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Abstract

Background: Chronic inflammation is considered as an emerging area of research interest because of its cognize association with different organ
cancers. Recent advances in cancer research have substantiated that targeting cytokines have a strong therapeutic potential in reducing the
mortality of inflammation-related cancers. Gallbladder cancer (GBC) has been consistently associated with inflammation mostly due to presence of
gallstones which prelude inflammatory response. The Interleukin-1 (IL1) gene cluster serves an important function of immunomodulation, thereby
regulating interplay between inflammation and cancer. Studies on the association of IL1 polymorphisms with GS and GBC have shown drastic
variations in different populations. Since no such study has been carried out in ethnic Kashmiri population which is known for high incidence of GS
disease, we aimed to evaluate the possible role of pro-inflammatory /L1 family in the pathogenesis of GBC and GS disease.

Methods: A total of 370 individuals (120 GBC, 120 GS and 130 healthy controls) were prospectively recruited. The study analyzed various
polymorphisms of IL1 gene family to predict their association with GBC and gallstone disease. PCR-Restriction Fragment Length Polymorphism
(PCR-RFLP) was used for genotyping and SPSS 23.0 software was used to calculate odds ratios (ORs) and confidence intervals (Cls). Tissue-
specific expression of IL-1Xwas done by Quantitative Real-time PCR (qRT-PCR) and the data was analyzed by Graph Pad Prism version 5.

Results: ILIR2 T/G Dralll 'GG' genotype (OR: 2.65, 95% Cl: 1.27-5.53, P=0.011) and 'G' allele (OR: 1.57, 95% CI: 1.10-2.24, P=0.014) indicated
a positive association with GBC. Two polymorphisms in the IL1 gene family (IL-1x4+4845G/T and ILIR1Pst1C/T) were observed to be insignificant
towards GBC in our study cohort. IL-1IXmRNA expression did not differ between tumor and adjacent normal GB tissues. Above all none of the

studied polymorphisms was significant towards gallstone disease.

Conclusion: We conclude that IL1R2 Dralll T/G SNP bears a significant association with GBC and could be an important etiological factor for

GBC in our population.

Keywords: Gall bladder cancer « Inflammation « Interleukins » Polymorphisms « mRNA expression
Abbreviations: GBC: Gallblader Cancer; GS: Gall Stone disease; IL: Interleukin; PCR: Polymerase Chain Reaction; OR: Odds Ratio;

ClI: Confidence Interval

Introduction

Gallbladder cancer (GBC) is a multi-factorial disease with diverse risk
factors including gallstones, obesity, reproductive factors, chronic infection,
and environmental exposure to specific chemicals [1-4]. It is the fifth most
common malignant neoplasm of the digestive tract and despite recent
advances in the diagnosis and management of gastrointestinal cancers,
this cancer presents with a dismal prognosis [5]. The frequency of this
cancer increases with age and reaches peak value after fifth decade of life
[6]. Worldwide incidence shows striking gender bias and affects females
2-3 times more frequently as compared to males [7].

GBC has been consistently associated with inflammation due to presence

of gallstones, blockade of pancreato-biliary duct and chronic infection
and intriguingly 1~3% patients of gallstone disease develop gallbladder
cancer at any stage of life [8-12]. Accountable of evidences point that
genetic susceptibility may contribute to gallbladder carcinogenesis [13,14],
however the precise mechanism leading to GBC transformation is yet to
be elucidated [15]. It is increasingly recognized that inflammatory pathway
genes show association with GBC [16,17]. Whereas the unparalleled role
of inflammation in different organ cancers like lung and colorectal cancer is
well established, there is limited replicated data that can strongly establish
its putative role in GBC [18-21].

Inflammation is a cascade of reactions involving a vast array of genes. Of
utmost importance with particular inception towards GBC are the genes
of IL1 family and prostaglandin synthases (cyclooxygenases). The IL-1
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gene located on chromosome 2q14 encodes proteins that are involved
in promoting fever, activation of prostaglandin endoperoxide synthase-2
(PTGS2) [13] and differentiation of autoimmune disorders notably
monogenic conditions referred as cryopyrin associated periodic syndromes
(CAPS) [14]. In addition IL1 is known to activate vascular endothelial growth
factor (VEGF), can trigger the process of angiogenesis [22] and can directly
affect gallbladder epithelial cell absorptive function [23].

It has been observed that at least 40% of malignancies worldwide are
infectious and inflammation based which accounts for a total of more
than 3 million cases per year [24,25]. With respect to GBC, data shows
that approximately 50% patients have a history suggestive of chronic
inflammation [26-28]. In a population-based study conducted in Shanghai,
China, usage of non-steroidal anti-inflammatory drugs (NSAIDs) was
associated with a significant 63% reduction in the risk of GBC and it has
been already suggested that it can be in-part due to blockade of inflammatory
pathway genes or by limiting the activity of prostaglandin synthases [29].

While most of the proteins are controlled by regulated expression, some
of their functions are controlled by key polymorphic variants (SNPs) which
can potentially alter the splicing process, modify the binding of transcription
factors, affect the stability of mRNA or remould the structure of the enzyme.
Single nucleotide polymorphisms in Interleukin-1 have been associated
regularly with inflammation based cancers including GB cancer, lung
cancer and gastric cancer [30-32]. Owing to their role in induction [33] and
over expression of associated molecules in neoplastic tissues, including
the hiliary-tree [34-37], the present study was designed to investigate the
role of key polymorphic variants of IL-1 gene family and IL-1o expression
in affecting susceptibility to GB cancer and gallstone disease in Kashmiri
population. To date, no studies have examined the role of respective IL1
polymorphisms with the risk of GBC or gallstones in this region.

Subject selection and recruitment

Atotal of 120 GBC patients, 120 Gall stone Patients and 130 age and sex
matched controls were prospectively included. The GBC and gall stone
patients were recruited from the Department of Surgical Gastroenterology,
Department of General Surgery and Department of Surgical Oncology,
Sheri-Kashmir Institute of Medical Sciences (SKIMS) after proper evaluation
and diagnosis.

