
Abstract. Background/Aim: The breakage of matrix
metalloproteinases (MMPs) has been reported to be one of
the mechanisms required for tumor invasion, and the
expression of MMP-7 in serum is correlated with poor
prognosis of urinary bladder cancer patients. However, the
role of the MMP-7 genotypes has been seldom examined
among bladder cancer patients. Therefore, this study aimed
at examining the promoter polymorphic MMP-7 genotypes
A-181G and C-153T among Taiwanese bladder cancer
patients and evaluate the contribution of the genotypic
variants of MMP-7 to bladder cancer risk in Taiwan.
Materials and Methods: Three hundred and seventy-five
bladder cancer patients and the same number of gender- and
age-matched healthy controls were genotyped for A-181G
and C-153T in the promoter of MMP-7 via polymerase chain
reaction-restriction fragment length polymorphism
methodology. Results: The frequencies of AA, AG and GG at
A-181G of the promoter of MMP-7 were 89.1, 8.8 and 2.1%
in the bladder cancer patient group and 87.5, 10.9 and 1.6%
in the matched healthy control group, respectively (p for

trend=0.5475). There was no polymorphic genotype for
MMP-7 C-153T among the Taiwanese population. The
comparisons in allelic frequency distribution also support
the findings that the G allele may not be the determinant
allele for bladder cancer in Taiwan. In addition, the results
showed that there is no significant association of the bladder
risk with the MMP-7 A-181G genotype, even after
adjustment for the possible confounding factors.
Furthermore, there is no interaction of the genotypes of
MMP-7 with age, gender, smoking and alcohol consumption
on bladder cancer risk. Conclusion: The results of this study
suggest that the two MMP-7 polymorphisms, - A-181G and
C-153T, do not play a major role in determining personal
susceptibility to bladder cancer in Taiwan.

Bladder cancer is the 2nd most common urological
malignancy worldwide, contributing to about 5% of cancer
deaths and is estimated to cost four million dollars each year
(1). According to the statistical data provided by the
International Agency for Research on Cancer, there were an
estimated 429,800 new cases of bladder cancer and 165,100
deaths in 2012 worldwide, and males are four times more
likely to develop the disease than females (1, 2). In Taiwan,
bladder cancer ranks seventh in incidence and mortality
among the common types of cancer (3, 4). Tumorigenesis of
bladder cancer is a complex, multistep and multifactorial
process being the result of interactions of lifestyle,
environmental and genetic factors (3-9).

The matrix metalloproteinases (MMPs, matrixins) are a
family of endopeptidases that  have been reported to play a key
role in maintaining the homeostasis of extracellular matrix
(ECM) components and the processes of inflammation,
carcinogenesis and cancer cell migration (10, 11). Since the

1045

This article is freely accessible online.

*These Authors contributed equally to this study.

Correspondence to: Da-Tian Bau, Terry Fox Cancer Research
Laboratory, Translational Medicine Research Center, China Medical
University Hospital, 2 Yuh-Der Road, Taichung, 404 Taiwan, R.O.C.
Tel: +886 422053366 (Ext. 5805), e-mail: datian@mail.cmuh.org.tw;
artbau2@gmail.com

Key Words: Bladder cancer, genotype, MMP-7, polymorphism,
Taiwan.

in vivo 32: 1045-1050 (2018)
doi:10.21873/invivo.11345

Association of Matrix Metalloproteinase-7 
Genotypes with the Risk of Bladder Cancer

CHENG-HSI LIAO1,2,3*, WEN-SHIN CHANG4*, CHIA-WEN TSAI4*, PEI-SHIN HU5, 
HSI-CHIN WU4, SHIH-WEI HSU1,2,3, GUAN-LIANG CHEN1,3, TE-CHENG YUEH1,2,3, 

TE-CHUN SHEN4, TE-CHUN HSIA4 and DA-TIAN BAU1,4,6

1Graduate Institute of Biomedical Sciences, China Medical University, Taichung, Taiwan, R.O.C.; 
2Department of Surgery, Taichung Armed Forces General Hospital, Taichung, Taiwan, R.O.C.;

