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ABSTRACT

Background/Aims: Gastric cancer (GC) is a multifactorial disorder mediated by genetic, epigenetic, and
environmental risk factors. GC is the most common cancer in India and it is the third prominent cause of
cancer death worldwide. A single nucleotide polymorphism (SNP) in the promoter region of interstitial
collagenase (MMP-1) gene appears to have an impact on the transcriptional activity and regulation of its expression.
Hence, the present study is aimed to evaluate the role of interstitial collagenase gene-1607 1G/2G (rs1799750)
promoter polymorphism in the etiology of GC. Patients and Methods: The study included 166 GC patients and
202 control subjects. Genomic DNA was isolated from whole blood samples of the subjects, and the genotyping
of interstitial collagenase promoter polymorphism was carried out by polymerase chain reaction-restriction
fragment length polymorphism method followed by agarose gel electrophoresis. Appropriate statistical methods
were applied to test the significance of the results.Results: The risk factor profile of the patients revealed that
male gender, age above 50 years, addiction to alcohol and smoking were the most common risk factors (P < 0.05).
There was a significant difference in the distribution of 2G/2G genotype (2G/2G vs. 1G/1G, P =0.016) and 1G/2G
genotype (2G/2G + 1G/2G vs. 1G/1G, P = 0.010) in patient group compared with that of the control subjects.
Conclusion: The present study provides indirect evidence for the role of interstitial collagenase gene 1G/2G
promoter polymorphism in the etiology of GC in South Indian population.
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Gastric cancer (GC), also known as stomach cancer, can
arise in any part of the stomach and may progress to the
entire stomach and to other surrounding organs; the
esophagus, liver, lungs, and the lymph nodes. It is a complex
and multifactorial disorder controlled by environmental,
genetic, and epigenetic risk factors.!! On a global scale,
GC causes approximately 8,00,000 deaths per year and it is
the third leading cause of cancer death worldwide in both
males and females.™ The recent study from Tata Memorial
Centre (TMC) on cancer mortality in India has rightly
focused GC as the second largest cause of cancer-related
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deaths among Indians.P! On the whole 90% of the stomach
tumors are malignant and 95% of these tumors reported to
be adenocarcinomas.!*!

Matrix metalloproteinases (MMPs) compose a vast group
of zinc-dependent proteolytic endopeptidases having a
metal in their integral structure and thought to be involved
in degeneration of proteins in the interstitial matrix,
including basement membrane and tissue remodeling via
critical biological procedures.’”! MMPs perform a key role
in promoting proliferation of tumor, angiogenesis, cell
migration, apoptosis, and connective tissue degradation.!®

Among the 20+ ECM proteases, interstitial collagenase
also called as matrix metalloproteinase 1 (MMP-1) or
collagenase-1 or fibroblast-type collagenase (FIB-CL)
degrades the collagens 1, 11, 111, VI, VIII, X, and gelatin®!
and is involved in initiation and progression of tumors by
transforming the cellular microenvironment that promotes
tumorigenesis.”’ The gene for interstitial collagenase
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is localized on chromosome 11 at q22.3 and a single
nucleotide polymorphism (SNP) in the promoter region
appears to control the transcriptional activity.!"! The
polymorphism is due to the insertion or deletion of an
extra guanine (G) at -1607 bp (rs1799750), results in the
sequence 5’GGAA3’ (2G allele) from 5’GAA3’ (1G allele).
This new 5’GGAA3’ sequence, is a consensus-binding site
for the Ets (E 20) family of transcription factors specific
to metazoans, which act as the downstream target for
numerous growth factors.!"!! Overexpression of collagenase
gene had been manifested in malignant tissues and
proposed to be associated with invasion and metastasis
of tumors.'*Pl The 1G/2G polymorphism was found to
enhance the risk to develop various cancers!' such as
lung cancer, colorectal cancer, ovarian cancer, renal cell
carcinoma, cervical cancer, and is associated with an overall
weak prognosis in colorectal™ and esophageal cancers.!'!
Thus, interstitial collagenase can be regarded as a candidate
gene for susceptibility to GC. To explore whether the
collagenase-1 gene promoter polymorphism is involved in the
gastric carcinogenesis, we carried out a case—control study
investigating the association between the polymorphism and
the risk for GC in South Indian population.