Before sample collection, the participants were informed about the nature
of the study and its possible outcome and a written consent was taken.
The study was approved by the Institutional Ethics Committee, Skims Vide
approval no-138/2013.

Materials and Methods

Genotyping

Genomic DNA was isolated from blood samples by phenol chloroform.
Prior to genotyping DNA quality and content was checked by Agarose
gel electrophoresis and spectrophotometry respectively (Nanodrop
Spectrophotometer, Eppendorf AG, Hamburg, Germany).

Polymerase chain reaction (PCR) was performed using an iCycler Thermal
Cycler (Agilent technologies, Malaysia). Respective genotypes of IL-1x
+4845G/T, ILIR1 Pstl and IL1IR2Dralll polymorphisms were determined
by polymerase chain reaction restriction fragment length polymorphism
(PCR-RFLP) method. Specific primers were designed and selected using
Primer-3, version 0.4.0 software. The list of primers and restriction enzymes
utilized are presented in Table 1.

The PCR reaction mixture consisted of Tag DNA polymerase 1.0 U
(Ferments), forward and reverse primers (0.5 umol/l), MgCl, (50 mmol/l),
dNTPs (0.2 mmol/l), and DNA template (250 ng-500 ng) and was subjected
to an initial denaturing step of 5 min at 95°C, then 35 cycles of denaturing
for 35s at 95°C, annealing for 35sfollowed by extension for 35 s at 72°C, and
a final extension step of 10 min at 72°C. Digestion of the amplified products
was carried out by restriction endonucleases (Table 1) by incubation at
37°C for 16 h. The digested products were resolved on 3% agaroses gel.
Furthermore to clarify results, genotyping was randomly repeated on 5%
of samples.

mRNA expression analysis

Total RNA was extracted from gallbladder tumor and adjacent normal
tissue specimens by using TRIZOL (Sigma Aldrich, USA). Integrity of the
mRNA was checked on 1% agarose gel and quantified at 260/280 ratio.
Prior to ¢cDNA synthesis, DNAse treatment was given to extracted RNA
to remove any traces of genomic DNA. ¢cDNA was synthesized according
to manufactures protocol (Fermentas, USA). gRT-PCR (Rotor-Gene
Q, Qiagen Hilden, Germany) was performed for the detection of IL-1x
mRNA containing Maxima® SYBR Green qPCR Master Mix (2X) and all
the samples were run in triplicates accompanied by non-template control
(NTC). The assay was validated by normalization against reference gene
GAPDH and a melt curve was run to ensure standardization. All amplified
products of real time PCR were checked on 2% agarose gel for ensuring
the correct amplification products. The data was analyzed by “Delta Delta
CT" method and the results were furnished as “fold-change (2-(AACt))".

Results

Population characteristics

Baseline characteristics of GBC patients and their age and gender matched
controls are presented in Table 2. Of the 120 GBC cases, GS patients and
130 healthy controls with complete clinical information and successful
genotyping for all the polymorphisms, the mean age was 55.23 + 9.33
years (range, 32-75 years), 49.12 + 16.40 years (range, 18-65 years) and
48.11 + 18.08 (range, 16-75 years) respectively. The mean age and gender
distributions were not significantly different among study groups, suggesting
an adequate frequency matching. The possibility of population stratification
was ruled out by genomic control method. Gallstones were present in 30%
of GBC patients and 44.0% of the GBC patients were associated with
tobacco usage in some form. All study patients were incident cases and
none of the controls had family history of any inflammation related disorder
and cancer.

Table 1. Primers and restriction endonucleases used for genotyping respective SNPs.

Genes Primer Sequence

IL-1or +4845G/T

F 5-TTGGAGGATGGCCCATGAAGACC-3'
R 5-CTGTTACGCGCCCGGATGAAAAA-3
F 5- CTTACATGGCTGGTGCCTTT-3'

R 5-TATCTCCCATCCCACATGGT-3'

R 5-GCCCTTCATAGGAGATACTGG-3'

IL1IR1 Pstl CIT

IL1R2 Dralll T/G
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F 5'-ATGGTTTTAGAAATCATCAAGCCTAGGGCA-3'
R 5-ATTGAAAGGAGGGGAGGATGACAGAAATGT-3'

Ann. T (°C) Rest. endo. Restriction products
GG: 237hp
70°C Satl
TT: 154bp+83bp
CC: 350 bp
61°C Pstl
TT: 253bp+97 bp
TT: 357 bp
59°C Dralll

GG: 194bp+163 bp
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Association of IL1 gene polymorphisms with GBC

The distribution and statistical analysis of IL-1cc +4845G/T, IL1R1 Pst1C/T
and ILIR2 DralllT/G genotypes are shown in Table 3. The observed
genotypes for controls were in complete accordance with the Hardy
Weinberg equilibrium (p> 0.05). For IL-loc +4845G/T (Figure 1), the
genotypic distribution frequency and their alleles revealed no significant
association with GBC (OR: 1.08; 95% Cl: 0.52-2.27, p=0.85) or GS disease
(OR: 0.75, 95% CI: 0.35-1.60, p=0.57). Furthermore, this polymorphism
showed no significant association with any of the demographic and clinical
parameters of the patients (Supplementary Table 1).

For ILIR1 Pst1C/T polymorphism (Figure 2), no significant association was
observed with either GBC (OR: 1.34; 95% Cl: 0.65-2.79, p= 0.54) or GS
disease (OR: 0.80, 95% CI: 0.35-1.82, p =0.68), however the ‘CT’ genotype
was observed to be protective and was significantly associated with patient
characteristics like rural dwelling (OR: 0.49; 95% ClI: 0.26-0.95, p=0.04) and
smoking(OR: 0.39; 95% CI: 0.17-0.88, p= 0.02) (Supplementary Table 2).

