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Abstract

Background: Previous studies assessing associations between matrix metalloproteinase 2 (MMP-2)
polymorphisms and lung cancer risk reported conflicting results. A meta-analysis was therefore performed to
derive a more precise estimation. Method: Case-control studies assessing associations between MMP-2 C735T
and C1306T polymorphisms and lung cancer risk were included. Pooled odds ratios (ORs) with 95% confidence
intervals (ClIs) were estimated. Results: 7 studies with a total of 3,189 lung cancer cases and 3,013 controls were
finally included into this meta-analysis. Overall, the MMP-2 C735T polymorphism was associated with lung
cancer risk under the homozygote model (CC versus TT: OR =1.44,95% CI =1.03-2.02,1> = 0%), while the MMP-
2 C1306T polymorphism also associated demonstrated links with all four models (all P values less than 0.05).
Subgroup analyses by race suggested obvious associations between MMP-2 C735T and C1306T polymorphisms
and lung cancer risk in Asians but not in Caucasians. There was no evidence for publication bias. Conclusion:
Currently available evidence supports teh conclusion that MMP-2 C735T and C1306T polymorphisms influence

susceptibility to lung cancer in Asians.
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Introduction

Lung cancer is the most frequently occurring cancer
and the leading cause of death from cancer worldly
(Jemal et al., 2011). Among the lifestyle related causes
of lung cancer, smoking is the primary risk factor for
lung cancer, but lung cancer develops in less than 20% of
people who smoke throughout their life, which suggests
that other factors including genetic susceptibility also
contribute to lung carcinogenesis (Herbst et al., 2008;
Xiaoetal.,2011). Examination of genetic polymorphisms
may explain individual differences in cancer risk and
explore the mechanism of lung carcinogenesis (Brennan
et al., 2011). Matrix metalloproteinases (MMPs) are a
large family of zincdependent neutral endopeptidases
that play an important role in the degradation of all
matrix components crucial for malignant tumor growth,
invasion and metastasis (Bauvois, 2012). MMPs can
promote cancer progression by increasing cancer-cell
growth,migration, invasion, metastasis and angiogenesis,
and their expression is often associated with poor survival
(Caoetal.,2011; Im et al., 2012). MMP-2 is considered
to play a critical role in metastasis, and the synthesis and
secretion of MMP-2 can be stimulated by a variety of
stimuli, including cytokines, during various pathological
processes such as tumor invasion, atherosclerosis, and
inflammation (Cao et al.,2011; Hahn et al.,2012). MMP-

2 C735T and C1306T are two common polymorphisms
in the MMP-2 gene, have allele-specific effects on the
transcriptional activities of MMP gene promoters (Decock
etal.,2008; Chetty et al.,2011). A number of studies have
been performed to assess the associations between MMP-
2 C735T and C1306T polymorphisms and lung cancer
risk. However, previous studies assessing the associations
between MMP-2 C735T and C1306T polymorphisms
and lung cancer risk reported conflicting results. Thus,
we performed a meta-analysis to derive a more precise
estimation of the associations above.

Materials and Methods

Search strategy

We conducted a comprehensive search in the Pubmed,
Web of Science and Chinese Biomedical Database
(CBM) databases from their inception through March
22,2012. We combined search terms for MMP-2 C735T
and C1306T polymorphisms and lung cancer. Search
terms included: (Matrix metalloproteinases 2, MMP-2,
C735T, or C1306T) and (lung carcinoma, lung cancer,
or lung tumor) and (polymorphism, polymorphisms,
mutation, or genotype). There was no language limitation.
All references cited in those included studies were also
reviewed to identify additional published articles not
indexed in the common database.
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Study eligibility

Eligibility criteria included the following: 1) Case—
control design with the genotyping of individuals with and
without lung cancer; 2) identification of lung cancer was
confirmed pathologically; 3) sufficient reported genotypic
frequencies in both cases and controls for estimating an
odds ratio (OR) with a 95% confidence interval (95%CI).
In studies with overlapping cases or controls, the most
recent and/or the largest study with extractable data
was included in the meta-analysis. Studies investigating
progression, severity, phenotype modification, response
to treatment, or survival were excluded from this meta-
analysis.

