
Abstract. Aim: Metalloproteinases (MMPs) are a family of
multifunctional proteins which have been shown to be up-
regulated in various types of cancer. However, the
contribution of MMP1 genotype to oral cancer has not been
elucidated. This study aimed to evaluate the contribution of
MMP1 promoter 1607 genotype to the risk of oral cancer.
Materials and Methods: In this case–control study, MMP1
genotype and its interaction with consumption of areca,
cigarettes, and alcohol in determining oral cancer risk were
investigated in 788 patients with oral cancer and 956
gender-matched healthy controls. Results: The distribution
of 2G/2G, 1G/2G and 1G/1G for MMP1 promoter 1607
genotype was 36.8%, 40.2% and 23.0% in the oral cancer
group and 34.3%, 44.9% and 20.8% in the non-cancer
control group, respectively (p for trend=0.1454). We also
analyzed the allelic frequency distributions and found that
the variant 1G allele of MMP1 promoter 1607 conferred
similar oral cancer susceptibility as the wild-type 2G allele
(odds ratio=0.99, 95% confidence interval=0.87-1.14,
p=0.9199). As for the gene–lifestyle interaction, there was
an obvious protective effect of MMP1 promoter 1607 1G/2G
genotype on the risk of oral cancer among smokers (odds
ratio=0.71, 95% confidence interval=0.55-0.91, p=0.0076),
but not non-smokers. There was no interaction between
MMP1 promoter 1607 genotype and areca chewing or

alcohol drinking habits. Conclusion: The 1G/2G genotype of
MMP1 promoter 1607 may have a protective effect on oral
cancer risk for smokers. The detailed mechanisms involved
in this require further investigation.

Statistically, oral cancer, the tenth most commonly diagnosed
cancer worldwide, has the highest incidence density in
Taiwan (1). According to the government annual report, oral
cancer is the fourth cause of cancer-related death among
males in Taiwan, and has been reported to be closely
associated with tobacco, alcohol and betel nut consumption
habits (2-5). Although several biomarkers for oral cancer in
Taiwan have been revealed (6-12), the genomic etiology of
oral cancer and the interactions among the genetic and
lifestyle factors are of great interest but largely unknown.
Extracellular matrix (ECM) structures contribute to

microenvironmental remodeling during the initial
morphogenesis, angiogenesis, inflammation, would healing
and tumorigenesis (13). The matrix metalloproteinases
(MMPs) are a family of endopeptidases that play a key role
in ECM remodeling, and control degradation of the
components of connective tissue matrices (13, 14). They are
also related to the regulation of oral cancer invasion and
metastasis (15). The homeostasis of each MMP is also under
the control of a complex network at several levels, including
through their interactions with specific inhibitors, e.g., the
tissue inhibitors of metalloproteinases (TIMPs) (14). MMP1,
also known as collagenase-1, is most abundant among the
MMPs and under the control of activator protein-1 (AP1)
which binds to the promoter region of mitogen-activated
kinase through polyomavirus-enhancing activity-3 (16, 17).
A polymorphic site was found in the MMP1 promoter region
at upstream position of 1607 bp, which was reported to
control the transcriptional activity of the MMP1 gene and
was also correlated with the incidence and progression of
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several cancer types (18). Studies of brain tumors suggest
that there is a close relationship between the polymorphism
of the MMP1 promoter region and an increase in tumor
grade in astrocytoma, glioblastoma and pituitary adenoma
(17, 19-22). In an animal model, exposure to side-stream
cigarette smoke 5 days per week for 1 month will induced
an increase in MMP1 mRNA levels in the lung tissue of male
Wistar rats (23). Since smoking is a main lifestyle factor
contributing to oral cancer, it is possible that abnormal
expression of MMP1 may play a role in the carcinogenesis
of smoking-related oral cancer.
The genomic contribution of MMP1 to cancer has not

been well elucidated. For oral cancer, Cao and colleagues
reported that the 2G allele of MMP1 promoter 1607
polymorphism was associated with higher risk of oral
squamous cell carcinoma, compared with the 1G allele in a
Chinese population (24). However, their investigation was
limited to 96 cases and 120 controls. In the current study, we
aimed to reveal the contribution of MMP1 genotype at the
promoter 1607 site to the risk of oral cancer in Taiwanese.

