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Polymorphisms of matrix 
metalloproteinase-7 and -9 are 
associated with oral tongue squamous 
cell carcinoma

Abstract:  Matrix degradation is an important event in the 
progression, invasion and metastasis of malignant head and neck 
lesions. Imbalances, mutations and polymorphisms of MMPs and 
their inhibitors are observed in several cancer subtypes. The aim 
of this study was to evaluate the association of the MMP-7 gene 
promoter (181 A/G) and MMP-9 (-1562 C/T) polymorphisms in oral 
tongue squamous cell carcinoma (OTSCC). MMP-7 (rs11568818) and 
MMP-9 (rs3918242) single-nucleotide polymorphisms (SNPs) were 
genotyped by polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) analysis in 71 cases of OTSCC. Normal 
tissue specimens were obtained from 60 healthy volunteers to serve as 
the control. The MMP-7 G allele and MMP-9 T allele were more frequent 
in the OTSCC group than the control group, but only when these two 
SNPs were taken together was a significant association found with the 
nodal metastasis of OTSCC (p < 0.001). Based on our results, SNPs in 
the promoter region of MMP-7 and MMP-9 appear to be associated 
with greater risk of developing OTSCC, and with a higher propensity to 
form metastatic tumors. In this respect, molecular studies investigating 
polymorphisms may be useful in predicting tumor behavior.

Keywords: Metalloproteinases; Mouth Neoplasms.

Introduction

Oral squamous cell carcinoma (OSCC) is a significant health problem 
worldwide, representing more than 95% of primary malignant tumors of 
the oral cavity.1 The latest global estimates indicate that about 300,000 cases 
were diagnosed and 145,000 deaths occurred in 2012.2 The most commonly 
affected anatomic site is the tongue, and despite advances in treatment, the 
5-year survival rate for this cancer has shown no significant improvement 
in the last decades, remaining between 50–55%.3 Therefore, efforts are 
being made to better understand certain differences in the molecular 
characteristics of neoplastic cells and the tumor microenvironment, aiming 
at discovering new diagnostic and therapeutic approaches.

The extracellular matrix acts as a structural support network within the 
tissues, and as a barrier to cell migration. Matrix degradation is mediated by 
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the coordinated action of several proteinases, including 
matrix metalloproteinase (MMPs). MMPs are a family 
of zinc dependent proteases capable of degrading 
various components of the extracellular matrix (ECM). 
Matrix degeneration is a key event in the progression, 
invasion and metastasis of malignant head and neck 
lesions. Imbalances in MMPs and their inhibitors are 
observed in several physiological and pathological 
conditions, and affect the regulation of several cell 
behaviors, such as cell proliferation, alteration of cell 
mobility, angiogenesis and apoptosis.4,5

The MMP7 gene (11q21-23) is expressed in a wide 
variety of normal cells, such as stromal fibroblasts, 
macrophages, endothelial and epithelial cells, and 
several malignant cells.5,6 Increased expression of 
MMP-7 has been associated with a poor prognosis in 
several malignancies, such as OSCC, gastric cancer and 
renal cancer.7,8,9 The MMP-9 gene (20q11.2-q13.1) codifies 
an important enzyme for the invasion of adjacent 
tissues by the tumor through the destruction of ECM 
components, especially collagen IV.10 Some studies have 
investigated the role of MMP-9 in OSCC, and have 
demonstrated a relationship between the expression 
of this gelatinase and tumor aggressiveness.11,12 

Moreover, MMP-9 polymorphisms seem to influence 
the development of salivary gland neoplasms.13

The expression levels of these genes can be 
influenced by single-nucleotide polymorphisms (SNPs) 
in their promoter region. Li et al.14 reported that the 
G allele in the MMP-7 (-181 A/G) gene is associated 
with greater susceptibility to ovarian cancer, whereas 
Zhang et al.15 associated this allele with a greater risk 
for the development of esophageal squamous cell 
carcinoma. The allele of the MMP-9 (-1562 C/T) gene 
plays a twofold role in MMP-9 genetic transcription. 
In this respect, the aim of the present study was to 
investigate the association of MMP-7 (-181 A/G) and 
-9 (-1562 C/T) gene promoter polymorphisms in 
metastatic and non-metastatic oral tongue squamous 
cell carcinoma (OTSCC).

