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Abstract
AT-rich interaction domain containing protein 1A (ARID1A), has recently emerged as a novel class of gene which acts as a potent
tumor suppressor in numerous types of cancers such as Gastric, Breast, Ovarian, Colorectal, Lung cancers.ARID1A is involved in
the regulation of various cellular processes such as proliferation, differentiation and DNA repair, yet its association with the
susceptibility of cancer remains unknown. Here, we aimed to analyse the association of the ARID1A variants (Pro912Thr,
Gln944Lys and Gln920Ter) with the risk of Gastric cancer (GC) in Kashmiri population. The study included 103 confirmed
cases of GC and 163 normal controls. The genotypes were studied using Polymerase Chain Reaction. Different bioinformatic
predictive tools were also used to analyse the possible effect of these SNP’s on the resultant protein. The Pro912Thr and
Gln920Ter variants of ARID1A showed significant difference in genotypic and allelic frequencies between the GC cases and
controls (P < 0.05), whereas, the data did not reveal any correlation between Gln944Lys variant and Gastric cancer risk. Both
Pro912Thr and Gln920Ter SNP’s follow “Dominant mode of inheritance”. In Silico analysis predicted that amino acid substi-
tution of Pro912Thr SNP decreases the protein stability thus changing the functional properties of resultant protein, so backing
the possibility of damaging effect of this SNP. Our study suggests that Pro912Thr and Gln920Ter SNP’s of ARD1A gene are
associated with increased risk of GC in Kashmiri population.
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Introduction

Worldwide, Gastric cancer (GC) is one of the most frequently
diagnosed cancer and the third leading cause of cancer-related
deaths [1]. In 2018, over one million new cases of GC were
reported and 783,000 deaths were estimated [1]. In Kashmir
valley (North India), GC is the most commonly encountered
cancer in men (25.2%) and third leading cancer site in women

(10.4%) [2, 3]. The environmental factors and accumulation
of genetic and epigenetic alterations with susceptibility of on-
cogenic mutations, were found to be associated with the in-
creased risk of GC [4]. In Kashmir valley, the high incidence
rate of GC have been reported to be associated with potential
exposure to some of the nitroso compounds, amines and ni-
trates, present in the local food stuffs such as dried fish, red
meat, pickled vegetables and traditional hot salted tea [5].
Mechanistic understanding of these alterations and molecular
mechanism will be critical for the improving diagnosis and
prognosis of GC.

ARID1A (AT-rich Interaction Domain-containing protein
1A) gene is located on chromosome 1p36.11 [6, 7]. It encodes
a protein of approximately 250KD that is expressed predom-
inantly in the nucleus [8]. ARID1A is involved in a number of
protein-protein interactions, however, its interaction with the
SWI/SNF chromatin remodeling complexes have been ac-
knowledged widely [6, 8]. Recent studies have revealed that
ARID1A gene has high mutational frequency in a wide variety
cancers and decreased or loss of protein expression is signif-
icantly associated with the increased risk of several cancers
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including Ovarian clear cell carcinoma, Uterine low grade
endometriod carcinoma, High-grade endometrial carcinoma,
primary GC and Hepatocellular carcinoma [4, 6–14].

ARID1A gene has emerged as a novel tumor suppressor
gene, essential in regulating the process of cell cycle and
maintaining the genomic stability [4, 6, 8, 14]. Studies
have reported that polymorphism in genes regulating cell
cycle, DNA mismatch repair and other metabolisms in-
crease risk of cancer [15]. Non-synonymous polymor-
phisms change the protein sequence that could modify
the secondary structure of proteins effecting its interac-
tions and functioning, thereby contributing in cancer pro-
gression [15, 16].

Several single nucleotide polymorphisms (SNP’s) have
been identified within ARID1A gene, however, whether these
genetic variation affects the initiation or progression of cancer
is unknown. To fill the gap in knowledge, we studied 103 GC
patients and 163 controls to evaluate the possible association
of three non-synonymous SNP’s of the ARID1A gene with GC
risk. The study included the two missense (Pro912Thr and
Gln944Lys) and one nonsense (Gln920Ter) SNP in exon-9
of the ARID1A gene. To the best of our knowledge, till date
no study has been conducted that unravels the role of ARID1A
polymorphism in GC. This is the first comprehensive analysis
that investigated the possible correlation between the ARID1A
polymorphism and susceptibility to GC.

Materials and Methods

Study Design and Study Subjects

It was a case-control hospital based prospective study con-
ducted by the Department of Biochemistry and General
Surgery, Government Medical College Srinagar and
Associated Shri-Maharaja Hari Singh (SMHS) Hospital,
Kashmir (North India). The study has been approved by the
Ethical Committee of Govt. Medical College (GMC),
Srinagar, Kashmir. The study included 103 histopathological-
ly confirmed GC cases and 150 healthy controls attending the
Department of Surgery, Govt. Medical College, Srinagar be-
tween October 2015 and June 2019. The Controls were ran-
domly selected from a pool of healthy volunteers who visited
the hospital for health check-up during the same period. None
of the patients had received any radiotherapy or chemotherapy
prior to surgery. A well written consent was obtained from
each study subject.