Materials and Methods

Investigated population. Our study was approved by the Institutional
Review Board of the China Medical University Hospital (DMR101-
IRB1-306) and written-informed consent was obtained from all the
participants. Seven hundred and eighty-eight patients diagnosed
with oral cancer were recruited at the China Medical University
Hospital in central Taiwan. All patients voluntarily participated,
completed a self-administered questionnaire and willingly provided
5 ml of their peripheral blood. The questionnaire administered to
participants included questions on history and frequency of alcohol
consumption, areca chewing and smoking habit. Self-reported
alcohol consumption, areca chewing and smoking habits were
evaluated and classified as categorical variables. Information on
these factors was obtained as more than twice a week for years as
‘‘ever’’. A total of 956 non-cancer healthy individuals as controls
were selected by matching for age and gender after initial random
sampling from the Health Examination Cohort of the hospital. The
male versus female ratio was 76% to 24% in each group. The mean
age of the patients and the controls was 55.8 (SD=9.9) and 56.6
(SD=8.7) years, respectively. More detailed information is
summarized in Table I.

Genotyping conditions. The genomic DNA from the peripheral
blood leucocytes of each patient and control was prepared applying
the QIAamp Blood Mini Kit (Blossom, Taipei, Taiwan) and stored
at −80˚C until processed as per our previous articles (6-8). The
sequences of primers and the restriction enzymes for MMP1
promoter 1607 genotyping are modified from a previous publication
(25). The forward and reverse primers were 5’-TGACT
TTTAAAACATAGTCTATGT-3’ and 5’-GATTGATTTGAGATA
AGTCATAGC-3’, respectively. The polymerase chain reaction
(PCR) cycling conditions were: one cycle at 94˚C for 5 min; 35
cycles of 94˚C for 30 s, 58˚C for 30 s, and 72˚C for 30 s; and a final
extension at 72˚C for 10 min. After amplification, the PCR products
were subject to the digestion by AluI restriction endonuclease for 

2 h at 37˚C and separation using 3% agarose gel electrophoresis.
The genotypes were identified as homozygous 2G/2G with 269-bp
product, heterozygous 1G/2G with 269-, 241- and 28-bp products,
and homozygous 1G/1G with 241- and 28-bp products. All the
genotypic processing was repeated by two researchers
independently, and blindly, and the results were 100% concordant.

Statistical analyses. Student’s t-test was used for the comparison of
ages between the case and the control groups. Pearson’s Chi-square
test was used to compare the distribution of the MMP1 promoter
1607 genotypes among the subgroups. The associations between the
MMP1 promoter 1607 genotypes and oral cancer risk were
estimated by computing odds ratios (ORs) and their 95% confidence
intervals (CIs) from logistic regression analysis. Any difference at
p<0.05 was considered statistically significant, and all statistical
tests were two-sided.

Results

The frequency distributions of selected characters including
age, gender, personal habits and primary tumor sites for the
788 patients with oral cancer and 956 non-cancer controls
are summarized and compared in Table I. Since we applied
frequency matching to recruit the non-cancer healthy
controls, there was no difference in the distributions of age
and gender between the control and case groups (Table I).
For these investigated individuals, betel quid chewers and
smokers were more freqent in patients with oral cancer than
in the controls (Table I). Most primary tumors occurred in
the tongue and buccal mucosa.
The distributions of the MMP1 promoter 1607 genotype