PATIENTS AND METHODS

The present study included endoscopically and
histopathologically confirmed 166 GC patients and 202
healthy control subjects (with no family history of gastric
ulcer or cancer) referred to Department of Gastroenterology,
Gandhi Hospital, Secunderabad. The information on
demographic features such as age, gender, dictary habits,
weight, consanguinity, familial incidence of cancer, and
addiction to smoking and alcohol was obtained from all
the patients and controls using a structured questionnaire.
Helicobacter pylori infectivity status was tested in antral
biopsies from all the patients by rapid urease test following
Vaira et al. method." The study was approved for ethical
clearance by Ethics Committee of the Institute. The ethical

standards of experiments were in accordance with the
guidelines provided by ICMR.

Five milliliters of blood was collected from both patients
and control subjects in EDTA-coated vacutainers. Genomic
DNA was isolated from whole blood samples following Lahiri
et al. salting out method.!"¥

Analysis of -1607 1G/2G (rs1799750) promoter polymorphism
of the interstitial collagenase gene was carried out by
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method. The PCR primers
(Genet, Bangalore) used for amplifying a fragment of 269 bp
for the polymorphism at -1607 (1G > 2G) were: Forward
primer: 5'“TGA CTT TTA AAA CAT AGT CTA TGT
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TCA-3" Reverse primer: 5-I'CT TGG ATT GAT TTG AGA
TAA GTC ATA GC-3". The PCR reaction was performed
in a 20 uL final volume consisting 20 ng of genomic DNA,
1.5 mM MgCl,, 1 X Tag buffer, INTPs (2.5 m M each
dATP, dGTP, dTTP, dCTP) (Genei, Bangalore), forward and
reverse primers (0.4 pM each) and recombinant Tag DNA
polymerase 1 U/uL. (Genei, Bangalore). The PCR conditions
were initial denaturation of 5 min at 94°C, denaturation of
30 s at 94°C, annealing of 30 s at 58°C, extension of 30 s
at 72°C, followed by 34 cycles and a final extension step at
72°C for 5 min.

The restriction endonuclease Alu I (Fermentas..) (for -1607
1G>2G) (rs1799750) was used to digest the PCR product.
A 10 pL of PCR aliquot was incubated at 37°C overnight
for digestion in a 20 pL reaction comprising 10 units of
restriction endonuclease and 2 uL reaction buffer.

After overnight digestion of amplicons with Alu I the RFLP
products were resolved on a 3% agarose gel stained with
ethidium bromide. The 1G allele has the AGCT recognition
site, but this recognition site is destroyed by the insertion
of a guanine in the 2G allele.™ The 1G/1G homozygous
alleles at -1607 were distinguished by 241 and 28 bp DNA
bands as the 1G allele has the recognition site for Alu I,
whereas the 2G/2G homozygous alleles were characterized
by a single DNA band with a size of 269 bp size. The 1G/2G
heterozygote displayed the presence of three bands (269,
241, and 28 bp). The genotypes were determined based on
the appearance of bands with help of 100 bp ladder. Ten
percent of the samples were taken randomly, and the assay
was performed again with no bias observed in genotyping.
The replicative study revealed similar findings with 100%
concordant results.

Statistical Analyses

The evaluation of case and control differences in the
distribution of alleles and genotypes was carried out by
test of association.*”) Odd’s ratios (ORs) and corresponding
95% confidence intervals (Cls) were determined using
Javastat 2-way contingency table analysis® to measure the
strength of association between interstitial collagenase gene
polymorphism and GC. All statistical tests were two-tailed, and
Pvalues < 0.05 were considered to be statistically significant.

RESULTS

The present case-control study included a total of
166 patients and 202 control subjects. The demographic
characteristics of the study population have been indexed in
table 1. All the GC patients were of South Indian origin. The
study subjects were classified based on gender, age, addiction
to smoke and alcohol, family history, H. pylori infection,
and other organisms. The risk factor profile exhibited that
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Table 1: Demographic characteristics among gastric cancer cases and controls

Characteristic N (%)
Controls Cases

Gender

Males 112 (55.44) 118 (71.08)

Females 90 (44.55) 48 (28.91)
Age (years)

=50 126 (62.37) 137 (82.53)

<50 76 (37.62) 29 (17.46)
Smoking

Smokers 64 (31.68) 111 (66.86)

Nonsmokers 138 (68.31) 55 (33.13)
Alcoholism

Alcoholics 53 (26.63) 104 (62.25)

Nonalcoholics 149 (73.76) 62 (37.34)
Consanguinity

P 6 (2.97) 3(1.80)

A 196 (97.02) 163 (98.19)
Helicobacter pylori infection

+ve 12 (5.9) 18 (10.84)