Sample Collection

5 ml of blood was collected from each GC patient and healthy
control in EDTA vials; refrigerated at -80 till further
processing.

DNA Extraction and Polymerase Chain Reaction

Genomic DNAwas isolated from blood samples by using Gen
Elute™ Blood Genomic DNA kit (Sigma-Aldrich, USA) ac-
cording to given protocol. The quality of DNA was checked
by agarose gel electrophoresis whereas purity and concentra-
tion was measured by using the NanoDrop 2000c
Spectrophotometer (ThermoScientific, USA). The
Polymerase Chain Reaction (PCR) was performed to amplify
the DNA segment pertaining to exon 9 using primers;
Forward: 5 CACAGCACTATTTGGCTCCAG-3’ and
Reverse 5’- ATCATCTCTGGGCTGGCTG − 3’. The PCR
amplification was carried out in a 50 µl volume containing 5
µl of 50–150 ng genomic DNA; 12.5 µl of 2X PCR Master
Mix (3B BlackBio, Biotech, India); 0.7 µl each of forward and
reverse primers (7 pmol) (Eurofins Genomics, India Pvt Ltd).
The PCR cycle conditions were as follows: initial denaturation
at 94 °C for 7 min followed by 35 cycles of denaturation at 94
°C for 15 s, annealing at 58 °C for 30 s, extension for 72 °C for
30 s and final extension at 72 °C for 5 min. The PCR products
of 343 bp were verified on 2% agarose gel (Fig. 1). All the
amplified samples were sequencing, using the automated
DNA sequencer ABI prism 310 (Applied Bio systems,
USA) involving Sanger di deoxy method [17] (Fig. 2).

Computational Prediction Tools

In order to predict the possible effect of amino acid substitu-
tion on protein function different bioinformatic predictive
tools were used. The missense variants were analysed using
PROVEAN, SIFT andMUpro. andHope project toolwas used
to collect the information about the phenotypes of the variants.

Fig. 1 Amplified PCR product of 343 bp ion size of ARID1A gene on
2.5% agarose gel
L1- L7: Lanes containing amplified PCR products with prominent/
desired band, M: 100 bp Molecular size marker/Ladder
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Statistical Analysis

Statistical analysis was done by SPSS 16.0 statistical package
(SPSS Inc., Chicago IL, USA). To compare the categorical
variables such as age, sex, smoking status, etc. between the
cases and controls χ2-test was used. The allelic and genotypic
frequencies of cases and controls were compared by χ2-test
and Hardy-Weinberg equilibrium. The association of VDR
genotypes with GC risk were estimated by odds ratios (OR)
and 95% confidence intervals (95% CI), P ≤ 0.05 was consid-
ered as significant.

Results

Patient Characteristics

Demographic and clinicopathological parameters of cases and
controls were summarized in the Table 1. All cases and controls
were matched as per their age, gender, dwelling and smoking
status. The calculated mean age of the GC patients and control
groups were 56.6 ± 12.1 and 53.04 ± 9.3 respectively.
Interestingly, we found the incidence of GC was significantly
high in patients with deranged BMI as compared to controls

Fig. 2 Partial electrophoretograms (forward) of DNA sequences in exon
9 of ARAD1A gene in GC cases showing normal and mutated sequences.
A Electrophoretogram showing C-to-A substitution (proline to threonine)
at codon 912. B Electrophoretogram showing C-to-A substitution (gluta-
mine to lysine) at codon 944. C Electrophoretogram showing C-to-T
substitution resulting in generation of TAA stop codon at position 20

Table 1 Demographic and Clinicopathological parameters of the study
subjects

Variables Cases (n = 103) Controls (n = 163) P value

Gender

Male
Female

61 (59.2%)
42 (40.7%)

93 (57.0%)
70 (43.0%)

> 0.05

Age (years)

≥ 50
< 50

68 (66.0%)
35 (34.0%)

104 (63.8%)
59 (36.2%)

> 0.05

Dwelling

Rural
Urban

66 (64.0%)
37 (36.0%)

99 (60.7%)
64 (39.2%)

> 0.05

Smoking status

Never
Ever

59 (57.3%)
44 (42.7%)

87 (53.3%)
76 (46.6%)

> 0.05

BMI (kg/m2)

Normal
Underweight
Preobese
Obese Class I
Obese Class II

54 (52.4%)
10 (9.7%)
28 (27.2%)
09 (8.7%)
02 (1.9%)

115 (70.5%)
11 (6.7%)
25 (15.3%)
10 (6.1%)
2 (1.2%)

≤ 0.05

Family history

Yes
No

17 (16.5%)
86 (83.5%)

12 (7.3%)
151 (92.6%)

≤ 0.05

Salt tea consumption

< 5 cups/day
≥ 5 Cups/day

29 (28.1%)
74 (71.8%)

72 (44.1%)
91 (55.8%)

0.01

H. Pylori

Absent
Present

65 (63.1%)
38 (36.9%)

