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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is a global major health problem resulting from
interaction of environmental and genetic factors, examples of the latter being KCNJ11 (coding
for part of the ATP-sensitive potassium channel) and SDF-18 (coding for chemokine CXCL12). Our
case-control study was conducted to assess whether recessive, dominant or additive genotype
model associations of KCNJ11 (E23K, rs5219) and SDF-1[3 (G801A, rs1801157) were more strongly
linked to type 2 diabetes.

Subjects & Methods: Genetic polymorphism analysis was performed by polymerase chain
reaction-restriction fragment length polymorphism. Alleles and genotype frequencies between
200 cases and 200 controls were determined and compared.

Results: The dominant (EE v EK + KK, p = 0.022) and additive (EK v EE + KK, p = 0.021) models,
but not the recessive model (KK v EE + EK, p = 0.727) of KCNJ11 were linked to diabetes. Similarly,
the dominant (GG v GA + AA, p < 0.001) and additive (AG v GG + AA, p=<0.001) models, but not
the recessive model (AA v AG + GG, p = 0.430) of SDF-1[3 were linked to diabetes. The A allele
(p = 0.006) of SDF-1f3 was protective against the risk of T2DM.

Conclusion: Both dominant and additive models in both KCNJ11 (E23K, rs5219) and SDF-1f3
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(G801A, rs1801157) genetic polymorphisms are significantly associated with type 2 diabetes.

Introduction

Type 2 diabetes mellitus is a chronic metabolic disorder
where high levels of glucose have adverse effects on var-
ious major organs of the body leading to diseases such
as kidney failure, cardio-vascular diseases, neuropathy
and impotence. China, India and U.S.A. are among the
top three countries with a high number of diabetics, and
diabetes rates have increased significantly in various low-
and middle-income countries (India, China, Indonesia,
Pakistan, Egypt and Mexico) [1]. The number of diabetics
was 20.4 million in China (1980) rising to 102.9 million
(2014), a rise equally dramatic in India of 11.9 million in
1980 to 64.5 million in 2014 [1]. This form of diabetes
has a multifactorial aetiology, where genetic factors in
combination with environmental factors confer the risk
of the development and progression of this disease [2].
The incidence, prevalence and mortality due to diabetes
in North India is distinct from other ethnic populations.
The causes of these disparities are manifold, including
intrinsic differences (such as genetic variation), and
extrinsic differences (dissimilarities in social, economic
and geographical environments). Among the various risk
factors, obesity and lack of exercise due to changes in

lifestyle (which increases the obesity rate from 8 to 38%
inruraland 13 to 50% in urban areas) are leading causes
and which also poses challenges in treatment [3].
However, not all type 2 diabetes can be attributed
to these two features. More than 120 distinct genetic
loci, with more than 150 variants, (such as TCF7L2,
GNB3, SDF-1, KCNJ11 and PPARG) have been identified
that may be involved in the pathogenesis of diabetes
[4]. ATP-sensitive potassium channels (KATP) are trans-
membrane proteins present on beta cells encoded by
KCNJT11 and ABCC8 genes. This channel protein regulates
insulin secretion by the beta cells where an increase in
the blood sugar levels reduce the permeability of KATP
channels and an increase in Ca? + influx into the cell
which causes insulin secretion [5]. Genetic alterations in
KCNJ11 are associated with diabetes due to the effect of
KATP channels on insulin secretion. Various genetic poly-
morphisms in KCNJ11 gene had been identified, of which
E23K (rs5219) was found to be strongly associated with
diabetes risk [2]. This polymorphism results in substitu-
tion of A to C (AAG - CAG) in codon 23 of the amino ter-
minal tail of Kir6.2, changing the amino acid from lysine
to glutamine (Lys23GlIn) [6]. Studies have shown that the
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rs5219 variant may alter the charge of the ATP-binding
region and decrease channel sensitivity to ATP. Several
studies have linked KCNJT1 with the disease, including
a meta-analysis on 4000 individuals [7-9].

Stromal cell derived factor-1 (SDF-1), also known as
CXCL12,is a peptide chemokine (coded for by a gene on
chromosome 10g11.1) having two isoforms: SDF-1a and
SDF-1(3[10]. These have been found to play a role in type
2 diabetes and its associated secondary complications
where peripheral blood monocytes were seen to express
more inflammatory cytokines in patients than in their
healthy counterparts [11]. G807A, a single nucleotide
polymorphism (rs1801157), is the most studied poly-
morphism in SDF-1. It occurs at position 801 in the 3’
untranslated region of SDF-13 gene resultingina G > A
transition where the mutant A allele results in upregula-
tion of SDF-1[ gene expression [12]. This polymorphism
has been studied in various diseases, including diabetes,
HIV infection and cancer [13-15].

