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Abstract

Background Diabetes is one of the four major types of non-communicable disease which has reached the epidemic propor-
tions leading to major public health problems and concern. Several studies have shown the impact of genetic variations on
diabetes pathogenesis. KCNJ11 gene has been associated with T2DM. Any variation in this gene disrupts the insulin release
from f cells ultimately causing diabetes.

Aim The present research aims to resolve whether genetic variants of KCNJ11 have association with susceptibility to T2DM
in the North Indian population.

Method PCR-RFLP technique was used to genotype 200 subjects for rs5219 genetic variant of KCNJ11 gene. Student’s ¢ test and
chi square test (Xz) were used to evaluate continuous and categorical variables. Association of KCNJ11genotypes with T2DM
was done by odds ratio (OR) and confidence interval (CI). All statistical analyses were performed using IBM SPSS-21 software.
Results Environmental factors such as smoking and lack of exercise increase the risk for T2DM (OR>1). The genotype
frequency distribution for KCNJ11 rs5219 SNP was in Hardy-Weinberg equilibrium (HWE) for both control (p-value-0.96)
and T2DM case group (p-value-0.685). rs5219 was associated with T2DM in dominant genetic model (p-value- <0.001; OR-
3.781) and recessive genetic model (p-value- <0.001; OR- 3.740). It was found that T allele was a risk allele that increases
susceptibility for T2DM.

Conclusion This study elucidated that rs5219 genetic variant of KCNJII may increase the susceptibility for T2DM and TT

genotype might be involved in predisposing individuals for development of disease.

Keywords Type 2 diabetes mellitus - KCNJ11 - Single nucleotide polymorphism - Genetic model

Introduction

Diabetes mellitus, a lifelong chronic metabolic disease
is characterized by hyperglycemia. It results from either
defects in insulin secretion, its action or both [1]. Globally
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463 million people were diagnosed with this disease in 2019.
The number is predicted to rise up to 745 million in 2045
(Diabetes Atlas). In 2021, around 77 million people are
affected by this disease in India which is predicted to rise
up to 134 million people by 2045 [2].

Glucose-induced insulin secretion from P cells of pan-
creas is regulated by K,p channel. KCNJI1 gene localized
on chromosome 11 encodes for four pores forming inward
rectifier subunit (Kir6.2) of K,rp channel. During fed state,
elevated level of blood glucose increases the ATP/ADP ratio,
causing K ,rp channel to close. The closure causes the depo-
larization of membrane of pancreatic P cells and voltage-
gated calcium channel to open. This leads to an increase in
calcium concentration inside the cells which in turn triggers
the release of insulin [3]. Mutation in the gene (KCNJ11)
either impairs the ATP binding site of Kir6.2 or stabilizes
the open state of channel. This decreases the sensitivity of
channel for its inhibition by ATP [4].
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Several association studies have reported various SNPs
viz: rs5219, rs1800467, rs5215, rs241282930, rs2285676
of KCNJ11 to be associated with T2DM [5-12], but rs5219
has received the most attention for its influence on glycemia
[13]. In rs5219 SNP replacement of A to C alters the amino
acid lysine to glutamine. This change reduces the ATP sen-
sitivity of the channel and thus has its effect on secretion
of insulin [14]. Though several studies have reported the
association of rs5219 with disease [15, 16], the contradictory
results in some population prevent to confirm it [17-19].
This implies that role of rs5219 in predisposing individual
to T2DM is still divisive and warrants further investigation.
Therefore the present study was undertaken to examine asso-
ciation of genetic variants of rs5219 with type 2 diabetes
mellitus in North Indian population and to compare the lev-
els of biochemical risk factor for susceptibility to diabetes
with different genotypes.

Materials and methods
Subject selection

A total of 200 subjects: 100 control (healthy) and 100 T2DM
patients (who were on follow-up treatment) were enrolled for
the present study. The subjects geographically belonged and
lived in the northern part of India, particularly the state of
Haryana. The T2DM case subjects considered for the study
were according to the diagnostic criteria laid down by the
Indian Council of Medical Research (ICMR). Controls were
recruited from outpatient department (OPD) of hospitals
who were on regular body check-ups. Subjects diagnosed
with T1IDM and other severe diseases of kidney, liver, and
coronary artery disease were excluded from the study. Preg-
nant and lactating mothers were also excluded.