3National Defense Medical Center, Taipei, Taiwan, R.O.C.;
4Terry Fox Cancer Research Laboratory, Translational Medicine Research Center, 

China Medical University Hospital, Taichung, Taiwan, R.O.C.;
5Department of Ophthalmology, Changhua Christian Hospital, Changhua, Taiwan, R.O.C.; 

6Department of Bioinformatics and Medical Engineering, Asia University, Taichung, Taiwan, R.O.C.



early 1990’s, several kinds of MMPs were found to be
overexpressed in tumor and stromal cells in the tissues from
various types of cancer, and this was highly associated with
invasion and progression of tumorigenesis (12, 13). In addition,
MMPs released from distant organs, together with growth
factors, can play a role in the initiation of metastasis (14, 15).
In our body, MMP-7 has been shown to be constitutively
produced by the mammary and parotid glands, pancreas, liver,
prostate and lung peribronchial glands (16). In the past years,
accumulating evidence indicated that the functional
polymorphisms of MMPs may contribute to inter-individual
differences in susceptibility to several types of cancer (17-26).
Furthermore, the basal promoter activity was higher in
promoter constructs harboring the combination of the two rare
alleles of MMP-7 at A-181G (rs11568818) and C-153T
(rs11568819) (27). These two promoter polymorphisms were
reported to be associated with the coronary artery dimensions
(27). In cancer genomic association studies, the genotypes of
MMP-7 were investigated for their association with many types
of cancer, including lung, breast, esophageal, gastric,
colorectal, gallbladder, oral, cervical cancer, astrocytoma,
childhood leukemia and renal cell carcinoma (28-40), but
seldom in bladder cancer (41). 

It is reported that high tissue and serum levels of MMP-7
are significantly and independently associated with poor
prognosis among bladder cancer patients (42). However,
there is only one study that examined the contribution of
MMP-7 genotypes to bladder cancer risk (41). The study that
included 241 bladder cancer cases and 199 healthy controls
from two hospitals in Poland demonstrated that the
genotypes of either MMP-7 (rs11568818) or MMP-8
(rs11225395) were not differentially distributed between the
two groups (41). 

In light of all the above, the purpose of the current study
was to investigate the association of MMP-7 genotypes at the
promoter region, A-181G (rs11568818) and C-153T
(rs11568819), to the risk of bladder cancer in a larger and
more representative (case:control=375:375) Taiwanese
population.

Materials and Methods
Investigated population. The current study was approved by the
Institutional Review Board of the China Medical University
Hospital (DMR104-IRB-158) and written-informed consent has
been obtained from all the participants. All the clinical
investigations were conducted according to the principles expressed
in the Declaration of Helsinki. Totally, three hundred and seventy-
five patients diagnosed with bladder cancer were recruited at the
China Medical University Hospital in central Taiwan. All the
recruited patients voluntarily participated, completed a self-
administered questionnaire and provided 5 ml of their peripheral
blood. The clinical characteristics of patients including histological
details were all graded and defined by expert surgeons. An equal
number of non-cancer healthy controls were selected by matching

for age and gender after initial random sampling from the Health
Examination Cohort of the hospital. The exclusion criteria of the
control group included previous malignancy, metastasized cancer
from other or unknown origin, and any familial or genetic diseases.
Both groups completed a short questionnaire which included
personal habits. Smokers were defined as daily or almost daily
smokers who had smoked at least five packs of cigarettes per year
in their lifetime. Age of smoking initiation, whether they were
currently smoking or had already quit, and if so, when they had quit,
and on average, how many cigarettes they smoked or had smoked
daily were recorded for smokers. The male versus female ratio was
about 3:1 in each group. The mean age of patients and controls was
61.4 (SD=10.3) and 62.9 (SD=9.8) years, respectively. The selective
demographic information for all the participants in this study is
summarized in Table I.

