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Association of IL-17A promoter region SNP-rs2275913 with 
urinary bladder cancer

Introduction

Urinary tract is the system in the body that functions to 
produce, store, and excrete the urine. This system consists of 
two kidneys, pelvis, and ureter that lead to bladder and ends 
at urethra. Bladder is a hollow organ in the pelvis with flexible 
muscular walls. The key function of bladder is storing urine 
before it is excreted from the body.[1] The whole urinary tract 
inner surface is covered with a type of stratified epithelium. 
Majority of urinary bladder cancer (UBCs) develops from 
stratified epithelium. UBC begins when cells in the urinary 
bladder grow uncontrollably. These cancer cells when develop, 
they form a tumor that may spread to other parts of the body 
such as lymph nodes, bones, lung, liver, and peritoneum.[2] 

UBC is classified on the basis of the type of cells, grade, and 
stages. UBC accounts for 3.2% cancer international burden. It 
is the fourth most common cancer among men and tenth most 
common cancer in women.[3] UBC is the tenth leading cause 
cancer associated mortality.[4] Among urinary system cancers, 
bladder cancer has highest incidence and mortality rate and it is 
second most common genitourinary malignancy after prostate 
cancer among men,[5] In Pakistan, UBC is among the five 
most prevalent cancer.[6] UBC represents 4.7% of new cancer 
cases in 2017 and results in 2.7% of deaths among mortality 
caused by cancer.[7] Smoking is the most common risk factor 
in predisposing a person to bladder cancer and increase the 
risk by ten folds. It is estimated that 65% of the UBC cases 
in men are caused due to smoking and 25% in women.[8] The 
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second most common risk factor is the occupation exposure 
to carcinogens.[9] It is estimated that 22% of all bladder 
cancer have occupational exposure to some carcinogens.[10] 
Genetic factors also play convincing role in increasing the 
susceptibility of cancer. Different studies have been carried 
out to understand the underlying genetic changes occurring 
in UBC to identify prognostic markers and molecular targets. 
Some of the major alternations in cell biology that are involved 
in UBC are self-sufficient growth signals, apoptosis, sustained 
angiogenesis, tissue invasion, and metastasis.[11] Interleukins 
(IL) are important inflammatory components that have a role 
in cell signaling and enhance the production of other cytokines. 
ILs are well studied for involvement in the progression of 
cancer as it favors angiogenesis and cell proliferation. The 
risk of bladder cancer can be modulated by studying genetic 
polymorphisms.[12] Moreover, the cytokine IL-17 is a good 
candidate to study because of its effects on metastasis and 
angiogenesis. IL-17A, a member of IL-17, is pro-inflammatory 
cytokine and is produced by T-helper (Th) cells. Main function 
of IL-17 is induction of immune signaling molecules. IL-17A 
has been found in providing microenvironment for tumor 
progression as it induces expression of vascular endothelial 
growth factor and IL-6. IL-6 further amplifies Th-17 
differentiation and results in chronic inflammatory state that 
aids in tumor growth and metastasis.[13] IL-17A is produced by 
the IL17A gene. On chromosome 6p12, the rs2275913 single 
nucleotide polymorphism (SNP) is situated 2KB upstream of 
the IL17A gene. The IL-17A gene’s promoter region contains 
the rs2275913 SNP, and the A allele of this SNP is linked to 
the gene’s increased promoter activity. The rs2275913 SNP 
of the IL-17A gene is apparently linked to an increased risk 
of gastrointestinal cancer, gastric cancer, and cervical cancer 
in people with the AA genotype.[14] SNPs are biallelic point 
mutations that occur more frequently than 1% in a population. 
Since SNPs can affect gene expression or function depending 
on where they are located in the DNA sequence, they are also 
thought to be the main cause of variation in humans. SNPs 
are also regarded as one of the greatest biological markers in 
association or case-control studies since they are reasonably 
simple to detect. As a result, several SNPs in cytokine loci 
have been described and investigated in complicated disorders 
such cancer, autoimmune diseases, and infectious diseases.[15] 
Various studies demonstrate that a large number of disorders 
are strongly related with the rs2275913 SNP, which is created 
when the G nucleotide base in the IL-17A gene promoter 
is changed to an A nucleotide base 9, 25, 26,27,28,29. 
Allelic variations of the rs2275913 SNP have been shown to 
differentially bind the transcription factor NFAT, resulting in 
variations in IL-17A secretion.[16]

