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Abstract. Background/Aim: Matrix metalloproteinase 2
(MMP2) is reported to be overexpressed in asthma, however,
its genotypic contribution to asthma is not well studied.
Therefore, we examined the association of MMP2 genotypes
with asthma risk among Taiwanese. Materials and Methods:
One hundred and ninety-eight asthma patients and 453 non-
asthmatic subjects were determined with respect to their
MMP?2 -1306 (rs243845) and -735 (rs2285053) genotypes.
Results: CT and TT at MMP2 rs243845 are 17.7% and 1.5%
among asthma cases, whereas their presence in healthy
subjects is at 28.1% and 2.4%, respectively (p for
trend=0.0118). In detail, the CT genotype in MMP2
rs243845 was associated with a decreased asthma risk
[adjusted odds ratio (OR)=0.57, 95% confidence interval
(CI1)=0.37-0.78, p=0.0040], and the T allele conferred a
significantly lower asthma risk compared to the wild-type C
allele (adjusted OR=0.55, 95%CI=0.43-0.77, p=0.0042). No
significance was found for MMP2 rs2285053. Conclusion:
The genotype of CT in MMP2 rs243845 may serve as a novel
biomarker in determining susceptibility to asthma in Taiwan.
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Asthma, typically characterized by airflow obstruction,
airway inflammation and remodeling, is a complex disease
with variable phenotypes in triggering coughing, making a
wheezing sound and causing shortness of breath (1, 2). Over
the past 30 years, the number of patients diagnosed with
asthma has significantly increased (3), collectively
comprising more than 300 million cases all over the world
(4). In 2017, the annual global incidence of asthma was 43.12
million new cases (0.56%), while global prevalence and
mortality accounted for 272.68 million cases (3.57%) and
0.49 million deaths (0.006%), respectively (5). Etiologically,
asthma is determined by a complex interaction of genomic
and environmental factors, while the contribution of
heritability to the susceptibility to asthma has been estimated
to vary between 36 to 79 percent (6, 7). Although the concept
that the genetic inheritance plays a role in the pathogenesis
of asthma has been recognized for more than one century (3),
the exact mechanisms of asthma etiology are still poorly
understood while asthma is believed to progresses with lots
of unidentifiable and unpredictable causes. Following the
code-breaking of human genome, more than 200 asthma
candidate genes have been proposed (8, 9). Still, although it
is intensely studied, lots of difficulties remain in figuring out
the role of the specific causal genes and determining whether
ethnic disparities should be attributed to the genetic control
of certain factors leading to asthma.

Extracellular matrix (ECM) components play a critical
role in providing support for surrounding cells and in
regulating the remodeling of the cell micro-environment
(10). Similarly, with the progression of asthma the airway
undergoes structural and biochemical remodeling (11).
Matrix metalloproteinases (MMPs), also known as matrixins,
are a group of endopeptidases involved in ECM remodeling
by degrading ECM components (10, 12). Many MMPs are

3181



in vivo 34: 3181-3186 (2020)

involved with the pathogenesis and modulation of the
severity of asthma, among which, MMP-9 is the predominant
one; however, MMP-2 is also gaining ground (13).

From the viewpoint of genetic contribution towards
asthma risk, the MMP9 gene has been examined a few times
(14-21), while MMP2 has not (13). The latter, composed of
12 introns and 13 exons, is located on chromosome 16q21
in the human genome (22). The MMP2 promoter C-1306T
(rs243865) and C-735T (rs2285053) polymorphisms have
been reported to affect the expression of MMP2 at both
mRNA and protein levels, leading to variable susceptibilities
to several types of cancer, including oral, nasopharyngeal,
esophageal, breast, lung, and colon cancer (23-28). In
addition, MMP2 has been found to be upregulated among
patients with oral squamous cell carcinoma, especially those
with lymph node metastasis (29). The only study
investigating the contribution of MMP2 polymorphisms to
asthma is by Toujani and his colleagues, who have reported
that these are not associated with asthma risk in a population
containing 150 asthma cases and 150 controls (13). Most
importantly, MMP2 protein is in charge of the degradation
of its various substrates, including MMP-13, and fibrillar
collagen, elastin, endothelin, fibroblast growth factor,
plasminogen, TGF-f3, as well as MMP9 (30). Based on the
evidence above showing that MMP2 genotypes may also
involve in the susceptibility determination of asthma as other
human diseases, the present case-control study aims at
examining the contributions of MMP2 promoter C-1306T
(rs243865) and C-735T (rs2285053) polymorphisms to the
susceptibility of asthma in Taiwan.