Many of the published links between polymorphisms
in KCNJ11 and SDF-1f and diabetes consider only a
single genotype model, and some are contradictory.
We hypothesised that recessive, dominant or additive
genotypes would describe stronger links with type 2
diabetes.

Materials and methods

We tested our hypothesis in 200 type 2 diabetes
patients and 200 age, sex and ethnicity matched
healthy controls, all enrolled from the Diabetic clinic of
the Department of Medicine at Era’s Lucknow Medical
College & Hospital, Lucknow, India. The study was con-
ducted after approval of Institutional Ethics Committee
of Era’s Lucknow Medical College & Hospital and a writ-
ten informed consent was taken from all subjects before
commencement of the study. Subjects with fasting
plasma glucose (FBS) >7.0 mmol/l or 2-h post prandial
blood sugar (PPBS) concentrations >11.1 mmol/l were
categorised as cases. Control samples were defined as
those with fasting blood sugar level <6.1 mmol/L with-
out family history of diabetes. No subject was receiving
any medications at the time of participation. Exclusion
criteria were type 1 diabetes, gestational diabetes,
maturity-onset diabetes of the young or having sec-
ondary diabetic complications, those suffering from
acute or chronic diseases of the heart liver or kidney,
and having a malignancy. Standard routine clinical and
laboratory data (age, sex, blood pressure, body mass
index, height, weight, HbA1c (%), lipid profile, etc.) was
collected.

Fasting blood sugar was measured by glucose oxi-
dase—peroxidase method; serum cholesterol by choles-
terol oxidase—peroxidase method; serum triglyceride
by glycerol phosphate oxidase—peroxidase amidopy-
rine method; Serum creatinine levels were measured

by kinetic Jaffe method whereas high-density lipopro-
tein (HDL), HbA1C and cholesterol (immunoinhibition)
were assessed by XL-300 Transasia Fully Auto Analyzer
Transasia, Mannheim, Germany. For HbA1c estimation
we used Gen X haemoglobin A1c-Direct kit of Gen X spe-
cial live series provided by Proton Biologicals, India Pvt.
Ltd. The kit for calculation of results apply IFCC calibrated
values using the equation NGSP=(0.0915 X IFCC) + 2.15
expected values. (NGSP units in % while IFCC units were
in mmol/mol Hb). Low-density lipoprotein (LDL) was
calculated using Friedewald’s formula [16]. Body mass
index (BMI) was calculated as weight in kg/height in m2.
All experiments were performed in accordance with the
ethical standards of the Helsinki Declaration and all the
assays were performed following the standard manu-
facturer’s protocols.

Genomic DNA was extracted from peripheral blood
leucocytes using the standard phenol-chloroform
extraction method. The KCNJ11 (E23K, rs5219) and SDF-
1B (G801A, rs1801157) polymorphisms were genotyped
in controls and cases using polymerase chain reaction
and restriction fragment length polymorphism. PCR
amplification was carried out in a reaction mixture of
20 pl containing 0.5U Tagq DNA Polymerase, 20 mM Tris
HCl, 80 mM KCl, 4 mM MgCIZ, 10 pmol/I of each primer,
approximately 100-150 ng of genomic DNA and nucle-
ase free water in T100 Thermal Cycler (Biorad, U.S.A.). The
PCR conditions and primers used for KCNJ11 and SDF-1(3
genes were in accordance with primers and PCR proto-
cols described elsewhere [7,17]. Amplified products were
further digested with Banll (5U) and Mspl (5U) restriction
enzymes and ultimately resolved on 2% and 3% agarose
gels for KCNJ11 and SDF-1 genes, respectively (as shown
in Figures 1 and 2).

Statistical analyses were performed with SPSS version
12 software (IBM Corp., Chicago, Illinois, U.S.A.). Variables
were tested for normality using the Kolmogorov-
Smirnov test. Variables with a normal distribution were
expressed as mean with standard deviation. The geno-
typing data were compared between cases and controls
using Chi-square test. P-values <0.05 were considered
as significant. Odds ratios (OR) and 95% confidence
intervals (Cl) were calculated to test the relative risk for
association.