CEA levels

Elevated
Normal

69 (67.0%)
34 (33.0%)

Stage

I & II
III & IV

70 (68.0%)
33 (32.0%)

Grade

WD
PD

66 (64.0%)
37 (36.0%)

BMI; Basal metabolic index (< 18.5 = Underweight, 18.5-24.99 =
Normal, 25-29.99 = Preobese, 30-34.99 = Obese class I, 35-39.99 =
Obese class II), CEA; Carcinoembryonic antigen, WD; Well differentiat-
ed, MD; Moderately differentiated, PD; Poorly differentiated. The p-
values ≤ 0.05 are indicated in bold
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(OR = 2.3, 95% CI = 1.2–4.5, P ≤ 0.05). Furthermore, GC
cases with positive family history had increased risk of GC
(95% CI = 1.1–5.6, P = 0.024) compared to controls (P ≤
0.05). Helicobacter pylori (H. pylori) test was positive in 38
(36.9%) GC patients. The salted tea consumption rate was high
(71.8%) in GC patients then those of controls (55.8%) and the
difference was found significantly associated with the increased
risk of GC (OR = 2.0, 95% CI = 1.2–3.4, P = 0.01).

Genotypes and Allele Distribution

The genotypic and allelic distribution of ARID1A gene
polymorphisms (Pro912Thr, Gln920Ter and Gln944Lys)
in GC case and controls were summarized in the Table 2.
In the present study, distributions of genotype frequencies
for the cases and control were in agreement with Hardy-
Weinberg equilibrium (P > 0.05). Significant difference
was observed in single-loci genotypic and allelic frequen-
cies between the cases and controls of ARID1A Pro912Thr
and Gln920Ter polymorphisms. Logistic regression re-
vealed that patients with variant (ca. and ca. + AA)

genotype of Pro912Thr SNP had 2.2 and 1.9-fold in-
creased risk of GC than those with wild (CC) genotype.
The frequency of the variant genotype (AA) was signifi-
cantly high in cases compared to controls (P ≤ 0.05).
Similarly, in case of Gln920Ter SNP, there was 2.3 and
2.9-fold increased risk of GC among the patients with CT
and CT + TT genotype compared to controls (P ≤ 0.05).
The genotypic frequency of less common variant (TT)
was 5.8% in GC cases but altogether absent from control
group. Furthermore, the Pro912Thr and Gln920Ter SNP’s
had significantly higher frequency of the rare alleles (A and
T) in GC cases compared to control group (P ≤ 0.05). No
significant association was observed between the geno-
types of ARID1A Gln944Lys SNP with the increased risk
of GC (P > 0.05).

Stratification Analysis of VDR Polymorphisms
and Risk of Gastric Cancer

To further assess the effect of ARID1A Pro912Thr, Gln944Lys
and Gln920Ter SNP’s on GC risk with respect to various

Table 2 Association between genotypic and allelic frequencies of the ARID1A polymorphisms in Gastric cancer cases and controls

Genotype/Allele Cases
(n = 103)

Controls
(n = 163)

OR
(95% CI)

P value Adjusted OR
(95% CI)

P value

Pro912Thr; C > A

Genotype

CC
ca.
AA
ca. + AA

48 (46.6)
42 (40.8)
13 (12.6)
55 (53.4)

106 (65.0)
46 (28.2)
11 (6.7)
57 (35.0)

1.00
2.1 (1.1–3.4)
2.6 (1.0-6.3)
2.1 (1.3–3.5)

0.011
0.034
0.003

1.00
2.2 (1.1–4.1)
2.0 (1.2–3.3)
1.9 (1.3-3.0)

0.017
0.004
0.002

Allele type

C
A

138 (68.4)
68 (31.5)

258 (79.1)
68 (20.8)

1.00
1.8 (1.2–2.8)

0.002 1.7 (1.2–2.2) > 0.001

Gln944Lys; C >A

Genotype

CC
ca.
AA
ca. + AA

61 (60.2)
33 (30.1)
09 (9.7)
42 (40.8)

102 (63.2)
49 (29.4)
12 (7.3)
61 (37.4)

1.00
1.0 (0.6–1.8)
1.4 (0.5–3.4)
1.1 (0.7–1.9)

0.80
0.48
0.62

1.0 (0.57–1.8)
1.3 (0.52–3.3)
1.1 (0.65–1.8)

0.98
0.56
0.72

Allele type

C
A

155 (75.2)
51 (24.7)

253 (77.6)
73 (22.4)

1.1 (0.7–1.7) 0.53 1.1 (0.75–1.7) 0.55

Gln920Ter; C > T

Genotype

CC
CT
TT
CT+ TT

71 (69.0)
26 (25.2)
06 (5.8)
32 (31.0)

143 (87.7)
20 (12.3)
00 (0.0)
20 (12.3)

1.00
2.6 (1.3-5.0)
14 (1.7–116)
3.2 (1.7–6.1)

0.004
0.014
> 0.001

1.00
2.3 (1.1–4.6)
13.8 (2.1-319.8)
2.9 (1.5–5.8)