among the non-cancer controls and the oral cancer patients
are presented and statistically analyzed in Table II. The
genotypes of MMP1 promoter 1607 were not differently
distributed between oral cancer and non-cancer control
groups (p for trend=0.1454) (Table II). In detail, the MMP1
promoter 1607 heterozygous 1G/2G and homozygous 1G/1G
were not associated with oral cancer risk (p=0.1011 and
0.8283, respectively; Table II). In the recessive and dominant
models, there was still no association between the genotype
of MMP1 promoter 1607 and oral cancer risk (p=0.2782 and
0.2788, respectively; Table II).
To confirm the findings in Table II, the analysis of allelic

frequency distribution for the MMP1 promoter 1607 was also
conducted and the results are summarized in Table III.
Supporting the findings that neither heterozygous 1G/2G nor
homozygous 1G/1G genotype of MMP1 promoter 1607 was
associated with oral cancer risk, the variant allele 1G was
found at 43.1% in the patient group, non-significantly
different from that of 43.3% in the control group (p=0.9199).
To sum up, there was no significant difference in the allelic
frequencies of MMP1 promoter 1607 between the control
and oral cancer groups (Table III).
Next, we examined the interactions among the genotype

of MMP1 promoter 1607 and lifestyle factors, such as
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personal cigarette smoking, betel quid chewing, and
alcohol drinking habits. Among smokers, those with
genotype of 1G/2G at MMP1 promoter 1607 were at 0.71-
fold odds of having oral cancer (95% CI=0.55-0.91,
p=0.0076), seemingly conferring a protective effect, but
this was not the case among non-smokers (Table IV).
There was no interaction of MMP1 promoter 1607
genotype with areca chewing and alcohol drinking habits
(Table V and VI).
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Table I. Characteristics of the 788 patients with oral cancer and 956 controls investigated.

Characteristic                                                Controls (n=956)                                                               Cases (n=788)                                       p-Valuea

                                                  n                              %                      Mean (SD)                  n                          %                   Mean (SD)

Age (years)                                                                                         56.6 (8.7)                                                                       55.8 (9.9)              0.7951
Gender                                                                                                                                                                                                                      1.0000
   Male                                     727                         76.0%                                                    599                     76.0%                                                 
   Female                                 229                         24.0%                                                    189                     24.0%                                                 
Personal habits                                                                                                                                                                                                           
   Areca chewing                    506                         52.9%                                                    661                     83.9%                                            <0.0001*
   Cigarette smoking               667                         69.8%                                                    595                     75.5%                                               0.0084*
   Alcohol drinking                 641                         67.1%                                                    560                     71.1%                                               0.0773
Primary tumor site                                                                                                                                                                                                     
   Tongue                                                                                                                               325                     41.2%                                                 
   Buccal mucosa                                                                                                                  294                     37.3%                                                 
   Mouth floor                                                                                                                         30                       3.8%                                                 
   Retromolar trigone                                                                                                              26                       3.3%                                                 
   Alveolar ridge                                                                                                                     18                       2.3%                                                 
   Palate                                                                                                                                   18                       2.3%                                                 
   Lip                                                                                                                                        39                       4.9%                                                 
   Others                                                                                                                                  38                       4.9%                                                 

SD: Standard deviation; abased on Chi-square test. *Statistically significant, p<0.05.

Table II. Distribution of matrix metalloproteinase-1 (MMP1) promoter  1607 genotypes among the patients with oral cancer and controls.

                                                                       Controls                                            Patients                                        OR (95% CI)                   p-Valuea

                                                             n                             %                          n                         %

Genotype                                                                                                                                                                                                                   
   2G/2G                                            328                        34.3%                    290                    36.8%                        1.00 (Reference)                    
   1G/2G                                            429                        44.9%                    317                    40.2%                        0.84 (0.67-1.04)                   0.1011
   1G/1G                                            199                        20.8%                    181                    23.0%                        1.03 (0.80-1.33)                   0.8283
   Ptrend                                                                                                                                                                                                                  0.1454
Carrier comparison                                                                                                                                                                                                   
   2G/2G +1G/2G                              757                        79.2%                    607                    77.0%                        1.00 (Reference)                    
   1G/1G                                            199                        20.8%                    181                    23.0%                        1.13 (0.90-1.42)                   0.2782
   2G/2G                                            328                        34.3%                    290                    36.8%                        1.00 (Reference)                    
   1G/1G+1G/2G                               628                        65.7%                    498                    63.2%                        1.10 (0.91-1.33)                   0.2788

aBased on chi-square test without Yate’s correction. 