Data extraction

Two investigators independently extracted data,
and disagreements were resolved through consensus.
Standardized abstraction sheets were employed for
recording of data from individual studies. Data retrieved
from the articles included the following: author, year of
publication, study design, study population, ethnicity of
the study population, racial decent of the study population
(categorized as Caucasians, Asians and others), genotyping
method, and genotype distributions of cases and controls
for MMP-2 C735T and C1306T polymorphisms.

Quality assessment

Quality assessment for case-control studies in this
meta-analysis was assessed using the Newcastle Ottawa
scale (NOS) as recommended by the Cochrane Non-
Randomized Studies Methods Working Group (Wells et
al., 2000). This instrument was developed to assess the
quality of nonrandomized studies, specifically cohort and
case-control studies. Based on the NOS cohort studies
were judged based on three broad perspectives: selection
of study groups (1 criteria), comparability of study groups
(4 criteria), and ascertainment of outcome of interest (3
criteria). Given the variability in quality of observational
studies found on our initial literature search, we considered
studies that met 5 or more of the NOS criteria as high
quality.

Statistical analysis

We calculated the pooled OR with its corresponding
95%ClI to assess the association between MMP-2 C735T
and C1306T polymorphisms and lung cancer. We
performed a meta-analysis to investigate the association
between MMP-2 C735T and C1306T polymorphisms
and lung cancer for the allele contrast (C versus T),
homozygote (CC versus TT), recessive (CC versus CT
and TT), and dominant (CC and CT versus TT) models. In
our study, two models of meta-analysis for dichotomous
outcomes were conducted: the random-effects model and
the fixed-effects model. The random-effects model was
conducted using the DerSimonian and Laird’s method
(DerSimonian and Laird, 1986). The fixed-effects model
was conducted using the Mantel-Haenszel’s method
(Mantel and Haenszel, 1959). The 12 statistic to quantify
the proportion of the total variation due to heterogeneity
was calculated to assess the between-study heterogeneity
(Higgins et al., 2003). If heterogeneity existed, the
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random-effects model was used to pool the results;
otherwise, the fixed-effects model was used to pool the
results. For additional analyses, the cases and controls
were sub-grouped on the basis of their ethnicity. Racial
descent was categorized into Caucasians, Asians and
others according to ethnicity classifications for genetic
studies. Publication bias was assessed by visual inspection
of the funnel plots, in which the standard error of logor of
each study was plotted against its logor, and an asymmetric
plot suggested possible publication bias. All analyses were
performed using Review Manager Version 5.1. AP value <
0.05 was considered statistically significant, except where
otherwise specified.

Results

Study characteristics

With our search criterion, 26 abstracts were found.
After discarding those which clearly did not meet the
criteria and excluding 19 records, 7 full-text publications
with a total of 3,189 lung cancer cases and 3,013 controls
were included into this meta-analysis (Yu et al., 2002;
Zhou et al.,2005; Rollin et al., 2007; Song et al., 2007; Jia,
2009; Aysegul et al.,2011; Gonzalez-Arriaga et al.,2012).
Ethnic groups among these studies were as following: 3
from Caucasians and 4 from Asians. There were 4 studies
with a total of 2,045 cases and 1913 controls on MMP-2
C735T polymorphism (Zhou et al., 2005; Rollin et al.,
2007; Jia, 2009; Gonzalez-Arriaga et al.,2012), and there
were 5 studies with a total of 2,004 cases and 1967 controls
on MMP-2 C1306T polymorphism (Yu et al.,2002; Zhou
etal.,2005; Rollin et al.,2007; Song et al., 2007; Aysegul
etal.,2011). The number of cases varied from 89 to 816,
with a mean of 456, and the numbers of controls varied
from 90 to 852, with a mean of 430.