0.020
0.003
0.001

Allele type

C
T

168 (81.5)
38 (18.4)

306 (93.8)
20 (6.1)

1.00
3.3 (1.9–5.8)

> 0.001 3.0 (1.9–4.9) > 0.001
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demographic and clinicopathological parameters of GC cases
and controls, stratification analysis was conducted as shown in
Tables 3, 4 and 5 respectively. Due to the low frequency of the
variant genotypes and increased risk of association, heterozy-
gous and homozygous variants were compared against the wild
genotype. For Pro912Thr and Gln920Ter SNP’s the frequency
of variant alleles (ca. + AA) and (CT + TT) was significantly
high in the age group of ≥ 50 years (P = 0.022) (Tables 3 and
5). In case of Pro912Thr SNP, the frequency of variant allele

(ca. + AA) in cases with family history was 6 times more as
compared to controls (P = 0.034) (Table 3). In addition, fre-
quency of variant allele (CT+ TT) for Gln920Ter SNP was
significantly high in preobese GC cases as compared to controls
(P = 0.02) (Table 5). No significant association of genotypes
was observed with any other clinicopathological characteristics
of GC patients, both in case of Pro912Thr and Gln920Ter re-
spectively (P > 0.05) ARID1A Gln944Lys SNP was not statisti-
cally significantly associated with GC risk (P > 0.05).

Table 3 Clinicopathological relevance of Pro912Thr ARID1A gene polymorphism in Gastric cancer

Pro912Thr Case CC ca. + AA Control CC ca. + AA OR (95%CI) P value

n = 103 48 (46.6) 55 (53.4) n = 163 106 (65.0) 57 (35.0) 1.9 (1.3-3.0) 0.002

Gender

Male
Female

61 (59.2)
42 (40.8)

26 (54.1)
22 (45.8)

35 (63.6)
20 (36.3)

93 (57.0)
70 (43.0)

55 (51.9)
51 (48.1)

38 (66.7)
19 (33.3)

1.9 (1.0-3.7)
2.4 (1.1–5.5)

0.047
0.031

Age group

≥ 50
< 50

68 (66.0)
35 (34.0)

27 (56.2)
21 (43.7)

41 (74.5)
14 (25.4)

104 (63.8)
59 (36.2)

60 (56.6)
46 (43.4)

44 (77.2)
13 (22.8)

2.0 (1.0-3.7)
2.6 (1.0-6.7)

0.022
0.072

Dwelling

Rural
Urban

66 (64.0)
37 (36.0)

23 (48.0)
25 (52.0)

43 (78.2)
12 (21.8)

99 (60.7)
64 (39.2)

51 (48.1)
55 (51.9)

48 (84.2)
09 (15.8)

2.0 (1.0-3.8)
2.9 (1.0–8.0)

0.036
0.035

Smoking

Never
Ever

59 (57.3)
44 (42.7)

29 (60.4)
19 (45.0)

30 (54.5)
25 (45.4)

87 (53.3)
76 (46.6)

58 (54.7)
48 (45.2)

29 (51.0)
28 (49.0)

2.0 (1.0-4.1)
2.2 (1.0-4.8)

0.037
0.037

BMI (kg/m2)

Normal
Underweight
Preobese
Obese Class I
Obese Class II

54 (52.4)
10 (9.7)
28 (27.2)
09 (8.7)
02 (1.9)

25 (52.1)
4 (8.3)
13 (27.1)
05 (10.4)
01 (2.1)

29 (52.7)
06 (11.0)
15 (27.3)
04 (7.3)
01 (1.8)

115 (70.5)
11 (6.7)
25 (15.3)
10 (6.1)
02 (1.2)

71 (67.0)
08 (7.5)
18 (17.0)
08 (7.5)
01 (1.0)

44 (77.2)
03 (5.2)
07 (12.3)
02 (3.5)
01 (1.7)

0.5 (0.3-1.0)
3.7 (0.6–27.8)
2.9 (1.0-9.7)
3.0 (0.4–31.1)
1.0 (0.0-76.5)

0.06
0.17
0.07
0.31
0.99

Family history

Yes
No

17 (16.5)
86 (83.5)

03 (6.2)
45 (93.7)

14 (25.4)
41 (74.5)

12 (7.3)
151 (92.6)

07 (6.6)
99 (93.4)

05 (8.8)
52 (91.2)

6.0 (1.1–39.4)
0.8 (0.3–1.6)

0.034
0.53

Salt tea consumption

< 5 cups/day
≥ 5 Cups/day

29 (28.1)
74 (71.8)

09 (18.7)
39 (81.2)

20 (36.3)
35 (63.6)

72 (44.1)
91 (55.8)

42 (39.6)
64 (60.4)

30 (52.6)
27 (47.3)

3.0 (1.2-8.0)
2.1 (1.1-4.0)

0.014
0.020

H. Pylori

No
Yes

65 (63.1)
38 (36.9)

31 (64.6)
17 (38.0)

34 (61.8)
21 (38.1)

- - - 1.00
1.1 (0.5–2.5)