Methodology

Study subjects
After approval by the eth ics commit tee 

(no. 82/2007), 71 patients with OTSCC and 60 healthy 

controls were evaluated. The healthy controls consisted 
of individuals with no previous diagnosis of cancer. 
The data on the OTSCC patients in this study were 
obtained from medical records. The criteria for 
inclusion in this study were the presence or absence of 
cervical metastasis at the time of diagnosis and before 
the beginning of treatment. Metastasis was confirmed 
by imaging exams, such as computed tomography 
or magnetic resonance. Additional inclusion criteria 
consisted of surgical treatment performed according 
to standard procedures and comprising resection 
of the primary tumor, complete clinicopathological 
data, and availability of paraffin-embedded tumor 
material. Histopathological grading of the malignancy 
was performed according to the criteria established 
by WHO histological grading of malignancy 
(well-differentiated, moderately differentiated and 
poorly differentiated).16

Isolation of genomic DNA
Surgical specimens of OTSCC and healthy controls 

fixed with 10% formalin and embedded in paraffin 
were retrieved from the surgical pathology files of 
the Hospital Dr. Luiz Antônio Oncology Center. DNA 
from paraffin-embedded tissue was extracted using 
the QIAamp DNA mini kit (Qiagen, USA), following 
the protocol of the manufacturer. Concentrations and 
DNA purity of total DNA were measured by Nanovue 
GE (GE Healthcare Life Sciences, UK). DNA purity 
was determined by the A260/A280 curve. Ethidium 
bromide (EtBr)-stained 1% agarose gel electrophoresis 
was used to confirm the presence of genomic DNA 
in patients and control samples.

Genotyping of the MMP-7 and -9 promoter 
polymorphisms

The MMP-7 and -9 genotypes were determined 
by polymerase chain reaction-restriction length 
fragment polymorphism (PCR-RFLP) assay. The 
PCR primers used to amplify the MMP-7 (-181 A/G) 
(rs11568818) polymorphism were: forward primer 
(FP)  5’-TGGTACCATAATGTCCTGAATG-3’ 
a n d  r e v e r s e  p r i m e r  ( R P ) 
5’-TCGTTATTGGCAGGAAGCACACAATGAATT-3’.15 
Those used for MMP-9 (-1562 C/T) (rs3918242) 
polymorphism were:  forward pr imer (FP) 
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5’- GCCTGGCACATAGTAGGCCC-3’ and reverse 
primer (RP) 5’-CTTCCTAGCCAGCCGGCATC-3’.14 
PCR was performed in a 25 μl aliquot containing 
100 ng of genomic DNA template, 2.5 μl of 10 × PCR 
buffer (Invitrogen, Carlsbad, CA, USA), 1.25 mmol 
of MgCl2 (Invitrogen, Carlsbad, CA, USA), 1 U of 
Taq DNA polymerase (Invitrogen, Carlsbad, CA, 
USA), 1.6 mmol of dNTPs (Invitrogen, Carlsbad, CA, 
USA), 0.16 nmol of each primer (IDT – Integrated 
DNA Technologies, Illinois, USA) and Milli-Q water. 
Distilled water in a PCR reaction mixture was used 
for the negative control, instead of the DNA sample.

Restriction enzyme digestion of 
MMP-7 and -9 gene

A 10-µl aliquot of PCR product was digested at 
37°C overnight in a 15-ml reaction containing 5 U of 
EcoRI (MMP-7–181 A/G) or SphI (MMP-9 -1562 C/T) 
and 1 × reaction buffer. After digestion, the products 
were separated in an 8% polyacrylamide gel stained 
with EtBr. As regards MMP-7, after electrophoresis, 
homozygous AA alleles were represented by a DNA 
band of 150 bp, and homozygous GG alleles were 
represented by DNA bands with sizes 120 and 30 bp, 
whereas heterozygotes displayed a combination of 
both alleles (150, 120 and 30 bp); as regards MMP-9, 
homozygous CC alleles were represented by a 
DNA band of 435 bp, homozygous TT alleles were 
represented by DNA bands with sizes 247 and 188 bp, 
whereas heterozygotes displayed a combination of 
both alleles (435, 247 and 188 bp).

Statistical analysis
Allelic frequencies were determined by direct 

count of the alleles. Genotypic distributions in the 
Hardy-Weinberg equilibrium were evaluated by 
Pearson’s chi-square test (two-tailed), according to 
the classical expression p2 + 2pq + q2 = 1. Distribution 
of the MMP-7 and -9 genotypes in healthy controls 
and patients did not significantly deviate from that 
expected for the Hardy-Weinberg equilibrium. 
Fisher’s exact test was used to determine genotype 
distribution of MMP-7 and -9 between metastatic 
and non-metastatic OTSCC. Additionally, Pearson’s 
chi-square test was used to compare the distribution 
of MMP-7 and -9 genotypes between cases and 

controls. Odds ratio (OR) adjusted for prevalence 
studies and 95% confidence intervals were also 
calculated. A p-value of < 0.05 was considered 
statistically significant.

