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Abstract 
Since oral squamous cell carcinoma (OSCC) is the most prevalent malignant cancer in the oral cavity, several 
researches have been performed to study the role of important enzymes in this disease. Among them, the ma-
trix metalloproteinases (MMPs) are highlighted, due to the fact that they are proteinases responsible to degrade 
many extra-cellular matrix components, making possible the invasion of neoplasic cells. Important tools in cancer 
prognosis have been utilized aiming to correlate high levels of MMPs and OSCC, such as immunohistochemical, 
zymographic and mRNA detection methods. However, these techniques are usually applied after cancer detection, 
characterizing a curative but not a preventive medicine. Trying to make interventions before the development of 
the disease and making possible the identification of people at high risk and, analysis of modifications in MMP 
genes has been a chance for modern medicine. Recently, polymorphisms in MMP genes have been related to diffe-
rent neoplasias, including OSCC. Despite investigation is beginning, MMP gene polymorphisms seems to have a 
promising future in oral cancer research and some of the present results have shown that there are MMP polymor-
phisms related to an increased risk for developing oral cancer.
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Introduction
For years, research groups have been working on eva-
luating the presence, activity, function and regulation of 
matrix metalloproteinases (MMPs) in healthy and di-
seased oral tissues (1). Today, a new era in oral health 
professional education is the study and application of 
human genetic variance during normal development, 
diseases, disorders, and responses to treatments and the-
rapeutics (2). 
- The Matrix Metalloproteinases (MMPs)
The MMPs group is represented by more than 20 human 
enzymes (3,4) which require presence of zinc to realize 
their functions. These proteases are classified based not 
only on the structural domain and organization, but also 
on the substance that can be degraded by them (5). The 
main MMP classes are: collagenases, gelatinases, stro-
melysins, and the membrane-type MMPs (MT-MMP) 
(6). 
The collagenases are the MMPs-1, -8 and -13, known as 
collagenases 1, 2 and 3 respectively, mainly degrading 
type I, II and III collagen (4,7). In addition, the MMPs-2 
and -9, also called gelatinases A and B respectively, de-
grade preferentially gelatin (denatured collagen) and 
type IV collagen (4,8) while the stromelysins 1 and 2 
(MMPs-3 and -10) are able to act on non collagen ma-
trix proteins, such as fibronectin (7,8). Finally, the last 
subgroup, the MT-MMPs, is numbered from 1 to 6: 
MT1-MMP, MT2-MMP, MT3-MMP, MT4-MMP, MT5-
MMP and MT6-MMP, corresponding in order to MMPs-
14, -15, -16, -17, -24 and -25. The MT-MMPs present an 
important action on the activation of other MMPs and 
each subtype is responsible for the degradation of diffe-
rent extra-cellular matrix components (4,8). 
Usually health tissues present low expression of activated 
MMPs (6), in contrast, an increase in MMPs expression 
has been related to malignant neoplasias, demonstrating 
noticeable significance in proteolytic action during the 
invasion and metastasis processes (4-6). 

Oral Cancer and MMPs tissue levels
Oral squamous cell carcinoma (OSCC) is the most pre-
valent malignant cancer in oral cavity (9). Despite the 
histopathology is being the most frequent technique 
used by pathologists to identify, analyze and rank the 
clinical phenotype of human cancers, this method may 
present reservations. Multiple patients with squamous 
cell carcinoma may provide biopsy samples that closely 
resemble one another; however, they may present diffe-
rent neoplasic disease, responses to therapy and clinical 
outcomes (2). 
Trying to complete the diagnosis, the MMP detection in 
the tissue has been investigated using techniques such 
as immunohistochemistry (10, 11), zymography (10,12) 
and RNA analysis (13). 
Studies have shown that OSCC cases seem to express 

higher levels of different MMPs when compared to nor-
mal tissues (13). 
The MMPs expression in oral cancer tissue is an impor-
tant tool in cancer prognosis. However, MMP expres-
sion only became substantial if the tests are performed 
after cancer initiation. Due to this fact, this methodology 
might be used for therapeutic purposes, but not as a pre-
ventive tool, which is the idea of new medicine.
To proteins be expressed in the tissue, their codification 
must be done based on information coming from the 
DNA code. If there is an alteration in the gene, it is pos-
sible to have a modification in this process, resulting in 
different MMP protein expressions in the tissue. Thus, 
the genetic control is particularly important in these re-
gulations and if alterations, as a gene polymorphism, are 
found, they might determine a different cancer clinico-
pathological development.