0.77

CEA levels

Normal
Elevated

69 (67.0)
34 (33.0)

30 (62.5)
18 (37.5)

39 (71.0)
16 (29.0)

- - - 1.00
0.7 (0.3–1.6)

0.37

Stage

I & II
III & IV

70 (68.0
33 (32.0)

32 (66.7)
16 (33.3)

38 (69.0)
17 (31.0)

- - - 1.00
1.0 (0.4–2.1)

0.80

Grade

WD
MD/PD

66 (64.0)
37 (36.0)

29 (60.4)
19 (39.6)

37 (67.3)
18 (32.7)

- - - 1.00
1.3 (0.6-3.0)

0.48

mRNA expression

Normal
Low

57 (55.3)
46 (44.6)

31 (64.5)
17 (35.4)

26 (47.3)
29 (52.7)

- - - 1.00
2.0 (1.0-4.5)

0.08

*Adjusted for age, gender, dwelling, and smoking in multivariate unconditional logistic regression model. The p-values < 0.05 are indicated in bold.
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In Silico Analysis of ARID1A Gene Polymorphisms

In order to predict whether the amino acid substitution af-
fects protein function, the significant missense variants
Pro912Thr of ARID1A gene was analysed by SIFT and
PROVEN computational tools. The SIFT predicted that ami-
no acid substitution in SNP Pro912Thr was deleterious one
with sift score ≤ 0.05. PolyPhen-2 predicts the possibly
damaging effect for SNP Pro912Thr with position-specific

independent count (PSIC) score 0.33 (PSIC score 0 predict-
ed benign effect and 1 predicted the greater damaging ef-
fect). PROVEN predicted that both SNP’s Pro912Thr is del-
eterious with PROVEN score − 3.19 and − 2.68 respectively
(PROVEN score ≤-2.5 is considered to be deleterious and >-
2.5 neutral). In order to predict the changes in the protein
stability, missense variant was subjected toMUpro tool. The
MUpro tool predicts that the variants of Pro912Thr de-
creases the stability of protein structure compared to the

Table 4 Clinicopathological relevance Gln944Lys ARID1A gene polymorphism in Gastric cancer

Gln944Lys Case CC ca. + AA Control CC ca. + AA OR (95%CI) P value
n = 103 61 (60.2) 42 (40.8) n = 163 102 (62.5) 61 (37.4) 1.1 (0.7–1.9) 0.53

Gender

Male
Female

61 (59.2)
42 (40.7)

35 (57.4)
26 (42.6)

26 (62.0)
16 (38.0)

93 (57.0)
70 (43.0)

55 (54.0)
47 (46.0)

38 (62.3)
23 (37.7)

1.1 (0.5–2.1)
1.2 (0.5–2.8)

0.83
0.58

Age group

≥ 50
< 50

68 (66.0)
35 (34.0)

42 (68.8)
19 (31.1)

26 (62.0)
16 (38.0)

104 (63.8)
59 (36.2)

67 (65.7)
35 (34.3)

37 (60.6)
24 (39.3)

1.1 (0.6–2.1)
1.2 (0.5-3.0)

0.72
0.64

Dwelling

Rural
Urban

66 (64.0)
37 (36.0)

39 (64.0)
22 (36.0)

27 (64.2)
15 (35.7)

99 (60.7)
64 (39.2)

66 (64.7)
36 (35.3)

33 (54.0)
28 (46.0)

1.4 (0.7–2.6)
1.0 (0.4-2.0)

0.33
0.76

Smoking

Never
Ever

59 (57.3)
44 (42.7

34 (55.7)
27 (44.2)

25 (59.5)
17 (40.4)

87 (53.3)
76 (46.6)

58 (56.8)
44 (43.1)

29 (47.5)
32 (52.4)

1.4 (0.7-3.0)
1.0 (0.4–1.8)

0.27
0.71

BMI (kg/m2)

Normal
Underweight
Preobese
Obese Class I
Obese Class II

54 (52.4)
10 (9.7)
28 (27.2)
09 (8.7)
02 (1.9)

33 (54.1)
07 (11.5)
16 (24.2)
04 (6.5)
01 (1.6)

21 (50.0)
03 (7.1)
12 (28.6)
05 (12.0)
01 (2.4)

115 (70.5)
11 (6.7)
25 (15.3)
10 (6.1)
2 (1.2)

73 (71.5)
06 (5.8)
15 (16.7)
06 (5.8)
02 (1.9)

42 (69.0)
05 (8.3)
10 (16.7)
04 (6.7)
00 (0.0)

1.1 (0.5–2.1)
0.4 (0.0-2.3)
1.1 (0.3–3.4)
1.8 (0.3–12.7)
2.6 (0.1–116)

0.76
0.51
0.84
0.54
0.57

Family history

Yes
No

17 (16.5)
86 (83.5)

05 (8.2)
56 (91.8)

12 (28.5)
30 (71.4)

12 (7.3)
151 (92.6)

06 (5.8)
96 (94.1)

6 (10.0)
55 (90.0)

2.3 (0.5–11.8)
1.0 (0.5–1.6)