Results

Clinicopathological features
The OTSCC was more common in male patients 

(n = 51/71.8%), with a male to female ratio of 2.5:1. 
The majority of patients were older than 40 years 
at diagnosis (n = 62/87.3%). The presence of nodal 
metastasis was confirmed in 28 patients (39.4%). The 
median age of the patients with OTSCC without nodal 
metastasis was 64.4 years (SD: 13.9; range 70–90), and 
with nodal metastasis, 56.1 years (SD: 17.7; range 24–96). 
Forty-one cases of OTSCC (57.7%) were classified as 
poorly differentiated, according to WHO histological 
malignancy grading (Table 1).

Genotype frequencies
Frequencies of MMP-7 and -9 genotypes are listed 

in Table 2. Regarding the MMP-7 -181G polymorphism, 
the G allele frequency associated with higher enzyme 
activity was significantly greater in OTSCC cases 
(OR 1.4, 95%CI 1.01–3.98; p < 0.05), compared with the 
controls. Regarding the MMP-9 -1562T polymorphism, 
the T allele frequency was significantly greater in 
OTSCC cases (OR 1.6, 95%CI 1.05–12.07; p < 0.05), 
compared with the controls. The heterozygous 

Table 1. Demographic and clinical characterization of the 
cases of oral tongue squamous cell carcinoma studied.

Variable OTSCC cases n (%)

Gender

Male 51 (71.8)

Female 20 (28.2)

Age group

≤ 40 years 9 (12.7)

> 41 62 (87.3)

Cervical metastasis  

Yes 28 (39.4)

No 43 (60.6)

Malignancy grading

Well-differentiated 30 (42.3)

Poorly differentiated 41 (57.7)
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genotypes of MMP-7 and MMP-9 were associated 
with OTSCC cases, with a twofold higher risk for the 
prevalence of these genotypes in individuals with this 
tumor. Additionally, significant association to OTSCC 
(OR 2, 95% CI 1.30–11.40; p < 0.05) was found when 
the MMP polymorphic alleles were taken together 
(MMP-7 A/G or G/G and MMP-9 C/T or T/T).

Our analyses concerning the distribution of SNPs 
among the clinicopathological features of patients, 
such as gender, age and malignancy grading, are 
shown in Table 3. MMP-7 SNP was not associated 
with age, whereas the heterozygote genotype (OR 1.7, 
95% CI 1.64–11.7; p < 0.05) and the T allele frequency 
(OR 1.7, 95% CI 1.27–19.92; p < 0.05) of MMP-9 SNP 
showed an association to patients aged 40 years or 

older. The same findings were observed in respect 
to the gender of patients, where the heterozygote 
genotype (OR 1.7, 95%CI 1.75–10.9; p < 0.05) and the 
T allele frequency (OR 1.6, 95%CI 1.0–22.8; p < 0.05) 
of MMP-9 SNP were strongly linked to male patients, 
whereas the MMP-7 polymorphism was not. Poorly 
differentiated OTSCC cases were related to the CT 
genotype (OR 0.46, 95%CI 0.11–0.48; p < 0.05) and 
the T allele (OR 0.35, 95%CI 0.06–0.53; p < 0.05) of 
MMP-9, whereas the well-differentiated cases showed 
significant association with the AG genotype (OR 0.63, 
95%CI 0.24–0.77; p < 0.05) and G allele (OR 0.61, 
95%CI 0.20–0.82; p < 0.05) of MMP-7.

The relationship between genotypes and nodal 
metastasis was evaluated by Fisher’s exact test (Table 4). 

Table 2. Distribution of MMP-7 and -9 genotypes in OTSCC and controls.

MMP Genotype OTSCC Control Odds Ratio (95%CI) p-value*

MMP-7

A/A 33 (46%) 44 (73%) 0.32 (0.17– 0.57) < 0.001

A/G 36 (51%) 12 (20%) 2.00 (2.22– 7.87) < 0.001

G/G 2 (3%) 4 (7%) 0.41 (0.07– 1.87) 0.331

Allele G 28% 16% 1.40 (1.01– 3.98) 0.044

MMP-9

C/C 56 (79%) 55 (92%) 0.33 (0.13– 0.77) 0.009

C/T 14 (20%) 5 (8%) 1.54 (1.21– 7.23) 0.014

T/T 1 (1%) 0 (0) – –

Allele T 12% 4% 1.60 (1.05– 12.07) 0.06

MMP-7 + MMP-9 A/G, G/G + C/T, T/T 11 (15%) 3 (5%) 2.00 (1.30– 11.40) 0.011

*Pearson’s chi-square test.