Demographic characteristics

Demographic characteristics such as age, gender, alcohol,
and smoking consumption habits were analyzed using a
questionnaire. Information regarding weight and height of
individuals were collected during sample collection. Body
mass index (BMI) was appraised by dividing the weight/
height (kg/m?). Venous blood samples were drawn early in
the morning from subjects after 10-12 h of overnight fasting
in both EDTA and non-EDTA coated vials.

Genomic DNA extraction

Genomic DNA was extracted from Miller et al. [20], method
with minor modifications. Extracted DNA was visualized in UV
transilluminator using 1% agarose gel. Purity of extracted DNA
samples was ascertained using A260/A280 ratio. The samples
having the ratio in the range of 1.6 to 2.0 were considered for
PCR-based analysis. The isolated DNA was stored at —20°C.

Polymorphism chain reaction-restriction fragment
length polymorphism (PCR-RFLP) of SNP rs5219

Amplification of desired sequence of KCNJ11 gene was car-
ried out. A set of primers verified through virtual amplifica-
tion by using in silico PCR online software was used. The
sequence of primers used is shown in Table 1. The targeted
amplicon was amplified with reaction mixture (25 pl) using
forward and reverse primer (0.5 pl each), MgCl, (2.5 pl),
dNTPs (0.5 pl), nuclease-free water (15.5 pl), Taq buffer
(2.5 pl), Tag DNA polymerase (1 pul) and DNA (2 pl) as
template. The PCR profile included denaturation initially
for 5 min at 94°C, followed by 35 cycles of (a) 45 s at
94°C of denaturation, (b) 45 s at 63.2°C of annealing, (c)
45 s at 72°C of extension; (d) 5 min at 72°C of final exten-
sion. Amplified PCR products of 220 bp were resolved by
electrophoresis (5V/60 min) in Tris Borate-EDTA (TBE)
buffer containing 0.5 pg/ml of ethidium bromide using 1.5%
agarose gel. Molecular size ladder of 100 bp (Genei) was
used to ascertain the size of the bands. UV Transilluminator
was then used for viewing and photograph the gel (Fig. 1).

The amplified amplicon of KCNJ11 gene was digested
in 10 pl aliquot with 2-5 units of Ban II restriction

Fig. 1 PCR product of KCNJ11 rs5219 SNP. Lane 1 shows 100 bp
ladder, lane 2 shows blank, lanes 3, 4, 5 and 6 show 220 bp PCR
product

Table 1 Primers, product size
and restriction enzyme used

Gene Variant  Primers

Product size  Restriction enzyme (RE)

KCNJI11

rs5219 F-GAATACGTGCTGACACGCCT 220

Ban II

R-GCCAGCTGCACAGGAAGGACAT
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endonuclease at 37°C for 2 h [3]. Restriction enzyme was
verified using an online tool Restriction Mapper. The 10 pl
reaction mixture consisted of: PCR product (8.5 pl), Ban II
(0.5 pl), 10x buffer solution (1 pl). The digested fragments
were resolved on 3% agarose gel stained with ethidium bro-
mide and was observed on UV transilluminator. Wild type
DNA shows two bands with 151, 69 bp, whereas mutated
DNA shows three bands of 28, 41 and 151 bp, heterozygous
mutated show four bands of 28, 41, 69 and 151 bp (Fig. 2).

Statistical analysis

The sample size of the present study was calculated by using
online software OSSE (online sample size estimator). Sample
size at 90% power came out to be 95 for control and T2DM
case group respectively.The Hardy-Weinberg Equilibrium
(HWE) (p > 0.05) for genotype and allele distribution was
ascertained by employing x 2 goodness-of-fit test. Student’s
t-test was used to compare demographic and clinical charac-
teristics of T2DM case and control groups. Chi-square (x2)
test was applied for comparison of allelic frequencies and
genotype distribution. Association of KCNJ11genotypes with
T2DM was done by odds ratio (OR) and confidence interval
(CI) calculation. Data analyzed were defined statistically sig-
nificant at p-value <0.05. All statistical analyses were carried
out using IBM SPSS Statistics 21software.