Materials and Methods

Cohort. A total of 198 patients with asthma were recruited at the
China Medical University Hospital from 2008 to 2010. Their
medical histories were reviewed, and the data were collected into
the hospital database. At the same period, 453 healthy individuals,
matched with these patients by age (+5 years), were admitted to the
exact same hospital for their health checkup (similar residential
areas and same background, i.e. Taiwanese) with no previous
diagnosis of neoplastic disease or any malignancy and were
selectively enrolled into our matched control group. All the
participants enrolled in this study were asked to provide their
informed consent for publishing their tissue analysis results and
other data. All the protocols of the current study were approved by
Human Research Committees of China Medical University hospital
(CMUH106-REC1-004). From each participant, 5 ml of venous
blood sample was collected and used for DNA extraction and
subsequent genotyping as described below. Demographics of the
cohort and controls have also been used in our previous study (31)
and are summarized in Table I.

MMP?2 genotyping. Each participant’s genomic DNA was extracted
from peripheral blood leukocytes within 24 h, carefully quantitated,
diluted and stored at —80°C until further processing, as previously
described (31-34). In the current study, the genotypes at MMP2 -
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Table 1. Distribution of age and gender among the 198 asthma patients
and 453 controls (from 31).

Index Controls (n=453) Cases (n=198) p-Value?
n % n %

Age (years)

25-40 285 63.4% 133 67.2%

>40 168 36.6% 65 32.8% 0.2972
Gender

Male 190 41.9% 83 41.9%

Female 263 58.1% 115 58.1% 0.9956

4Based on chi-square without Yate’s correction test.

1306 (rs243845) and -735 (rs2285053) were determined for all the
investigated subjects via polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) using BioRad
Mycycler (BioRad, Hercules, CA, USA). All PCR reactions were
uniformly performed using the primers presented in Table II and the
following thermal program: i) an initial cycle at 94°C for 5 min, ii)
40 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s, and
iii) a final extension at 72°C for 10 min. The PCR DNA amplicons
were digested by the corresponding restriction endonucleases Xsp [
and Hinf I (New England Biolabs, Taipei, Taiwan) (Table II)
overnight, and their fragment were separated by 3% agarose gel
electrophoresis under 100 Volt, stained with ethidium bromide,
observed and taken pictured under UV-irradiation, and finally
identified of their individual genotypes. All genotypic procedures
were repeated by at least two researchers independently and blindly,
and their results turned out to be 100% concordant with each other.

MMP2 genotype analyzing methodologies. The Student’s ¢-test was
applied for the comparison of age index between the asthma and the
control groups. Pearson’s chi-square or Fisher’s exact test (when a
number was less than 5) is applied to compare the distributions of
the numbers among the subgroups. The Hardy-Weinberg
equilibriums were checked by chi-square goodness-of-fit test
(p>0.05) using gene frequencies of the healthy individuals in the
control group. The associations between MMP2 genotypes and
asthma risk were estimated by calculating the odds ratios (ORs) and
their 95% confidence intervals (CIs) from logistic regression
analysis. Statistically, any difference between any two groups
compared with p<0.05 was considered significant.

Results

The frequency distributions of selected demographic indexes,
such as age and gender for the 198 asthma patients and 453
non-asthmatic controls have also been used in our previous
study (31) and are presented in Table I.

The distribution of the MMP2 rs243865 and rs2285053
genotypes among the 198 asthma cases and the 453 non-
asthmatic controls are presented and compared in Table III.
First, the distributions of genotypes of both MMP2 rs243865
and rs2285053 in control and case groups fit well with
Hardy-Weinberg Equilibrium (all p>0.05). Second, the
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Table II. Reagents used for MMP2 PCR-RFLP genotyping.