Results

Cases and controls were matched for age (46 and 45
years, respectively, p = 0.079) and sex (101 males/99
females and 102 males/98 females, respectively,
p =0.920). Clinical and biochemical parameters of cases
and controls are shown in Table 1. As expected, all indi-
ces were significantly more adverse in the cases (all
p <0.001).

The genotype distribution of both KCNJ11 and SDF-
1B genes were in good agreement with the predicted
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Figure 1. The 3% Agarose gel picture of Banll digested products of KCNJ1Tgene.

Notes: Lane 2 shows the mutant KK genotype corresponding to two bands of size 178 and 32 bp; Lane 1, 3, 5, and 6 shows EK genotype corresponding to
four bands of 178, 150, 32, and 28 bp; whereas Lane 4 shows a 100 bp ladder (Bands corresponding to size 32 and 28 bp are not visible in the gel due to very
small size).

Figure 2. The 2% Agarose gel picture of Msp/ digested products of SDF-1 gene.
Notes: Lane 1, 3, 4, 6, and 8 shows the wild type GG genotype corresponding to two bands of size 202 and 100 bp; Lane 2 and 7 shows AG genotype
corresponding to three bands of 302, 202, and 100 bp; whereas Lane 5 shows a 100 bp ladder.

Hardy-Weinberg equilibrium. The frequencies of EE, respectively, in cases and n = 243 (60.75%) and n = 157
EK, and KK genotypes of KCNJ11 were n = 42 (21%), (39.25%), respectively, in controls (p = 0.196). Distribution
n =141 (70.5%), and n = 17 (8.5%), respectively, in the of KCNJ11 (E23K, rs5219) genotypes according to domi-
cases and n = 62 (31%), n = 119 (59.5%), and n = 19 nant, recessive, and additive models showed significant
(9.5%) in healthy controls (p = 0.05). The frequencies of  differences in dominant and additive models between
E and K were n = 225 (56.25%) and n = 243 (43.75%), diabetes cases and controls (Table 2).
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The frequencies of AA, AG, and GG genotypes of SDF-
18 gene were n =9 (4.5%), n = 101 (50.5%), and n = 90
(45%), respectively, in cases, and n = 6 (3%), n = 144
(72%), and n =50 (25%), respectively, in healthy controls
(p <0.001).The frequencies of Aand G alleles in cases and
controls were n =119 (29.75%) and n = 281 (70.25%) vs.
n=156(39%) and n =244 (61%), respectively (p = 0.006).
Distribution of SDF-18 (G801A, rs1801157) genotypes
according to dominant, recessive, and additive models
showed significant differences in dominant and additive
models between cases and controls (Table 2).

Discussion

Type 2 diabetes is a genetically heterogeneous disease:
in twins about 26% of this risk can be attributed to
genetic factors [18], whilst in unrelated probands this
falls to 20% [4]. The pattern of inheritance suggests that
multiple genes and different combination of genes are
involved in the development of diabetes.
Polymorphisms in KCNJT1 result in neonatal diabe-
tesand congenital hyper-insulinaemia, wherein the E23K
(rs5219) polymorphism is linked with diabetes suscepti-
bility where the K allele plays an important role in insulin

Table 1. Comparison of biochemical parameters in diabetes
cases and controls.

Variables Controls (N=200) Cases (N=200)
BMI (kg/m2) 20.6 [4.2] 23.8[4.9]
SBP (mmHg) 120[7] 1271[18]
DBP (mmHg) 80 [4] 84[11]
PPBS (mmol/L) 7.1[0.6] 14.0[2.1]
FBS (mmol/L) 4.1[0.3] 9.7[4.8]
RBS (mmol/L) 6.3[1.1] 11.9[5.3]
Creatinine (umol/L) 50([10] 70[10]
HbA1C (%) 5.6[0.1] 7.910.1]
Cholesterol (mmol/L) 9.2[1.4] 11.4[2.8]
Triglyceride (mmol/L) 6.9[1.4] 9.6 [3.9]
HDL (mmol/L) 3.0[0.5] 2.3[0.3]
VLDL (mmol/L) 1.3[0.3] 2.0[1.7]
LDL (mmol/L) 54[1.1] 7.0[3.9]

Notes: Data are mean (standard deviation). BMI: body mass index; SBP:
systolic blood pressure; DBP: diastolic blood pressure; PPBS: Post prandial
blood sugar; FBS: fasting blood sugar; RBS: random. blood sugar; HbA1C:
glycated hemoglobin; HDL: high-density. lipoprotein; LDL: low-density
lipoprotein; VLDL: very low-density lipoprotein.