Meta-analysis results

The outcome for the association between MMP-2
C735T polymorphism lung cancer risk was showed in
the Table 1. Overall, MMP-2 C735T polymorphism was
associated with lung cancer risk under the homozygote
model (CC versus TT: OR =1.44, 95% CI = 1.03-2.02,
I? = 0%). Subgroup analyses by race suggested there
were an obvious association between MMP2 C735T

Table 1. Meta-analysis of the Association Between
MMP-2 C735T Polymorphism and Lung Cancer Risk

OR (95%CI) P I*(%) Pooled model

Contrast models

Total population
C versus T 1.16(0.93-1.44) 0.19 65% Random effects
CC versus TT 1.44(1.03-2.02) 0.03 0% Fixed effects
CC versus CT/TT 1.17(0.83-1.64) 0.34 80% Random effects
CC/CT versus TT 1.33(0.96-1.85) 0.1 0% Fixed effects
Caucasians
C versus T 0.96(0.78-1.17) 0.66 0% Fixed effects
CC versus TT 1.72(0.89-3.31) 0.1 0% Fixed effects
CC versus CT/TT 0.88(0.70-1.10) 026 0% Fixed effects
CC/CT versus TT 1.80(0.94-3.46) 0.08 0% Fixed effects
Asians
C versus T 1.32(1.15-1.52) <0.001 31% Fixed effects
CC versus TT 1.36(091-2.01) 0.13 0% Fixed effects
CC versus CT/TT 1.39(1.03-1.87) 0.03 64% Random effects
CC/CT versus TT 1.19(0.81-1.75) 0.39 0% Fixed effects
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Table 2. Meta-analysis of the Association Between
MMP-2 C1306T Polymorphism and Lung Cancer
Risk

Contrast models

OR (95%CI) P I?*(%) Pooled model

Total population
Cversus T 1.51(1.13-2.02)
CC versus TT 1.88(1.17-3.02) 0.009 0% Fixed effects
CC versus CT/TT 1.60(1.14-2.24)  0.006 75% Random effects
CC/CT versus TT 1.63(1.01-2.62) 0.04 0% Fixed effects
Caucasians
Cversus T 0.94(0.67-1.31) 0.71 0% Fixed effects
CC versus TT 1.03(0.29-3.70) 096 0% Fixed effects
CC versus CT/TT 0.91(0.62-1.35) 0.65 0% Fixed effects
CC/CT versus TT 1.07(0.30-3.82) 091 0% Fixed effects
Asians
Cversus T 1.93(1.52-2.23) <0.001 0% Fixed effects
CC versus TT 2.07(1.24-347) 0.006 0% Fixed effects
CC versus CT/TT 2.14(1.82-2.51) <0.001 0% Random effects
CC/CT versus TT 1.74(1.04-291) 0.03 0% Fixed effects

0.005 74% Random effects
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Figure 1. Funnel Plot for Assessing the Publication Bias
Risk in This Meta-analysis (Allele Contrast Model C
Versus T)
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polymorphism and lung cancer risk in Asians (C versus
T: OR =1.32,95% CI = 1.15-1.52, 1> = 31%; CC versus
CT/TT: OR =139, 95% CI = 1.03-1.87, I = 64%), but
there was no association in Caucasians (Table 2).

The outcome for the association between MMP-2
C1306T polymorphism risk of lung cancer was showed
in the Table 2. Overall, MMP-2 C1306T polymorphism
was associated with lung cancer risk under all four models
(All P values were less than 0.05). Subgroup analyses by
race suggested there were an obvious association between
MMP-2 C1306T polymorphism and lung cancer risk in
Asians (All P values were less than 0.05), but there was
no association in Caucasians (All P values were more than
0.05) (Table 2).

Publication bias

Funnel plot was used to assess the publication bias
in this meta-analysis. Funnel plots’ shape of all contrasts
did not reveal obvious evidence of asymmetry, suggesting
that publication bias was not evident in this meta-analysis
(Figure 1).

Discussion

Many studies have investigated the role of MMP-2
polymorphisms in lung cancer risk, but have yielded
inconsistent and inconclusive results (Yu et al., 2002; Zhou
etal.,2005; Rollin et al.,2007; Song et al.,2007; Aysegul et
al.,2011; Gonzalez-Arriaga et al.,2012). Meta-analysis is
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a quantitative approach in which individual study findings
on the same topic are statistically integrated and analyzed,
and recently, it has been used for the evaluation of cancer
prognostic markers and genetic risk factors. Thus, derive
a more precise estimation of the associations above,
we performed this meta-analysis by including relevant
studies. 7 studies with a total of 3189 lung cancer cases
and 3013 controls were finally included into this meta-
analysis. Overall, MMP-2 C735T polymorphism was
associated with lung cancer risk under the homozygote
model (CC versus TT: OR =1.44, 95% CI = 1.03-2.02,
I? = 0%), while MMP-2 C1306T polymorphism was
associated with lung cancer risk under all four models
(AIl P values were less than 0.05). Subgroup analyses by
race suggested there were obvious associations between
MMP-2 C735T and C1306T polymorphisms and lung
cancer risk in Asians but not in Caucasians. Thus, MMP-
2 C735T and C1306T polymorphisms are susceptibility
gene for lung cancer in Asians.