IL1IR2 DralllT/G SNP (Figure 3) indicated ‘GG’ genotype and ‘G’ allele to
be significantly associated with increased risk of GBC with an odds ratio
and p value of 2.65 and 0.011 and 1.57 and 0.014 respectively. However
this polymorphism presented no association with GS disease (OR: 1.66,

95% CI: 0.76-3.63, p=0.23). In correlation with various demographic and
clinical features of GBC patients, a significant association was observed
with risk factors of GBC including elderly age (OR: 3.05; 95% CI: 1.40-
6.62, p= 0.006) and urban dwelling (OR: 4.8; 95% CI: 1.84-12.50, p= 0.001)
(Supplementary Table 3).

In the stratification of GBC patients according to the presence or absence of
gallstones, none of the polymorphisms was statistically significant (p>0.05)
(Table 4).

Haplotype analysis

Sixteen haplotypes of studied /L1 cluster polymorphisms were observed in
our population as shown in Table 5. GG/CC/TG haplotype was observed
to be highly protective towards GBC (OR=0.07, p=0.028) while towards
gallstone disease no significance was observed. Haplotype TT/CT/GG
was observed to confer nearly 3-fold and 5-fold risk towards GBC and GS
respectively, but the results were statistically insignificant. The frequency of
other haplotypes did not differ between the patients and controls.

IL-1a mRNA expression

Relative mRNA expression was analyzed to decipher the role of pro-
inflammatory IL-1c in the pathogenesis of GBC. Fold change was calculated
for each tumor tissue and finally presented as an average fold change in 30

Table 2. Selected characteristics of study subjects.

Variables GBC Cases (G0) N=120 (%) Gall stone patients (G1), N=120 (%) Healthy Controls (G2) N=130 (%) P-value (G0,G1 vs. G2)
Sex
Male 42 (35) 36 (30) 45 (4.61) >0.05
Females 78 (65) 84 (70) 85 (65.38) >0.05
Age
Mean age (Males) 62 +9.33 49 +16.4 48 +18.08 >0.05
Mean Age (Females) 56 + 8.44 45 +14.8 46 +20.21 >0.05
Dwelling
Rural 79 (65.83) 85 (70.83) 90 (69.23) >0.05
Urban 41 (34.17) 35 (29.17) 40 (30.77) >0.05
Smoking status
Smoker 44 (36.67%)
Non-smoker 76 (63.33%) ) ) )
Family History
Significant 22 (18.33%)

Non-significant 98 (81.67%)

GB stone status

Histopathology

Present 30 (25%)
Absent 90 (75%) )
WDA 26 (21.66%)
PDA 10 (9.1%)
MDA 12 (10.9%)
PA 5 (4.5%)
sce 1 (0.9%) )
SRA 3 (27)
MA 2 (18%)
USGIFNAC 61 (55.5%)

WDA: Well differentiated adenocarcinoma, PDA: Poorly differentiated adenocarcinoma, PA: Papillary adenocarcinoma, SCC: Squamous cell carcinoma, SRA; Signet ring
adenocarcinoma, MA: Mucinous adenocarcinoma, USG/FNAC: Ultra sonography guided Fine needle aspiration cytology.
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Table 3. Analysis of IL1 cluster gene polymorphisms between study groups.

Controls GBC N=120 (%) Gallstones N=120 (%)
Gene/SNP N=130 (%) P-value P-value
Cases (%) OR (95% ClI) Cases (%) OR (95% ClI)
IL-1a
+4847 GIT
GG 39 (30) 33 (27.5) 1 (Reference) - 39 (32.5) 1 (Reference) -
GT 67 (51.5) 65 (54.2) 1.15 (0.64-2.03) 0.66 63 (52.5) 0.94 (0.54-1.65) 0.89
T 24 (18.5) 22 (18.3) 1.08 (0.52-2.27) 0.85 18 (15) 0.75 (0.35-1.60) 0.57
T allele 115 (44.2) 109 (45.4) 1.05 (0.73-1.49) 0.86 99 (41.25) 0.88 (0.62-1.26) 0.53
IL1R1
Pst1 C/T
CC 34 (26.2) 38 (31.7) 1 (Reference) - 32 (26.7) 1 (Reference) -
CT 76 (58.5) 52 (43.3) 0.61 (0.34-1.09) 0.1 73 (60.8) 1.02 (0.57-1.82) 1
T 20 (15.4) 30 (25) 1.34 (0.65-2.79) 0.54 15 (12.5) 0.80 (0.35-1.82) 0.68
T allele 116 (44.6) 112 (46.7) 1.09 (0.76-1.54) 0.65 103 (42.9) 0.93 (0.65-1.33) 0.72
IL1R2
Dralll T/G
1T 48 (37) 34 (28.3) 1 (Reference) - 34 (28.3) 1 (Reference) -
TG 65 (50) 54 (45) 1.17 (0.66-2.07) 0.66 66 (55) 1.43 (0.82-2.50) 0.26
GG 17 (13.1) 32 (26.6) 2.65 (1.27-5.53) 0.011 20 (16.7) 1.66 (0.76-3.63) 0.23
G allele 99 (38) 118 (49.2) 1.57 (1.10-2.24) 0.014 106 (44.2) 1.32 (0.93-1.89) 0.12

M 1 1 3 4 5

2Tbp
154bp
Hibp

Lane M: 30bp DN A molecular weight marker Lane M: 100bp DNA molecular size marker

Lane1-7: 237bp PCR amplicon of the IL-1u +4845 SNP Lane 3, 4: shows G/G homozyzous wild genotype (237bp)

Lane 2, 5: shows GT heterozygous genotype (237bpt 1 34bp+ 83bp)
Lane 1: shows T'T homozygous vanant genotype (134bp+ 83bp)

Figure 1. PCR and RFLP picture of IL-1ox +4847 G/T polymorphism.