secretion through reduction of ATP sensitivity of the KATP
channel and suppression of insulin secretion [19,20]. In
the past decade, a number of case-control studies have
been conducted to investigate the association between
the KCNJ11 (E23K, rs5219) polymorphism and diabetes in
different populations, although results have not been
in full agreement [2,4,6-9], possibly because of samples
size and/or the genotype model used. Our data in the
general, dominant and additive models is similar to
results from a Mauritanian population, where a similar
association was observed in the general model (OR/95%
Cl 2.08,1.09-3.97, p = 0.026) and under the dominant
model (OR/95% Cl 2.49, 1.12-5.55, p = 0.026) [21]. On
comparing our results with other studies, we found a
major difference in the frequency distribution of EE, EK,
and KK genotypes in our diabetes subjects compared to
Iranian (15, 50, 35%), South Indian (46.3, 28.2, 25.5%), and
Indo-Trinidadian (32.73, 50.6, 16.67%) subjects [7,22,23].
In addition, E and K allele frequencies of our subjects
were different from those observed in the Iranian pop-
ulation (40, 60%) but were similar to those in South
Indian (60, 40%) and Indo-Trinidadian (58, 42%) diabetics
[7,22,23]. The frequencies of E and K alleles of our con-
trol subjects were also similar to frequencies observed
in controls from Iran (62.5, 37.5%) and South India (65,
35%) [7,22]. We observed a significant association of the
KCNJ11 (E23K, rs5219) polymorphism with diabetes in our
cases, in agreement with studies from East Asians [24],
Japanese [25], Chinese [26], Iranians [7], North-western
Indians [27], and Tunisians [28]. However, it failed to con-
cur with a studies of Mauritanians of African descent,
Lebanese, and the Han population of Qingdao, which
showed no such association [21,28,29].

The SDF1-3"G(801)A allele increases the expression of
SDF-1B.Individuals carrying this allele have higher levels
of SDF-1p protein [30]. To date, only one study of SDF-
1B (G801A, rs1801157) polymorphism with diabetes has
been reported, which failed to show an association of
SDF-1 8 gene polymorphism with diabetes [31]. In our
study, the frequency of AA genotype was 4.5% in our
cases, similar to the frequency of AA genotype observed

Table 2. Genotypes of KCNJ11 and SDF-1f in diabetes cases and healthy controls.

Model Genotype Controls (n, %) Cases (n, %) QOdds ratio (95% Cl) p

(a) KCNJT1

Recessive KK 19 9.5 17 8.5 0.88 (0.44-1.76) 0.737
EE+KK 181 90.5 183 91.5 Reference

Dominant EE 62 31.0 42 2.0 0.59 (1.07-2.66) 0.022
EK+KK 138 69.0 158 79.0 Reference

Additive EK 119 59.5 141 70.5 1.63 (1.07-2.46) 0.021
EE+KK 81 40.5 5, 29.5 Reference

(b) SDF-18

Recessive AA 6 3.0 9 45 1.52(0.53-4.36) 0.43
GG+AG 194 97.0 191 95.5 Reference

Dominant GG 50 25.0 920 45,0 2.45(1.61-3.75) <0.001
AG+AA 150 75.0 110 55.0 Reference

Additive AG 144 72.0 101 50.2 0.40 (0.26-0.60) <0.001
GG+AA 56 28.0 99 49.5 Reference




in Iranian diabetics (4%) [31]. The frequency of GG geno-
type observed in our diabetics subjects was significantly
higher than our controls, in agreement with the earlier
reported Iranian study where the frequency of GG gen-
otype was higher in diabetes cases (33.3 and 23.5%) as
compared to controls (10, 23%, respectively) [31]. The
frequency of A allele in our cases was higher than the
frequency observed in Iranian diabetics (15.3%) [31]. In
case of G allele, we observed a higher frequency in our
cases as compared to Iranian cases (34.8%) [31].
Although the leading cause of diabetes is obesity and
lack of exercise [3], these do not account for all disease,
and genetic factors are being increasingly recognised
as having a role [2,4,6]. This work represents an advance
in biomedical science because it shows that the domi-
nant and additive genotype models, but not the reces-
sive model, of KCNJ11 (E23K, rs5219) and SDF-18 (G801A,
rs1801157) polymorphisms are linked with diabetes.

Summary table

What is known about this subject?

