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Background: Numerous experiments have been performed to determine the
relationship between the Matrix metalloproteinase-2 (MMP-2) -1306C/T and
-735C/T polymorphisms and the prevalence and progression of lung cancer in
diverse populations. However, due to the small sample size and the different
results of previous studies, we decided to perform a general meta-analysis on
all previous studies about mmp-2 polymorphism and lung cancer in Asian
population.

Methods: A complete literature review was conducted within the ISI Web of
Knowledge, google scholar, and PubMed databases for studies about MMP-2
polymorphism and lung cancer published from 2002 to 2020. A meta-analysis
was conducted, which included more than 2884 cases and 2768 controls.
The pooled odds ratio (OR) and 95% confidence intervals (CI) were used for
dominant, recessive, and co-dominant MMP-9 genotypes to assess the strength
of the association.

Results: A significant correlation was found between the MMP2 C 1306T
polymorphism and lung cancer risk (C vs T: OR=1.705, P=0.029; CC vs CT+
TT: OR=1.16, 95% P=0.000) and for MMP2 C 735T polymorphism (C vs T:
OR=1.433, P=0.151; CC vs CT+TT: OR=1.698, P=0.000).

Conclusion: The present meta-analysis revealed a significant association
between the MMP-2-735C/T and MMP-9-1562 C/T polymorphisms and the
risk of lung cancer in Asian population.

Please cite this article as: khafaei M, Gharechahi ], sadeghi M. Association between two functional polymorphisms in the MMP-2 promoter
and lung cancer incidence in Asian population: a meta-analysis study. IJBC 2022; 14(2): 61-67.

Matrix metalloproteinase-2 (MMP-2) is a member
of the MMPs family that have a potential role in
degrading or breaking down of extracellular matrix,
a physical barrier that limits the increasing growth
and migration of tumor cells [1-3]. Increased
MMP-2 expression has been linked with invasive

and metastatic cancer characteristics [4-6]. However,
increasing research has shown that, in addition to
disrupting the extracellular matrix and allowing
tumor cells to invade and metastasize, MMP-
2 is involved in many stages of cancer formation
[7-9]. MMP-2 overexpression has also been
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foundin precancerouslesions and early stages of human
cancer [10,11]; the human MMP2 gene sequence
is variable, and two functional single nucleotide
polymorphisms (SNPs) in the MMP2 promoter have
been reported as a C>T polymorphism at nucleotide
1306 breaks an Spl regulatory element, resulting in
the T allele having much lower promoter activity than
the C allele [12-14]. Another C>T polymorphism
at nucleotide 735 similarly disrupts an Spl binding
region, with the T allele linked with substantially
decreased promoter activity [15]. Interestingly, the
1306C>T and 735C>T polymorphisms are in linkage
disequilibrium, and the T 1306 /T 735 haplotype
exhibits even lower promoter activity and mRNA
expression than the haplotype with a single T allele
at the 1306 or 735 sites, indicating an interactive
effect of these two SNPs on MMP2 transcriptional
function [16]. Numerous researches have examined
the relationship between the 1306C>T polymorphism
and susceptibility to human malignancies. The 1306C
allele has been linked to an increased risk of developing
common malignancies, including lung, stomach,
cardiac, breast, oral, and colorectal [17-21]. Recently
association between the 735C>T polymorphism and
the risk of lung cancer, either alone or in conjunction
with the 1306C>T polymorphism, an increased risk of
cancer not only with the 1306C allele but also with the
735C allele, furthermore an even stronger connection
between an increased risk of developing lung cancer
and haplotypes comprising the 1306C and 735C
alleles [16]. Given the critical role of MMP-2 in cancer
initiation and progression, a more comprehensive
study is warranted to determine the effect of MMP2
promoter haplotypes as a genetic modifier in the
etiology of lung cancer in Asian populations. In this
study, we decided to perform a meta-analysis on the
association between MMP-2, 1306C>T, and 735C>T
polymorphisms and the incidence of lung cancer in
the Asian population.