Association between bladder cancer and a number of 
polymorphism of IL-17A has been reported in various 
populations of the world. Association between rs2275913 
of the promoter region with UBC has been found in Chinese 
population.[17] The rs2275913 polymorphism is situated in the 
2 Kb upstream region of IL-17A gene on chromosome 6 and 

ancestral A allele is associated with higher promoter activity 
of IL-17A. The AA genotype is associated with high risk of 
digestive cancer in Japanese population and cervical cancer 
in Chinese population.[18] To further investigate the possible 
association of genetic variants in inflammatory pathways 
and disease susceptibility, the present study was designed 
to investigate promoter polymorphism rs2275913 in IL-17A 
in relation to bladder cancer in Pakistani population. The 
novelty of the current work is that various studies elaborate 
the association between bladder cancer and a number of 
polymorphism of IL-17A have been reported in various 
populations of the world and our results shows that SNP 
rs2275913 did not show any association with UBC in Pakistani 
population.

Materials and Methods

Study type and design
The current research under the title “Association Study 
of Promoter Region SNP rs2275913 of IL-17A with UBC 
in Pakistani Population” was conducted in COMSATS 
University, Islamabad. Samples of 10 uL of venous blood from 
UBC patients were collected. Moreover, samples were also 
obtained from human molecular genetics lab of COMSATS 
Islamabad.

Sampling techniques and sample size calculation
Patients with UBC were randomly selected from human 
molecular genetics laboratory of COMSATS Islamabad 
Pakistan from 2010 to 2018 and were histopathologically 
diagnosed. The medical information (types, grades, and 
TNM classification) of patients with UBC was obtained from 
histopathological reports and hospital records. All healthy 
volunteers were age-matched (1:2) to healthy subjects 
acquired from the general population. Whole blood (10 uL) 
was collected from each subject. We used a self-structured 
questionnaire to acquire along with information about personal 
demographics, detailed history, and UBC-related risk factors. 
Patients with other diseases hepatitis and those suffering 
from any malignancy/cancer were excluded. Without any 
prior history of major immune-, inflammatory-, or malignant 
diseases were also excluded from this study. The informed 
consent was obtained from all the study subjects before their 
enrolment while maintaining the confidentiality of the data/
available record. The study included 127 bladder cancer 
patients and 100 age and gender matched controls. The sample 
size was calculated using OpenEpi (http://www.openepi.com/
Menu/OE_Menu.htm) with 80% statistical power and 95% 
confidence intervals (95% CIs).

Ethics-related issues
The current research under the title “Association Study of 
Promoter Region SNP rs2275913 of IL-17A with UBC in 
Pakistani Population” was approved by the ethical committee 
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of COMSATS University, Islamabad. Informed written consent 
was taken from the patients as well as controls recruited in this 
study. This case–control association study was conducted on 
127 bladder cancer cases and 100 age and gender matched 
controls.

Primer designing
Primers for IL-17A polymorphism rs2275913 were designed 
using Primer3 tool(http://primer3.ut.e/). The sequence of the 
SNP was taken from NCBI FASTA sequence (https://www.
ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs = 2275913). 
Keeping primer size minimum of 19bp and maximum 
of 23bp and temperature kept was minimum of 50 ̊C 
and maximum of 60 ̊C. Forward Primers selected were 
5′‘GCTCAGCTTCTAACAAGTAAG 3’ and the reverse primer 
selected was 5’ AAGAGCATCGCACGTTAGTG 3’. These 
primers were rechecked in in-silico polymerase chain reaction 
(PCR) of UCSC genome browser. The PCR product size was 
338bp.