Table III. Distribution of allelic frequencies for matrix metalloproteinase-
1 (MMP1) promoter 1607 among patients with oral cancer and controls.

             Controls,     %      Patients,    %            OR (95% CI)    p-Valuea
                    n                           n

Allele                                                                            
   2G        1085      56.7%      897      56.9%    1.00 (Reference)     
   1G          827      43.3%      679      43.1%    0.99 (0.87-1.14)    0.9199

aBased on Chi-square test without Yate’s correction. 



Discussion

In the current case–control association study, the contribution
of MMP1 promoter 1607 to oral cancer risk and its
interaction with alcohol drinking, cigarette smoking and
areca chewing was firstly evaluated among Taiwanese. The
results showed that although neither the genotypic nor the
allelic frequencies of MMP1 promoter 1607 were
differentially distributed among the patients and non-cancer
healthy controls (Table II), the heterogeneous 1G/2G

genotype was associated with increased risk of oral cancer
for the smokers (Table IV). 
This is the first study to reveal an interaction between

MMP1 1607 genotype and cigarette smoking on the
susceptibility to oral cancer. Long-term tobacco smoking
and areca chewing have been shown to contribute to
etiology of oral cancer development (6, 7, 26-33).
However, the mechanisms are very complex and need
more investigations. In Table I, it can be seen that a
higher proportion of individuals had consumed areca,
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Table IV. Odds ratios (OR) for matrix metalloproteinase-1 (MMP1) promoter  1607 genotype and oral cancer after stratification by smoking status.

Genotype   Non-smokers, n               OR                       aOR             p-Value‡           Smokers, n                       OR                         aOR            p-Value‡
                                                      (95% CI)a              (95% CI)b                                                                     (95% CI)a               (95% CI)b
                 Controls     Cases                                                                                  Controls       Cases                                                                             

2G/2G          108            59            1.00 (ref)               1.00 (ref)                               220            231               1.00 (ref)                 1.00 (ref)            
1G/2G          123            89      1.32 (0.87-2.01)    1.38 (0.82-1.83)      0.1876        306            228         0.71 (0.55-0.91)*   0.77 (0.63-0.89)*   0.0076*
1G/1G            58            45      0.94 (0.58-1.52)    0.98 (0.64-1.39)      0.4939        141            136          0.92 (0.68-1.24)     0.81 (0.73-1.08)    0.5562
Total             289          193                                                                                        667            595                                                                           

aOR: Adjusted OR. aBy multivariate logistic regression analysis. bBy multivariate logistic regression analysis after adjusting for age, gender, alcohol
drinking and areca chewing status. ‡For OR. *Statistically significant.

Table V. Odds ratios for matrix metalloproteinase-1 (MMP1) promoter  1607 genotype and oral cancer after stratification by alcohol drinking
status.

Genotype   Non-drinkers, n               OR                       aOR             p-Value‡         Drinkers, n                       OR                         aOR            p-Value‡
                                                      (95% CI)a              (95% CI)b                                                                     (95% CI)a               (95% CI)b
                 Controls     Cases                                                                                  Controls       Cases                                                                             

2G/2G          105            86            1.00 (ref)               1.00 (ref)                               223            204               1.00 (ref)                 1.00 (ref)            
1G/2G          146            90      0.75 (0.51-1.11)    0.78 (0.45-1.15)      0.1503        283            227          0.88 (0.68-1.13)     0.90 (0.67-1.21)    0.3179
1G/1G            63            52      1.01 (0.63-1.60)    1.05 (0.58-1.56)      0.5348        136            129          1.04 (0.76-1.41)     1.01 (0.75-1.35)    0.5371
Total             314          228                                                                                        642            560                                                                           

aOR: Adjusted OR. aBy multivariate logistic regression analysis. bBy multivariate logistic regression analysis after adjusting for age, gender, smoking
and areca chewing status. ‡For OR. *Statistically significant.

