
Abstract. Background/Aim: Matrix metalloproteinase-2
(MMP2) has been reported to plays a critical role in the
metastatic behaviors of cancer via regulation of the extracellular
matrix. However, its genotypes have seldom been examined in
colorectal cancer (CRC). We examined the role of MMP2
promoter -1306 (rs243865) and -735 (rs2285053) genotypes in
colorectal cancer (CRC). Materials and Methods: Genotypes of
MMP2 were determined by typical polymerase chain reaction-
restriction fragment length polymorphism methodology in 362
CRC cases and 362 age-, sex- and behavior-matched controls.
Results: The genotypic analysis showed that MMP2 -1306 CT
and TT genotypes were significantly associated with an
increased CRC risk (odds ratios=1.41 and 3.55, 95% confidence
intervals=1.02-1.96 and 1.75-7.19, and p=0.0482 and
p=0.0004, respectively). The allelic frequency analysis showed
that the T allele for MMP2 -1306 increased CRC risk (odds
ratio=1.71, 95% confidence interval=1.32-2.23, p=4.89×105).

Stratification analysis showed that MMP2 -1306 genotypes were
specifically associated with alcohol drinking, and metastatic
status among patients with CRC. There was no association with
MMP2 -735. Conclusion: The MMP2 -1306 genotype serves as
a novel predictive marker for CRC risk among Taiwanese, and
patients who have a tendency to undergo metastasis.

Colorectal cancer (CRC) is the third most common cancer all
over the world (1-3). Globally, the patterns of CRC incidence
and mortality greatly differ by as much as 10-fold among
different countries (1, 2, 4). Epidemiologically, many factors
have been proposed for this variation, such as red meat,
smoking, and carcinogen exposure (5, 6). In Taiwan, the
incidence and mortality of CRC have both ranked in top three
among all types of cancer for many years. Since up to one-fifth
of patients with CRC have a familial cancer history (7, 8),
inherited factors are believed to play a critical role in CRC
etiology. However, discovery of genetic biomarkers of CRC is
still one of the main missions for translational scientists.
Although some genetic biomarkers for CRC have been
established during recent years (9-14), genetic–environmental
and genetic–behavioral interactions are still largely unknown. A
further understanding about the genetic factors, and their
interactions with environmental and behavioral factors may help
to achieve the goal of precise prediction and therapy of cancer.

The extracellular matrix (ECM) controls cell attachment
to and communication with neighboring cells, playing an
important role in cell proliferation, movement and other cell
functions. The ECM regulates homeostasis of the tumor
micro-environment and any imbalance of the ECM may be
associated with cancer initiation and development (15, 16).
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Notably, matrix metalloproteinases (MMPs) are usually
found to be overexpressed in tumor sites and are associated
with metastatic behaviors via degradation of ECM
components (16-18). In literature, MMP2 expression has
been proven to be closely related to metastatic behaviors of
a variety of cancer types, including glioma, ovarian,
pancreatic, gastric and CRC (19-24). In 2017, the levels of
MMP2 in serum from 470 patients with CRC were found to
be up-regulated compared to adjacent non-cancerous tissues
(25). In addition, MMP2 expression was significantly
associated with more invasive cancer stages and death, that
is to say, patients with CRC who had a stronger expression
of MMP2 tended to have shorter survival (26). Furthermore,
MMP2 is a practical target against CRC (27, 28).
MMP2 is located on chromosome 16q21 of human

genome, coding for an endopeptidase that is expressed in a
variety of tissues (29-31). In literature, two genotypes of
MMP2 -1306 and -735 are reported to affect MMP2 mRNA
and protein expression levels, and eventually increase the
risk of several types of cancer, including breast, oral,
esophageal, leukemia, and most of all, colorectal (32-36). In
2004, Xu et al. were the first to report that MMP2 -1306 CT
and TT genotypes were associated with higher CRC risk in
Chinese patients with CRC (37). In 2014, Shalaby et al. also
reported that MMP2 -1306 genotypes CT and TT genotypes
were associated with higher CRC risk in Saudis (38). In
2016, Banday et al. announced that MMP2 -1306 CT
genotype was associated with reduced CRC risk in
Kashmiris, compared with the CC genotype (39). There were
also two studies reporting a negative association (40, 41).
According to the above literature, the role of MMP2

genotypes in determining CRC risk is inconsistent in
different populations. Therefore, we aimed to examine the
contributions of MMP2 promoter -1306 (rs243865) and -735
(rs2285053) polymorphisms to the risk of CRC in
Taiwanese, and investigated their interactions with smoking,
alcohol drinking, and clinical indices. We have also
summarized the related literature and provide a tentative
conclusion about the role of MMP2 in CRC risk. The map
of MMP2 promoter -1306 and -735 polymorphisms is shown
in Figure 1.

Materials and Methods
Collection of 362 CRC cases and 362 controls. The CRC cases and
healthy controls were collected as described as in our previously
published articles (14, 42). In brief, the CRC cases were recruited,
pathological statuses were defined, graded and well recorded. Next,
each of the cases were well matched by age, sex, cigarette smoking
and alcohol drinking habits one by one. The research protocols were
approved by the Institutional Review Board of the China Medical
University Hospital (coding number: DMR99-IRB-108). Some
demographic characteristics are shown in Table I and analyzed in
other Tables.

