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MexreHHble B3aMMOIEICTBHS U BKJIAJ NOJUMOP(HBIX JIOKYCOB

reHoB KCNJ11, ADIPOQ, omentuna, gentuna, TCF7L2 n PPARg

B Pa3BUTHE CAXAPHOI0 1MA0eTa 2-T0 THUIA B KbIPrbI3CKOM MOy ISIIUK:
npeaBapuTe/ibHble Pe3y/JbTAThl UCCAECA0BAHNS N0 THILY CJIY4aii—KOHTPOJIb

¢ ucnoan3osanueM MDR-ananu3a
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O60ocHOBaHMe. BbIsIBACHO MHOXECTBO reHeTUHECKMX AOKYCOB, aCCOLIMMPOBAHHBIX C caxapHbiM anabetom 2-ro Tuna (CA2), npu-
Yyem B pasHbIX nonyAaumsx passutne CA2 moxeT BbiTb 00yCAOBAEHO 3(PPeKTamMm pasHbIX reHEeTUHECKNX AOKYCOB.

LleAb Mccaea0BaHMst — M3YyHUUTb MEXKIEHHbIE B3AMMOAECHCTBUS M BKAAA MOAMMOPMHbLIX AoKycoB reHoB KCNJT1, ADIPOQ), omeHTu-
Ha, nentuHa, TCF7L2 n PPARg B passutne CA2 B Kbiprbi3CKOM MOMYASLIMKM C MCMOAb30OBaHMem MDR-aHaAn3a.

Matepuan u metoabl. B nccaeaoBaHmne BkAloYeHbl 223 nMauneHTa KbiPrbi3CKOM HaUMOHAAbHOCTM, M3 HMX 114 — 6oabHble CA2
(53 >keHLWMHbl U 61 My>kUMHaA, CpeAHMit BO3pacT 54+7,4 roaa) u 109 — ycAOBHO-3A0pOBble AMLIA (48 XKeHLWMH 1 61 MyXUMHA, Cpea-
HUi1 Bo3pacT 50+8,4 roaa) 6e3 HapyLLeHN# YrAeBOAHOTO 0bmeHa (rpyrnna KOHTPOAS!). MeTOAOM peCcTPUKLMOHHOIO aHaAM3a UCCAe-
A0BaAMCh noAnmopHbie Aokycbl Glu23Lys rena KCNJT1, G276T reHa aamnoHekTuHa, Val109Asp reHa omeHTuHa, G2548A reHa
AentuHa, IVS3C/T rena TCF7L2 v Pro12Ala reHa PPARg.

PesyabTathl. Cpean M3ydeHHbIX MOAMMOPHbIX AOKYCOB YKa3aHHbIX FeHOB HanbOAbLINIA BKAAA B pa3BuTue CA2 B Kbiprbi3CKOM No-
NYASILIMK BHOCSIT MOAMMOPEHbIE AOKYCbl reHoB ADIPOQ (2,17%) n KCNJ11 (2,01%). Mapkepamu noBbileHHOro pucka passu-
1t CA2 B KbIPrbl3CKOM MONYASILMKM SIBASHOTCSE amieab 276T (OR=1,68, Cl 95% 1,09—2,60; p=0,025), reTepo3unroTHblii reHOTH
G276T (OR=1,79, Cl 95% 1,05—3,05; p=0,036) rena ADIPOQ), a Takxe anreAb 23Lys rena KCNJ11 (OR=1,62, Cl 95% 1,10—
2,38; p=0,019). MoanmopdHbie Arokyckl ValT09Asp rena omeHTHa, G2548A rena aentuHa, IVS3C/T reHa TCF7L2 v Pro12Ala
reHa PPARg no otaeAbHOCTM Ha pa3BuTie CA2 He OKasblBalOT CTOAb CyWIECTBEHHOIO BAMSHUS 1 B (DEHOTUIMYECKON peaAnsaumm
CA2 oHM yHacTBYIOT MPEUMYLIECTBEHHO 3a CYET FeH-FeHHbIX KOMOMHALIMIA.