Oral cancer and MMPs gene polymorphisms 
Genotyping MMPs as potential markers for susceptibi-
lity to oral cancer might allow a precise and early iden-
tification of individuals at high risk. These findings may 
help not only prediction and prevention, but also the 
plan of therapeutic methods and evaluation of treatment 
outcome (14)
Despite numerous genetic studies have correlated MMP 
gene polymorphisms  and several categories of neopla-
sias (15-24), few authors have studied the link between 
MMP gene polymorphisms and oral cancer development 
(9,14,25).
The genetic polymorphisms are characterized by a mo-
dification in the DNA base pairs sequence in more than 
1% of the human population. The majority of these al-
terations are probably functionally neutral; however, the 
polymorphism may be linked on the regulation of gene 
expression or function of the coded protein influencing 
different biological behaviors and susceptibility to di-
seases (3). Approximately, ninety percent of DNA poly-
morphisms are single nucleotide polymorphisms (SNP) 
due to single base exchange.
In the gene, the region responsible for the transcription 
control is the gene promoter, located upstream from 
transcription start site and contains sequences for the 
binding of critical transcriptional factors. In recent ti-
mes, several DNA polymorphisms were found in the 
promoter region of various MMPs (3). Particularly in 
oral cancer, the studies are related to MMP-1, -2, -3 and 
-9 polymorphisms.
- MMP-1 gene polymorphism
There is a MMP-1 genetic polymorphism which is a pro-
mising candidate for susceptibility to cancers (26). This 
polymorphism in MMP-1 gene promoter is characteri-
zed by insertion/deletion of a guanine at position –1607 
and formation of two different alleles, one having a sin-
gle guanine (1G) and the other having two guanine (2G) 
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(27). The cells expressing the 2G polymorphism seem 
to present a more aggressive matrix degradation system, 
possibly facilitating cancer development (27). The fre-
quency of the 2G/2G genotype is significantly higher 
in patients presenting colorectal cancer (16), renal cell 
carcinoma (19) and head and neck squamous cell carci-
noma (28) than in controls. 
In addition, the presence of this polymorphism (2G) has 
been associated not only with an increased risk of local 
invasiveness in cutaneous malignant melanoma (15) and 
cervical cancer (22), but also with worse cancer specific 
survival in colorectal cancer (29) and the risk for the de-
velopment of metastasis in breast cancer (24). 
In oral cancer, the MMP-1 gene was investigated by Lin 
et al. (14) and Cao and Li (9), who have correlated the 
Insertion/Deletion (-1607 2G/1G) polymorphism in the 
promoter region of this gene and the OSCC. Lin et al. 
(14) concluded that 2G genotype in MMP-1 promoter 
could be a risk factor for developing OSCC, since this 
polymorphism was observed with a higher frequency 
in OSCC cases compared with controls. Similarly, Cao 
and Li (9) verified that an increased prevalence of the 
MMP-1 2G/2G genotype in patients with OSCC indi-
cates that this MMP-1 polymorphism confers an increa-
sed risk for OSSC. The results showed that the indivi-
duals with 2G/2G genotype seem to be 2.5 times more 
likely to develop the OSCC than those who were 1G/2G 
or 1G/1G.  Nevertheless, none of these studies (9,14) 
have found statistically significant association between 
MMP-1 genotype in OSCC patients and clinicopatholo-
gical parameters.
- MMP-2 gene polymorphism
In MMP-2 gene, a functional single nucleotide, cytosine 
(C) to thymine (T), polymorphism (-1306 C/T) has been 
reported (30). It seems that CC genotype may be asso-
ciated with the high transcriptional and enzyme activity 
of MMP-2, and eventually affect individual susceptibi-
lity to neoplasms (31). Subjects with the CC genotype 
have been related to increased risk for developing lung 
cancer (32), gastric cardia adenocarcinoma (33) and 
breast cancer (20) compared with those with the CT or 
TT genotype.
Similarly, Lin et al. (31) have verified that patients ca-
rrying CC genotype also present increased risk for de-
veloping oral cancer when comparing with CT or TT 
genotype. However, the genotype CC was not correlated 
to advanced clinical stage of OSCC cases. 
- MMP-3 gene polymorphism
A variant in the promoter of the MMP-3 gene has been 
identified (34) and characterized by one allele having 
five adenosines (5A) and the other allele having six 
adenosines (6A), located at position -1171 (35). The 5A 
allele seems to present a higher promoter activity than 
the 6A allele (35) and in breast cancer the frequency of 
5A allele is likely to be higher in patients than in controls 