MMP2 genotyping methodology. Genomic DNA was extracted from
the leukocytes of peripheral blood within 24 h after sampling at
their diagnosis as we previously reported (43-45). The MMP2 -1306
and -735 genotypes were determined by polymerase chain reaction-
restriction fragment length polymorphism methodology with the
help of a BioRad Mycycler (BioRad, Hercules, CA, USA). After the
polymerase chain reaction processes, the DNA adducts were
subjected to endonuclease digestions (Xsp I for MMP2 -1306 and
Hinf I for MMP2 -735, respectively) and then subjected to 3%
electrophoresis and UVC visualization. 
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Figure 1. Map of matrix metalloproteinase-2 (MMP2) promoter -1306 and -735 polymorphic sites.



Statistical analyzing methodology. Typical unpaired Student’s t-test
was applied to test the distributions of ages between case and
control groups. Pearson’s chi-square test was applied to compare the
distributions of the MMP2 genotypes among subgroups (when n≥5,
we used chi-square without Yates’ correction, while when n<5, we
used Fisher’s exact test). The associations between the MMP2
genotypes and colorectal cancer risk were examined by odds ratios
(ORs) and 95% confidence intervals (CIs). Any p-value less than
0.05 was considered statistically significant.

Results

Comparison of demographic characteristics. There was no
difference in age sex, the percentage of smokers or alcohol
drinkers, and body mass index between the control and CRC
case groups (all p>0.05) (Table I). One hundred and ninety-
five CRC patients were suffering from tumors less than 5
cm, while one hundred and sixty-seven CRC patients were
suffering from tumor of 5 cm or larger (Table I). Two
hundred and fifty-seven patients were suffering from colonic
cancer, while 105 were suffering from rectal cancer (Table
I). A total of 152 patients were suffering from metastatic
cancer (Table I).

Genotypic comparison for MMP2 -1306 and -735. Firstly,
the frequency distributions of both MMP2 -1306 and -735
genotypes in the control group fitted well with the Hardy–
Weinberg equilibrium (p=0.4628 and 0.3319, respectively).
Secondly, the genetic frequencies of MMP2 -1306 were
found to be differentially distributed between the CRC
case and control groups (p for trend=0.0034). The

frequency of the CT genotype of MMP2 -1306 was
significantly higher in the CRC group than in the control
group (OR=1.41, 95% CI=1.02-1.96, p=0.0482). More
significantly, the genotypic frequency of MMP2 -1306 TT
was higher in the CRC group than in the control group
(OR=3.55, 95% CI=1.75-7.19, p=0.0004). The differential
distributions remained statistically significant when the CT
and TT genotypes were combined (OR=1.64, 95%
CI=1.20-2.23, p=0.0023) (Table II). On the contrary, the
distributions of MMP2 -735 genotypes were not
significantly different between the CRC case and control
groups in any models (Table II).

Comparison of MMP2 -1306 and -735 allelic frequencies.
Supporting the findings in Table II, the frequency of the T
allele at MMP2 -1306 was 24.4% in the CRC case group,
significantly higher than that in the control group (OR=1.71,
95% CI=1.32-2.23, p=4.89×10−5) (Table III). On the
contrary, the T allelic frequencies at MMP2 -735 were 22.1%
and 19.1% in the CRC case and control groups, respectively,
showing no statistical significance (OR=1.20, 95% CI=0.93-
1.56) (Table III). 

Interaction of MMP2 genotypes with cigarette consumption.
We investigated the possible combined influence of MMP2
-1306 genotype and cigarette consumption behavior on the
risk of CRC (Table IV). Among non-smokers, MMP2 -1306
CC carriers had no difference in the risk of CRC compared
with MMP2 -1306 CT or TT carriers (OR=0.91, 95%
CI=0.63-1.29, p=0.6490). For smokers, MMP2 -1306 CT or
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Table I. Summary of demographic data from 362 patients with colorectal cancer and 362 non-cancer healthy controls. 

Controls Cancer

Characteristic                              Subgroup n % n % p-Valuea

Age                                              ≤60 Years                        95                           26.2%                              95                           26.2% >0.99
                                                    >60 Years                      267                           73.8%                            267                           73.8%
Sex                                              Male                              203                           56.1%                            203                           56.1% >0.99
                                                    Female                           159                           43.6%                            159                           43.9%
Smoking                                      Yes                                   84                           23.2%                              91                           25.1% 0.5434
                                                    No                                  278                           76.8%                            271                           74.9%
Alcohol drinking                        Yes                                   51                           14.1%                              44                           12.2% 0.4410
                                                    No                                  311                           85.9%                            318                           87.8%
BMI                                             <24 kg/m2                     175                           48.3%                            193                           53.3% 0.1809
                                                    ≥24 kg/m2                     187                           51.7%                            169                           46.7%
Tumor size                                  <5 cm                                                                                                    195                           53.9%
                                                    ≥5 cm                                                                                                    167                           46.1%
Tumor location                           Colon                                                                                                     257                           71.0%
                                                    Rectum                                                                                                  105                           29.0%
Lymph node involvement          Negative                                                                                                210                           58.0%
                                                    Positive                                                                                                 152                           42.0%

BMI: Body mass index. aBased on chi-square test without Yates’ correction.