Table VI. Odds ratios for matrix metalloproteinase-1 (MMP1) promoter  1607 genotype and oral cancer after stratification by areca chewing status.

Genotype   Non-chewers, n               OR                       aOR             p-Value‡         Chewers, n                       OR                         aOR            p-Value‡
                                                      (95% CI)a              (95% CI)b                                                                     (95% CI)a               (95% CI)b
                 Controls     Cases                                                                                  Controls       Cases                                                                             

2G/2G          148            45            1.00 (ref)               1.00 (ref)                               180            245               1.00 (ref)                 1.00 (ref)            
1G/2G          206            52      0.83 (0.53-1.30)    0.81 (0.55-1.34)      0.4189        223            265          0.87 (0.67-1.13)     0.89 (0.71-1.15)    0.3101
1G/1G            96            30      1.03 (0.61-1.74)    1.05 (0.66-1.81)      0.6604        103            151          1.08 (0.79-1.48)      1.11 (0.75-1.60)    0.4125
Total             450          127                                                                                        506            661                                                                           

aOR: Adjusted OR. aBy multivariate logistic regression analysis. bBy multivariate logistic regression analysis after adjusting for age, gender, smoking
and alcohol drinking status. ‡For OR. *Statistically significant.



cigarettes and alcohol in the group of patients with oral
cancer than the controls. 
The MMP1 protein is involved in the degradation of the

native fibrillar collagen, hence it is called collagenase-1. In
normal conditions, MMP1 is expressed at a relatively low
level under the suppressive regulation of TIMP1 protein (34,
35). MMP1 has been reported to play an important role in
tumor cells undergoing invasion and migration (36, 37).
Mounting evidence indicates that activated MMP1 is
observed in the borders of solid tumors, such as breast and
oral cancer (38-40). MMP1 is thought to promote invasion
and metastasis through the degradation of the ECM as the
main component of connective tissue, especially in the
tumorigenesis of oral mucosal cancer (41-44). In 2016,
MMP1 and TIMP1, together with MMP1 and TIMP2, were
shown to gradually increase with progression of tongue
cancer in a hamster model of tongue cancer (45). In 2012,
Liu and colleagues performed a meta-analysis exploring the
association between MMP1 promoter 1607 1G/2G
polymorphism and risk of several types of cancer, and the
results showed that an elevated cancer risk was found
regarding breast, colorectal, genitourinary neoplasm but not
oral cancer (46). The dynamic balance between MMP1 and
TIMP1 play a pivotal role in the maintenance of normal
physiological conditions for cells, but it seems that the
balance between MMP1 and TIMP1 in oral tissues is not as
simple as a 'see-saw' relationship. In the near future, an
overall analysis of MMP1 and TIMP1 genotype/phenotype
may provide further evidence for evaluating the contribution
of these genotypes to oral carcinogenesis. 
In conclusion, our pilot study provides evidence that the

heterozygous 1G/2G genotype at MMP1 promoter 1607 may
interact with personal smoking status to determine the
susceptibility to oral cancer, and this should be confirmed in
multicenter and multi-population studies.

Acknowledgements
The Authors declare no conflict of interest in regard to this study.
They also appreciate the Tissue-bank of China Medical University
Hospital for their excellent technical assistance. This study was
supported mainly by the Taiwan Ministry of Science and
Technology to Professor Bau (MOST-104-2320-B-039-036) and
partially by research grant from Taiwan Ministry of Health and
Welfare Clinical Trial and Research Center of Excellence
(MOHW105-TDU-B-212-133019) and China Medical University
Hospital (CMU-102-031) to Dr. Tsai.

References

1 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and
Jemal A: Global cancer statistics, 2012. CA Cancer J Clin 65:
87-108, 2015.