Results
Analysis of demographic characteristics
Analysis of demographic characteristics revealed signifi-

cant difference among two groups when their smoking
status was considered. Smokers are highly susceptible to

Fig.2 Restriction digestion of KCNJ11 rs5219 SNP products. Lane 1
shows 50 bp ladder, lane 8 shows 100 bp ladder, lanes 2, 3, 4, 5 and
7 show 151 and 69 bp band, lane 6 shows 151 and 41 bp band (28 bp
band not visible)

T2DM (OR-2.95; 95% CI-1.586-5.508, p- <0.001). The
risk by demographic characteristics have been highlighted
in Table 2. Vegetarian diet prevents the risk for diabetes
with non-vegetarians being highly susceptible towards
T2DM.

Analysis of genotype

The genotype distribution of rs5219 for both control and
case were in agreement with Hardy-Weinberg equilibrium
(HWE) as calculated by X2 goodness of fit test (Table 3).
The genotype distribution frequency of CC, CT, and
TT of rs5219 SNP of KCNJI1 in T2DM group 19%,
54%, 27%, and for the T2DM cases 47%, 44%, and 9%
respectively differs substantially with p value-0.000
(Table 4). It was observed that CC genotype was signifi-
cantly higher in the control group whereas TT genotype
was considerably higher in case group. Allelic frequency
of T was found to be higher in T2DM cases (OR-2.613;
95% CI- 1.736-3.932; p- <0.001). Significant association
was observed between SNP rs5219 and T2DM in reces-
sive model: OR (3.740); 95% CI (1.656-8.447), p- value
(< 0.001), and dominant model: OR (3.781); 95% CI
(2.003-7.137), p- value (<0.000) (Table 4).

Effects of genotypes on clinical characteristics

Comparative analysis of rs5219 SNP genotypes with clini-
cal parameters in cases and control was performed by using
the dominant (CT+TT vs.CC) (Table 5) and recessive
(TT vs. CC+CT) (Table 6) genetic model. In the reces-
sive genetic model (TT vs. CC+CT), statistical significant

Table 2 Demographic characteristics

Demographic data OR (95% CI) p value
Gender (F/M) 0.961 (.551-1.675) 0.443
Smoking (Y/N) 2.95 (1.586-5.508) <0.001*
Alcohol (Y/N) 1.084 (0.622-1.888) 0.198
Exercise (Y/N) 0.295 (0.160-0.544) <0.001*
Diet (NonVeg/Veg) 2.364 (1.272-4.392) 0.003*

*p value <0.05 considered as statistically significant; OR, odds ratio;
CI, confidence interval

Table 3 Hardy-Weinberg equilibrium test

Genotype Control p-value Case p-value
CC 47 0.960 19 0.685
CT 44 54

TT 9 27
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Table4 KCNJI1 rs5219 SNP