TT carriers were at 1.22-fold risk of CRC, while CC carriers
were at 0.66-fold risk of CRC (95% CI=0.68-2.17 and 0.41-
1.06, p=0.6069 and 0.1058, respectively). Overall, no
additive or synergistic effects were found for cigarette
consumption in association with MMP2 -1306 genotype
regarding CRC risk (Table IV). 

Interaction of MMP2 genotype with alcohol drinking. We
also analyzed the interaction of MMP2 -1306 and alcohol
drinking in relation to the risk of CRC (Table V). Among
non-drinkers, the MMP2 -1306 CC carriers were found to
have significantly reduced risk of CRC compared with CT

or TT carriers (OR=0.62, 95% CI=0.44-0.86, p=0.0057). For
alcohol drinkers, MMP2 -1306 CT or TT carriers were at
0.87-fold risk of CRC, while CC carriers were at 0.48-fold
risk of CRC (95% CI=0.44-1.75 and 0.26-0.87, p=0.8402
and 0.0214, respectively). Overall, a protective effect was
found for alcohol drinking in association with MMP2 -1306
CC genotype regarding CRC risk (Table V).

Correlation between MMP2 -1306 genotypes and
clinicopathological properties. The last part of the analysis
is the correlation between MMP2 -1306 genotypes and
clinicopathological properties. There was no significance in
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Table III. Allelic frequencies of matrix metalloproteinase-2 (MMP2) polymorphisms among patients with colorectal cancer and healthy controls. 

MMP2 allele                       Allele                   Cases (n=362)                        Controls (n=362)                      Odds ratio (95% CI)                       p-Valuea

-1306 (rs243865)                    C                          547 (75.6)                                 609 (84.1)                              1.00 (Reference)                                 
                                                T                          177 (24.4)                                 115 (15.9)                               1.71 (1.32-2.23)                         4.89×10-5
-735 (rs2285053)                    C                          564 (77.9)                                 586 (80.9)                              1.00 (Reference)                                 
                                                T                          160 (22.1)                                 138 (19.1)                               1.20 (0.93-1.56)                            0.1527

CI: Confidence interval. aBased on chi-square test. Bold value indicates statistical significance.

Table IV. Interaction of matrix metalloproteinase-2 (MMP2) -1306 genotype and cigarette consumption for colorectal cancer risk.

MMP2 -1306 CC carrier                Cigarette smoker                         Controls/Cases, n                             Odds ratio (95% CI)                          p-Valuea

No                                                                No                                             79/104                                         1.00 (Reference)                                    
Yes                                                               No                                            167/199                                        0.91 (0.63-1.29)                               0.6490
No                                                               Yes                                              25/40                                          1.22 (0.68-2.17)                               0.6069
Yes                                                              Yes                                              59/51                                          0.66 (0.41-1.06)                               0.1058

CI: Confidence interval. aBased on chi-square test.

Table II. Distributions of genotypic frequencies of matrix metalloproteinase-2 (MMP2) polymorphisms among patients with colorectal cancer and
healthy controls. 

MMP2 genotype                                              Cases (n=362)                        Controls (n=362)                      Odds ratio (95% CI)                       p-Valuea

-1306 (rs243865)              CC                            218 (60.2)                                 258 (71.3)                              1.00 (Reference)                                 
                                          CT                             111 (30.7)                                  93 (25.7)                                1.41 (1.02-1.96)                            0.0482
                                          TT                               33 (9.1)                                     11 (3.0)                                 3.55 (1.75-7.19)                            0.0004
                                          CT+TT                     144 (39.8)                                 104 (28.7)                               1.64 (1.20-2.23)                            0.0023
p-Value for trend                                                                                                                                                                                                        0.0034
PHWE                                                                                                                                                                                                                           0.4628
                                                                                                                                                                                                                                          
-735 (rs2285053)              CC                            225 (62.1)                                 240 (66.3)                              1.00 (Reference)                                 
                                          CT                             114 (31.5)                                 106 (28.3)                               1.15 (0.83-1.58)                            0.4492
                                          TT                               23 (6.4)                                     16 (4.4)                                 1.53 (0.79-2.98)                            0.2698
                                          CT+TT                     137 (37.9)                                 122 (33.7)                               1.20 (0.88-1.62)                            0.2777
                                                                                                                                                                                                                                          
p-Value for trend                                                                                                                                                                                                        0.3622
PHWE                                                                                                                                                                                                                           0.3319

CI: Confidence interval; PHWE: p-value from Hardy-Weinberg equilibrium test. aBased on chi-square test. Bold values indicate statistical significance.



the distribution of MMP2 -1306 genotypes between younger
(≤60 years) and older (>60 years), male  and female, lower
(<24 kg/m2) and higher (<24 kg/m2) body mass index,
smaller (<5 cm) and larger (<5 cm) tumor, colonic and rectal
tumor groups (all p>0.05). Only by lymph node involvement
were genotypes differentially distributed. The frequencies of
MMP2 -1306 CT and TT carriers were higher in patients
with positive lymph node involvement than in those without
(p=0.0004).