MMP-7 Genotyping methodology. Genomic DNA was extracted from
peripheral blood leukocytes with a QIAamp Blood Mini Kit
(Blossom, Taipei, Taiwan), stored long-term at –80˚C, diluted and
aliquoted for genotyping as a working stock at –20˚C as we have
previously described (43). The MMP-7 genotyping methodology is
identical to that published by us in renal cell carcinoma (39).
Concisely, the polymerase chain reaction (PCR) cycling conditions
were: one cycle at 94˚C for 5 min; 35 cycles of 94˚C for 30 sec 59˚C
for 30 sec and 72˚C for 30 sec, and a final extension at 72˚C for 
10 min. The genotyping PCR for MMP-7 A-181G was conducted
using the forward 5’-TGGTACCATAATGTCCTGAATG-3’ and the
reverse 5’-TCGTTATTGGCAGGAAGCACACAATGAATT-3’
primer pairs. The obtained 150 bp PCR products were then digested
with EcoRI and resulted in two fragments of 120 and 30 bp when
the G allele was present. In the presence of the A allele, the 150 bp
fragment remained intact. As for the MMP-7 C-153T, direct
sequencing PCR was conducted with the same primers as for MMP-
7 A-181G. After amplification, the PCR products were subject to
digestion with EcoRI and separation using 3% agarose gel
electrophoresis. All the genotypic processes were repeated by two
expert researchers independently and blindly, and their results were
100% concordant to each other. In addition, the success rate of PCR-
restrictive fragment length polymorphism (RFLP) is 100%, and the
genotypes of 5% of the participants in both the control and patient
groups were analyzed by PCR direct sequencing (Genomics BioSci
& Tech Co). The concordance between direct sequencing and PCR-
RFLP methods was 100%.

Statistical analyses. Those participants with complete genotypic and
clinical data were subjected to final analysis. The descriptive statistics
of patients and controls are presented as the mean and standard
deviation (SD) or as percentages. In Table I, the Student’s t-test was
used for the comparison of ages between the case and the control
groups. The Pearson’s chi-square test or Fisher’s exact test (when any
cell was less than five) was used to compare the distribution of the
genotypes. Associations were evaluated and presented as odds ratios
(ORs) with 95% confidence intervals (CIs). Statistical data was
deemed to be significant when the p-value was less than 0.05.

Results
Comparison of basic characteristics between the bladder
cancer patient and the healthy control groups. The frequency
distributions of selected basic characteristics including age,
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gender, personal habits, tumor stage and grades for the 375
bladder cancer patients and 375 non-cancer controls are
summarized in Table I. Statistically, there was no difference
in the distribution of age and gender between the bladder
cancer patient and healthy control groups since the frequency
matching approach in selecting the recruited non-cancer
healthy controls was applied (Table I). Among the investigated
individuals, it was found that neither smokers nor alcohol
drinkers were of higher percentages in bladder cancer patient
group than in the control group (both p>0.05) (Table I, middle
part). The results showed that smoking and alcohol drinking
may not be the risk behavioral factors for bladder cancer for
Taiwanese. From the clinical viewpoint, the collected bladder
cancer patients were more likely to be non-muscle-invasive
type (62.7%) and later stage (59.7%) (Table I).

Association of MMP-7 promoter genotypes and bladder
cancer risk among Taiwanese. The genotypic analysis for the
MMP-7 A-181G and C-153T among the matched healthy
controls and the bladder cancer patients are presented and
compared in Table II. The data showed that there are no
polymorphic genotypes among the 750 examined subjects at
MMP-7 C-153T (Table II, lower panel). The genotypic
frequency distributions for MMP-7 A-181G were not
significantly different between the control and the bladder
cancer patient groups (p for trend=0.5475) (Table II, upper
panel). In detail, the AG heterozygosity or GG homozygosity
at MMP-7 A-181G seemed not to be associated with any
elevated risk of bladder cancer (p=0.3391 and 0.6203,

adjusted OR=0.80 and 1.33, 95%CI=0.47-1.27 and 0.46-
3.84, respectively; Table II, upper panel). After Combination
of the homozygotes and heterozygotes of the G allele
(AG+GG), the analytic results still showed that the G allele
at MMP-7 A-181G conferred no risk for bladder cancer
(p=0.4960, adjusted OR=0.84, 95%CI=0.54-1.32) (Table II).
Overall, MMP-7 A-181G seems to play an indirect role in
determining personal susceptibility for bladder cancer in
Taiwanese population.