« Various polymorphisms in candidate/susceptibility genes such as
TCF7L2, GNB3, KCNJ11, SDB-1B, and PPARG with diabetes disease risk
and progression have been reported

« A number of risk alleles for diabetes and mutations in several genes
may add up and predispose an individual to increased risk of disease.

What this paper adds

« The distribution of KCNJ11 (E23K, rs5219) genotypes according to
dominant, recessive, and additive models shows significant differ-
ences in dominant and additive models between diabetes cases and
controls.

- Distribution of SDF-13 (G801A, rs1801157) genotypes according to
dominant, recessive, and additive models showed significant differ-
ences in dominant and additive models between cases and controls.

« The recessive model of KCNJ11 (E23K, rs5219) and SDF-13 (G801A,
rs1801157) cannot discriminate diabetics from healthy controls.

Acknowledgement

We would like to acknowledge the entire Medical and
Research staff and our colleagues at Era’s Lucknow Medical
College and Amity University for their support and contribu-
tions in this study. This work will be used by Saliha Rizvi for
partial fulfillment of the degree requirement for her doctoral
research at Amity Institute of Biotechnology, Amity University
Uttar Pradesh, Lucknow.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[1]1 NCD Risk Factor Collaboration. (NCD-RisC). Worldwide
trends in diabetes since 1980: a pooled analysis of 751
population-based studies with 4.4 million participants.
Lancet. 2016;387:1513-1530.

[2] RizviS,RazaST,Rahman Q, etal.Role of GNB3,NET, KCNJ11,
TCF7L2 and GRL genes single nucleotide polymorphismin
the risk prediction of type 2 diabetes mellitus. 3. Biotech.
2016;6:255. DOI:10.1007/513205-016-0572-x.

3]

(4]

[5

—_

[6

—

[21

—

BRITISH JOURNAL OF BIOMEDICAL SCIENCE . 143

Behl S, Misra A. Management of obesity in adult Asian
Indians. Indian Heart J. 2017;69(4):539-544.

Szabo M, Maté B, Csép K, et al. Genetic approaches
to the study of gene variants and Their impact on the
pathophysiology of Type 2 diabetes. Biochem Genetics.
2018;56(1-2):22-55.

Bell GI, Polonsky KS. Diabetes mellitus and genetically
programmed defects in beta-cell function. Nature.
2001;414:788-791.

Haghvirdizadeh P, Mohamed Z, Abdullah NA, et al. KCNJ11:
genetic polymorphisms and risk of diabetes mellitus. J
Diabetes Res. 2015;908152:1-9.

Rastegari A, Rabbani M, Sadeghi HM, et al. Association of
KCNJ11 (E23K) gene polymorphism with susceptibility to
type 2 diabetes in Iranian patients. Adv Biomed Res. 2015;4:1.
Abdelhamid I, Lasram K, Meiloud G, et al. E23K variant
in KCNJ11 gene is associated with susceptibility to type
2 diabetes in the Mauritanian population. Prim Care
Diabetes. 2014;8(2):171-175.

Zhou D, Zhang D, Liu Y, et al. The E23K variation in the
KCNJ11 gene is associated with type 2 diabetes in
Chinese and East Asian population. J Human Genetics.
2009;54(7):433-435.

Tashiro K, Tada H, Heilker R, et al. Signal sequence trap:
a cloning strategy for secreted proteins and type |
membrane proteins. Science. 1993;261(5121):600-603.
Giulietti A, van Etten E, Overbergh L, et al. Monocytes from
type 2 diabetic patients have a pro-inflammatory profile.
1,25-dihydroxyvitamin D(3) works as anti-inflammatory.
Diabetes Res Clin Pract. 2007;77(1):47-57.

Luan B, Han Y, Zhang X, et al. Association of the SDF1-3'A
polymorphism with susceptibility to myocardial infarction
in Chinese Han population. Molecular Biol Reports.
2010;37(1):399-403.

Kawasaki E, Abiru NA, Kobayashi M, et al. Stromal cell-
derived factor-1 chemokine gene variant in patients with
Type 1 diabetes and autoimmune thyroid disease. Ann N
Y Acad Sci. 2004;1037:79-83.

Dean M, Carington M, O’Brien SJ. Balanced polymorphism
selected by genetic versus infectious human disease.
Annual Rev Genomics Hum Genet. 2002;3:263-292.

Zhu Z,LiC,Meng X, et al. G801A polymorphism within SDF-
1 predicts prognosis of colorectal carcinoma in a Chinese
population Int. J Clin Exp Pathol. 2017;10(1):645-650.
Friedewald WT, Levy R, Fredrickson DS. Estimation of the
concentration of low density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge.
Clin Chem. 1972;18:499-502.