Discussion

In the current study, the association of MMP2 -1306 and -735
genotypes with Taiwanese CRC risk was firstly investigated
among 362 CRC cases and 362 controls. We found that the
variant CT and TT genotypes of MMP2 -1306 were more
frequent in the case group than in the control group (Table
II). The allelic frequency analysis also showed that the T
allele of MMP2 -1306 was more prevalent in the case group
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Table V. Interaction of matrix metalloproteinase-2 (MMP2) -1306 genotype and alcohol consumption for colorectal cancer risk. 

MMP2 -1306 CC carrier                 Alcohol drinker                          Controls/Cases, n                             Odds ratio (95% CI)                          p-Valuea

No                                                                No                                             87/123                                         1.00 (Reference)                                    
Yes                                                               No                                            224/195                                        0.62 (0.44-0.86)                               0.0057
No                                                               Yes                                              17/21                                          0.87 (0.44-1.75)                               0.8402
Yes                                                              Yes                                              34/23                                          0.48 (0.26-0.87)                               0.0214

CI: Confidence interval. aBased on chi-square test. Bold values indicate statistical significance.

Table VI. Summary of studies on matrix metalloproteinase-2 (MMP2) -1306 genotypes in colorectal cancer risk. 

CC: CT:TT Genotypic frequency, n
First author (Ref) Published Study Highlighted 

year ethnicity Controls Cases findings

Xu et al. (37) 2004 Chinese 92:32:2 106:19:1 CT+TT Genotypes contributed to higher risk
Elander et al. (40) 2006 Swedish 109:89:10 69:49:9 No specific association
Saeed et al. (41) 2013 Saudi 92:23:1 66:24:5 No specific association
Shalaby et al. (38) 2014 Saudi 103:20:2 92:21:12 CT+TT Genotypes contributed to higher risk
Banday et al. (39) 2016 Kashmiri 125:59:0 110:32:0 CT Genotype contributed to lower risk
Yueh et al. Current Taiwanese 258:93:11 218:111:33 CT and TT Genotypes contributed to higher risk

Table VII. Correlation between matrix metalloproteinase-2 (MMP2) -1306 genotypes and clinicopathological properties of 362 patients with
colorectal cancer.

MMP2 -1306 genotype, n (%)

Factor                                          Subgroup Cases, n CC CT TT p-Valuea

Age                                              ≤60 Years                        95 59 (62.1) 31 (32.6) 5 (5.3)                         
                                                    >60 Years                      267 159 (59.5) 80 (30.0) 28 (10.5)                     0.3110
Gender                                         Male                              203 123 (60.6) 65 (32.0) 15 (7.4)                      0.4066
                                                    Female                          159 95 (59.8) 46 (28.9) 18 (11.3)                       
BMI                                             <24 kg/m2                     193 119 (61.7) 58 (30.1) 16 (8.2)                        
                                                    ≥24 kg/m2                     169 99 (58.6) 53 (31.4) 17 (10.0)                     0.7782
Tumor size                                  <5 cm                            195 118 (60.5) 62 (31.8) 15 (7.7)                        
                                                    ≥5 cm                            167 100 (59.9) 49 (29.3) 18 (10.8)                     0.5705
Location                                      Colon                            257 153 (59.5) 81 (31.5) 23 (9.0)                        
                                                    Rectum                          105 65 (61.9) 30 (28.6) 10 (9.5)                      0.8574
Lymph node involvement          Negative                        210 141 (67.1) 59 (28.1) 10 (4.8)                        
                                                    Positive                         152 77 (50.7) 52 (34.2) 23 (15.1)                     0.0004

BMI: Body mass index. aBased on chi-square test without Yates’ correction. Bold value indicates statistical significance.



than in the control group (Table III). The above findings
indicating that MMP2 -1306 genotype may serve as a marker
for prediction of CRC risk are consistent with those of Xu et
al. in Chinese (37) and Shalaby et al. in Saudi patients (38),
while they are different from those of Banday et al. in
Kashmiris (39). Xu and Shalaby both reported that MMP2 -
1306 CT and TT genotypes were associated with higher CRC
risk. However, their sample sizes (controls:cases=126:126 for
Xu and 125:125 for Shalaby) were restricted; Xu et al. even
found that TT alone contributed to lower CRC risk due to the
bias of small sample size. Banday et al. reported that MMP2
-1306 CT genotype was associated with reduced CRC risk in
Kashmiris compared with the CC genotype (39). There were
also two studies with negative association (40, 41). The
tentative conclusion that MMP2 -1306 genotype can serve as
a tool for early detection of CRC risk needs further
investigation. To date, we have summarized all the literature
concisely in Table VI for a comprehensive understanding of
the role of MMP2 -1306 genotype in CRC risk determination.