MMP?2 polymorphic site Primer sequences Restriction Amplicon sizes
endonuclease after digestion
1s243845 F: 5’-CTTCCTAGGCTGGTCCTTACTGA-3’ Xsp I C: 188+5 bp
R: 5’-CTGAGACCTGAAGAGCTAAAGAGGT-3’ T: 162+26+5 bp
52285053 F: 5’-GGATTCTTGGCTTGGCGCAGGA-3’ Hinf1 C: 391 bp
R: 5’-GGGGGCTGGGTAAAATGAGGCTG-3’ T: 338+53 bp

PCR-RFLP: Polymerase chain reaction restriction fragment length polymorphism; F: forward; R: reverse; bp: base pair.

results show that the genotype of MMP2 rs2285053 among
Taiwan citizens are not differently distributed between the
asthma patients and the healthy control groups (Table III
bottom part). Third, interestingly, the genotypes of MMP2
rs243845 are differentially distributed between the two
groups (p for trend=0.0118) (Table III top part). In detail, the
MMP?2 15243845 heterozygous variant CT was associated
with a decreased asthma risk, compared to the wild-type CC
genotype (adjusted OR=0.57, 95%CI=0.37-0.78, p=0.0040;
Table III top part).

Concerning the homozygous variant TT in MMP2
1s243845, this was not associated with a significantly altered
asthma risk, compared to the wild-type CC genotype
(adjusted OR=0.66, 95%CI=0.19-1.98, p=0.3377; Table III
top part). To confirm these findings, we put the CT and TT
groups into one. The results show that there is an association
between the CT+TT genotype at MMP2 rs2285053 and
decreased asthma risk, compared to CC wild-type genotype
in the dominant model analysis, (adjusted OR=0.58,
95%C1=0.38-0.77, p=0.0029, Table III top part).

To confirm the novel findings presented in Table III, we
also analyzed the allelic frequency distribution of MMP2
rs243845 and rs2285053 (Table IV). The results show that
the variant T allele in MMP2 rs243845 was associated with
a relatively lower asthma risk compared to the wild-type C
allele. On the other hand, the T allele in MMP2 rs243845
was not a determinant of asthma risk for Taiwanese. In
detail, the variant allele T was found to be at 10.4% in the
asthma group, much lower compared to the 16.4% in the
control group (adjusted OR=0.55, 95%CI=0.43-0.77,
p=0.0042 (Table IV top part). On the contrary, there was no
such significant difference in MMP2 rs2285053 between the
two groups examined (Table IV bottom part).

Discussion

In the current study, the contribution of MMP2 to Taiwan
asthma risk is firstly revealed among a representative
population containing 358 asthma patients and 716 age- and
gender-matched non-asthmatic subjects in Taiwan. Our results
suggest that the heterozygous variant CT genotype of MMP2

Table II1. Distribution of MMP2 genotypes among asthma patients and
healthy subjects.

Cases, Controls, Adjusted OR p—Valueb
n (%) n (%) (95% CI)2
rs243845
CcC 160 (80.8) 315 (69.5) 1.00 (Reference)
CT 35(17.7) 127 (28.1)  0.57 (0.37-0.78) 0.0040
TT 3(1.5) 11 (24) 0.66 (0.19-1.98) 0.3377
CT+TT 38 (19.2) 138 (30.5) 0.58 (0.38-0.77) 0.0029
Pirend 0.0118
PywEg 0.6685
rs2285053
ccC 136 (68.7) 294 (64.8)  1.00 (Reference)
CT 54 (27.3) 138 (30.6)  0.88 (0.63-1.21) 0.3809
TT 8 (4.0) 21 (4.6) 0.84 (0.59-1.32) 0.6498
CT+TT 62 (31.3) 159 (352) 0.85(0.61-1.27) 0.3480
Pirend 0.6427
Pywrg 0.3573

OR: Odds ratio; CI: confidence interval; HWE: Hardy-Weinberg
Equilibrium; Data has been adjusted for confounding factors including
age, gender and smoking. PBased on Chi-square test without Yates’
correction or Fisher’s exact test (as any number is less than 5). Bold
values indicate statistical significance.