Restriction fragment length polymorphism 
(RFLP) designing
After designing primers, RFLP was designed using online NEB 
cutter tool (http://nc2.neb.com/NEBcutter2/). The enzyme EarI 
was selected because it had cutting site in the amplified PCR 
product. EarI has a recognition sequence CTCTTC. If there 
is type allele that is “G,” the enzyme will not cut sequence 
because the cutting site of the enzyme is abolished giving only 
one band of 338bp. Whereas, in case of variant type allele 
“A,” the enzyme will cut the amplicon producing two bands 
of 259bpb and 79bp.

DNA extraction
Genomic DNA was extracted from 2 mL blood by phenol-
chloroform method. 2 mL of blood was taken in 15 mL falcon 
tubes and 6 mL of RBC Lysis buffer was added and mixed 
gently. It was centrifuged at 4400 rpm for 5 min at 25°C. 
Afterward, supernatant was discarded while retaining the 
pellet. The pellet was suspended in 2 mL RBC Lysis Buffer 
and centrifuged for 5 min at 25°C. Supernatant was discarded 
while retaining the pellet and 200 uL of Nuclear Lysis Buffer, 
15 uL 20% SDS, 10 uL of proteinase K, and then 1.5 mL of TE 
buffer and 1.5 mL of phenol was added. Moreover, centrifuged 
for 4400 pm for 10 min at 4°C. The upper layer was separated 
in separate tubes with cut tips and after adding equal volume 
of chloroform isoamylalcohol,and centrifuged at 4400 rpm 
for 10 min at 4°C. The upper was again separated in separate 
tube and 1/10th volume of sodium acetate and equal volume 
of chilled isopropanol was added. And then, the tubes were 
centrifuged at 4400 rpm for 10 min at 4°C and supernatant was 
discarded. 1 mL of 70% ethanol was added and centrifuged 
again for 4400 rpm for 10 min at 4°C. The supernatant was 
again discarded 200 uL of DNase and RNase free water was 
added to dissolve DNA.

DNA quantification and PCR
A dilution from the stock DNA was prepared in concentration 
of 1:10 and 50 μL DNA concentrations was obtained. DNA was 
quantified by running on freshly prepared 1% gel at 70V for 
2 h and the quantity was estimated by comparing with λ DNA.

PCR product was checked by loading 5 μL of the PCR product 
and 1.5 μL loading dye on 2% agarose gel along with 3 uL 
DNA ladder and was run at 100V for 45 min.

RFLP
Enzyme EarI was used to perform RFLP. 10 uL of PCR product 
was digested with 1.5 U EarI enzyme by mixing 1× of Tango 
buffer (50 Mm Potassium Acetate Potatium Acetate, 20 mM 
Triss Acetate, 10 Mm Magnesium Acetate, 100 ug/mL BSA) 
and was left at 37°C for 24 h at incubator. RFLP product was 
run on 2% gel for 40 min at 100V.

Statistical analysis
Quantitative variables in our case-control study are consistently 
given as mean standard deviation, while categorical variables are 
shown as absolute frequencies or percentages. Linear regression 
analysis was performed on the genotype data and allelic frequency 
data. To investigate the association, online statistical tool (http://
statpages.info/ctab2 × 2.html) was used to calculate ratio of odds, 
and 0.05 and below P-value was considered significant.

Results

In the present study, 127 patients presenting UBC and 100 
age- and gender-matched controls were recruited. The UBC 
patients were further bifurcated in low-grade non-muscle 
invasive and high-grade muscle invasive UBC patients. 
Among the controls, 76% had wild type homozygous genotype 
(GG), 22% had heterozygous genotype (GA), and 2% had 
homozygous variant genotype (AA). In case of UBC, 79.52% 
had wild type homozygous genotype (GG), 19.62% had 
heterozygous genotype (GA), and 0.79% had homozygous 
variant genotype (AA). Genotype frequency of UBC patients 
and control is also shown in Figure 1.