The research team independently searched PubMed,
Embase, EBSCO, and Google Scholar for any
possibly relevant studies. The queries included all
possible combinations of the keywords ‘carcinoma,
‘cancer,, ‘neoplasm;malignancy, or ‘tumor with
‘MMP’metalloproteinase’collagenase’gelatinase’,
references to the recovered articles and reports were

also screened. six studies to be eligible, one of the
following requirements had to be encountered: They
evaluated candidates using the following criteria: They
have published experiments that examined at least one
of the four functional polymorphisms of MMP2; they
used an unrelated case-control design, and they used
a suitable genotyping instrument and had sufficient
data to calculate an odds ratio (OR) with a confidence
interval (CI) and a P-value.

The following basic details were extracted from studies
that fulfilled the inclusion requirements: first author,
tumor type, publication year, area, the ethnic makeup
of the study population, number of cases and controls,
genotyping protocol, and confirmation of diagnosis.
Two independent investigators gathered data, and any
discrepancies were resolved by discussion.

Meta-analysis was performed using the comprehensive
meta-analysis 2.0 software (Corporation, NJ, USA).
The association between MMP-2, -1306C>T, and
-735C>T polymorphisms and susceptibility to lung
cancer in the Asian population was evaluated using
the pooled p-value, OR, and 95% CI under the
random-effects model or the fixed effects model. The
OR with the corresponding 95% CI were calculated for
the dominant model (C/C+C/T vs. T/T), codominant
model (C/C vs. T/T), and recessive model (T/ T+T/C
vs. C/C), respectively. A P-value less than 0.05 was
considered statistically significant. Forest plots
compared the OR and its 95% CI among all studies.
Fixed-effect model was used to calculate the pooled
OR with a 95% CI. We considered the P value < 0.1
indicator of significant heterogeneity for the random-
effects model. A funnel plot was employed to ascertain
potential publication bias to confirm the result further.

After a whole search, 29 relevant studies were initially
recruited. Finally, 22 unrelated studies and studies on
other cancers were eliminated. six case-control studies
published between 2002 and 2019 [17,22-26] were
included (Fig 1), of which three were conducted on
MMP-2-1306C>T polymorphisms [17,22,23], two
were conducted on MMP-2-735C>T polymorphisms
[24,25] and 1 was conducted on MMP-2-1306C>T
and -735C>T and polymorphisms [26]. A total of
1779 cases and 1639 controls studying the MMP-2,
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-1306C/T polymorphism and 1105 cases and 1129
controls studying the MMP-2, -735C/T polymorphism
were included. All 6 studies were conducted in Asian
populations. The basic characteristics of the eligible
studies are shown in Tables 1 and 2. all selected
studies, the -1306C>T and -735C>T polymorphism
were analyzed by polymerase chain reaction with
restriction fragment length polymorphism (PCR-
RFLP) or direct sequencing. The genotype frequency
distributions of the enrolled studies were consistent
with Hardy-Weinberg equilibrium (P>0.05).

Potential citations (n = 29)
From PubMed (n = 10)

From Web of Science (n = 12)

18 citations were excluded
Duplicated citations

A 4

Reviews

Cross-sectional studies

v

Full-text reviewed for more detailed evaluation (n =11)

4 studies were excluded

A 4

Not relevant outcome (n = 2)

No risk estimate (n = 2)

Y

Accepted for analysis (n=7)

Figure 1: Flow chart of literature search and study
selection

After a meta-analysis of the MMP-2, -1306C/T
polymorphism, the results showed a significant
association between C allele and lung cancer
susceptibility. Our analysis showed that the -1306
CC genotype carriers had about 2-fold elevated
risk for developing lung cancer (OR, 1.856; 95%
CIL, 1.600-2.153) compared with the non-carriers.
(Figure 2). When the C/C genotype + C/T genotype
of MMP-2, -1306 C/T polymorphism was compared
with T/T genotype (dominant model), there was a
significant association with the risk of lung cancer
(OR, 1.705; 95% CI, 1.57-2.751),). The recessive model