el SNP(rs5219) Cases Control OR(95% CI) p-value
genotype. and allelic distribution (%) (%)
frequencies
Genotype CC 19 47 <0.001*
CT 54 44
TT 27 9
Alleles T 108 (54) 62 (31) 2.613 (1.736-3.932) <0.001°*
C 92 (46) 138 (69)
Recessive model TT 27 9 3.740 (1.656-8.447) <0.001°*
CC+CT 73 91
Dominant CT+TT 81 53 3.781 (2.003-7.137) <0.001°*
model cC 19 47
*p-value <0.05 considered as statistically significant; OR, odds ratio; CI, confidence interval
Table 5 Analysis of KCNJ11 rs5219 genotype distribution with clinical parameters under dominant model
Parameters Case Control
CT+TT CC p-value CT+TT CC p-value
BMI (kg/m?) 27.44 +3.30 27.85 +3.46 0.313 24.04 + 3.68 2447 +2.95 0.242
DBP (mmHg) 82.54 +9.48 84.89 + 10.22 0.170 81.00 + 9.96 81.28 +9.17 0.443
SBP (mmHg) 150.17 + 14.71 141.36 + 22.08 0.018%* 1247 + 11.44 122.34 +11.87 0.157
PSF (mg/dl) 187.98 + 61.17 185.26 + 44.85 0.427 86.18 + 7.45 87.78 + 8.5 0.160
HbAlc (%) 7.50 +1.76 7.60 + 1.51 0.405 5.43 +0.511 5.51 +£0.50 0.228
TC (mg/dl) 189.74 + 47.54 188.67 + 39.89.74 0.464 154.69 + 28.70 146.00 + 36.90 0.094
TG (mg/dl) 193.45 + 44.28 192.711 + 49.21 0.474 110.24 + 21.18 110.59 + 21.86 0.467
HDL-C (mg/dl) 4711 £ 17.22 44.01 + 10.75 0.227 46.88 +9.30 49.37 + 10.44 0.105
LDL-C (mg/dl) 104.57 + 41.69 110.17 + 35.87 0.295 57.72 + 18.48 59.64 + 22.07 0.319
VLDL-C (mg/dl) 35.93 +20.15 37.94 +19.11 0.347 2421 +9.97 22.04 +9.00 0.129
Data shown as mean =+ standard deviation, *p-value <0.05 considered as statistically significant
Table 6 Analysis of KCNJ11 Parameters Case Control
rs5219 SNP genotypes with
clinical parameters under CC+CT T p-value CC+CT TT p-value
recessive model
BMI(kg/m2) 27.52+3.27 27.52 + 3.50 0499 2434 +3.42 23.01 +2.36 0.129
DBP(mmHg) 82.56 +9.47 84.14 +10.10 0.233  81.21+9.76 80.33 + 6.98 0.397
SBP(mmHg) 14230 +17.46 14137 +11.87 0.399 12332+ 11.73 126.33 +10.943 0.231
PSF(mg/dl) 180.42 +53.78 206.51 +66.23 0.023* 87.16 +7.94 84.66 + 8.63 0.187
HbAlc(%) 7.45+1.76 7.68 + 1.56 0276 547 +0.51 5.47 +0.40 0.497
TC(mg/dl) 187.03 £45.03 214.50 +£55.22 0.006* 150.47 +32.54 152.0 + 38.75 0.447
TG(mg/dl) 193.86 +£47.73  200.52 +38.85 0.274 109.52 +21.46 119.33 £19.62  0.095
HDL-C(mg/dl) 46.48 £ 11.79 46.63 £24.77 0484 47775+ 10.15 43.47 +5.77 0.108
LDL-C(mg/dl)  101.89 +39.05 102.75 +39.31 0.461 5834 +20.866 61.52 +11.22 0.327
VLDL-C(mg/dl) 36.35+17.83 36.22 +24.97 0488 22.95+9.29 25.64 +12.14 0.216

Data shown as mean =+ standard deviation, *p-value <0.05 considered as statistically significant

association was observed with regards to PSF,TC and LDL
in TT genotype in T2DM patients with p value 0.023,0.006
and 0.017 respectively (Table 6). The levels of HbA 1 and
TG were found to be higher in TT genotype than the CC+
CT genotype in the T2DM group but the difference was
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not statistically different (Table 6). Regarding dominant
genetic model except SBP no dissimilarity was observed
in clinical parameters among CC and CT+TT genotypes
in both control group and case group (p-value <0.05)
(Table 5).



International Journal of Diabetes in Developing Countries (January—March 2024) 44(1):175-181 179

Discussion

T2DM is a polygenic disorder that involves contribution of
several genetic and environmental factors for its development
due to dysfunctional insulin secretion resulting in impaired
glucose metabolism. The K ,rp channel is involved in glu-
cose-stimulated insulin secretion from pancreatic beta cells.
Karp channel subunit Kir6.2 protein is encoded by KCNJI11
gene. The activity of K, p channel is inhibited by ATP and
stimulated by MgATP or Mg ADP. Any genetic variation in
the KCNJ11 gene can either reduce ATP's ability to inhibit
the K,rp channel’s activity or increase MgATP ability to
simultaneously stimulate the channel’s function [4].