-ve 190 (94.0) 148 (89.15)

e OR (95%Cl) P
8.853 1.975 (1.249-3.128) 0.002*
17.175 2.849 (1.697-4.804) 0.000*
43.829 4.352 (2.743-6.919) 0.000*
47.912 4.716 (2.951-7.544) 0.000*
0.144 0.601 (0.117-2.752) 0.473
2.307 1.926 (0.849-4.407) 0.124

OR: Odds ratio, Cl: Confidence interval, P: Present, A: Absent.*P<0.05

male gender, age above 50 years, and addiction to smoking
and alcohol were the most common risk factors in patients
compared with the control subjects (P < 0.05), indicating
the role of these factors in the etiology of the disease. Among
the patients 2.4% of them revealed familial incidence of
GC. No significant difference was noticed between cases
and controls with regard to consanguinity (P = 0.473) and
H. pylori infection (P = 0.124).

The distribution of genotype and allele frequencies of
interstitial collagenase gene 1G/2G promoter polymorphism
in patients and controls was given in table 2. The frequency of
1G/1G, 1G/2G, and 2G/2G genotypes in patients were 3.61%,
68.67%, and 27.71%, whereas in the control subjects the
distribution was 10.89%, 64.35%, and 24.75%, respectively.
The allelic frequencies were found to be 37.95% for 1G and
62.04% for 2G in patient group whereas 43.06% and 56.93%

in controls, respectively.

There was a significant difference in the distribution of
2G/2G genotype [(2G/2G vs 1G/1G, y* = 5.206; P = 0.016;
OR = 3373 (95% CI; 1.159-10.264)] in patient group
compared with the control subjects with threefold increased
risk. The 2G allele as a single copy in heterozygote (1G/2G)
condition also increase the risk [1G/2G vs 1G/1G,
2 =5532;P =0.015 OR = 3.215 (95%CI; 1.182-9.204)]
in patients compared with the control subjects. When
the 2G/2G and 1G/2G genotypes were combined, there
was a threefold enhanced GC risk for individuals with 2G
allele. [2G/2G + 1G/2G vs 1G/1G, x* = 5.876; P = 0.010;
OR = 3.259 (95%CI; 1.214-9.223)].

Table 3 stratifies the genotype distribution based on
epidemiological factors such as age and gender. Patients
above 50 years have shown the disease with 1G/1G
(P = 0.021) and 1G/2G genotypes (P = 0.003), indicating
the possible association of 1G allele with an advanced age.
Moreover, higher GC risk was observed in men with 2G/2G
genotype (OR = 0.021, P = 0.000) suggesting gender-specific
effect of the polymorphism.

Table 4 exhibits the genotype distribution based on
addictions. Patients who are smokers developed the discase
even with a single 2G allele revealing a strong association
of 2G allele with smoking. All the patients displayed a
significant association of alcoholism with the discase
irrespective of the genotype (P < 0.05). Possible association
was revealed in patients of 1G/2G genotype with H. pylori
infection in developing cancer (P = 0.022). Comparisons
were also made among patients and control subjects with
respect to consanguinity and familial incidence and found
no significant association.

DISCUSSION

GC, the fifth most frequent cancer in the world and third
most in India, is defined as a multifactorial disorder
resulting from various genetic, epigenetic predisposition,
and environmental risk factors.?'! MMPs are zinc dependent
metalloproteases, degenerate the extracellular matrix
collagens, and thought to be very critical in tissue repair and
remodeling during development and inflammation. MMPs
are important in altering the cell cycle check point controls,
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thus promoting genomic imbalance by influencing cell
adhesion®! and contribute to initiation and development
of tumors by altering the cellular microenvironment that
help tumor formation.!

The present study revealed the significance of advanced
age, male gender, smoking, and alcoholism in the patient
group compared with the control subjects. It is evident
that most of the patients belong to age 50 years or more
showcasing GC incidence to be higher in advanced age
group compared with the early age group and is in agreement

Table 2: Distribution of genotype, allelic frequencies
and odd’s risk estimates in patients compared with
control subjects

Genotype Patients Controls Odds ratio P
(N=166) (N=202) (95%, CI)
N % N %
1G/1G 6 3.61 22 10.89
1G/2G 114 68.67 130 64.35 3.215(1.182-9.204) 0.015*
2G/2G 46 27.71 50 24.75 3.373(1.159-10.264) 0.016*
2G/2G vs 120 72.28 152 75.24 1.165(0.712-1.908) 0.552
1G/1M1G+1G/2G