The inconsistency noted above may have at least two
explanations. The first is that different populations were
investigated, and the second is that the influence of MMP2
on CRC risk may be somehow affected by other risk factors
such as personal behaviors. Although the International
Agency for Research on Cancer concluded that alcoholic
beverages are causally related to several types of cancer,
including CRC (46), solid evidence for any gene–behavior
interaction is lacking. In our analysis of gene–behavior
interaction, neither the CT nor the TT genotype at MMP2 -
1306 appear to interact with smoking behavior (Table IV) to
influence the risk of CRC. Instead, alcohol drinking appears
to enhance the protective effects of carrying the CC genotype
of MMP2 -1306 (Table V). To the best of our knowledge,
this is the first epidemiological study based on molecular
genetics to evaluate the contribution of MMP2 -1306
genotypes and susceptibility to CRC in association with
cigarette smoking and alcohol drinking status. The
interaction between alcohol consumption and MMP2
genotype remains unresolved.

In literature, the MMP2 -1306 variants have been reported
to undermine the binding site of transcription factor Sp1,
resulting in the suppression of its transcription (47). In 2017,
the levels of MMP2 in serum from 470 patients with CRC
were found to be up-regulated compared to adjacent non-
cancerous tissues (25). In addition, MMP2 expression was
significantly associated with more invasive cancer stages and
death, that is to say, patients with CRC with a stronger
expression of MMP2 tended to have shorter survival (26).
Although we have no phenotype data showing the expression
levels of MMP2 mRNA or protein among various MMP2 -
1306 genotypes, we did find that the CT and TT genotypes
at MMP2 -1306 contribute to positive lymph node status of
CRC (Table VII). It is very possible that CRC cells with

CT/TT genotypes at MMP2 -1306 may have higher MMP2
expression levels than cells with CC genotype.

In recent years, our laboratory has reported that MMP2 -
1306 CC genotype contributes to higher risk of gastric
cancer (44), while having no significant association with
childhood leukemia (48) in Taiwanese. This difference is
found in other ethnicities (37-41). Thus, the role of the
MMP2 -1306 polymorphism in carcinogenesis seems to be
complicated and might differ among various types of cancer.

In conclusion, our findings provide solid evidence for T-
bearing genotypes of MMP2 -1306 being associated with a
higher risk of CRC, and the genotype of MMP2 might serve
as a prognostic marker for metastatic status of CRC.

Conflicts of Interest
The Authors declare no conflicts of interest.

Authors’ Contributions
Research design: Yueh TC, Hung YC, Lee HT and Bau DT;
questionnaire summarization: Yang MD, Ke TW and Yueh TC;
Experiment Performance: Yang YC, Wang ZH, Chang WS and Tsai
CW; statistical analysis and confirmation: Pei JS, DT Bau and Chang
WS; article writing: Yueh TC, Hung YC, Lee HT and Bau DT; article
polishing and correction: Chang WS, Wang ZH and Bau DT.

Acknowledgements
The Authors are grateful to Yu-Ting Chin and Tai-Lin Huang for their
excellent technical assistance. All the participants in this study are
appreciated. This study was supported by Taichung Armed Forces
General Hospital (grant number: TCAFGH-D-110017), Taichung
Veterans General Hospital (grant number TCVGH-1114904C) and
China Medical University Hospital (grant number: DMR-111-041).
The funders had no role in the study design, data collection and
analysis, decision to publish or preparation of the article.

References
1 Siegel RL, Miller KD, Fuchs HE and Jemal A: Cancer statistics,

2022. CA Cancer J Clin 72(1): 7-33, 2022. PMID: 35020204.
DOI: 10.3322/caac.21708

2 Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A
and Bray F: Global patterns and trends in colorectal cancer
incidence and mortality. Gut 66(4): 683-691, 2017. PMID:
26818619. DOI: 10.1136/gutjnl-2015-310912

3 Siegel RL, Torre LA, Soerjomataram I, Hayes RB, Bray F,
Weber TK and Jemal A: Global patterns and trends in colorectal
cancer incidence in young adults. Gut 68(12): 2179-2185, 2019.
PMID: 31488504. DOI: 10.1136/gutjnl-2019-319511

4 Douaiher J, Ravipati A, Grams B, Chowdhury S, Alatise O and
Are C: Colorectal cancer-global burden, trends, and geographical
variations. J Surg Oncol 115(5): 619-630, 2017. PMID:
28194798. DOI: 10.1002/jso.24578

5 Nagini S: Carcinoma of the stomach: A review of epidemiology,
pathogenesis, molecular genetics and chemoprevention. World J

ANTICANCER RESEARCH 42: 5335-5342 (2022)

5340



Gastrointest Oncol 4(7): 156-169, 2012. PMID: 22844547. DOI:
10.4251/wjgo.v4.i7.156

6 Jayasurya R, Sathyan KM, Lakshminarayanan K, Abraham T,
Nalinakumari KR, Abraham EK, Nair MK and Kannan S:
Phenotypic alterations in Rb pathway have more prognostic
influence than p53 pathway proteins in oral carcinoma. Mod
Pathol 18(8): 1056-1066, 2005. PMID: 15731778. DOI:
10.1038/modpathol.3800387

7 Butterworth AS, Higgins JP and Pharoah P: Relative and
absolute risk of colorectal cancer for individuals with a family
history: a meta-analysis. Eur J Cancer 42(2): 216-227, 2006.
PMID: 16338133. DOI: 10.1016/j.ejca.2005.09.023