2 Taiwan: Cancer Registration System Annual Report. Department
of Health, Taiwan; 2015.

3 Chung CH, Yang YH, Wang TY, Shieh TY and Warnakulasuriya
S: Oral precancerous disorders associated with areca quid
chewing, smoking, and alcohol drinking in southern Taiwan. J
Oral Pathol Med 34: 460-466, 2005.

4 Lee CH, Ko YC, Huang HL, Chao YY, Tsai CC, Shieh TY and
Lin LM: The precancer risk of betel quid chewing, tobacco use
and alcohol consumption in oral leukoplakia and oral submucous
fibrosis in southern Taiwan. Br J Cancer 88: 366-372, 2003.

5 Chen PC, Kuo C, Pan CC and Chou MY: Risk of oral cancer
associated with human papillomavirus infection, betel quid
chewing, and cigarette smoking in Taiwan–an integrated
molecular and epidemiological study of 58 cases. J Oral Pathol
Med 31: 317-322, 2002.

6 Tsai CW, Chang WS, Lin KC, Shih LC, Tsai MH, Hsiao CL,
Yang MD, Lin CC and Bau DT: Significant association of
Interleukin-10 genotypes and oral cancer susceptibility in
Taiwan. Anticancer Res 34: 3731-3737, 2014.

7 Tsai CW, Chang WS, Liu JC, Tsai MH, Lin CC and Bau DT:
Contribution of DNA double-strand break repair gene XRCC3
genotypes to oral cancer susceptibility in Taiwan. Anticancer Res
34: 2951-2956, 2014.

8 Tsai CW, Tsai MH, Tsou YA, Shih LC, Tseng HC, Chang WS,
Ho CY, Lee HZ and Bau DT: The joint effect of smoking and
hOGG1 genotype on oral cancer in Taiwan. Anticancer Res 32:
3799-3803, 2012.

9 Bau DT, Tsai CW, Lin CC, Tsai RY and Tsai MH: Association
of alpha B-crystallin genotypes with oral cancer susceptibility,
survival, and recurrence in Taiwan. PLoS One 6: e16374,
2011.

10 Tsai CW, Hsu CF, Tsai MH, Tsou YA, Hua CH, Chang WS, Lin
CC and Bau DT: Methylenetetrahydrofolate reductase (MTHFR)
genotype, smoking habit, metastasis and oral cancer in Taiwan.
Anticancer Res 31: 2395-2399, 2011.

11 Tsai MH, Tsai CW, Tsou YA, Hua CH, Hsu CF and Bau DT:
Significant association of cyclin D1 single nucleotide
polymorphisms with oral cancer in Taiwan. Anticancer Res 31:
227-231, 2011.

12 Bau DT, Tsai MH, Tsou YA, Wang CH, Tsai CW, Sun SS, Hua
CH, Shyue SK and Tsai RY: The association of caveolin-1
genotypes with oral cancer susceptibility in Taiwan. Ann Surg
Oncol 18: 1431-1438, 2011.

13 Woessner JF, Jr.: Matrix metalloproteinases and their inhibitors
in connective tissue remodeling. Faseb J 5: 2145-2154, 1991.

14 Murphy G and Docherty AJ: The matrix metalloproteinases and
their inhibitors. Am J Respir Cell Mol Biol 7: 120-125, 1992.

15 Singh RD, Haridas N, Patel JB, Shah FD, Shukla SN, Shah PM
and Patel PS: Matrix metalloproteinases and their inhibitors:
correlation with invasion and metastasis in oral cancer. Indian J
Clin Biochem 25: 250-259, 2010.

16 Sharrocks AD, Brown AL, Ling Y and Yates PR: The ETS-
domain transcription factor family. Int J Biochem Cell Biol 29:
1371-1387, 1997.

17 Westermarck J, Seth A and Kahari VM: Differential regulation
of interstitial collagenase (MMP1) gene expression by ETS
transcription factors. Oncogene 14: 2651-2660, 1997.