(17). Furthermore, the presence of 5A genotype may be 
linked to a higher risk for metastasizing among breast 
cancer (17,36) and esophageal squamous cell carcinoma 
patients (37). In addition, smokers with at least one 5A 
allele have a significantly increased risk of esophageal 
squamous cell carcinoma, compared with 6A homo-
zygotes (37). 
However, in oral cancer, the study of the functional 
nucleotide polymorphism of MMP-3 promoter (-1171 
5A/6A) showed that this polymorphism is not a risk 
factor for oral carcinogenesis (25). Similarly, it was not 
found significant difference for the MMP-3 genotype 
in patients with renal cell carcinoma (19), esophageal 
squamous cell carcinoma (37) and gastric cardiac adeno-
carcinoma (37) when compared to controls individuals.
- MMP-9 gene polymorphism
It was reported a functional C to T single nucleotide po-
lymorphism at position -1562 in
the MMP-9 promoter, where the T allele was described 
to have a higher activity than the C allele (38). This 
DNA modification has been studied in different cancers, 
such as breast (18, 24), gastric (21) and renal carcinoma 
(23); however, the results are still controversial. In gas-
tric cancer, T allele in the MMP-9 promoter is associated 
with the invasive phenotype (21), on the other hand, this 
polymorphism may not be associated with the occurren-
ce of breast (18,24) and renal cancer (23).
In oral oncogenesis, it was reported that the MMP-9 
polymorphism (-1562 C/T) presents a strong associa-
tion with increased risk for developing oral cancer in a 
subset of the general population (39). The higher gene 
expression of MMP-9 was conferred by the T allele and 
the carriers of this nucleotide presented an increased risk 
for developing OSCC only in initial stages, but not in 
advanced ones (39).
Investigating whether this MMP-9 polymorphism could 
influence the risk of areca associated oral cancers, it was 
seen that this DNA modification was linked with OSCC 
risk only in younger areca chewers (40). These results 
illustrate the great importance of genetic association stu-
dies, which may result in preventive measures safeguar-
ding the health status and lives of some individuals at 
risk in the general population (39).
- MMPs research expectations
It is important to say that the MMP gene polymorphisms 
research is certainly beginning and some results are still 
controversial due to some important different factors as 
race, age and type of cancer. Despite these facts, it is be-
lieved that in the future, analyses using polymorphisms, 
will not only identify individual variations within disea-
se comparisons, but will also identify human genetic 
variations, such as how each person responds to certain 
therapy. Therefore, this can intensely improve the un-
derstanding of risk factors, chemoprevention, diagnosis 
and treatments of oral cancer (2).
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Conclusion
To sum up briefly, many researches have been aiming to 
understand the real role of MMPs, phenotypic and geno-
typically, in oral cancer progress. One important tool is 
the DNA analysis, whereby the researchers have inves-
tigated the hypothesis that MMPs gene polymorphisms 
might be related to oral cancer development. Although 
further studies are needed, it is aspired that, in the future, 
it could be possible to find an oral cancer high risk indi-
vidual and try to predict the disease development.