The linear regression analysis for the dominant model did 
not show any association (OR = 0.815, CI = 0.415–1.613, 
P = 0.524) of rs2275913 with UBC in Pakistani population. 
The recessive model also did not show any association 
(OR = 0.389, CI = 0.014-5.565, P = 0.584) of the SNP with the 
UBC in Pakistani population. The codominant model as well 
did not show any association (a) (GG vs. GA = OR = 0.376, 
CI = 0.013–5.420, P = 0.580) (b) (AA vs. GA = OR = 0.855, 
CI = 0.427–1.713, P = 0.741) of the rs2275913 with UBC 
in Pakistani population. Similarly linear regression analysis 
for allele frequency also did not show any association 
(OR = 0.796, CI = 0.432–1.467, P = 0.464) which is also 
shown in Table 1 and Figure 2.
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When the linear regression analysis was done separately for 
the bifurcated data, for low-grade non-muscle invasive UBC 
samples, the dominant model did not show any association (OR = 
0.722, CI = 0.316–1.637, P = 0.453). Recessive model also did 
not show any association (OR = 0.000, CI = 0.000–5.864, P = 
0.513). Codominant model of low-grade non-muscle invasive 
UBC samples (a) (GG vs. GA = OR = 0.864, CI = 0.030–12.668, 
P = 1.000) (b) (AA vs. GA = OR = 0.788, CI = 0.341–1.806, P 
= 0.570) did not show any association of rs2275913 with UBC 
in Pakistani population. Linear regression analysis of allele 
frequency of low-grade non-muscle invasive UBC samples also 
did not show any relationship (OR = 0.685, CI = 0.319–1.454, 
P = 0.306) of the SNP rs2275913 with the UBC in Pakistani 
population which is shown Table 2.

For high-grade muscle invasive UBC, dominant model did 
not show any association (OR = 0.936, CI = 0.403–2.155, 
P = 1.000), recessive model also did not show any association 
(OR = 0.875, CI = 0.031–12.696, P = 1.0000). Codominant 
model of high-grade muscle invasive UBC samples a) (GG 
vs. GA = OR = 0.864, CI = 0.030–12.668, P = 1.000) and b) 
(AA vs. GA = OR = 0.942, CI = 0.394–2.232, P = 0.1000) did 
not show association which us shown in Table 3.

Discussion

UBC is a type of cancer that arises from urinary bladder 
tissue. Other than environmental factors, genetic factors also 

play considerable role in increasing the predisposition of 
cancer. Genetic factors pathways studied in relation to cancer 
include apoptosis, metastasis, angiogenesis, and inflammation. 
Links between cancer and inflammation were first revealed in 
19th century, based on the evidence that tumors often arises at 
the site of chronic inflammation and inflammatory cells were 
found in the biopsies samples of cancer patients. Inflammatory 
cells including chemokines and cytokines were found in the 
microenvironment of all tumors of animal models.[19] IL-17 
plays an important role in the pathogenesis of inflammation and 
is found to be elevated in many types of cancer, one of which 
in UBC.[20] IL-17A SNP rs2275913 is located in the promoter 
region and it promotes high production of IL-17 and as a result 
IL-17A mediated immune response is unregulated in the form 
of over production of inflammatory chemokines, cytokines, 
and favors the growth of tumor by angiogenesis.[21] Association 

Figure 2: Linear regression analysis for allele frequency of UBC 
patients

Figure 1: It shows the genotype frequency of UBC patients and 
control group

Table 1: Genotype frequency and allele frequency of rs2275913 
among urinary bladder cancer patients and controls in Pakistani 
population
IL‑17A 
(rs2275913) 
genotype

Controls 
(100) (%)

UBC (127) 
(%)

OR (95% CI) (P)