8 Houlston RS and Tomlinson IP: Polymorphisms and colorectal
tumor risk. Gastroenterology 121(2): 282-301, 2001. PMID:
11487538. DOI: 10.1053/gast.2001.26265

9 Wu MH, Tzeng HE, Wu CN, Yueh TC, Peng YC, Tsai CH,
Wang YC, Ke TW, Pei JS, Chang WS, Tsai CW and Bau DT:
Association of matrix metalloproteinase-9 rs3918242 promoter
genotypes with colorectal cancer risk. Anticancer Res 39(12):
6523-6529, 2019. PMID: 31810917. DOI: 10.21873/anticanres.
13867

10 Wu MH, Hung YW, Gong CL, Chao CC, Yueh TC, Wang SC,
Lai YL, Hsu SW, Fu CK, Wang YC, Ke TW, Chang WS, Tsai
CW and Bau DT: Contribution of Caspase-8 genotypes to
colorectal cancer risk in taiwan. Anticancer Res 39(6): 2791-
2797, 2019. PMID: 31177115. DOI: 10.21873/anticanres.13406

11 Yueh TC, Hung YW, Shih TC, Wu CN, Wang SC, Lai YL, Hsu
SW, Wu MH, Fu CK, Wang YC, Ke TW, Chang WS, Tsai CW
and Bau DT: Contribution of murine double minute 2 genotypes
to colorectal cancer risk in taiwan. Cancer Genomics Proteomics
15(5): 405-411, 2018. PMID: 30194081. DOI: 10.21873/
cgp.20099

12 Yueh TC, Wu CN, Hung YW, Chang WS, Fu CK, Pei JS, Wu
MH, Lai YL, Lee YM, Yen ST, Li HT, Tsai CW and Bau DT:
The contribution of MMP-7 genotypes to colorectal cancer
susceptibility in taiwan. Cancer Genomics Proteomics 15(3):
207-212, 2018. PMID: 29695403. DOI: 10.21873/cgp.20079

13 Hung YC, Chang WS, Chou AK, Pei JS, Yang MD, Yang HR,
Yang TM, Wang YC, Hsiau YC, Chen CP, Chen CC, Yu CC,
Tsai CW and Bau DT: Association of Adiponectin genotypes
with colorectal cancer susceptibility in taiwan. Anticancer Res
40(3): 1297-1306, 2020. PMID: 32132026. DOI: 10.21873/
anticanres.14071

14 Wu MH, Yueh TC, Chang WS, Tsai CW, Fu CK, Yang MD, Yu
CC and Bau DT: Contribution of Matrix Metalloproteinase-1
genotypes to colorectal cancer in taiwan. Cancer Genomics
Proteomics 18(3): 245-251, 2021. PMID: 33893077. DOI:
10.21873/cgp.20255

15 Pickup MW, Mouw JK and Weaver VM: The extracellular
matrix modulates the hallmarks of cancer. EMBO Rep 15(12):
1243-1253, 2014. PMID: 25381661. DOI: 10.15252/embr.
201439246

16 Woessner JF Jr: Matrix metalloproteinases and their inhibitors
in connective tissue remodeling. FASEB J 5(8): 2145-2154,
1991. PMID: 1850705.

17 Murphy G and Docherty AJ: The matrix metalloproteinases and
their inhibitors. Am J Respir Cell Mol Biol 7(2): 120-125, 1992.
PMID: 1497900. DOI: 10.1165/ajrcmb/7.2.120

18 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(3): 250-259, 2010. PMID: 21731196. DOI:
10.1007/s12291-010-0060-8

19 Kesanakurti D, Chetty C, Dinh DH, Gujrati M and Rao JS: Role
of MMP-2 in the regulation of IL-6/Stat3 survival signaling via
interaction with α5β1 integrin in glioma. Oncogene 32(3): 327-
340, 2013. PMID: 22349830. DOI: 10.1038/onc.2012.52

20 Wu W, Gao H, Li X, Peng S, Yu J, Liu N, Zhan G, Zhu Y, Wang
K and Guo X: β-hCG promotes epithelial ovarian cancer
metastasis through ERK/MMP2 signaling pathway. Cell Cycle
18(1): 46-59, 2019. PMID: 30582718. DOI: 10.1080/
15384101.2018.1558869

21 Li Y, Song T, Chen Z, Wang Y, Zhang J and Wang X: Pancreatic
stellate cells activation and matrix metallopeptidase 2 expression
correlate with lymph node metastasis in pancreatic carcinoma.
Am J Med Sci 357(1): 16-22, 2019. PMID: 30466735. DOI:
10.1016/j.amjms.2018.10.001

22 Liu SQ, Xu CY, Wu WH, Fu ZH, He SW, Qin MB and Huang
JA: Sphingosine kinase 1 promotes the metastasis of colorectal
cancer by inducing the epithelial mesenchymal transition
mediated by the FAK/AKT/MMPs axis. Int J Oncol 54(1): 41-
52, 2019. PMID: 30365116. DOI: 10.3892/ijo.2018.4607