3Sibp

3500y
153
9Thp
Lame N: 100Dy DA molecular weight marker LaneM: [00bp DNA moleeular size marker.
Lane 1-5; 350bp PCR ampheon of he IL-1R1 Pstl SNP Lane1, 2: O/ homoaveous wild gerobvpe (253bp 97hp)

Lane 3, 4: shows T'T homozyaous vanant genotype (350byp)

Figure 2. PCR and RFLP picture of IL1IR1 Pst1 C/T polymorphism.

GB tumor tissues. An average fold change of 0.98 was observed for IL-1x (x? test. Odds ratios (ORs) and their 95% confidence intervals (Cls),

which showed no variation in its mRNA expression in gallbladder tumor  with adjustments for age, sex and dwelling were calculated by Fisher's
tissues as compared to adjacent normal (Figure 4). IL-1oc mRNA expression  gyact test/Chi square test as appropriate. Students unpaired't test was

did not differ between tumor and adjacent normal GB tissues. used to compare the mean and standard deviation. All reported p-values
Statistical analysis were based on two-sided tests. Significance level was taken at p <0.05.
The distribution of the genotypes in controls was compared with that Statlstlc'al analy.S|s'was performed ”S'"$ the software SPSS 23.0 (SPSS
expected from Hardy-Weinberg equilibrium (HWE) by the chi square  MC- Chicago, llinois) and Graph Pad Prism version 5.
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Lane M: 100bp DNA molecular welght marker
Lane 1-3: 357bp PCIR ampheon of the IL11R2 Dyalll
SMP

357bp

357bp

194bp
163bp

Lane M: 50bp DNA mwolecular size marker.

Lane 1, 3. 5 T/T homozygons wild genotype (357bp)
Lanc 1: G/ heterozvgous genotvpe (35 7bp+191bp— 163bp)
Lane 2, 6: G/G homozygous vartanl genolvpe (194bp 1 163bp)

Figure 3. PCR and RFLP picture of IL1IR2 Dralll C/T polymorphism.
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Figure 4. Scatter plot showing relative mRNA expression of IL-1ct. Relative mRNA expression of IL-1o has been expressed as ACT values (x-axis) and fold change (y-axis)

in gallbladder Tumor and adjacent normal tissues.

Table 4. Frequency distribution of IL1 cluster gene in GBC patients stratified according to the presence and absence of gallstones.

i GBC with GS GBC without GS
Genot)s/g;Allele Hearllt:i%%t;;j’;%cts N=30 (%) OR (95% ClI) P-value N=90 (%) OR (95% ClI) P-value
IL-1a
+4847 GIT
GG 39 (30) 08 (26.66) - - 25 (27.77) - -
GT 67 (51.54) 17 (56.66) 1.22 (0.64-2.31) 0.62 48 (53.33) 1.09 (0.57-2.07) 0.87
T 24 (18.46) 05 (16.66) 0.99 (0.43-2.29) 1.00 17 (18.89) 1.07 (0.47-2.43) 1.00
GT+TT 91 (70) 22 (73.33) 1.06 (0.58-1.94) 0.88 65 (72.22) 1.05 (0.70-1.59) 0.83
IL1IR1
Pstl C/T
cC 34 (26.15) 05 (33.33) - - 34 (3L.11) - -
cT 76 (58.46) 17 (53.33) 1.90 (0.59-6.07) 0.31 35 (42.2) 0.46 (0.25-0.86) 0.017
T 20 (15.38) 08 (13.33) 3.82 (1.04-14.05) 0.06 21 (26.67) 1.05 (0.48-2.28) 1.00
Tallele 96 (73.84) 25 (83.33) 1.56 (0.85-2.86) 0.16 56 (62.22) 0.81 (0.54-1.23) 0.34
IL1IR2
Dralll T/G
T 48 (36.92) 08 (26.66) - - 26 (28.88) - -
TG 65 (50) 12 (40) 1.11 (0.42-2.91) 1.00 42 (46.66) 1.19 (0.64-2.21) 0.64
GG 17 (13.07) 10 (33.33) 3.53 (1.19-10.41) 0.02 22 (24.44) 2.39 (1.08-5.28) 0.04
G allele 82 (63.07) 22 (73.33) 1.54 (0.83-2.86) 0.19 64 (71.11) 1.44 (0.80-2.56) 0.24
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Table 5. Association of haplotypes of IL1 gene cluster polymorphisms in GBC patients and gallstone patients.
Haplotypes
Lda N-I30 () N ORPVAN o py  ORPals
+4845G/T IL1R1C/T IL1R2T/G

GG CcC T 5 8 Ref- 7 Ref-

GT CT GG 4 10 1.56, 0.69 6 1.07,1.00
GT 1T 1T 5 4 0.50, 0.66 2 0.28,0.35
GG cC TG 9 1 0.07, 0.028 4 0.38,0.20
GT CT 1T 12 4 0.21, 0.06 7 0.32,0.24
GG 1T TG 4 5 0.78,1.00 1 0.18,0.29
GG CT TG 5 5 0.62, 0.68 14 2.00, 0.45
GT CcC TG 5 5 0.62, 0.68 13 1.86, 0.46
GG ccC GG 4 4 0.62, 0.67 2 0.29, 0.45
1T CT TG 1 5 3.12,0.60 7 5.00, 0.32
T CC TG 6 2 0.21,0.18 5 0.59, 0.68
T CT T 2 4 1.25,1.00 3 1.07,1.00
GT CcC GG 4 2 0.31,0.35 1 0.18,0.29
GT 1T TG 6 9 0.94,1.00 3 0.36, 0.39
GG 1T 1T 4 1 0.15,0.29 4 0.71,1.00
GT CT TG 13 u 0.53,0.49 15 0.82,1.00

Sixteen haplotypes were identified and p<0.05 was considered significant.