0.29
0.81

Salt tea consumption

< 5 cups/day
≥ 5 Cups/day

29 (28.1)
74 (71.8)

21 (34.4)
40 (65.5)

08 (19.0)
34 (80.9)

72 (44.1)
91 (55.8)

49 (48.0)
53 (51.9)

23 (37.7)
38 (62.3)

0.8 (0.3–2.1)
1.2 (0.6–2.2)

0.68
0.60

H. Pylori

No
Yes

65 (63.1)
38 (36.9)

37 (60.6)
24 (39.3)

28 (66.7)
14 (33.3)

- - - 1.00
0.8 (0.3–1.7)

0.54

CEA levels

Normal
Elevated

69 (67.0)
34 (33.0)

42 (68.8)
19 (31.1)

27 (64.3)
15 (35.7)

- - - 1.00
1.2 (0.5–2.8)

0.63

Stage

I & II
III & IV

70 (68.0
33 (32.0)

45 (74.0)
16 (26.2)

25 (59.5)
17 (40.5)

- - - 1.00
1.9 (0.8–4.4)

0.14

Grade

WD
MD/PD

66 (64.0)
37 (36.0)

41 (67.2)
20 (32.8)

25 (59.5)
17 (40.5)

- - - 1.00
1.4 (0.6–3.2)

0.43

mRNA expression

Normal
Decreased

57 (55.3)
46 (44.6)

35 (57.4)
26 (42.6)

22 (52.4)
20 (47.6)

- - - 1.00
1.2 (0.5–2.7)

0.62

*Adjusted for age, gender, dwelling, and smoking in multivariate unconditional logistic regression model. The p-values < 0.05 are indicated in bold
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wild type with ΔΔG= -1.45 and − 0.548 respectively. To
furnish the phenotypic details the variant of Pro912Thr
SNP was analysed by Hope project tool. The analysis re-
vealed that wild type residue of Pro912Thr SNP has a great-
er hydrophobic nature compared to its variant. Further, pro-
lines are very rigid and gives the protein backbone a special
confirmation and any change may possibly disrupt the nat-
ural structure of proteins.

Genetic Association Study of ARID1A Gene
Polymorphisms

For significant SNP’s various inheritance models were ap-
plied. Pro912Thr and Gln920Ter SNP’s seem to follow a
Dominant inheritance model. Table 66 depicts the results of
the association study for of Pro912Thr and Gln920Ter .

Table 5 Clinicopathological relevance of Gln920Ter ARID1A gene polymorphism in Gastric cancer

Gln920Ter Case CC CT+ TT Control CC CT+ TT OR
(95%CI)

P value

n = 103 71 (69.0) 32 (31.0) n = 163 143 (87.7) 20 (12.2) 3.2 (1.7–6.1) > 0.01

Gender

Male
Female

61 (59.2)
42 (40.7)

41 (57.7)
30 (42.2)

20 (62.5)
12 (37.5)

93 (57.0)
70 (43.0)

79 (55.2)
64 (44.7)

14 (70.0)
06 (30.0)

2.7 (1.2-6.0)
4.2 (1.4–13.2)

0.011
0.008

Age group

≥ 50
< 50

68 (66.0)
35 (34.0)

46 (64.8)
25 (35.2)

22 (68.7)
10 (31.2)

104 (63.8)
59 (36.2)

91 (63.6)
52 (36.3)

13 (65.0)
07 (35.0)

3.3 (1.5–7.3)
2.9 (1.0–9.0)

0.022
0.052

Dwelling

Rural
Urban

66 (64.0)
37 (36.0)

49 (69.0)
22 (31.0)

17 (53.1)
15 (46.9)

99 (60.7)
64 (39.2)

88 (61.5)
55 (38.4)

11 (55.0)
9 (45.0)

2.7 (1.2–6.5)
4.1 (1.5–11.1)

0.020
0.004

Smoking

Never
Ever

59 (57.3)
44 (42.7)

39 (55.0)
32 (45.0)

20 (62.5)
12 (37.5)

87 (53.3)
76 (46.6)

74 (51.7)
69 (48.2)

13 (65.0)
07 (35.0)

2.8 (1.3–6.6)
3.6 (1.3–10.7)

0.010
0.012

BMI (kg/m2)

Normal
Underweight
Preobese
Obese Class I
Obese Class II

54 (52.4)
10 (9.7)
28 (27.2)
09 (8.7)
02 (1.9)

44 (62.0)
4 (5.6)
15 (21.1)
06 (8.4)
02 (2.8)

10 (31.2)
06 (18.7)
13 (40.6)
03 (9.3)
00 (0.0)

115 (70.5)
11 (6.7)
25 (15.3)
10 (6.1)
02 (1.2)

104 (72.7)
09 (6.3)
21 (14.6)
08 (5.6)
01 (0.7)

11 (55.0)
02 (10)
04 (20)
02 (10)
01 (5)

2.1 (0.8–5.5)
6.0 (1.0-60.8)
4.4 (1.2–18.5)
1.9 (0.2–20.7)
0.4 (0.0-8.3)