Table 3. Age group, gender, malignancy grading and genotypic distribution of MMP-7 and MMP-9 SNPs in the cases of OTSCC studied.

Variable
OTSCC 

n (%)

Genotypic distribution

MMP-7 -181A/G MMP-9 -1562C/T

AA AG GG Allele G CC CT TT Allele T

n (%) n (%) n (%) (%) n (%) n (%) n (%) (%)

Age group

< 40 years 9 (12.7) 2 (22) 5 (56) 2 (22) 50 8 (89) 1 (11) - 6

≥ 40 62 (87.3) 31 (50) 31 (50) - 25 48 (77) 13 (21)a 1 (2) 12b

Gender

Male 51 (71.8) 25 (49) 25 (49) 1 (2) 26 39 (76) 12 (24)c - 14d

Female 20 (28.2) 8 (40) 11 (55) 1 (5) 32 17 (85) 2 (10) 1 (5) 10

Malignancy grading

Well differentiated 30 (42.3) 16 (53) 13 (43)e 1(4)f 46 26 (86) 4 (14) - 14

Poorly differentiated 41 (57.7) 17 (41) 23 (56) 1(3) 58 30 (73) 10 (24)g 1 (3) 27h

aOR 1.7, 95%CI 1.64–11.7; p < 0.05; bOR 1.7, 95%CI 1.27–19.92; p < 0.05; cOR 1.7, 95%CI 1.75–10.9; p < 0.05; dOR 1.6, 
95%CI 1.0–22.8; p < 0.05; eOR 0.63, 95%CI 0.24–0.77; p < 0.05; fOR 0.61, 95%CI 0.20–0.82; p < 0.05; gOR 0.46, 95%CI 0.11–0.48; 
p < 0.05; hOR 0.35, 95%CI 0.06–0.53; p < 0.05. p-value: Fisher’s exact test.
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Frequency of the MMP-7-181G allele (27%) was more 
prevalent than the MMP-9 -1562 T allele (5%) in metastatic 
cases. However, there was a significant association 
between these polymorphisms and nodal metastasis 
only when the SNPs were taken together in the analyses 
(MMP-7 A/G or G/G and MMP-9 C/T or T/T) (OR 2, 
95% CI 2.18–13.31; P<0.05). Individually, heterozygote 
genotype and T allele frequency of MMP-9 SNP showed 
a significant relation to non-metastatic OTSCC cases.

Discussion

Polymorphisms in the extracellular matrix 
metalloproteinases (MMP) promoter regions, resulting 
from nucleotide insertions or substitutions, or from 
microsatellite instability, change the relationship 
between transcription factors and cis elements 
in the promoter.15,16,17. Zhang et al.15 demonstrated 
that the substitution of a cytosine for a thymine 
(C→T) in the -1562 position of the MMP-9 promoter 
generates a high affinity site for a yet unidentified 
nuclear protein, leading to an expressive increase 
in the promoter activity of the MMP gene. On the 
other hand, the single nucleotide polymorphism 
(SNP) at position -181 of the MMP-7 promoter also 
exerts a significant effect on the expression of this 
metalloenzyme, because it substitutes an adenine 
with a guanine (A→G), thus generating a binding 
site for a heat shock transcription factor (HSTF).17

In this respect, although several studies have 
detected high levels of MMP-7 and MMP-9 protein 
expression in OSCC, particularly in the tongue,7,12,18 

few studies have evaluated the possible relationship 
between the presence of functional SNPs in these 
metalloproteinases, and the clinical development or 
aggressiveness of this type of neoplasia.

Individually, the MMP-7 -181 G and MMP-9 -1562 T 
polymorphic allele frequencies were higher in OTSCC 
patients compared with the control group. These 
results corroborate those reported by Blons et al.19 
and Vairaktaris et al.20, who also observed that the 
MMP-7 G allele was more prevalent in 148 cases of 
squamous cell carcinoma of the head and neck, and 
in 159 cases of OSCC, compared with the controls. 
Additionally, some authors detected a more frequent 
association of the MMP-9 T allele in OSCC cases.20,21

Significantly, the heterozygous genotypes of 
MMP-7 and MMP-9 have been strongly associated 
with OTSCC cases, with a twofold higher risk of 
prevalence of these genotypes in individuals affected 
by this neoplasm. Indeed, all genotypes of MMP-7 and 
MMP-9 presenting polymorphic alleles (A/G and 
G/G for MMP-7; C/T and C/C for MMP-9) showed 
significant association in OTSCC patients, with 
a prevalence risk higher than that of the control 
individuals. This reinforces the probable role of these 
SNPs in the development of oral cancer.