2G/2G+1G/2G 160 96.38 180 89.10 3.259 (1.214-9.223) 0.010*
vs 1G/1G

Alleles
1G 126 37.95 174 43.06
2G 206 62.04 230 56.93 1.237 (0.909-1.683) 0.175

*P<0.05. Cl: Confidence interval

with the study of Neugut et al.? It is clearly observed
that risk of developing GC is higher in males compared
with females and the same was reported by Parkin et al.
1 This may be assigned to environmental risk triggering
factors such as alcohol and smoking, which were most
common in males. The cytoprotective effect of estrogen
hormone may be one of the factors for lowered frequency
of GC in women. Smoking and alcoholism were identified
as potential risk factors in the development of GC. Earlier
studies also highlighted the role of smoking and alcoholism
in enhancing the risk for GC, which is correlated with the
present findings. It is interpreted based on the fact that
cigarette smoke may enhance the risk of developing GC via
the formation of nitroso amine, a potent carcinogen, while
consuming alcohol had impact on tumor volume doubling
time (TVDT), which in turn stimulates the tumor growth
by promoting angiogenesis. 2!

Extracellular matrix-degrading interstitial collagenase is
thought to be involved in tumor aggression, metastasis,
and may also aid in initiation and development of tumor
by changing the cellular microenvironment that facilitates
tumor formation.'”! The 2G allele of 1G/2G polymorphism
was found to increase the risk for the development of various
cancers such as lung cancer, colorectal cancer, ovarian cancer,
cervical cancer, and renal cell carcinoma.!" The results were
conflicting regarding the association studies from different
ethnicities. This is the first research study to investigate the
role of interstitial collagenase gene promoter polymorphism

Table 3: Distribution of genotype frequency in patients and control subjects with regard to Age and gender

Characteristic N (%)
Controls Cases
Age
1G/1G genotype
250 years 3(13.63) 4 (66.66)
<50 years 19 (86.36) 2(33.33)
1G/2G genotype
250 years 80 (61.53) 90 (78.94)
<50 years 50 (38.46) 24 (21.05)
2G/2G genotype
250 years 43 (86) 43(93.47)
<50 years 7 (14) 3(6.52)
Gender
1G/1G genotype
Males 15 (68.18) 4 (66.66)
Females 7 (31.81) 2(33.33)
1G/2G genotype
Males 101 (77.69) 80 (70.17)
Females 29 (22.30) 34 (29.82)
2G/2G genotype
Males 16 (32) 34 (73.91)
Females 34 (68) 12 (26.08)

7 OR (95%Cl) P
4.525 12.667 (1.147-191.533) 0.021*
7.907 2.344 (1.274-4.330) 0.003*
0.746 2.333 (0.495-12.314) 0.321
0.000 0.933 (0.101-9.673) 1.000
1.421 0.676 (0.365-1.250) 0.190
15.227 6.021 (2.279-16.242) 0.000*

OR, odds ratio; Cl, confidence interval; *P<0.05.
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Table 4: Distribution of genotype frequency in patients and control subjects with regard to addictions

Characteristic N (%) Ve OR (95%Cl) P
Controls Cases
Smoking status
1G/1G genotype
Smokers 9 (40.90) 3 (50)
Nonsmokers 13 (59.09) 3 (50) 0.000 1.444 (0.172-12.293) 1.000
1G/2G genotype
Smokers 40 (30.76) 67 (58.77)
Nonsmokers 90 (69.23) 47 (41.22) 18.223 3.207 (1.832-5.633) 0.000*
2G/2G genotype
Smokers 15 (30) 41 (89.13)
Nonsmokers 35 (70) 5(10.86) 32.075 19.133 (5.710-68.639) 0.000*
Alcoholism
1G/1G genotype
Alcoholics 4(18.18) 4 (66.66)
Nonalcoholics 18(81.81) 2(33.33) 3.314 9.00 (0.892-115.180) 0.038*
1G/2G genotype
Alcoholics 41 (31.53) 83(72.80)
Non-alcoholics 89 (68.46) 31(27.19) 39.753 5.812 (3.222-10.535) 0.000*
2G/2G genotype
Alcoholics 8 (16) 17 (36.95)
Nonalcoholics 42 (84) 29 (63.04) 4.429 3.078 (1.609-9.060) 0.022*
OR: Odds ratio, Cl: Confidence interval, *P<0.05
in GC from south Indian population. It is postulated that REFERENCES

this polymorphism may influence the expression and activity
of the enzyme, promoting extracellular matrix deterioration

and invasion, leading to progression of cancer.
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CONCLUSION
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