[TT+CT vs CC] showed no significant association
(OR=0.519, 95% CI=0.448-0.601). We evaluated the
possibility of publication bias using the funnel plot and
Egger’s test. The shape of the funnel plots suggested
no evident publication bias for MMP-2, -1306 C/T
polymorphism among the dominant and recessive
genotype models. The P value < 0.05 was considered
valid for all calculations (Fig. 2)

In the investigation of the MMP-2 -735C>T
polymorphism in this study, we found a significant
association between the C allele and lung cancer
susceptibility in the Asian population. Our meta-
analysis showed that the -735 C>T polymorphism CC
genotype carriers had an about 1.6-fold elevated risk
for developing lung cancer (OR, 1.698; 95% CI, 1.418-
2.033) compared with CC and CT genotypes. (Fig. 2).
When the C/C genotype + C/T genotype of MMP-2,
-1306 C/T polymorphism was compared with T/T
genotype (dominant model), there was a significant
association with the risk of lung cancer (OR, 1.705; 95%
CI, 1.57-2.751),). The recessive model [TT+CT vs CC]
showed no significant association (OR=0.519, 95%
CI=0.448-0.601). The results showed no significant
association between the T allele and lung cancer. No
significant association was observed in the analysis of
T/T, C/T genotypes and T allele (P>0.05). When the
T/T genotype polymorphism was compared with T/T
and C/T genotype, there was no significant association
with the risk of lung cancer (OR=0.607, 95% Cl==
0.371-0.993). (Fig. 3).

We evaluated the possibility of publication bias using
the funnel plot and Egger’s test. The shape of the funnel
plots suggested no statistical evidence of publication
bias for MMP-2-1306C>T polymorphism and MMP-
2 -735C>T polymorphism among the dominant, co-
dominant, and recessive genotype models in the Asian
population. The P-value < 0.05 was considered valid
for all calculations (Fig. 4).

There are many reports about the association between
the MMP2 polymorphisms and lung cancer in
different populations but have yielded inconsistent
and inconclusive results about the role of the MMP2
polymorphisms in lung cancer to evaluate a more
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Characteristics of the included studies of MMP-2 polymorphism

Study name Year Country Technique No. of cases No. of controls NOS score
-1306 C/T
Bayramoglu 2011 Turkey PCR-RFLP 200 100 6
Yu 2002 China PCR-DHPLC 781 852 8
Song 2007 China PCR-RFLP 163 148 7
Zhou 2005 China PCR-LDR 635 539 8
-735C/T
Zhou 2005 China PCR-LDR 635 539 8
Jia 2009 China PCR-RFLP 370 436 7
Keshvary 2009 Iran PCR-RFLP 100 154 6
MMP-2 polymorphisms genotype distribution and allele frequency in cases and controls
Study name Case/Control Cases Controls
CC CT TT CC CT TT PHWE
-1306 C/T
Bayramoglu 200/100 123 73 4 65 32 3 0.6923
Yu 781/852 644 127 10 585 248 19 0.222
Song 163/148 129 32 2 100 44 4 0.747
Zhou 770/777 635 124 11 539 220 18 0.074
-735C/T
Zhou 370/436 260 96 14 292 123 21 0.092
Jia 100/154 82 16 2 65 32 3 0.393
Keshvary 770/777 506 230 34 425 313 39 0.074
A Meta Analysis c
Study name Statistics foreach study Odds ratic and 95% CI Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Odds Lower Upper
ratic  limit lmit ZValue p-Value ratio  fimit  limit ZValue pValue
Zhou (2005) 0481 0379 0612 -5580 0000 . Zhou 2005) 1636 0768 348 1275 0202
Yu {2002) 0466 0369 0589 6382 0000 . Yu 2002) 1759 0813 3806 1433 0152
Bayramoglu {2011) 0.814 0.553 1.187 -1048 0.2%8 Bayramoglu (2011} 1.515 0421 5454 0636 0.525
Seng (2007) 0549 0329 0915 -2299 0.02 Song (2007) 2236 0404 12301 0821 0367
0519 0448 0601 8725 0000 . 1705 1057 2751 2188 0029
001 0.1 1 10 100 0.0 01 1 10 100
FadnAl e FavoursA  Favours B
Mieta Analysis Meta Analysis
B D Meta Analysis
Study name Stafistics for each study Odds ratio and 95% CI Study name Stafistics for each study Odds ratio and 95% C1
Odds Lower Upper Odds Lower Upper
mto imit limit ZValue p-Value ratio  imit  limit ZValue p-Value
zhou 2005) 0611 0287 1303 -1275 0202 zhou 2005) 2077 1633 2641 5980 0.000 .
Yu (2002) 0569 0263 1.231 -1433 0.152 Yu (2002) 2145 1687 2712 638 0.000 .
Bayamoglu (2011) 0.646 0180 2326 -0668 0.504 Baymmoglu (2011) 0.88¢ 0550 1.326 -0.593 0.563
Song (2007} 0447 0.081 2478 -0821 0.7 Song 2007} 1821 1092 3036 2299 0022 -
0585 0.362 0543 -2200 0.028 185% 1600 2153 8168 0.000 ’
o 0.1 1 10 100 0.01 01 1 10 100
Favours A FavoursB Favours A FavoursB