Association of MMP-7 promoter allelic frequencies and
bladder cancer risk among Taiwanese. The distributions of
allelic frequencies for MMP-7 A-181G and C-153T
polymorphisms among the bladder cancer patients and the
healthy controls are presented in Table III. Supporting the
genotyping results in Table II, the results of allelic analysis
showed that the G allele at MMP-7 A-181G was not
significantly associated with bladder cancer risk (p=0.6816,
adjusted OR=0.96, 95%CI=0.72-1.25) (Table III). In detail,
the percentages of minor allele frequencies in the bladder
cancer patient and the healthy control groups were 6.5% and
7.1%, respectively (Table III). Consistent with the findings
in Table II, all the investigated subjects were of C allele at
MMP-7 C-153T in Taiwanese population (Table III).
Stratification analysis for the MMP-7 A-181G genotypes
according to age, gender, smoking and alcohol consumption
status was also performed. No significant association was
found in any of the stratification analysis among the
subgroups (data not shown).
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Table I. Basic characteristics of the 375 patients with bladder cancer and 375 controls investigated in this study.

Characteristic                                              Controls (n=375)                                                               Cases (n=375)                                         p-Value

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

Age (years)                                                                                     62.9 (9.8)                                                                        61.4 (10.3)               0.7315a
Age group (years)                                                                                                                                                                                                   0.7108b
  ≤55                                             152                  40.5%                                                      158                  42.1%                                                      
  >55                                             223                  59.5%                                                      217                  57.9%                                                      
Gender                                                                                                                                                                                                                     0.5525b
  Male                                           287                  76.5%                                                      279                  74.4%                                                      
  Female                                         88                  23.5%                                                        96                  25.6%                                                      
Personal habits                                                                                                                                                                                                              
  Cigarette smoking                     186                  49.6%                                                      201                  53.6%                                                0.3063b
  Alcohol drinking                       176                  46.9%                                                      189                  50.4%                                                0.3807b
Stage                                                                                                                                                                                                                              
  Non-muscle invasive                                                                                                         235                  62.7%                                                      
  Muscle-invasive                                                                                                                 140                  37.3%                                                      
Grade                                                                                                                                                                                                                             
  Low                                                                                                                                    151                  40.3%                                                      
  High                                                                                                                                    224                  59.7%                                                      

SD: Standard deviation; abased on the Student’s t-test; bbased on Chi-square test.



Discussion

From the year of 1979, the widespread use of physical check-
up, westernized diet and increased aging of the Taiwanese
society, there has been a rising trend in the incidence of
urologic cancers, prostate, kidney and bladder cancers, in both
Taiwanese male and female populations (44). In the current
study, the contribution of MMP-7 genotypes to bladder cancer
susceptibility in Taiwan was examined. In normal conditions,
MMP-7 is commonly expressed in many tissues of the human
body, such as in ductal epithelium of exocrine glands in skin,
salivary glands, pancreas, glandular epithelium of intestine and
reproductive organ, liver, and breast. Since MMP-7 is in
charge of degrading ECM macromolecules such as casein,
type I-V gelatins, fibronectins and proteoglycans (45), it is
hypothesized that hereditary genomic variations may

determine personal risk for inflammatory processes, tumor
initiation, invasion and metastasis (46). 

In the literature, the genotypes of MMP-7 have been
examined among many types of cancer patients, such as
lung, breast, esophageal, gastric, colorectal, gallbladder, oral,
cervical cancer, astrocytoma, childhood leukemia and renal
cell carcinoma (28-40), but not in bladder cancer (41).
However, high tissue and serum levels of MMP-7 are
significantly and independently associated with poor
prognosis among bladder cancer patients (42). 

In the current study, it was found that the G allele of MMP-7
A-181G was not significantly associated with the risk to
bladder cancer (Tables II and III). As far as we are aware, the
current study is the first to reveal the contribution of MMP-7
promoter genotypes to bladder cancer in Taiwan, with a
conclusion consistent to the one performed in the Caucasian
population (42). Compared with the investigated subjects, our
samples are more genetically conserved (all Chinese) and
representative (375 bladder cancer patients and 375 healthy
controls). The presence of the G allele at MMP-7 A-181G was
associated with 2- to 3-fold higher transcriptional activity than
that of the A allele, because it reportedly facilitated the binding
of nuclear activating proteins in the promoter of MMP-7 (27). 