Discussion

IL1 gene family plays an important role in mediating immune responses.
IL-1x is a proinflammatory molecule and its downstream effects are
mediated by ILIR1 which is a common receptor of this family. The ILIR2
is a glycoprotein expressed as a membrane bound and soluble receptor in
immune cells particularly monocytes, neutrophills, T and B lymphocytes and
acts as a decoy receptor to inhibit proinflammatory activity of IL1R1 receptor.
The synergetic role of cytokines in modulating inflammatory responses
is well established and emerging evidence suggests that IL-1o which is
produced by activated macrophages can induce PTGS2 synthesis, PGE2
release and accumulation [38-40] in premalignant lesions that culminates
in malignancy by moderating pleiotropic effects like proangiogenesis
[41,42], antiapoptosis [43,44] and local immune suppression [45,46].

GBC is a multifactorial disease and keeping in view the inflammatory
inception of GBC, multiple genetic variants of inflammatory genes in
combination might be involved during its transformation. Thus to understand
the complex etiology of GBC and its associated risk due to gall stones, this
study was attempted to achieve a more comprehensive evaluation of GBC
risk considering several genetic variants in IL1 gene family simultaneously.

We selected three genes located in the IL1 cluster as candidates for
screening. IL-1o which is a proinflammatory cytokine is thought to up-
regulate pro-metastatic genes in breast cancer cells and stromal cells [47].
Two SNPs one in the 5'UTR regulatory region (-889C>T) and one in exon 5
of this gene (+4845G>T) have been extensively studied and have not shown
association with most of the inflammation based cancers [48-50]. However
in correlation with GBC and GS disease these polymorphisms have not
been studied yet. We genotyped IL-1 +4845 G/T SNP, where presence
of T allele results in an Ala to Ser amino acid substitution at residue 114
of the pro-IL-1oc molecule which is cleaved between 112 and 113 amino
acid residues. This substitution is believed to affect the proteolytic process
[23], influence C reactive protein levels in coronary angiography [24] and
has been associated with the development of aggressive periodontitis
in Chinese males [25]. In our study cohort, we did not observe any risk
associated with minor allele towards either GBC (OR=1.05, p=0.86) or
GS disease (OR=.0.88, p=0.53). Subgroup stratification also revealed
IL-1oc +4845 SNP to be insignificant towards any clinico-pathological
characteristic of patients. In addition, when we analyzed the tissue specific
relative mRNA expression of IL-1o, we did not observe its modulated
expression in tumor tissues. The expression did not vary with tumor grade
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or tumor type. IL-1c being a pro inflammatory cytokine has been observed
to increase the expression of other potent inflammatory molecules like IL-
1p and prostaglandin synthases which have been reported to accumulate in
tumor and necrotic tissues [51]. It is possible that IL-1oc may trigger the early
events in inflammation related cancers by modulating expression of other
cytokines while keeping its own concentration at check being an autocrine
growth factor [52]. Also IL-1x is believed to be less potent inflammatory
cytokine as compared to IL-13 which lies in the same gene cluster. Various
studies have substantiated that it is IL-1p but not IL-1cx that is involved in
long term inflammatory responses and in cancers that are believed to have
roots in chronic inflammation [53,54].

Two key polymorphisms in IL1 receptors were genotyped where we
observed IL1IR1 Pstl C/T SNP to be insignificant towards both GBC
(p=0.54; OR=1.34; CI=0.65-2.79) and GS disease (p=0.68; OR=0.80;
Cl=0.35-1.82). However, on subgroup stratification, the heterozygous ‘CT’
genotype showed protective association with rural dwelling (OR: 0.49,
p=0.04), smokers (OR: 0.39, p=0.02) and gall stone absence (OR: 0.46,
p=0.017). The TT genotype of this polymorphism has been demonstrated
to be associated with decreased percentage of cells expressing ILIR1 on
the intact CD14+ monocyte population [55] indicating that this genotype
can have a protective function because of lower expression of membrane-
bound IL1IR1s. In contrast ‘C' allele of this polymorphism has been
demonstrated to be associated with inflammation [56]. Although this SNP
was not significant in our population, our study suggests that ‘T’ allele of
this SNP might have protective function at least in stratified GBC patient
subgroups in our population.

On the other hand, IL1R2 DralllT/G polymorphism was observed to be
significantly associated with GBC risk. The risk genotype ‘GG’ nearly
conferred 3-fold risk towards GBC however no significant risk was
observed towards gallstone disease. Among patients with GBC and GS,
the frequencies of ILIR2 DrallIT/G polymorphism TT, GT and GG were
28.3%, 45%, 26.6% and 28.3%, 55%, 16.7% respectively. In case of healthy
controls, the frequencies of respective genotypes (TT, GT and GG) were
37%, 50% and 13.1% (Table 3). The ‘GG’ genotype was higher in both
GBC and GS patients as compared to healthy controls; however, it reached
statistical significance only in case of GBC cases (OR: 2.65, p=0.011).
Data stratification on the basis of clinicopathological characteristics of GBC
patients revealed a significant association with elderly age group (OR:
3.05, P=0.006), male gender (OR: 1.90, p=0.049) and urban population
(OR: 4.8, P=0.001). IL1IR2 DralliT/G polymorphism has been observed
to have a putative role in the regulation of cell cycle and apoptosis. The
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presence of ‘G’ allele has been observed to be a possible binding site for
transcription factor TATA box binding protein-associated factor (TAF-1) [55].
TAF-1 is required for progression of the cell cycle and has been shown to
repress apoptosis in mammalian cells [57]. The TAF-1 protein has intrinsic
histone acetyltransferase activity [58] and also binds to and modulates
the transcriptional activity of cell cycle proteins [59-61]. Because of the
activation of regulatory elements of cell cycle and concurrent repression of
apoptosis, GBC patients with underlying GG genotype of this SNP can be
more predisposed to tissue necrosis as corroborated by subgroup analysis
and a more pronounced inflammatory response which may be an important
element in triggering the transformation process of GB tissue.