Mets Andysis

Mets Anaysis

Figure 2: Forest plot of the meta-analysis of the MMP-2 -1306C/T polymorphism. (A) T allele; (B) Dominant
model (C) C allele; and (D) recessive model. CI, confidence interval.
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A

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit  limit Z-Value p-Value

zhou(2005) 1.636 0768 3488 1275 0202
Jia (2008} 1.280 0641 2553 0699 0484
keshvary (2017) 1455 0238 8899 0406 0685

1433 0877 2341 1435 0151

001 01 1 10 100

Favours A Favours B

Meta Analysis
B Meta Analysis
Study name Statistics for each study Odds ratio and 95% C|
Odds Lower Upper
ratio lim it limit ZWalue p-Value
Zhou {2005) 2077 1633 2641 5.960 0.000 .
Jia (2009) 1166 0864 1572 1004 0.315
keshvary (2017) 2312 1199 4456 2503 0.012 -
1698 1418 2033 5760 o000 .
0.01 041 1 10 100
Fawvours A Favours B
Meta Analysis

C

Study name Statistics for each stud Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value pValue

zhou (2005) 0481 0379 0612 -59860 0000 .

Jdia(2009) 0.858 0636 1157 -1.004 0315

keshvary (2017) 0452 0235 0869 -2379 0017 -.-
0591 0493 0707 -5726 0.000 '

001 04 1 10 100

Favours A FavoursB

Meta Analysis
D Meta Analysis
Study name Stafistic s for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Zhou (2005) 0611 0287 1.303 -1.275 0.202
Jia 2009) 0593 029%7 1186 -1.477 0.140
keshvary 2017) 0687 0112 4201 -0.406 0685
0.607 0371 0.993 -1.987 0.047

001 04 1 10 100

Favours A  Favours B

Meta Andysis

Figure 3: Forest plot of the meta analysis of the MMP-2 -735C/T polymorphism. (A) C allele; (B) Dominant
model (C) T allele; and (D) recessive model. CI, confidence interval.