23 Zhao Y, Wang Q, Zeng Y, Xie Y and Zhou J: Gastrin/CCK-B
receptor signaling promotes cell invasion and metastasis by
upregulating MMP-2 and VEGF expression in gastric cancer. J
Cancer 13(1): 134-145, 2022. PMID: 34976177. DOI: 10.7150/
jca.51854

24 Kwon Y, Park SJ, Nguyen BT, Kim MJ, Oh S, Lee H, Park N,
Kim HS, Kang MJ, Min BS, Lee JW, Yang EG and Lee C:
Multi-layered proteogenomic analysis unravels cancer metastasis
directed by MMP-2 and focal adhesion kinase signaling. Sci Rep
11(1): 17130, 2021. PMID: 34429501. DOI: 10.1038/s41598-
021-96635-7

25 Deng J, Chen W, Du Y, Wang W, Zhang G, Tang Y, Qian Z, Xu
P, Cao Z and Zhou Y: Synergistic efficacy of Cullin1 and MMP-
2 expressions in diagnosis and prognosis of colorectal cancer.
Cancer Biomark 19(1): 57-64, 2017. PMID: 28269751. DOI:
10.3233/CBM-160341

26 Araújo RF Jr, Lira GA, Vilaça JA, Guedes HG, Leitão MC,
Lucena HF and Ramos CC: Prognostic and diagnostic
implications of MMP-2, MMP-9, and VEGF-α expressions in
colorectal cancer. Pathol Res Pract 211(1): 71-77, 2015. PMID:
25446246. DOI: 10.1016/j.prp.2014.09.007

27 Ramezani P, Abnous K, Taghdisi SM, Zahiri M, Ramezani M
and Alibolandi M: Targeted MMP-2 responsive chimeric
polymersomes for therapy against colorectal cancer. Colloids
Surf B Biointerfaces 193: 111135, 2020. PMID: 32447200. DOI:
10.1016/j.colsurfb.2020.111135

28 Deng W, Sui H, Wang Q, He N, Duan C, Han L, Li Q, Lu M
and Lv S: A Chinese herbal formula, Yi-Qi-Fu-Sheng, inhibits
migration/invasion of colorectal cancer by down-regulating
MMP-2/9 via inhibiting the activation of ERK/MAPK signaling
pathways. BMC Complement Altern Med 13: 65, 2013. PMID:
23506655. DOI: 10.1186/1472-6882-13-65

29 Turner RJ and Sharp FR: Implications of MMP9 for blood brain
barrier disruption and hemorrhagic transformation following
ischemic stroke. Front Cell Neurosci 10: 56, 2016. PMID:
26973468. DOI: 10.3389/fncel.2016.00056

30 Ko HS, Park BJ, Choi SK, Kang HK, Kim A, Kim HS, Park IY
and Shin JC: STAT3 and ERK signaling pathways are implicated

Yueh et al: MMP2 Genotype in Colorectal Cancer

5341



in the invasion activity by oncostatin M through induction of
matrix metalloproteinases 2 and 9. Yonsei Med J 57(3): 761-768,
2016. PMID: 26996579. DOI: 10.3349/ymj.2016.57.3.761

31 Mohamed HG, Idris SB, Mustafa M, Ahmed MF, Åstrøm AN,
Mustafa K and Ibrahim SO: Influence of type 2 diabetes on
prevalence of key periodontal pathogens, salivary matrix
metalloproteinases, and bone remodeling markers in Sudanese
adults with and without chronic periodontitis. Int J Dent 2016:
6296854, 2016. PMID: 26989414. DOI: 10.1155/2016/6296854

32 Ye S: Polymorphism in matrix metalloproteinase gene
promoters: implication in regulation of gene expression and
susceptibility of various diseases. Matrix Biol 19(7): 623-629,
2000. PMID: 11102751. DOI: 10.1016/s0945-053x(00)00102-5

33 Groblewska M, Mroczko B, Kozlowski M, Niklinski J, Laudanski
J and Szmitkowski M: Serum matrix metalloproteinase 2 and
tissue inhibitor of matrix metalloproteinases 2 in esophageal
cancer patients. Folia Histochem Cytobiol 50(4): 590-598, 2012.
PMID: 23264224. DOI: 10.5603/20327

34 Kapral M, Wawszczyk J, Jurzak M, Dymitruk D and Weglarz L:
Evaluation of the expression of metalloproteinases 2 and 9 and
their tissue inhibitors in colon cancer cells treated with phytic
acid. Acta Pol Pharm 67(6): 625-629, 2010. PMID: 21229878

35 Patel BP, Shah PM, Rawal UM, Desai AA, Shah SV, Rawal RM
and Patel PS: Activation of MMP-2 and MMP-9 in patients with
oral squamous cell carcinoma. J Surg Oncol 90(2): 81-88, 2005.
PMID: 15844188. DOI: 10.1002/jso.20240