18 Rutter JL, Mitchell TI, Buttice G, Meyers J, Gusella JF, Ozelius
LJ and Brinckerhoff CE: A single nucleotide polymorphism in
the matrix metalloproteinase-1 promoter creates an ETS binding
site and augments transcription. Cancer Res 58: 5321-5325,
1998.

Sun et al: MMP1 Genotype in Oral Cancer in Taiwan

443



19 Altas M, Bayrak OF, Ayan E, Bolukbasi F, Silav G, Coskun KK,
Culha M, Sahin F, Sevli S and Elmaci I: The effect of
polymorphisms in the promoter region of the MMP1 gene on the
occurrence and invasiveness of hypophyseal adenoma. Acta
Neurochir 152: 1611-1617; discussion 1617, 2010.

20 Malmer B, Gronberg H, Bergenheim AT, Lenner P and
Henriksson R: Familial aggregation of astrocytoma in northern
Sweden: an epidemiological cohort study. Int J Cancer 81: 366-
370, 1999.

21 McCready J, Broaddus WC, Sykes V and Fillmore HL:
Association of a single nucleotide polymorphism in the matrix
metalloproteinase-1 promoter with glioblastoma. Int J Cancer
117: 781-785, 2005.

22 Nakagawa T, Kubota T, Kabuto M, Sato K, Kawano H,
Hayakawa T and Okada Y: Production of matrix
metalloproteinases and tissue inhibitor of metalloproteinases-1
by human brain tumors. J Neurosurg 81: 69-77, 1994.

23 Morimoto Y, Tsuda T, Nakamura H, Hori H, Yamato H, Nagata
N, Higashi T, Kido M and Tanaka I: Expression of matrix
metalloproteinases, tissue inhibitors of metalloproteinases, and
extracellular matrix mRNA following exposure to mineral fibers
and cigarette smoke in vivo. Environ Health Perspect 105(Suppl
5): 1247-1251, 1997.

24 Cao ZG and Li CZ: A single nucleotide polymorphism in the
matrix metalloproteinase-1 promoter enhances oral squamous
cell carcinoma susceptibility in a Chinese population. Oral
Oncol 42: 32-38, 2006.

25 Malik N, Kumar R, Prasad KN, Kawal P, Srivastava A and
Mahapatra AK: Association of matrix metalloproteinase-1 gene
polymorphism with glioblastoma multiforme in a northern
Indian population. J Neurooncol 102: 347-352, 2011.

26 Biolchini F, Pollastri G, Figurelli S and Chiarini L: Carcinogen
metabolism, DNA damage repair and oral head and neck
squamocellular carcinoma (HNSCC). A review. Minerva
Stomatol 54: 405-414, 2005.

27 Lai KC and Lee TC: Genetic damage in cultured human
keratinocytes stressed by long-term exposure to areca nut
extracts. Mutat Res 599: 66-75, 2006.

28 Nagaraj NS, Beckers S, Mensah JK, Waigel S, Vigneswaran N
and Zacharias W: Cigarette smoke condensate induces
cytochromes P450 and aldo-keto reductases in oral cancer cells.
Toxicol Lett 165: 182-194, 2006.

29 Chiu CF, Tsai MH, Tseng HC, Wang CL, Tsai FJ, Lin CC and
Bau DT: A novel single nucleotide polymorphism in ERCC6
gene is associated with oral cancer susceptibility in Taiwanese
patients. Oral Oncol 44: 582-586, 2008.

30 Chiu CF, Tsai MH, Tseng HC, Wang CL, Wang CH, Wu CN, Lin
CC and Bau DT: A novel single nucleotide polymorphism in
XRCC4 gene is associated with oral cancer susceptibility in
Taiwanese patients. Oral Oncol 44: 898-902, 2008.

31 Hsu CF, Tseng HC, Chiu CF, Liang SY, Tsai CW, Tsai MH and
Bau DT: Association between DNA double strand break gene
Ku80 polymorphisms and oral cancer susceptibility. Oral Oncol
45: 789-793, 2009.