0.11
0.07
0.02
0.56
0.57

Family history

Yes
No

17 (16.5)
86 (83.5)

05 (12.6)
66 (87.3)

12 (25)
20 (75)

12 (7.3)
151 (92.6)

09 (5.6)
134 (94.4)

03 (20.0)
17 (80.0)

6.6 (1.3–42.5)
2.3 (1.1–4.9)

0.02
0.01

Salt tea consumption

< 5 cups/day
≥ 5 Cups/day

29 (28.1)
74 (71.8)

18 (25.3)
53 (74.6)

11 (34.4)
21 (65.6)

72 (44.1)
91 (55.8)

63 (44.0)
80 (56.0)

09 (45.0)
11 (55.0)

4.2 (1.5–12.1)
2.8 (1.3–6.6)

0.006
0.010

H. Pylori

No
Yes

65 (63.1)
38 (36.9)

44 (62.0)
27 (38.0)

21 (71.9)
11 (28.1)

- - - 1.00
0.8 (0.3-2.0)

0.73

CEA levels

Normal
Elevated

69 (67.0)
34 (33.0)

46 (64.8)
25 (35.2)

23 (71.9)
09 (28.1

- - - 1.00
0.7 (0.2–1.8)

0.49

Stage

I & II
III & IV

70 (68.0
33 (32.0)

47 (66.2)
24 (33.8)

23 (71.8)
09 (28.1)

- - - 1.00
1.3 (0.5–3.4)

0.58

Grade

WD
MD/PD

66 (64.0)
37 (36.0)

46 (62.0)
25 (38.0)

20 (68.7)
12 (31.2)

- - - 1.00
1.3 (0.6–3.2)

0.51

mRNA expression

Normal
Low

57 (55.3)
46 (44.6)

42 (59.1)
29 (40.8)

15 (47.0)
17 (53.0)

- - - 1.00
1.6 (0.7–3.8)

0.25

*Adjusted for age, gender, dwelling, and smoking in multivariate unconditional logistic regression model. The p-values < 0.05 are indicated in bold
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Discussion

Gastric cancer is a global health issue that continues to
challenge the world of medical sciences and demands
constant action. ARID1A is a key non-catalytic compo-
nent of SWI/SNF chromatin remodeling complex [4, 6,
7]. SWI/SNF complex is the most frequently dysregulated
by ATP-dependant chromatin remodeler in cancer and its
subunits are found to be missing in most tumors [4, 6].
ARID1A gene has recently emerged as a tumor suppressor
gene that inhibits the uncontrolled proliferation of cancer-
ous cells and participates in DNA damage repair in broad
spectrum of cancers. [6]. Recent studies have reported that
ARID1A gene has a high mutational frequency in a num-
ber of cancers including Bladder cancer, Gastric cancer,
Uterine endometrioid carcinoma, Ovarian endometrioid
and Clear cell carcinoma [4, 12, 18–20]. The expression
of ARID1A gene varies during different phases of cell
cycle, it is upregulating in G0/G1 and downregulated in
S and G2/M phases, implying that ARID1A has a signif-
icant role in proper cell cycle arrest [4, 6, 8]. Furthermore,
ARID1A is essential for maintaining the genomic stability
via facilitating the DNA damage repair such as nucleotide

excision repair and ATM regulated DNA double strand
breaks repair [8].

To the best of our knowledge, this is the first study that
investigates the correlation of three non-synonymous SNP’s
Pro912Thr, Gln944Lys and Gln920Ter of ARID1A gene with
GC risk. We observed a strong association between the
Pro912Thr SNP and the modulation of GC risk in Kashmiri
population (P ≤ 0.05). According to National Center for
Biotechnology Information, the genetic polymorphism exhib-
ited at position P912 of ARID1A is usually Pro912Ser
(rs753300592 C > T), but in the present study we observed
the predominance of Pro912Thr polymorphism in Kashmiri
population (North India) [21]. The Pro912Thr SNP exhibits C
to A transversion (CCG to ACG), resulting in the substitution
of proline to threonine at position protein P912. Each amino
acid has a unique size, charge and hydrophobicity-value that
affects the conformational stability of proteins, therefore, ami-
no acid substitution might have a significant impact on the
functional properties of protein. Here, we used the Hope pro-
ject tool which predicted the change in specific conformation
and natural structure of proteins due to substitution of proline
which has been proven in earlier studies also [22]. In line with
previous studies, The MUpro tool predicted that amino acid

Table 6 Genetic association
study of ARID1A gene
polymorphism

Model Genotype Cases

(n = 103)

Controls

(n = 163)

OR (95% CI) P value

Pro912Thr; C > A

Co-Dominant C/C

C/A

A/A

48 (46.6)

42 (40.8)

13 (12.6)

106 (65.0)

46 (28.2)

11 (6.7)

1.00 (Ref.)

2.2 (1.1–4.1)

2.0 (1.2–3.3)

0.0104

Dominant C/C

C/A +A/A

48 (46.6)

55 (53.4)

106 (65.0)

57 (35.0)

1.0 (Ref.)