GG 76 (76) 101 (79.52) Dominant model
0.815 (0.415–1.603) (0.524)

Recessive model
0.389 (0.014–5.565) (0.584)

Co-dominant model
(a)  0.376 (0.013–5.420) 

(0.580)
(b)  2.855 (0.427–1.713) 

(0.741)

GA 22 (22) 25 (19.69)

AA 2 (2) 1 (0.79)

Allele 
frequency

G 174 (87) 227 (89.38) 0.796 (0.4321–1.467) (0.464)

A 26 (13) 27 (10.62)
UBC: Urinary bladder cancer, OR: odds ratio, CI: Confidence intervel, GG: Homozygous 
genotype, GA: Heterozygous genotype, AA: Homozygous variant genotype

Table 2: Genotype and allelic frequency distribution of 
rs2275913 among low grade non muscle invasive urinary bladder 
cancer patients and controls in Pakistani population
IL‑17A 
(rs2275913) 
genotype

Controls 
(100) (%)

UBC 
(127) (%)

OR (95% CI) (P)

GG 76 (76) 57 (80.42) Dominant model
0.722 (0.316–1.637) (0.453)

Recessive model
0.000 (0.000–5.864) (0.513)

Co-dominant model
(a)  0.000 (0.000–5.632) 

(0.508)
(b)  0.788 (0.341–1.806) 

(0.570)

GA 22 (22) 13 (19.58)

AA 2 (2) 0

Allele 
frequency

G 174 (87) 127 (81.43) 0.685 (0.3191–1.454) (0.306)

A 26 (13) 13 (18.57)
UBC: Urinary bladder cancer, OR: odds ratio, CI: Confidence intervel, GG: Homozygous 
genotype, GA: Heterozygous genotype, AA: Homozygous variant genotype
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between IL-17 SNPs and risk for UBC has been widely studied 
and IL-17A SNP rs2275913 variant homozygous AA was 
found significantly higher in UBC patients than controls in 
Chinese population. According to the studies, rs2275913 was 
significantly associated with high risk of UBC in Chinese 
population but was not found associated with high risk in 
Caucasians population.[22] Similarly, significant association was 
found between cervical cancer risk and rs2275913 in Chinese 
population but showed decreased risk in colorectal cancer.[22] 
One study reported that IL-17A rs2275913 polymorphism was 
significantly associated with the increased of gastric cancer;[23] 
however, in another study, it was reported that the rs763780 
polymorphism shows association with gastric cancer, whereas 
the rs2275913 polymorphism did not show any association 
with gastric cancer.[24] Our study did not shows any association 
of promoter region SNP rs2275913 in IL-17A in Pakistani 
population. Linear regression analysis was applied to the data 
obtained. Results revealed that rs2275913 did not show any 
associated with the high risk of UBC. When subgroups analysis 
was performed, no association was found between rs2275913 
and risk of low-grade and high-grade UBC in Pakistani 
population. The rs2275913 polymorphism is located at the 
promoter region of the IL-17A gene and the presence of allele 
“A” changes gene transcription and results in over production 
of IL- 17A which in turns provides microenvironment for 
the cancer. As the allele frequency of allele A (https://www.
pharmgkb.org/variant/PA166157030) is found to very less 
(0.049) and this could be one of the reasons that rs2275913 did 
not show any role in the susceptibility and progression of UBC 
in Pakistani population. Despite our efforts to find association 
between genetic risk factors and UBC, some limitations of 
the studies could not be ignored. First, the samples size (127) 
was very small to be used for association studies. It is possible 
that increase in the sample size could authenticate our results. 
Second, this analysis was designed based on literatures which 
were mostly based on relationship of IL-17A SNP rs2275913 

with other populations whereas, detailed information on UBC 
and role of inflammation was not available which further 
limited the present study. Despite these limitations, it could be 
concluded from the results that SNP rs2275913 did not show 
any association with UBC in Pakistani population. Further 
studies are required to exclude the mentioned limitations and 
validate the results.
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