The consistent findings between our study (Chinese) and
Polish one about the associations tell us that genetic
contribution of MMP-7 A-181G plays a minor role in
determining the personal susceptibility to bladder cancer,
independently of the race. The environmental factors may play
a very important role in bladder cancer. Arseniasis-endemic
area in Taiwan, which is associated with well-known black foot
disease, contributed to higher incidence of urological cancers,
as well as skin cancer and lung cancer (47). In Taiwan, a
significant dose-dependent association between arsenic
exposure and intake (drinking of arsenic-polluted water) and
bladder cancer has been reported in the epidemiological studies
focused on populations exposed to high levels of inorganic
arsenic (48, 49). In addition, the arsenic exposure and urinary
profiles of the patients were identified and established as
potential biomarkers to predict mortality (50). Although the
arsenic-polluted water drinking behaviors in Taiwan were
prevented via the widespread tap water supply, we are still
exposed in arsenic contamination. The major limitation of the
study was the inability to precisely measure the individual's
arsenic exposure status such as the water consumed by the
patients over their entire lifetime, which made it challenging
to accurately estimate the contribution of arsenic exposure to
the risk of bladder cancer. In addition, there were no known
measurement data on arsenic levels in their blood or urine since
this item is not in the list of common examinations.

In conclusion, this study examined the genotypic patterns
of MMP-7 A-181G and C-153T among Taiwanese. Neither
MMP-7 A-181G nor C-153T contributed to susceptibility of
Taiwanese to bladder cancer. Some other markers, other
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Table II. Distribution of matrix metalloproteinase-7 A-181G and C-153T
genotypic frequencies among the bladder cancer patients and healthy
controls.

Genotypes     Controls, n (%)   Cases, n (%)     Adjusted OR    p-Valueb
                             n=375                n=375             (95%CI)a

A-181G                                                                                                 
   AA               328 (87.5)          334 (89.1)      1.00 (Reference)         
   AG                 41 (10.9)            33 (8.8)        0.80 (0.47-1.27)    0.3391
   GG                   6 (1.6)                8 (2.1)        1.33 (0.46-3.84)    0.6203
   AG+GG         47 (12.5)            41 (10.9)      0.84 (0.54-1.32)    0.4960
   ptrend                                                                                             0.5475
C-153T                                                                                                  
   CC                788 (100.0)        956 (100.0)    1.00 (Reference)         
   CT                    0 (0.0)                0 (0.0)                    --                     
   TT                    0 (0.0)                0 (0.0)                    --                     
   ptrend                                                                                                   

OR: Odds ratio; CI: confidence interval. aData have been adjusted for
confounding factors age, gender, smoking and alcohol consumption
behaviors. bBased on Chi-square test without Yates’ correction.

Table III. Allelic frequencies for matrix metalloproteinase-7 A-181G and
C-153T polymorphisms among the bladder cancer patients and healthy
controls. 

Allelic type   Controls, n (%)   Cases, n (%)    Adjusted OR    p-Valueb
                             n=750                n=750             (95%CI)a

A-181G                                                                                                 
   Allele A       697 (92.9)          701 (93.5)      1.00 (Reference)         
   Allele G         53 (7.1)              49 (6.5)        0.96 (0.72-1.25)    0.6816
C-153T                                                                                                  
   Allele C       750 (100.0)        750 (100.0)    1.00 (Reference)         
   Allele T            0 (0.0)                0 (0.0)                    --                     

OR: Odds ratio; CI: confidence interval. aData have been adjusted for
confounding factors age, gender, smoking and alcohol consumption
behaviors. bBased on Chi-square test without Yates’ correction.



MMPs, may be more significant than MMP-7 as early
detective biomarkers for bladder cancer prediction in Taiwan,
and further investigations of the genetic and environmental
factors (such as arsenic exposure status) are needed.
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