3akAtouenue. B nonyasiumm kelprbi3oB noanmopdHbie Aokycel Glu23Lys rena KCNJ11 n G276T reHa ADIPOQ accoummnpoBaHsbl ¢
CA2. Aokycbl G2548A reHa aentuHa, Val109Asp resa omeHTuHa, IVS3C/T rena TCF7L2 v Pro12Ala reHa PPARg BHOCST BKAAA B
deHotTunuyeckyio peaansaumio CA2 He Mo OAMHOYKE, a MPEUMYILECTBEHHO 3a CHET reH-reHHbIX B3aMMOAEHCTBUA.

Knatouesble crosa: reH, KCNJ11, ADIPOQ, omenTuH, rentuH, TCF7L2, PPARg, CA2, Kbiprei3ckasl nomyAsiumst.

Gene-gene interactions and the contribution of polymorphic loci of the KCNJ11, ADIPOQ,
omentin, leptin, 7TCF7L2 and PPARg genes to the development of type 2 diabetes mellitus
in the Kyrgyz population: a case-control genetic association study using MDR analysis
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There are many genetic loci associated with type 2 diabetes mellitus (T2DM). The genetic factors involved in the development of
the T2DM can depend on the nature of genetic variation within and across different ethnic groups.

Aims — the aim of this study was to investigate the gene-gene interactions and to determine the role of the KCN/J11 (Glu23Lys),
ADIPOQ (G276T), omentin (Val109Asp), leptin (G2548A), TCF7L2 (IVS3C/T), PPARg (Pro12Ala) genes in the development of type
2 diabetes mellitus (T2DM) in the Kyrgyz population using MDR analysis.

Material and methods. We examined 114 patients (53 females and 61 males; mean age, 54+7.4) with T2DM and 109 apparently
healthy controls (48 females and 61 males; mean age, 50+8.4). Polymorphisms of the KCNJ11 (Glu23Lys), ADIPOQ (G276T),
omentin (Val109Asp), leptin (G2548A), TCF7L2 (IVS3C/T), PPARg (Pro12Ala) genes were defined by PCR-RFLP assay.

Results. Among the six genes (KCNJ11, ADIPOQ, omentin, leptin, TCF7L2, PPARg) included in this study, the most significant
contribution to the development of T2DM in the Kyrgyz population was detected for the ADIPOQ (2.17%) and KCNJ11 genes
(2.01%).

The heterozygous genotype G276T (OR=1.79 Cl 95% 1.05—3.05; p=0.036) and the 276T allele (OR=1.68 Cl 95% 1.09—2.60;
p=0.025) of the ADIPOQ gene were associated with a high risk of developing T2DM in the Kyrgyz population. The 23Lys allele of
the KCNJT1 gene was significantly associated with T2DM in the Kyrgyz population (OR=1.62 Cl 95% 1.10—2.38; p=0.019). The
allele and genotype frequencies of the omentin (Val109Asp), leptin (G2548A), TCF7L2 (IVS3C/T), PPARg (Pro12Ala) genes did not
differ between the studied groups (p>0.05).

Conclusions. In Kyrgyz population, the polymorphic loci Glu23Lys of the KCNJ11 gene, the 276T allele and genotype G276T of
ADIPOQ are associated with T2DM. The omentin (Val109Asp), leptin (G2548A), TCF7L2 (IVS3C/T), and PPARg (Pro12Ala) genes
alone do not have such a significant impact on the development of type 2 diabetes; they contribute to the phenotypic development
of T2DM mainly due to gene-gene interactions.

Keywords: gene, KCNJ11, ADIPOQ, omentin, leptin, TCF7L2, PPARg, T2DM, kyrgyz population.
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In recent years, an increase in the number of patients
with type 2 diabetes mellitus (T2DM) has been observed
in various population and age groups [1].

According to the State Register of Diabetes Mellitus
(DM), 5,011 new DM cases were registered in Kyrgyzstan
in 2016; of these, new-onset T2DM was diagnosed in 72
children and in 146 adults and adolescents, and new-on-
set T2DM was diagnosed in 5,533 adults and 1 child. The
incidence rate of TIDM was 3.96 and 3.53 per 100,000
population in children and adults, respectively. Especial-
ly high incidence rates, as in all other countries, were re-
vealed for T2DM (129.4 per 100,000 population), which
confirms the epidemic nature of this type of diabetes [2].