Furthermore, the combined effect of three IL1 SNPs on the risk of GBC and
GS was investigated by haplotype analysis. The GG/CC/TG combination
was observed to be protective towards GBC (OR=0.07, p= 0.028) however
none of the haplotypes showed any association with gallstone disease.
Our data suggests that these polymorphisms might be in low linkage
disequilibrium but there is a possibility that ILIR2 DrallIT/G also affects
GBC susceptibility due to its linkage with any other polymorphism in IL1
gene that reduces its expression which triggers the inflammation process
by less inhibition of IL1R1 receptor.

Conclusion

In conclusion, this case-control study showed that a common variant located
in the promoter region of the ILIR2 gene is associated with an increased risk
of gall bladder cancer, consistent with the view that chronic inflammation is
a key impetus to the carcinogenic transformation in the GB. This study also
suggests that the screened variants IL-1oc +4845G/T and ILIR1 Pstl are
no prelude to gallstone disease and GB cancer in our population. Further
studies are needed that can provide a more comprehensive coverage of
genes involved in inflammation-related pathways.

Acknowledgments

We are thankful towards the technical staff of Department of General
Surgery, Department of Surgical Gastroenterology and Department of
immunology and Molecular Medicine, SKIMS, Srinagar, who helped us in
this study.

Funding

The authors gratefully acknowledge the financial support provided by
the Department of Biotechnology (DBT, India), vide sanction order no

BT/PR7586/12/594/2013).

References

1. Marcelo E Andia, Ann W Hsing, Gabriella Andreotti and Catterina Ferreccio.
“Geographic variation of gallbladder cancer mortality and risk factors in Chile: a
population-based ecologic study.” Int J Cancer 123 (2008): 1411-1416.

2. Gopal Nath, Anil K Gulati and Vijay Kumar Shukla. “Role of bacteria in
carcinogenesis, with special reference to carcinoma of the gallbladder.” World J
Gastroenterol 16 (2010): 5395-5404.

3 Kwang Yeun Shim, Sang-Woo Cha, Wook Hyun Um and Chang Gyun Chun,
et al. “Simultaneous occurrence of gallbladder cancer in a laundry couple:
association between gallbladder cancer and benzene.” Korean J Gastroenterol
61 (2013): 107-109.

4, Tiziana Scanu. “Salmonella Manipulation of Host Signaling Pathways Provokes
Cellular Transformation Associated with Gallbladder Carcinoma.” Cell Host
Microbe 17 (2015): 763-774.

5. Deepak Hariharan, Ali Saied and Hemant M Kocher. “Analysis of mortality
rates for gallbladder cancer across the world.” J Hepatobiliary Pancreat Sci 10
(2008): 327-331.

Page 7 of 8

6. Abhishek Vijayakumar, Avinash Vijayakumar, Vijayraj Patil and Mallikarjuna N.
Mallikarjuna, et al. “Early diagnosis of gallbladder carcinoma: an algorithm
approach.” ISRN Radiol . 2013 (2013): 239424.

7. Eduardo C Lazcano-Ponce, Juan Francisco Miquel, Nubia Mufioz and Rolando
Herrero, et al. “Epidemiology and molecular pathology of gallbladder cancer.”
CA Cancer J Clin 51 (2001): 349-364.

8. Cherif Boutros, Meain Gary, Keith Baldwin and Ponnandai Somasundar.
“Gallbladder cancer: past, present and an uncertain future.” Surg Oncol 21
(2012): e183-e191.

9. Aarti Sharma, Kiran Lata Sharma, Annapurna Gupta and Alka Yadav, et al.
“Gallbladder cancer epidemiology, pathogenesis and molecular genetics:
Recent update.” World J Gastroenterol 23 (2017): 3978-3998.

10. Nissar Hussain Hamdani, Sumyra Khurshid Qadri, Ramesh Aggarwalla and
Vishnu Kumar Bhartia, et al. “Clinicopathological study of gall bladder carcinoma
with special reference to gallstones: our 8-year experience from eastern India.”
Asian Pac J Cancer Prev 13 (2012): 5613-5617.

11. Yasuo Tsuchiya, Kiyoshi Okano, Takao Asai and Alejandro Piscoya, et al.
“Aflatoxin contamination of red chili pepper from Bolivia and Peru, countries
with high gallbladder cancer incidence rates.” Asian Pac J Cancer Prev 13
(2012): 5167-5170.

12. Rajveer Hundal and Eldon A. Shaffer. “Gallbladder cancer: epidemiology and
outcome.” Clin Epidemiol 6 (2014): 99-109.

13. Spooren Anneleen, Haegeman Guy and Gerlo Sarah. “IL-1 beta induces COX2,
MMP-1, -3 and -13, ADAMTS-4, IL-1 beta and IL-6 in human tendon cells.” J
Orthop Res 21 (2003): 256-64.

14. Raphaela Goldbach-Mansky. “lmmunology in clinic review series; focus on
autoinflammatory diseases: update on monogenic autoinflammatory diseases:
the role of interleukin (IL)-1 and an emerging role for cytokines beyond IL-1."
Clin Exp Immunol 167 (2012): 391-404.

15. Sharayu Mhatre, Zhaoming Wang, Rajini Nagrani and Rajendra Badwe, et
al. “Common genetic variation and risk of gallbladder cancer in India: a case-
control genome-wide association study.” Lancet Oncol 18 (2017): 535-544.

16. Yumin Li, Jungiang Zhang and Haizhen Ma. “Chronic inflammation and
gallbladder cancer.” Cancer Lett 345 (2014): 242-248.

17. Jill Koshiol, Enrique Bellolio, Carolina Vivallo and Paz Cook, et al. “Distribution
of dysplasia and cancer in the gallbladder: an analysis from a high cancer-risk
population.” Hum Pathol 82 (2018): 87-94.

