C and 60 sec at 60˚C. After PCR
amplification, an endpoint plate reading was performed using
the Applied Biosystem Real-Time PCR 7500 Fast System. The
fluorescence measurements made during the plate reading
were used by Sequence Detection System Software to plot
fluorescence (Rn) values based on the signals from each well.
These plotted fluorescence signals indicate which alleles
were in each sample (Fig. 1).

Statistical analysis. The genotype and allele frequencies in
the PCa and control groups were compared using χ2 analysis.
Differences in pathological stage and Gleason score were also
compared. P<0.05 was required for statistical significance.
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Table I. Primers used in the genotyping of SNPs in the MMP genes. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene/SNP Primers 5'-3'
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
MMP1-1607 1G/2G TGACTTTTAAAACATAGTCTATGTTCATCTTGGATTGATTTGAGATAAGTCATAGC

MMP2-1306 C/T CTGACCCCCAGTCCTATCTGCCTGTTGGGAACGCCTGACTTCAG

MMP7-181 A/G TGGTACCATAATGTCCTGAATGTCGTTATTGGCAGGAAGCACACAATGAATT

MMP9-R279Q GAGAGATGGGATGAACTGGTGGTGGAAATGTGGTGT
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 1. (A) Results of genotyping. The blue and red curves represent the
amplification signal of both fluorescent VIC and FAM reporter dyes, in
accordance with the number of PCR cycles, characterizing the one heterozy-
gote genotype. (B) Results of the MMP real-time PCR reaction of all the
patient and control genotypes in one plate. Red dots represent homozygotes
for allele 1, green triangles heterozygotes, and blue lozenges homozygotes
for allele 2.

517-520  11/6/08  12:57  Page 518



Results

The genotypic distributions between PCa patients and controls
are shown in Fig. 2. They did not deviate significantly from
the expected values of the Hardy-Weinberg equilibrium.

We found statistically significant differences between
patients and controls in the distribution of genotypes in the
MMP1, 2 and 9 genes. In the MMP1 gene, the frequencies of
the 1G/1G, 1G/2G and 2G/2G genotypes were 55, 34 and 11%
respectively in healthy controls, and 27, 52 and 21% respec-
tively in PCa patients (P=0.0001). In the MMP2 gene, the
frequencies of the CC, CT and TT genotypes were 21, 20 and
59% respectively in healthy controls, and 11, 38 and 51%
respectively in PCa patients (P=0.01). In the MMP9 gene, the
frequencies of the AA, AG, and GG genotypes were 7, 91
and 2% respectively in healthy controls, and 1, 43 and 56%
respectively in PCa patients (P=0.0001). In the MMP7 gene,
the frequencies of the AA, AG, and GG genotypes were 25,
39 and 36% respectively in healthy controls, and 33, 41 and
26% respectively in PCa patients (P=0.25) (Fig. 2).

Statistical differences were also found between PCa
patients and controls in terms of allelic frequencies. In MMP1,
the 1G and 2G alleles were detected in 72 and 28% of the
healthy controls, respectively, and in 53 and 47% of the PCa
patients, respectively (P=0.0001). In MMP9, the A and G
alleles were detected in 52 and 48% of healthy controls,
respectively, and in 22 and 88% of PCa patients, respectively
(P=0.0001). In the MMP2 and 7 genes, the differences did not
reach statistical significance. In MMP2, the T and C alleles
were present in 31 and 69% of healthy controls, respectively,
and in 30 and 70% of PCa patients, respectively (P=0.80). In
MMP7, the A and G alleles were detected in 44 and 56% of
healthy controls, respectively, and in 53 and 47% of PCa
patients, respectively (P=0.07) (Fig. 3).

Discussion

In this case-control study, we investigated the association of
SNPs in the MMP1, 2, 7 and 9 genes with predisposition to

PCa and with PCa stage and Gleason score. The 2G/2G, TT
and AA polymorphic genotypes in the MMP1, 2 and 9 genes
were significantly more prevalent in controls, suggesting that
polymorphisms may play a role in protecting our population
against the development of PCa. Most likely, these polymor-
phisms confer lowered promoter activity in the MMP1, 2 and 9
genes, which may be associated with a decreased risk of
developing PCa. In other studies, the MMP2 -1306 C/T poly-
morphism has been associated with a reduced risk of lung
(11), gastric (12) and breast (13) cancer.

On the other hand, an association between MMP poly-
morphisms and the risk of developing neoplasias has been
demonstrated. Zhang et al (14) showed the -181A/G polymor-
phism in the MMP7 promoter to be associated with the risk
of developing esophageal squamous cell carcinoma, gastric
cardiac adenocarcinoma and non-small cell lung carcinoma.

Other researchers have not demonstrated an association
between MMP polymorphisms and the risk of or protection
against the development of tumors. Lai et al (23) found no
association between the -1607 1G/2G polymorphism in the
MMP1 gene and the risk of head and neck carcinoma. Hu
et al (17) demonstrated that the R279Q polymorphism in the
MMP9 gene did not influence the development of lung cancer.
Xu et al (24) showed no association between the 1306C/T
polymorphism in the MMP2 gene and the risk of colorectal
carcinoma.

MMPs are zinc metalloproteases that degrade the collagens
of the extracellular matrix important in tissue remodeling and
repair during development and inflammation. MMPs may
alter cell cycle checkpoint controls, may conceivably promote
genomic instability by affecting cell adhesion (19) and con-
tribute to tumor initiation and development by altering the
cellular microenvironment responsible for facilitating tumor
formation (20). A role for MMPs in angiogenesis has also been
advocated (21).

Excessive or inappropriate expression of MMPs may con-
tribute to the pathogenesis of cancer in a wide variety of dis-
eases by facilitating the degradation of tissues. Currently, more
than 20 MMPs that can be categorized by substrate specificity
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Figure 2. Genotype distribution of the MMP genes between the PCa patients
and healthy controls. The Y-axis represents the number of genotypes of the
MMP polymorphisms of the patients and controls. HOM/POL, homozygote
polymorphic; HET, heterozygote; HOM/WILD, homozygote wild-type. 

Figure 3. Comparison of the allelic frequencies of the MMP genes in the
PCa patients and the controls. The Y-axis represents the number of alleles of
the MMP polymorphisms in the PCa patients and the controls. Allele Pol,
allele polymorphic; Allele Wild, allele wild-type.
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have been identified. Functional polymorphisms associated
with characteristics of the expression of these genes may be
used as genetic biomarkers in the diagnosis and prognosis of
neoplasias (22).

Regarding PCa specifically, only one study by Sfar et al
(25) has been conducted. The study investigated the impact of
the -1562C/T polymorphism on the MMP9 gene, suggesting
that the polymorphism is an independent risk factor for PCa
development and progression in a population from Tunisia. The
characteristics and the number of patients in that study were
similar to those of the present study, but the polymorphism
was different.

The analysis of genetic polymorphisms in a Brazilian
population is interesting as the country has a 500-year history
of interethnic mixing between Europeans, Africans and
Amerindians. It has previously been shown that there is no
correlation between race and ancestry in Brazil, which makes
it difficult to classify the distribution of SNPs and ethnicity
(26). However, Ju et al (27), studying the MMP1 1607 1G/2G
polymorphism, showed a similar frequency of the polymor-
phism among Brazilians, Europeans and Americans, which
suggests that the racial diversity of Brazilians should not
interfere with the interpretation of our results.

In conclusion, we have demonstrated an association
between the -1607 1G/2G, -1306 C/T and R279Q polymor-
phisms of the MMP1, MMP2 and MMP9 genes with protec-
tion against the development of PCa.
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