Kristiansen TB, Knudsen TB, Ohlendorff S, et al. A new
multiplex PCR strategy for the simultaneous determination
of four genetic polymorphisms affecting HIV-1 disease
progression. J Immunol Methods. 2001;252:147-151.
Poulsen P, Kyvik KO, Vaag A, et al. Heritability of Type Il
(non-insulin-dependent) diabetes mellitus and abnormal
glucose tolerance - a population-based twin study.
Diabetologia. 1999;42(2):139-145.

Smith AJ, Taneja TK, Mankouri J, et al. Molecular cell
biology of KATP channels: implications for neonatal
diabetes. Expert Rev Mol Med. 2007;9:1-17.

Nichols CG, Koster JC, Remedi MS. b-cell hyperexcitability:
from hyperinsulinism to diabetes. Diabetes Obes Metab.
2007;9:81-88.

Abdelhamid |, Lasram K, Meiloud G, et al. E23K variant
in KCNJ11 gene is associated with susceptibility to type
2 diabetes in the Mauritanian population. Prim Care
Diabetes. 2014;8(2):171-175.


https://doi.org/10.1007/s13205-016-0572-x

144 (&) S.RIZVIET AL

[22]

[23]

[24]

[25]

[26]

[27]

Phani NM, Guddattu V, Bellampalli R, et al. Population
specificimpact of genetic variants in KCNJ11 gene to Type 2
diabetes: a case-control and meta-analysis study. PLoS ONE.
2014;9(9):e107021. DOI:10.1371/journal.pone.0107021.
Boodram LG, Miyake K, Hayes MG, et al. Association of
the KCNJ11 Variant E23K with Type 2 Diabetes in Indo-
Trinidadians. West Indian Med J. 2011;60(6):604.

Qiu L, Na R, Xu R, et al. Quantitative assessment of the
effect of KCNJ11 gene polymorphism on the risk of Type
2 diabetes. PLoS ONE. 2014;9(4):e93961. DOI:10.1371/
journal.pone.0093961.

SakamotoY, Inoue H, Keshavarz P, et al. SNPs in the KCNJ11-
ABCC8 gene locus are associated with type 2 diabetes and
blood pressure levels in the Japanese population. J Hum
Genet. 2007;52:781-793.

Li YY. The KCNJ11 E23K gene polymorphism and type
2 diabetes mellitus in the Chinese Han population: a
meta-analysis of 6,109 subjects. Molecular Biol Rep.
2013;40(1):141-146.

Chauhan G, Spurgeon CJ, Tabassum R, et al. Impact of
common variants of PPARG, KCNJ11, TCF7L2, SLC30AS,

[28

[30

[t

—

[l

—

HHEX, CDKN2A, IGF2BP2, and CDKAL1 on the risk of
Type 2 diabetes in 5,164 Indians. Diabetes. 2010;59:
2068-2074.

Mtiraoui N, Turki A, Nemr R, et al. Contribution of common
variants of ENPP1, IGF2BP2, KCNJ11, MLXIPL, PPARy,
SLC30A8 and TCF7L2 to the risk of type 2 diabetes
in Lebanese and Tunisian Arabs. Diabetes Metab.
2012;38(5):444-449.

Wang GF, Jiang WJ, Jiang XB, et al. Correlation study of
KCNJ11 gene E23K polymorphism with type 2 diabetes
mellitus. Acta Acad Med. 2011;2:4-8.

Gu XL, Ma N, Xiang DC, et al. Polymorphism of stromal cell-
derived factor-1 selectively upregulates gene expression
and is associated with increased susceptibility to
coronary artery disease. Biochem Biophys Res Commun.
2014;443:932-937.

Derakhshan R, Arababadi MK, Ahmadi Z, et al. Increased
circulating levels of SDF-1a (CXCL12) in type 2 diabetic
patients is correlated to disease state but is unrelated
to polymorphism of the SDF-1f gene in the Iranian
population. Inflammation. 2012;35:900-904.


https://doi.org/10.1371/journal.pone.0107021
https://doi.org/10.1371/journal.pone.0093961
https://doi.org/10.1371/journal.pone.0093961

	Abstract
	Background: 
	Subjects & Methods: 
	Results: 
	Conclusion: 
	Introduction
	Materials and methods
	Results
	Discussion
	Summary table
	Acknowledgement
	Disclosure statement
	References