1.9 (1.3-3.0)

0.002

Recessive CC+ ca.

A/A

90 (87.4)

13 (12.6)

152 (93.2)

11 (6.7)

1.0 (Ref.)

2.0 (0.8–4.7)

0.11

Over-Dominant C/C +A/A

C/A

61 (59.2)

42 (40.8)

117 (71.8)

46 (28.2)

1.0 (Ref.)

1.7 (1.0-2.9)

0.036

Additive C/C

A/A

48 (46.6)

13 (12.6)

106 (65.0)

11 (6.7)

1.0 (Ref.)

2.0 (1.2–3.3)

0.004

Gln920Ter; C > T

Co-Dominant C/C

C/T

T/T

71 (69.0)

26 (25.2)

06 (5.8)

143 (87.7)

20 (12.3)

00 (0.0)

1.00

2.3 (1.1–4.6)

26.1 (1.4-469.6)

> 0.001

Dominant C/C

C/T + T/T

71 (69.0)

32 (31.0)

143 (87.7)

20 (12.3)

1.0 (Ref.)

2.9 (1.5–5.8)

0.001

Recessive CC+ CT

T/T

97(94.2%)

06 (5.8)

163 (100%)

00 (0.0)

1.0 (Ref.)

11.6 (1.7-267.4)

0.007

Over-Dominant C/C + T/T

C/T

77 (74.7%)

26 (25.2)

143 (87.7)

20 (12.3)

1.0 (Ref.)

2.4 (1.2–4.6)

0.008

Additive C/C

T/T

71 (69.0)

06 (5.8)

143 (87.7)

00 (0.0)

1.0 (Ref.)

13.8 (2.1-319.8)

0.003

*Adjusted for age, gender, dwelling, and smoking in multivariate unconditional logistic regression model. The p-
values < 0.05 are indicated in bold

2244 J. Qadir et al.



substitution decreases the protein stability as compared to wild
type [23, 24] and might have a potential effect for altering the
functional characteristics of the protein [25]. Interestingly, we
observed an increased risk of GC among the older patients (≥
50 of years) who carried the Pro912Thr variants of ARID1A
gene which is in coherence with studies advocating the higher
risk of Gastric cancer with advanced age [26–28]. In consis-
tence with many studies, we observed a significantly higher
frequency of variant (disease causing) allele (ca. + AA) in
cases with family history of Gastrintestinal cancer (especially
first degree relatives) as compared to controls [26, 29].

In the present study, we observed significant association of
Gln920Ter SNP with increased risk of GC in Kashmiri popu-
lation (P ≤ 0.05). Our study is consistent with a study conduct-
ed in Iran that reported significantly higher prevalence of var-
iant genotypes (CTand TT) ofGln920Ter SNP in patients with
endometriosis compared to the control group [30]. The C to T
transition of Gln920Ter SNP generates a premature termina-
tion codon at protein position 920, causing the premature ter-
mination of protein. The resultant protein may be completely
or partially inactivated, resulting in altered or loss of the pro-
tein function. In cancer, mutations generating premature ter-
mination codons that causes the premature termination of a
protein are common and accounts for 10–30% mutations in
tumor suppressor genes [31]. There was a significant relation-
ship of Gln920Ter SNP with the age group of ≥ 50 years
which is in line with majority of studies on various cancers
[32–34]. In case ofGln920Ter SNP, we observed a significant
increased risk of 2.3-fold among preobese GC patients (BMI
of 30-34.99) having variant allele (CT + TT) as compared to
controls (P = 0.02). It has been reported that individuals with
BMI of 30–35 have a 2-fold risk of developing GC cancer
compared to individuals with BMI of < 25 [26].

GC is implicated by both genetic and environmental fac-
tors. Life style and Dietary factors play a critical role in the
development of GC. The consumption of traditional salted tea
is considered one of the potent factor contributing GC risk in
Kashmir valley as it leads to exposure to some suspected
carcinogens like nitrosamines, methylamine, ethylamine etc.
[5]. In consistent with the above study, we found the rate of
salted tea consumption (> 5cups/day) was significantly high in
GC cases compared to controls but there was no statistical
difference of GC risk between the low and high salt tea con-
suming groups as far as Pro912Thr and Gln920Ter SNPs are
considered.

Both Pro912Thr and Gln920Ter SNP’s follow Dominant
mode of inheritance that assumes the wild genotypes are as-
sociated with lowest risk against the heterozygous and rare
genotypes. In dominant inheritance, the carriers of heterozy-
gous genotypes have a high risk of developing cancer com-
pared to the wild genotype [35].

In conclusion, the GC is associated with a number of fac-
tors such as gene, environment and life-style. Our findings

suggest that gene polymorphisms in exon 9 of ARID1A gene
(Pro912Thr and Gln920Ter) may contribute significantly to-
wards risk of GC in Kashmiri population especially in patients
with advanced age, preobesity and family history of
Gastrointestinal malignancy. Further larger studies in several
geographic locations and multiple ethnical populations are
required to verify our results.
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