MMPs can regulate the tumor microenvironment,
and their expression and activation is increased in
almost all human cancers compared with normal tissue
(Chetty et al., 2011; Wang et al., 2011). MMP-2 is over-
expressed in various human cancer tissues and involves
in tumor initiation, invasion, and metastasis (Egeblad
and Werb, 2002). Previous studies suggest individuals
with CC genotype of both MMP-2 C735T and C1306T
polymorphisms have higher promoter activity and higher
MMP-2 enzyme activity compared with those with the
TT genotype, and thus may have obviously higher risk of
lung cancer (Nelson et al., 2000; Price et al.,2001). Thus,
there is biochemical evidence for the associations between
MMP-2 polymorphisms and lung cancer risk.

The heterogeneity is a very important part of meta-
analysis and finding the possible sources for the high
heterogeneity is very important and can greatly affect the
results of a meta-analysis (Ioannidis et al., 2007). There
was high heterogeneity in some contrast models of this
meta-analysis. Subgroup analyses by ethnicity showed
the heterogeneity decreased obviously in the subgroup
analyses of Asians or Caucasians, which suggested
ethnicity was the major source of the heterogeneity in
our meta-analysis. This heterogeneity may be explained
by the race-specific effect of MMP-2 C735T and C1306T
polymorphisms on the susceptibility to lung cancer.

Our analysis had several limitations that must be
considered when interpreting the finding. Firstly, our
main analysis was based on unadjusted estimates owing
to the lack of adjusted estimates. However, a more precise
analysis could be performed if adjusted estimates were
available in all studies (Peters and Mengersen, 2008).
Second, as no prospective studies have addressed our
question, all included studies followed a retrospective
case-control design. Thus, the possible increased reporting
bias associated with case-control studies could not be
eliminated in this meta-analysis, and this aspect should
be one of the limitations of our meta-analysis. Future
prospective studies can investigate whether routine
screening for the presence of the MMP-2 C735T and
C1306T polymorphisms can predicate the development
of lung cancer. Finally, the association between MMP-2
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C735T and C1306T polymorphisms and lung cancer may
be affected by the different histological types of lung
cancer. However, little data on this aspect was reported
in those studies, and we were unable to make subgroup
analyses by the different histological types of lung cancer.
Further studies with large sample size are needed to
identify this association in different histological types of
lung cancer.

In conclusion, our study supports that MMP-2 C735T
and C1306T polymorphisms are susceptibility gene for
lung cancer in Asians. Besides, more studies with large
sample need performing to further assess the associations
between MMP-2 polymorphisms and lung cancer risk in
Caucasians.

Acknowledgements

The author(s) declare that they have no competing
interests.

References

Aysegul B, Veysi GH, Muzaffer M, et al (2011). Is a single
nucleotide polymorphism a risk factor for lung cancer in
the matrix metalloproteinase-2 promoter? Mol Biol Rep,
38, 1469-74.

Bauvois B (2012). New facets of matrix metalloproteinases
MMP-2 and MMP-9 as cell surface transducers: outside-in
signaling and relationship to tumor progression. Biochim
Biophys Acta, 1825,29-36.

Brennan P, Hainaut P, Boffetta P (2011). Genetics of lung-cancer
susceptibility. Lancet Oncol, 12, 399-408.

Cao XL, Xu RJ, Zheng YY, et al (2011). Expression of type
IV collagen, metalloproteinase-2, metalloproteinase-9 and
tissue inhibitor of metalloproteinase-1 in laryngeal squamous
cell carcinomas. Asian Pac J Cancer Prev, 12,3245-9.

Chetty C, Rao JS, Lakka SS (2011). Matrix metalloproteinase
pharmacogenomics in non-small-cell lung carcinoma.
Pharmacogenomics, 12, 535-46.