References
Sorsa T, Tjäderhane L, Salo T. Matrix metalloproteinases (MMPs) 1. 
in oral diseases. Oral Dis. 2004;10:311-8.
Slavkin HC. The human genome, implications for oral health and 2. 
diseases, and dental education. J Dent Educ. 2001;65:463-79.
Ye S. Polymorphism in matrix metalloproteinase gene promoters: 3. 
implication in regulation of gene expression and susceptibility of 
various diseases. Matrix Biol. 2000;19:623-9.
Kerkelä E, Saarialho-Kere U. Matrix metalloproteinases in tumor 4. 
progression: focus on basal and squamous cell skin cancer. Exp 
Dermatol. 2003;12:109-25.
Li WP, Anderson CJ. Imaging matrix metalloproteinase expression 5. 
in tumors. Q J Nucl Med. 2003;47:201-8. 
Hidalgo M, Eckhardt SG. Development of matrix metalloprotei-6. 
nase inhibitors in cancer therapy. J Natl Cancer Inst. 2001;93:178-
93. 
Chakraborti S, Mandal M, Das S, Mandal A, Chakraborti T. Re-7. 
gulation of matrix metalloproteinases: an overview. Mol Cell Bio-
chem. 2003;253:269-85.
Nabeshima K, Inoue T, Shimao Y, Sameshima T. Matrix metallo-8. 
proteinases in tumor invasion: role for cell migration. Pathol Int. 
2002;52:255-64.
Cao ZG, Li CZ. A single nucleotide polymorphism in the ma-9. 
trix metalloproteinase-1 promoter enhances oral squamous cell 
carcinoma susceptibility in a Chinese population. Oral Oncol. 
2006;42:32-8.
Hong SD, Hong SP, Lee JI, Lim CY. Expression of matrix metallo-10. 
proteinase-2 and -9 in oral squamous cell carcinomas with regard 
to the metastatic potential. Oral Oncol. 2000;36:207-13.
Katayama A, Bandoh N, Kishibe K, Takahara M, Ogino T, Nonaka 11. 
S, et al. Expressions of matrix metalloproteinases in early-stage 
oral squamous cell carcinoma as predictive indicators for tumor 
metastases and prognosis. Clin Cancer Res. 2004;10:634-40.
Ikebe T, Shinohara M, Takeuchi H, Beppu M, Kurahara S, Naka-12. 
mura S, et al. Gelatinolytic activity of matrix metalloproteinase in 
tumor tissues correlates with the invasiveness of oral cancer. Clin 
Exp Metastasis. 1999;17:315-23.
Jordan RC, Macabeo-Ong M, Shiboski CH, Dekker N, Ginzinger 13. 
DG, Wong DT, et al. Overexpression of matrix metalloproteinase-1 
and -9 mRNA is associated with progression of oral dysplasia to 
cancer. Clin Cancer Res. 2004;10:6460-5.
Lin SC, Chung MY, Huang JW, Shieh TM, Liu CJ, Chang KW. 14. 
Correlation between functional genotypes in the matrix metallo-
proteinases-1 promoter and risk of oral squamous cell carcinomas. 
J Oral Pathol Med. 2004;33:323-6.
Ye S, Dhillon S, Turner SJ, Bateman AC, Theaker JM, Pickering 15. 
RM, et al. Invasiveness of cutaneous malignant melanoma is in-
fluenced by matrix metalloproteinase 1 gene polymorphism. Can-
cer Res. 2001;61:1296-8.
Hinoda Y, Okayama N, Takano N, Fujimura K, Suehiro Y, Hama-16. 
naka Y, et al. Association of functional polymorphisms of matrix 
metalloproteinase (MMP)-1 and MMP-3 genes with colorectal 
cancer. Int J Cancer. 2002;102:526-9.
Ghilardi G, Biondi ML, Caputo M, Leviti S, DeMonti M, Guag-17. 
nellini E, et al. A single nucleotide polymorphism in the matrix 