Table IV. Distribution of MMP2 allelic frequencies among asthma
patients and healthy subjects.

Allelic type Cases, Controls, Adjusted OR p—Valueb
n (%) n (%) (95% CI)2
n=396 n=906
rs243845
Allele C 355 (89.6) 757 (83.6) 1.00 (Reference)
Allele T 41 (104) 149 (164)  0.55(0.43-0.77) 0.0042
rs2285053
Allele C 326 (82.3) 726 (80.1) 1.00 (Reference)
Allele T 70 (17.7) 180 (19.9)  0.88 (0.69-1.13) 0.3559

OR: Odds ratio; CI: confidence interval. 2Data has been adjusted for
confounding factors including age, gender and smoking. PBased on Chi-
square test without Yates’ correction. Bold value indicates statistical
significance.
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rs243845, alone or together with TT, could serve as a
protective biomarker for asthma in Taiwan. Although the
finding is not consistent with that of the only one group
having investigated the contribution of MMP2 genotype to
asthma (13), and the detail mechanisms are still unrevealed,
the findings are interesting and should be explored further.
Two possible explanations behind the differences between the
current study with the previous one are: i) the genetic
background of the investigated populations (Taiwanese vs
Caucasian), and ii) differences in the sample size (our cohort
involved 198 asthma patients and 453 non-asthmatic subjects
while theirs involved 150 patients in each group). In the
future, more investigations including different ethnic
backgrounds and larger cohorts would be useful to validate the
significance of the MMP2 rs243845 genotypes in asthma risk.

MMP2 protein is critically important in the regulation of
extracellular components by metabolizing its various
subtracts (30). In the literature, overexpressed MMP2 has
been reported in several tumor sites, and is correlated with
poor prognosis in melanoma, colorectal, breast, ovarian,
prostate and lung cancer (35). Now, we found that the MMP2
1$243845 is associated with a decreased risk of asthma. The
genotype at MMP2 rs243845 has been reported to enhance
the occurrence rates of bladder cancer (36) and sclerosing
cholangitis (37).

Concerning molecular interactions, the promoter region of
MMP?2 bears specific binding cites for several transcription
factors, including activator protein-1 (AP-1), specificity
protein-1 (SP-1) and activator protein-2 (AP-2), which can
regulate the transcriptional activity of MMP2 (38, 39). The
most direct evidence strengthening the importance of MMP2
rs243845 genotypes comes from two studies. The first one
found that substituting the C nucleotide with a T in MMP2
rs243845 inactivated the SP-1 binding region and led to
down-regulation of the transcriptional and translational
expression levels of MMP2 (40). The second study revealed
that MMP2 is indeed overexpressed among people carrying
the CC genotype in MMP2 rs243845, compared to those
with the CT and TT genotypes (41). In addition, the MMP2
activity was enhanced in people carrying the
MMP?2 1rs243845 CC genotype, compared to those carrying
the variant CT and TT genotypes (41). The genotype-
phenotype correlation in the MMP2 rs243845 SNPs and their
contribution to asthma etiology should be revealed through
further investigations.

We are interested in further investigating the genotypes of
other MMPs, such as MMP9, which will also help
understanding its role in ECM dysregulation and how this is
involved in asthma etiology. In addition to MMP9, several
other genes whose coded protein products closely interact
with MMP2, such as the chemokine (C-C motif) ligand
(CCL7) (42), tissue inhibitor of metalloproteinases 2 (TIMP
2) (43, 44), tissue inhibitor of metalloproteinases 4 (TIMP 4)
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(45, 46), thrombospondins 1 and 2 (THBS I, THBS 2) (47),
are also in our interest to examine in the future.

In conclusion, these results provide evidence that the variant
CT genotypes at the MMP2 promoter rs243845 may play a role
in determining susceptibility to asthma in the Taiwanese.
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