18. Michele L. Cote, Alison L. Van Dyke, Angie S Wenzlaff and Wei Chen, et al.
“Cytokine and cytokine receptor single-nucleotide polymorphisms predict risk
for non-small cell lung cancer among women.” Cancer Epidemiol Biomarkers
Prev 18 (2009): 1829-1840.

19. Sachchida Nand Pandey, Gourdas Choudhuri, Balraj Mittal and Monika Vishnoi.
“IL-1 gene polymorphisms and genetic susceptibility of gallbladder cancer in a
north Indian population” Cancer Genet Cytogenet 186 (2008): 63-68.

20. Imtiyaz A Bhat, Niyaz A Naykoo, Igbal Qasim and Farooq A Ganie, et al.
“Association of interleukin 1 beta (IL-1beta) polymorphism with mRNA
expression and risk of non small cell lung cancer.” Meta Gene 2 (2014): 123-
133.

21. Zhigiang Ma, Taikui Piao, Yanlong Wang and Jianyu Liu. “Astragalin
inhibits IL-1beta-induced inflammatory mediators production in human
osteoarthritis chondrocyte by inhibiting NF-kappaB and MAPK activation.” Int
Immunopharmacol 25 (2015): 83-87.

22. Mohammad Atiqur Rahman, Dipok Kumar Dhar, Emi Yamaguchi and Sushree
Maruyama, et al. “Coexpression of inducible nitric oxide synthase and COX-2 in
hepatocellular carcinoma and surrounding liver: possible involvement of COX-
2 in the angiogenesis of hepatitis C virus-positive cases.” Clin Cancer Res 7
(2001): 1325-1332.

23. Robert V. Rege. “Inflammatory cytokines alter human gallbladder epithelial cell
absorption/secretion.” J Gastrointest Surg 4 (2000): 185-192.

24, Hannah Kuper, Holmi O Adami and Di Trichopoulos. “Infections as a major
preventable cause of human cancer.” J Intern Med 248 (2000): 171-183.

25. Hiroyuki Marusawa, Tsutomu Chiba and Toshikazu Ushijima. “Inflammation-
associated cancer development in digestive organs: mechanisms and roles for
genetic and epigenetic modulation.” Gastroenterology 143 (2012): 550-563.



Haq MG, et al.

J Mol Biomark Diagn, Volume 11:6, 2020

26. Rani Kanthan, Jenna-Lynn Senger, Shahid Ahmed and Selliah Chandra
Kanthan. “Gallbladder Cancer in the 21st Century.” J Oncol 2015 (2015):
967472.

27. Hye Seung Han, Jae Y. Cho, Yoo-Seok Yoon and Keun Soo Ahn, et al.
“Preoperative inflammation is a prognostic factor for gallbladder carcinoma.” Br
J Surg 98 (2011): 111-116.

28. Jaime A Espinoza, Carolina Bizama, Patricia Garcia and Catterina Ferreccio,
et al. “The inflammatory inception of gallbladder cancer.” Biochim Biophys Acta
1865 (2016): 245-254.

29. Yu-Tang Gao, Lori C Sakoda, Asif Rashid and Enju Liu, et al. “Aspirin use
and risk of biliary tract cancer: a population-based study in Shanghai, China.”
Cancer Epidemiol Biomarkers Prev 14 (2005): 1315-1318.

30. Ake Andrén-Sandberg. “Diagnosis and management of gallbladder cancer.” N
Am J Med Sci 4 (2012): 293-299.

31. Ann W Hsing, Lori C Sakoda, Gabriella Andreotti and Jinbo Chen, et al.
“Variants in inflammation genes and the risk of biliary tract cancers and stones:
a population-based study in China.” Cancer Res 68 (2008): 6442-6452.

32. Ashok Kumar, Kshitij Srivastava, Anvesha Srivastava and Balraj Mittal, et al.
“Functional polymorphisms of the cyclooxygenase (PTGS2) gene and risk for
gallbladder cancer in a North Indian population.” J Gastroenterol 44 (2009):
774-780.

33. Kenneth K Wu. “Control of cyclooxygenase-2 transcriptional activation by pro-
inflammatory mediators.” Prostaglandins Leukot Essent Fatty Acids 72 (2005):
89-93.

34. Giammarco Fava, Marco Marzioni, Antonio Benedetti and Shannon Glaser, et
al. “Molecular pathology of biliary tract cancers.” Cancer Lett 250 (2007): 155-
167.

35. Shinichi Aishima, Yuichiro Kubo,Yuki Tanaka and Yoshinao Oda. “Histological
features of precancerous and early cancerous lesions of biliary tract carcinoma.”
J Hepatobiliary Pancreat Sci 21 (2014): 448-452.

36. Donatella Marino, Francesco Leone, Giuliana Cavalloni and Celeste Cagnazzo,
et al. “Biliary tract carcinomas: from chemotherapy to targeted therapy.” Crit
Rev Oncol Hematol 85 (2013): 136-148.

37. Eric | Marks. “Molecular genetics and targeted therapeutics in biliary tract
carcinoma.” World J Gastroenterol 94 22 (2016): 1335-1347.

38. Randy C Mifflin, Patrick A Adegboyega, Jamal I. Saada and Don W. Powell, et
al. “IL-1alpha-induced COX-2 expression in human intestinal myofibroblasts is
dependent on a PKCzeta-ROS pathway.” Gastroenterology 124 (2003): 1855-
1865.

39. Francis J Hughes, Lee Buttery, Mika Hukkanen and Andrina O'Donnell, et al.
“Cytokine-induced prostaglandin E2 synthesis and cyclooxygenase-2 activity
are regulated both by a nitric oxide-dependent and -independent mechanism in
rat osteoblasts in vitro.” J Biol Chem 274 (1999): 1776-1782.