metalloproteinase-3 promoter enhances breast cancer susceptibili-
ty. Clin Cancer Res. 2002;8:3820-3.
Grieu F, Li WQ, Iacopetta B. Genetic polymorphisms in the 18. 
MMP-2 and MMP-9 genes and breast cancer phenotype. Breast 
Cancer Res Treat. 2004;88:197-204.
Hirata H, Okayama N, Naito K, Inoue R, Yoshihiro S, Matsuyama 19. 
H, et al. Association of a haplotype of matrix metalloproteinase 
(MMP)-1 and MMP-3 polymorphisms with renal cell carcinoma. 
Carcinogenesis. 2004;25:2379-84.
Zhou Y, Yu C, Miao X, Tan W, Liang G, Xiong P, et al. Substan-20. 
tial reduction in risk of breast cancer associated with genetic po-
lymorphisms in the promoters of the matrix metalloproteinase-2 
and tissue inhibitor of metalloproteinase-2 genes. Carcinogenesis. 
2004;25:399-404.
Matsumura S, Oue N, Nakayama H, Kitadai Y, Yoshida K, Yama-21. 
guchi Y, et al. A single nucleotide polymorphism in the MMP-9 
promoter affects tumor progression and invasive phenotype of gas-
tric cancer. J Cancer Res Clin Oncol. 2005;131:19-25.
Lai HC, Chu CM, Lin YW, Chang CC, Nieh S, Yu MH, et al. Ma-22. 
trix metalloproteinase 1 gene polymorphism as a prognostic pre-
dictor of invasive cervical cancer. Gynecol Oncol. 2005;96:314-9.
Awakura Y, Ito N, Nakamura E, Takahashi T, Kotani H, Mikami 23. 
Y, et al. Matrix metalloproteinase-9 polymorphisms and renal cell 
carcinoma in a Japanese population. Cancer Lett. 2006;241:59-63.
Przybylowska K, Kluczna A, Zadrozny M, Krawczyk T, Kulig A, 24. 
Rykala J, et al. Polymorphisms of the promoter regions of matrix 
metalloproteinases genes MMP-1 and MMP-9 in breast cancer. 
Breast Cancer Res Treat. 2006;95:65-72.
Tu HF, Liu CJ, Chang CS, Lui MT, Kao SY, Chang CP, et al. The 25. 
functional (-1171 5A-->6A) polymorphisms of matrix metallopro-
teinase 3 gene as a risk factor for oral submucous fibrosis among 
male areca users. J Oral Pathol Med. 2006;35:99-103.
Dunleavey L, Beyzade S, Ye S. Rapid genotype analysis of the 26. 
matrix metalloproteinase-1 gene 1G/2G polymorphism that is as-
sociated with risk of cancer. Matrix Biol. 2000;19:175-7.
Rutter JL, Mitchell TI, Butticè G, Meyers J, Gusella JF, Ozelius 27. 
LJ, et al. A single nucleotide polymorphism in the matrix meta-
lloproteinase-1 promoter creates an Ets binding site and augments 
transcription. Cancer Res. 1998;58:5321-5.
Hashimoto T, Uchida K, Okayama N, Imate Y, Suehiro Y, Hama-28. 
naka Y, et al. Association of matrix metalloproteinase (MMP)-1 
promoter polymorphism with head and neck squamous cell carci-
noma. Cancer Lett. 2004;211:19-24.
Zinzindohoué F, Lecomte T, Ferraz JM, Houllier AM, Cugnenc 29. 
PH, Berger A, et al. Prognostic significance of MMP-1 and MMP-3 
functional promoter polymorphisms in colorectal cancer. Clin Can-
cer Res. 2005;11:594-9.
Price SJ, Greaves DR, Watkins H. Identification of novel, functio-30. 
nal genetic variants in the human matrix metalloproteinase-2 gene: 
role of Sp1 in allele-specific transcriptional regulation. J Biol 
Chem. 2001;276:7549-58.
Lin SC, Lo SS, Liu CJ, Chung MY, Huang JW, Chang KW. Functio-31. 
nal genotype in matrix metalloproteinases-2 promoter is a risk fac-
tor for oral carcinogenesis. J Oral Pathol Med. 2004;33:405-9.
Yu C, Pan K, Xing D, Liang G, Tan W, Zhang L, et al. Corre-32. 
lation between a single nucleotide polymorphism in the matrix 
metalloproteinase-2 promoter and risk of lung cancer. Cancer Res. 
2002;62:6430-3.
Miao X, Yu C, Tan W, Xiong P, Liang G, Lu W, et al. A functional 33. 
polymorphism in the matrix metalloproteinase-2 gene promoter 
(-1306C/T) is associated with risk of development but not metas-
tasis of gastric cardia adenocarcinoma. Cancer Res. 2003;63:3987-
90.
Ye S, Watts GF, Mandalia S, Humphries SE, Henney AM. Preli-34. 
minary report: Genetic variation in the human stromelysin promo-
ter is associated with progression of coronary atherosclerosis. Br 
Heart J. 1995;73:209-15.
Ye S, Eriksson P, Hamsten A, Kurkinen M, Humphries SE, Hen-35. 
ney AM. Progression of coronary atherosclerosis is associated 



e301

J Clin Exp Dent. 2012;4(5):e297-301.                                                     MMP gene polymorphisms and oral cancer.

with a common genetic variant of the human stromelysin-1 pro-
moter which results in reduced gene expression. J Biol Chem. 
1996;271:13055-60.
Krippl P, Langsenlehner U, Renner W, Yazdani-Biuki B, Köppel 36. 
H, Leithner A, et al. The 5A/6A polymorphism of the matrix meta-
lloproteinase 3 gene promoter and breast cancer. Clin Cancer Res. 
2004;10:3518-20.
Zhang J, Jin X, Fang S, Li Y, Wang R, Guo W, et al. The functional 37. 
SNP in the matrix metalloproteinase-3 promoter modifies suscep-
tibility and lymphatic metastasis in esophageal squamous cell car-
cinoma but not in gastric cardiac adenocarcinoma. Carcinogenesis. 
2004;25:2519-24.
Zhang B, Ye S, Herrmann SM, Eriksson P, de Maat M, Evans A, et 38. 
al. Functional polymorphism in the regulatory region of gelatinase 
B gene in relation to severity of coronary atherosclerosis.Circula-
tion. 1999;99:1788-94.
Vairaktaris E, Vassiliou S, Nkenke E, Serefoglou Z, Derka S, Tsi-39. 
gris C, et al. A metalloproteinase-9 polymorphism which affects its 
expression is associated with increased risk for oral squamous cell 
carcinoma. Eur J Surg Oncol. 2008;34:450-5.
Tu HF, Wu CH, Kao SY, Liu CJ, Liu TY, Lui MT. Functional -1562 40. 
C-to-T polymorphism in matrix metalloproteinase-9 (MMP-9) pro-
moter is associated with the risk for oral squamous cell carcinoma 
in younger male areca users. J Oral Pathol Med. 2007;36:409-14.