KCNJI11 gene variants at various loci have been demon-
strated to be associated with diabetes in number of previous
studies [8—12, 21, 22]. The present study investigated and
elucidated the association of KCNJ11 gene variant at rs5219
with T2DM (p value-<0.001). The frequency of the minor
allele T (54%) is significantly higher in T2DM subjects (OR-
2.613, p value- <0.001) than control subjects in this investi-
gation, indicating that people with this genotype or allele are
more likely to develop T2DM. The results of present study
corroborated with findings of previous study conducted
on Syrian [23] , Chinese Han [24], Iranian [25] and Indian
population [9, 17, 26]. A meta-analysis by Wang et al. [27]
and Gong et al. [13] also showed rs5219 SNP as risk factor
for type 2 diabetes. Due to extensive diversity in the genetic
and environmental makeup of the worldwide population,
studies carried on Euro-Brazilian [28], South Asian [17],
Iranian population [29, 30] Czech [31] and Moroccan popu-
lation [18] were not able to replicate the result of associating
rs5219 genetic variant with T2DM. In these studies mutated
allele did not confer risk of T2DM. The current study also
revealed relationship of TT genotype with increased risk of
T2DM under both dominant (OR-3.781, p value- <0.001)
and recessive (OR-3.740, p value-<0.001) genetic model.
Similar to our results, Rizvi et al. [32] and Makhzoom et al.
[23] also confirmed the association of rs5219 SNP under
dominant (p value-0.022) and recessive genetic model (p
value-0.035) respectively.

For assessing the presentation and progression of T2DM
genotype distributions were correlated with clinical param-
eters under both dominant (Table 5) and recessive genetic
model (Table 6). SBP (Table 5), PSF and TC (Table 6)
clinical parameters were observed to be significantly higher
in risk genotype. The T2DM subjects with TT genotype
exhibited significantly higher levels of PSF in the studied
population. These results are consistent with the reports of
Bankura et al. [8] who have cited the association of KCNJ11
rs5219 genetic variant with reduced secretion of insulin. The
risk genotype TT genotype is associated with significantly
higher levels of cholesterol in the present study (Table 6)
which may be due to low cholesterol absorption efficiency

associated with insulin resistance [33].The current study also
showed association of rs5219 variant with SBP (Table 5)
which is in coherence with study of Koo et al. [5].

Apart from genetic factors, plethora of lifestyle factors
also contributes towards development of T2DM. The pre-
sent study concluded the association of diet with risk of
T2DM, with non-vegetarian diet increasing the risk. The
study corroborates with findings of Chiu et al. [34], who
associated lifelong vegetarians with 35% reduced risk for
developing T2DM. The present study also observes the asso-
ciation of smoking with T2DM. Maddatu et al. [35] also
confirm that smoking increases the risk of development of
T2DM. Another lifestyle factor, exercise is also associated
with T2DM, conferring decreased risk of T2DM in the cur-
rent case-control study.

In summary, genetic variation in SNP rs5219 of KCNJ11
gene is linked with increased risk for predisposing individual
to T2DM with the CC genotype being protective and TT
genotype conferring the risk for T2DM. This study also
observes that controlling the lifestyle/environmental factors
can control the risk of developing diabetes. Considering the
sample size of present study, further studies with large sam-
ple size are needed. The results may be important in the
ongoing efforts to identify individuals at increased risk of
developing type 2 diabetes mellitus.

Conclusion

The results of the present study indicate that individuals with
TT genotype of KCNJI1 SNP rs5219 are more susceptible
for T2DM than individuals with CC genotype in Indian pop-
ulation. T allele was more common in T2DM patients, thus
it may be a risk factor in predisposing individual for type 2
diabetes mellitus. However, further studies with large sam-
ple size are required to evaluate the association of rs5219
genetic variant of KCNJI1 as predisposing risk factor for
T2DM.
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