40. Kelly Casoés, Laura Siguero, Maite fernandez figueras and Xavier Leon, et
al. “Tumor cells induce COX-2 and mPGES-1 expression in microvascular
endothelial cells mainly by means of IL-1 receptor activation.” Microvasc Res
81 (2011): 261-268.

41. Felishina L Queiroga, Isabel Pires, Margarida Parente and Hugo Gregdrio,
et al. “Association between IL-10 gene polymorphisms and susceptibility of
tuberculosis: evidence based on a meta-analysis.” Vet J 189 (2011): 77-82.

42. Aizen J. Marrogi, William D. Travis, Judith A Welsh and Meng Au Khan, et al.
“Nitric oxide synthase, cyclooxygenase 2, and vascular endothelial growth
factor in the angiogenesis of non-small cell lung carcinoma.” Clin Cancer Res
6 (2000): 4739-4744.

43. Mohammad Hojjat-Farsangi, Vahid Karpisheh, Afshin Nikkhoo and Afshin
Namdar, et al. “Prostaglandin E2 as a potent therapeutic target for treatment of
colon cancer.” Prostaglandins Other Lipid Mediat 144 (2019): 106338.

Page 8 of 8

44, Teng-Jian Zhou, Shi-Li Zhang, Cheng-Yong He and Qun-Ying Zhuang, et al.
“Downregulation of mitochondrial cyclooxygenase-2 inhibits the stemness
of nasopharyngeal carcinoma by decreasing the activity of dynamin-related
protein 1.” Theranostics 7 (2017): 1389-1406.

45, Phipps Kalinski. “Regulation of immune responses by prostaglandin E2.” J
Immunol 188 (2012): 21-28.

46. Justine Newson, Madhur P. Motwani, Alexandra C. Kendall and Giulio G
Muccioli, et al. “Inflammatory Resolution Triggers a Prolonged Phase of Inmune
Suppression through COX-1/mPGES-1-Derived Prostaglandin E2.” Cell Rep 20
(2017): 3162-3175.

47. Shinichi Nozaki, George W Sledge and Harikrishna Nakshatri. “Cancer cell-
derived interleukin lalpha contributes to autocrine and paracrine induction of
pro-metastatic genes in breast cancer.” Biochem Biophys Res Commun 275
(2000): 60-62.

48. Luise Hefler, Christoph Grimm, Tilmann Lantzsch and Dieter Lampe, et al.
“Interleukin-1 and interleukin-6 gene polymorphisms and the risk of breast
cancer in caucasian women.” Clin Cancer Res 11 (2005): 5718-5721.

49. Lucy Sayuri Ito, lwata Hiroji, Hamajima Nobuyuki and Toshiko Saito, et al.
“Significant reduction in breast cancer risk for Japanese women with interleukin
1B -31 CT/TT relative to CC genotype.” Jpn J Clin Oncol 32 (2002): 398-402.

50. Sabrina Zidi, lkram Sghaier, Ferjeni Zouidi and Amira Benahmed, et al.
“Interleukin-1 Gene Cluster Polymorphisms and its Haplotypes may Predict
the Risk to Develop Cervical Cancer in Tunisia.” Pathol Oncol Res 21 (2015):
1101-1107.

51. Axel Weber, Peter Wasiliew and Michael Kracht. “Interleukin-1 (IL-1) pathway.”
Sci Signal 3 (2010): cm1.

52. Ana M Zubiaga, Eduardo Mufoz and Brigitte T Huber. “Production of IL-1 alpha
by activated Th type 2 cells. Its role as an autocrine growth factor.” J Immunol
146 (1991): 3849-3856.

53. Elizabeth Brint, Kevin J Baker and Aileen Houston. “IL-1 Family Members in
Cancer; Two Sides to Every Story.” Front Immunol 10 (2019): 1197.

54. Alberto Mantovani, Isabella Barajon and Cecilia Garlanda. “IL.-1 and IL-1
regulatory pathways in cancer progression and therapy.” Immunol Rev 281
(2018): 57-61.

55. Sergey V Sennikov, Filipp Filippovich Vasilyev and An Silkov. “Relationship
between interleukin-1 type 1 and 2 receptor gene polymorphisms and the
expression level of membrane-bound receptors.” Cell Mol Immunol 12 (2015):
222-230.

56. Nima Rezaei, Seyed Alireza Mahdaviani, Batoul Moradi and Shahin Dorkhosh,
et al. " Proinflammatory cytokine gene polymorphisms among Iranian patients
with asthma." J Clin Immunol 29 (2009): 57-62.

57. David A. Wassarman and Frank Sauer. “TAF(11)250: a transcription toolbox.” J
Cell Sci 114 (2001): 2895-2902.

. Traci L Hilton, Edith H Wang, Yun Li and Elizabeth L. Dunphy. “TAF1 histone
acetyltransferase activity in Sp1 activation of the cyclin D1 promoter.” Mol Cell
Biol 25 (2005): 4321-4332.

5

(-]

5

©

. Anneli D Pham and Frank Sauer. “Ubiquitin-activating/conjugating activity of
TAFI11250, a mediator of activation of gene expression in Drosophila.” Science
289 (2000): 2357-2360.

6

o

. Tricia N. Lively, Heather A Ferguson, Shelly K. Galasinski and Anita G Seto,
et al. “c-Jun binds the N terminus of human TAF(1)250 to derepress RNA
polymerase |l transcription in vitro.” J Biol Chem 276 (2001): 25582-25588.

61. David W. Meek, Nerea Allende-Vega and Mark K Saville. “Transcription factor
TAFI11250 promotes Mdm2-dependent turnover of p53.” Oncogene 26 (2007):
4234-4242.

How to cite this article: Malik Gawharul Hag, Sabzar A Malik, Imtiyaz A Bhat
and Sadaf Ali, et al. “A Significant Association of IL1IR2 Dralll T/G Polymorphism
with the Risk pf Gall Bladder Cancer in Ethnic Kashmiri Population.” J Mol
Biomark Diagn 11 (2020): 441.