32 Tsai MH, Tseng HC, Liu CS, Chang CL, Tsai CW, Tsou YA,
Wang RF, Lin CC, Wang HC, Chiu CF and Bau DT: Interaction
of EXO1 genotypes and smoking habit in oral cancer in Taiwan.
Oral Oncol 45: e90-94, 2009.

33 Bau DT, Chang CH, Tsai MH, Chiu CF, Tsou YA, Wang RF, Tsai
CW and Tsai RY: Association between DNA repair gene ATM
polymorphisms and oral cancer susceptibility. Laryngoscope
120: 2417-2422, 2010.

34 Nagase H and Woessner JF Jr.: Matrix metalloproteinases. J Biol
Chem 274: 21491-21494, 1999.

35 Surlin V, Ioana M and Plesea IE: Genetic patterns of metallo-
proteinases and their tissular inhibitors – clinico-pathologic and
prognostic significance in colorectal cancer. Rom J Morphol
Embryol 52: 231-236, 2011.

36 Kessenbrock K, Plaks V and Werb Z: Matrix metalloproteinases:
regulators of the tumor microenvironment. Cell 141: 52-67, 2010.

37 Roy R, Yang J and Moses MA: Matrix metalloproteinases as
novel biomarkers and potential therapeutic targets in human
cancer. J Clin Oncol 27: 5287-5297, 2009.

38 Boire A, Covic L, Agarwal A, Jacques S, Sherifi S and
Kuliopulos A: PAR1 is a matrix metalloprotease-1 receptor that
promotes invasion and tumorigenesis of breast cancer cells. Cell
120: 303-313, 2005.

39 George A, Ranganathan K and Rao UK: Expression of MMP1
in histopathological different grades of oral squamous cell
carcinoma and in normal buccal mucosa – an immunohisto-
chemical study. Cancer Biomark 7: 275-283, 2010.

40 Zhou J, Brinckerhoff C, Lubert S, Yang K, Saini J, Hooke J,
Mural R, Shriver C and Somiari S: Analysis of matrix metallo-
proteinase-1 gene polymorphisms and expression in benign and
malignant breast tumors. Cancer Invest 29: 599-607, 2011.

41 Uhlmann ME, Georgieva M, Sill M, Linnemann U and Berger
MR: Prognostic value of tumor progression-related gene
expression in colorectal cancer patients. J Cancer Res Clin Oncol
138: 1631-1640, 2012.

42 Zhang M, Teng XD, Guo XX, Li ZG, Han JG and Yao L:
Expression of tissue levels of matrix metalloproteinases and their
inhibitors in breast cancer. Breast 22: 330-334, 2013.

43 Kurahara S, Shinohara M, Ikebe T, Nakamura S, Beppu M,
Hiraki A, Takeuchi H and Shirasuna K: Expression of MMPS,
MT-MMP, and TIMPs in squamous cell carcinoma of the oral
cavity: correlations with tumor invasion and metastasis. Head
Neck 21: 627-638, 1999.

44 Nakano K, Siar CH, Nagai N, Naito I, Sado Y, Nagatsuka H,
Hoh C, Kurada K, Tsujigiwa H and Gunduz M: Distribution of
basement membrane type IV collagen alpha chains in
ameloblastoma: an immunofluorescence study. J Oral Pathol
Med 31: 494-499, 2002.

45 Fan H, Jiang W, Li H, Fang M, Xu Y and Zheng J: MMP1/2 and
TIMP-1/2 expression levels, and the levels of collagenous and
elastic fibers correlate with disease progression in a hamster
model of tongue cancer. Oncol Lett 11: 63-68, 2016.

46 Liu D, Guo H, Li Y, Xu X, Yang K and Bai Y: Association
between polymorphisms in the promoter regions of matrix
metalloproteinases (MMPs) and risk of cancer metastasis: a
meta-analysis. PLoS One 7: e31251, 2012.

Received March 15, 2016
Revised April 12, 2016

Accepted April 15, 2016

in vivo 30: 439-444 (2016)

444