Funnel Plot of Standard by Log odds ratio

Standard Error

20 15 0 08 00 05 10 15 20

Log odds ratio

Funnel Plot of Standard by Log odds ratio

Standard Error

Log odds ratio

Figure 4: Funnel plots of the MMP-2 -1306C/T
polymorphism. (A); Funnel plots of the MMP-2 -735
C/T polymorphism (B); Egger’s test of the value from
the funnel plot showed no statistical significance.

precise role the MMP2 polymorphisms in lung cancer,
we performed a present meta-analysis. After a meta-
analysis of the MMP-2, -1306C/T polymorphism, the
results showed a significant association between the
C allele and lung cancer susceptibility. Our analysis
showed that the -1306 CC genotype carriers had
an about 2-fold a higher risk for developing lung
cancer than CT and TT genotypes. In investigation
of the MMP-2 -735C>T polymorphism, we found a
significant association between Callele and lung cancer
susceptibility in Asian population. Our meta-analysis
showed that the -735 C>T polymorphism CC genotype
carriers had about 1.6-fold elevated risk for developing
lung cancer compared with CC and CT genotypes.
The -735CC and -1306CC genotypes were in linkage
disequilibrium and interacted with haplotypes [16].
The current study extended the findings to lung cancer,
demonstrating that not only the -1306CC but also the
-735CC genotypes were susceptibility factors and these
two genotypes interacted strongly within a haplotype
to influence cancer risk. MMP-2 overexpression has
been implicated in the development of various human
malignancies, including lung cancer [27,28], Indicating
that MMP-2 overexpression is most likely the
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result of transcriptional alterations rather than gene
amplification or activating mutation. MMP2 as one
of the enzymes involved in collagen digestion as one
of the basic constituents of the basement membrane
plays an essential role in the attachment of cells to
the basement membrane [29,30]. Previous studies
have shown that MMP?2 over-expression is associated
with angiogenesis invasion, and metastasis of lung
cancer cells [31]. Therefore, MPP2 can be considered
as an important diagnostic factor in lung cancer and
increased expression of MPP9 should be considered
as a major factor in reducing survival in lung cancer
patients. [32]. Our meta-analysis is based on six case-
control studies on Asian population and found that
MMP2 C735T and C1306T polymorphisms are both
associated with lung cancer risk, and Asian people
with MMP2 C735T and C1306T CC genotype are at
increased risk of lung. In previous studies, Yang et al.
In a meta-analysis of seven case-control studies of
the Caucasus population and the Asian population
reported that individuals with TT genotype of both
MMP2 C735T and C1306T polymorphisms had
obviously decreased risk of lung cancer compared
with those with CC genotype, which were consistent
with the findings of our study of the Asian population
[33]. Another meta-analysis performed by McColgan
et al, reported the associations between MMP2 C735T
and C1306T polymorphisms CC genotype and lung
cancer risk, which was in line with our meta-analysis
findings, but their study only included two studies on
MMP2 C735T polymorphism and three studies on
MMP2 C1306T polymorphism, and the sample was
relatively small [34]. In a recent meta-analysis of the
Asian and Caucasian population Lee et al, reported
decreased lung cancer risk in MMP2 -735 C/T and
MMP-2 C1306T heterozygote model and dominant
model in Asian population but this association was
lost in Caucasians [35]. These findings were in line
with our results on the Asian population. the C>T
substitution in -1306 or -735 MMP-2 promoter
position abolishes a Sp-1 binding site and causes
lower promoter activity and lower MMP-2 expression
in individuals with the T allele [36,37]. In this meta-
analysis, we first examined the association between
these two polymorphisms and lung cancer in the Asian
population we found a significant association between
the presence of CC genotype in MMP2 -735 C/T and
MMP2 C1306T polymorphisms and increased risk of
lung cancer, it seems that the presence of C allele in

these two polymorphisms increases the expression of
mmp-2, thereby increasing the digestion of collagen in
the basement membrane and thus increasing the risk
of lung cancer in these individuals. In this study, we
encountered limitations, including the small number
of studies on the Asian population.

In conclusion, our results suggested that MMP2 -735
C/T and MMP-2 C1306T are potential risk factors
for lung cancer in Asians. To confirm the association
identified in our meta-analysis, it is recommended to
conduct studies with larger samples size and different
ethnic groups.
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