36 Lin CM, Zeng YL, Xiao M, Mei XQ, Shen LY, Guo MX, Lin
ZY, Liu QF and Yang T: The Relationship between MMP-2 -
1306C>T and MMP-9 -1562C>T polymorphisms and the risk
and prognosis of t-cell acute lymphoblastic leukemia in a
chinese population: A case-control study. Cell Physiol Biochem
42(4): 1458-1468, 2017. PMID: 28719899. DOI: 10.1159/
000479210

37 Xu E, Lai M, Lv B, Xing X, Huang Q and Xia X: A single
nucleotide polymorphism in the matrix metalloproteinase-2
promoter is associated with colorectal cancer. Biochem Biophys
Res Commun 324(3): 999-1003, 2004. PMID: 15485653. DOI:
10.1016/j.bbrc.2004.09.150

38 Shalaby MA, Nounou HA, Ms A, O A, Azzam N and Saeed
HM: Associations between single nucleotide polymorphisms of
COX-2 and MMP-2 genes and colorectal cancer susceptibility
in the Saudi population. Asian Pac J Cancer Prev 15(12): 4989-
4994, 2014. PMID: 24998576. DOI: 10.7314/apjcp.2014.
15.12.4989

39 Banday MZ, Sameer AS, Mir AH, Mokhdomi TA, Chowdri NA
and Haq E: Matrix metalloproteinase (MMP) -2, -7 and -9
promoter polymorphisms in colorectal cancer in ethnic Kashmiri
population - A case-control study and a mini review. Gene
589(1): 81-89, 2016. PMID: 27222481. DOI: 10.1016/j.gene.
2016.05.028

40 Elander N, Söderkvist P and Fransén K: Matrix metalloproteinase
(MMP) -1, -2, -3 and -9 promoter polymorphisms in colorectal
cancer. Anticancer Res 26(1B): 791-795, 2006. PMID: 16739355.

41 Saeed HM, Alanazi MS, Parine NR, Shaik J, Semlali A, Alharbi
O, Azzam N, Aljebreen A, Almadi M and Shalaby MA: Matrix
metalloproteinase-2 (-1306 c>t) promoter polymorphism and risk
of colorectal cancer in the Saudi population. Asian Pac J Cancer
Prev 14(10): 6025-6030, 2013. PMID: 24289619. DOI: 10.7314/
apjcp.2013.14.10.6025

42 Wu MH, Chen CH, Chen CP, Huang TL, Yueh TC, Wang ZH,
Tsai CW, Pei JS, Mong MC, Yang YC, Bau DT and Chang WS:
Contribution of 5-Methyltetrahydrofolate-Homocysteine
Methyltransferase Reductase genotypes to colorectal cancer in
taiwan. Anticancer Res 42(5): 2375-2382, 2022. PMID:
35489763. DOI: 10.21873/anticanres.15716

43 Yang MD, Lin KC, Lu MC, Jeng LB, Hsiao CL, Yueh TC, Fu CK,
Li HT, Yen ST, Lin CW, Wu CW, Pang SY, Bau DT and Tsai FJ:
Contribution of matrix metalloproteinases-1 genotypes to gastric
cancer susceptibility in Taiwan. Biomedicine (Taipei) 7(2): 10,
2017. PMID: 28612708. DOI: 10.1051/bmdcn/2017070203

44 Fu CK, Mong MC, Yu CC, Yang MD, Wang ZH, Yang YC,
Chen JC, Pei JS, Hsia NY, Tsai CW, Chang WS and Bau DT:
Association of Matrix Metallopeptidase-2 genotypes with risk
of gastric cancer in taiwan. Anticancer Res 42(4): 1749-1755,
2022. PMID: 35346993. DOI: 10.21873/anticanres.15651

45 Pei JS, Chang WS, Hsu PC, Chen CC, Yang YC, Hsu SW, Hsu
YN, Wang YC, Wang CH, Tsai CW and Bau DT: Contribution
of cyclin-dependent kinase inhibitor 1B genotypes to childhood
leukemia risk. In Vivo 36(4): 1637-1642, 2022. PMID:
35738638. DOI: 10.21873/invivo.12874

46 Boffetta P, Hashibe M, La Vecchia C, Zatonski W and Rehm J:
The burden of cancer attributable to alcohol drinking. Int J
Cancer 119(4): 884-887, 2006. PMID: 16557583. DOI: 10.1002/
ijc.21903

47 Srivastava P, Pandey S, Mittal B and Mittal RD: No association
of matrix metalloproteinase [MMP]-2 (-735C>T) and tissue
inhibitor of Metalloproteinase [TIMP]-2 (-418G>C) gene
polymorphisms with cervical cancer susceptibility. Indian J Clin
Biochem 28(1): 13-18, 2013. PMID: 24381415. DOI: 10.1007/
s12291-012-0237-4

48 Hsu PC, Pei JS, Chen CC, Chang WS, Kuo CC, Cheng SP, Tsai
CW, Bau DT and Gong CL: Association of Matrix
Metallopeptidase-2 promoter polymorphisms with the risk of
childhood leukemia. Anticancer Res 39(3): 1185-1190, 2019.
PMID: 30842148. DOI: 10.21873/anticanres.13228

Received August 29, 2022
Revised September 12, 2022
Accepted September 14, 2022

ANTICANCER RESEARCH 42: 5335-5342 (2022)

5342