The relationship between MMP-7 -181 A/G and 
MMP-9 -1562 C/T SNPs, with the risk of developing 
other diseases, seems to be in line with our results. 
Li et al.14, in a case-control study of 138 ovarian 
cancer cases, detected a possible association between 
the MMP-7 A/G polymorphism and the risk of 
developing ovarian cancer, but did not associate the 

Table 4. Distribution of MMP-7 and -9 genotypes in OTSCC and control according to nodal metastasis.

MMP Genotype
Metastasis

Odds Ratio (95%CI) p-value*
Absent Present

MMP-7

A/A 19 (45%) 14 (50%) 1.10 (0.70– 2.14) 0.479

A/G 23 (53%) 13 (46%) 0.76 (0.43– 1.32) 0.322

G/G 1 (2%) 1 (4%) 1.34 (0.28– 22.98) 0.683

Allele G 30% 27% 1.00 (0.46– 1.60) 0.638

MMP-9

C/C 31 (72%) 25 (89%) 2.00 (1.48– 6.96) 0.202

C/T 11 (26%) 3 (11%) 0.53 (0.16– 0.76) 0.006

T/T 1 (2%) 0 (0) – –

Allele T 15% 5% 0.48 (0.09– 0.48) 0.018

MMP-7 + MMP-9 A/G, G/G + C/T, T/T 3 (7%) 8 (28%) 2.00 (2.18– 13.31) < 0.001

*Fisher’s exact test.
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MMP-9 -1562 C/T SNP with this same risk. A similar 
result was reported by Horvat et al.,22 who observed 
a greater risk for colorectal cancer in patients with 
MMP7 SNP. Moreover, Banday et al.23 also observed 
an association between MMP-2, -7 and -9 SNPs, and 
the risk of developing the same type of cancer.

In relation to the distribution of SNPs among the 
clinical features of patients and controls, MMP-7 SNP 
was not associated with age or gender, whereas the 
heterozygote genotype and the T allele of MMP-9 SNP 
showed an association with male patients aged 40 years 
and older, and with poorly differentiated tumors.

The formation of metastatic tumors is strongly 
related to high recurrence and low survival rates, 
and to low OTSCC disease free time. In the analysis 
of the individual distribution of the MMP-7 -181 A/G 
and MMP-9 -1562 C/T polymorphisms among OTSCC 
cases with or without nodal metastasis, no statistically 
significant association between the frequency of 
these SNPs and metastatic cases was detected. On 
the other hand, when present in the same patient, 
both SNPs exhibited a strong association, as well as a 
twofold higher risk of their prevalence in metastatic 
OTSCC cases. Consequently, considering previous 
observations for the combined frequency of the SNPs 
evaluated, people carrying two genotypes containing 
the MMP-7 and MMP-9 polymorphisms appear to 
present a higher risk of developing OTSCC, with a 
higher propensity to form metastatic tumors.

Ghilardi et al.24 conducted a retrospective case-control 
study of the frequency of the 181 A/G SNP in the promoter 
sequence of the MMP-7 gene in cases of colorectal 
carcinoma, and inferred that this polymorphism not 
only played a role in neoplastic development, but also 

had a relation to the lymph node metastasis of this 
type of cancer. Matsumara et al.25 also reported that 
the polymorphic -1562 T allele of MMP-9 was related to 
the invasive phenotype of malignant cells from gastric 
cancer. These findings were also observed by other 
authors in patients with colorectal cancer.22,23

Unlike the polymorphic T allele, the wild-type 
MMP-9 C allele exhibited a significant association with 
metastatic OTSCC cases, with a twofold higher risk of 
prevalence. However, this same wild-type allele displayed 
no association with OTSCC development. Thus, this 
finding suggests that individuals with OTSCC and carriers 
of the wild-type C allele located in the MMP-9 (-1562) 
promoter are more likely to develop metastases than 
those carrying the functional polymorphic variant T. 
Corroborating this last result, Grieu et al.26 conducted a 
study with 251 patients with breast cancer, and found that 
the distribution of the wild-type MMP-9 -1562 C allele 
was associated with well-established poor prognosis 
characteristics for this type of cancer.

Conclusions

In summary, these significant findings indicate that 
the interindividual genetic variability that increases 
the susceptibility or prevention of a given disease 
are largely complex. The results of this study show 
that the frequency of SNPs located in the sequence of 
the MMP-7 (-181) and MMP-9 (-1562) promoter genes 
presented a significant association with the OTSCC 
cases evaluated, both separately and in combination 
in the same patient. However, these polymorphic 
variants were associated with metastasis only when 
their frequencies were observed in combination.
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