Decock J, Paridaens R, Ye S (2008). Genetic polymorphisms
of matrix metalloproteinases in lung, breast and colorectal
cancer. Clin Genet,73, 197-211.

DerSimonian R, Laird N (1986). Meta-analysis in clinical trials.
Control Clin Trials,7,177-88.

Egeblad M, Werb Z (2002). New functions for the matrix
metalloproteinases in cancer progression. Nat Rev Cancer,
2,161-74.

Gonzalez-Arriaga P, Pascual T, Garcia-Alvarez A, et al (2012).
Genetic polymorphisms in MMP 2, 9 and 3 genes modify
lung cancer risk and survival. BMC Cancer,12,121.

Hahn N, Heiden M, Seitz R, et al (2012). Inducible expression of
tissue factor in small-cell lung cancer: impact on morphology
and matrix metalloproteinase secretion. J Cancer Res Clin
Oncol, 138, 695-703.

Herbst RS, Heymach JV, Lippman SM (2008). Lung cancer. N
Engl J Med, 359, 1367-80.

Higgins JP, Thompson SG, Deeks 17, et al (2003). Measuring
inconsistency in meta-analyses. BMJ, 327, 557-60.

Im I, Park KR, Kim SM, et al (2012). The butanol fraction of
guava (Psidium cattleianum Sabine) leaf extract suppresses
MMP-2 and MMP-9 expression and activity through the
suppression of the ERK1/2 MAPK signaling pathway. Nutr
Cancer, 64, 255-66.

Ioannidis JP, Patsopoulos NA, Evangelou E (2007). Uncertainty
in heterogeneity estimates in meta-analyses. BMJ, 335,

2856 Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

914-6.

Jemal A, Bray F, Center MM, et al (2011). Global cancer
statistics. CA Cancer J Clin, 61, 69-90.

Jia S (2009) MMP-2 and TIMP-2 polymorphisms and lung
cancer risk. In: 5th National Medical immune Symposium.

Mantel N, Haenszel W (1959). Statistical aspects of the analysis
of data from retrospective studies of disease. J Natl Cancer
Inst,22,719-48.

Nelson AR, Fingleton B, Rothenberg ML, et al (2000).
Matrix metalloproteinases: biologic activity and clinical
implications. J Clin Oncol, 18, 1135-49.

Peters J, Mengersen K (2008). Selective reporting of adjusted
estimates in observational epidemiology studies: reasons
and implications for meta-analyses. Eval Health Prof, 31,
370-89.

Price S, Greaves D, Watkins H (2001). Identification of
novel, functional genetic variants in the human matrix
metalloproteinase-2 gene: role of Spl in allele-specific
transcriptional regulation. J Biol Chem, 276, 7549.

Rollin J, Regina S, Vourc’h P, et al (2007). Influence of MMP-2
and MMP-9 promoter polymorphisms on gene expression
and clinical outcome of non-small cell lung cancer. Lung
Cancer,56,273-80.

Song X, LiL,Zhang L, et al (2007). Association Polymorphisms
in the Matrix Metalloproteinases-2(MMP-2) Gene with
Non-small Cell Lung Cancer. Sichuan Cancer Prevention
Treatment, 20,257-9.

Wang Y, Hu C, Dong R, et al (2011). Platelet-derived growth
factor-D promotes ovarian cancer invasion by regulating
matrix metalloproteinases 2 and 9. Asian Pac J Cancer
Prev,12,3367-70.

Wells G, Shea B, O’connell D, et al (2000) The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. In: Proc 3rd Symposium on
Systematic Reviews, pp. 3-5, Oxford, UK,.

Xiao H, Ding J, Gao S, et al (2011). Never smokers with lung
cancer: analysis of genetic variants. Asian Pac J Cancer
Prev,12,2807-9.

Yu C, Pan K, Xing D, et al (2002). Correlation between a single
nucleotide polymorphism in the matrix metalloproteinase-2
promoter and risk of lung cancer. Cancer Res, 62, 6430-3.

Zhou Y, Yu C, Miao X, et al (2005). Functional haplotypes in
the promoter of matrix metalloproteinase-2 and lung cancer
susceptibility. Carcinogenesis, 26, 1117-21.