Currently, research is increasingly focused on genet-
ic risk factors for the pathogenesis of T2DM [3,4]. The
predisposition to T2DM is controlled by the structural and
functional states of numerous genes, including KCNJ11
(ATP-dependent potassium channel), ADIPOQ (adipo-
nectin), omentin, leptin, TCF7L2 (transcription factor
7-like 2), and PPARg (peroxisome proliferator-activated
receptor gamma) genes whose products participate in var-
ious stages of carbohydrate and fat metabolism and affect
the sensitivity of tissues to insulin and the functioning of
pancreatic p-cells [3,4].

KCNJ11, ADIPOQ, omentine, leptin, TCF7L2, and
PPARg genes, like most other genes, have polymorphic re-
gions due to nucleotide substitutions in the primary nu-
cleotide DNA sequence [4, 5]. According to the results of
clinical and experimental studies, different variants of
polymorphic loci Glu23Lys (KIPNJ11), G276T (ADI-
POQ), Val109Asp (omentin gene), G2548A (leptin gene),
IVS3C/T (TCF7L2), and Pro12Ala (PPARg) may under-
lie inter-individual differences in the hereditary predispo-
sition to T2DM [4—6].

Each population is known to have its own specific set
of genotypes and alleles and be also characterized by a cer-
tain type of diet and lifestyle. In this regard, results of mo-
lecular genetic studies on the association between poly-
morphic loci and multifactorial diseases, which are ob-
tained in one population, are not always consistent with
data obtained in other ethnic groups. To identify genetic
markers of an increased risk of T2DM, each population
should be studied separately. In addition, predisposition
to T2DM as a genetically heterogeneous disease arises due
to a combined effect of several genes; therefore, gene-gene
interactions should be considered when predicting the risk
of T2DM.

AIM — the study aim was to investigate gene-gene in-
teractions and the effect of polymorphic loci of KCNJ11,
ADIPOQ, omentin, leptin, TCF7L2, and PPARg genes on
development of T2DM in the Kyrgyz population.

Material and methods

The study included 223 patients of Kyrgyz ethnicity;
of these, there were 114 T2DM patients (53 females and
61 males; mean age, 54%7.4 years) who underwent inpa-

ORIGINAL RESEARCH ARTICLE

tient treatment at the Department of General Medicine
of the Bishkek National Center of Cardiology and Inter-
nal Medicine (Kyrgyz Republic) in the period between
2014 and 2015. T2DM was diagnosed in accordance with
the WHO criteria (1999). The control group consisted of
109 apparently healthy subjects (48 females and 61 males;
mean age, 50£8.4 years). All participants signed informed
consent for participation in molecular genetic studies. The
study was approved by the Local Ethical Committee of the
Bishkek Institute of Molecular Biology and Medicine.

DNA was isolated from peripheral blood leukocytes
using standard phenol-chloroform extraction. Polymor-
phic loci were genotyped by PCR-RFLP analysis. Ampli-
fication and restriction products were analyzed using elec-
trophoresis in a 3% agarose gel and a gel-documentation
system (GelDoc-IT, UVP).

To amplify the polymorphic locus Glu23Lys of the
KCNJ11 gene, 5-GACTCTGCAGTGAGGCCCTA-3
and 5'-ACGTTGCAGTTGCCTTTCTT-3" primers were
used. PCR amplification products were treated with Ban
II endonuclease (Fig. 1).

To amplify the polymorphic locus G276T of the AD-
IPOQ gene, 5S’-GGCCTCTTTCATCACAGACC-3’ and
5’-AGATGCAGCAAAGCCAAAGT-3’ primers and the
Bsml restriction enzyme (Fig. 2) were used.

Genotypes of the omentin gene Val109Asp polymor-
phism were identified using direct 5’-GAGCCTTTAGGC-
CATGTCTCT-3’ and inverse 5’-CTCTCCTTCTTCTC-
CAGCCCAT-3’ primers. To identify genotypes, PCR
amplification products were treated with Accl endonu-
clease (Fig. 3).

The leptin gene G2548A polymorphism was ampli-
fied using direct 5>-TTTCCTGTAATTTTCCCGT-
GAG-3’ and inverse 5’-AAAGCAAAGACAGGCATA-
AAAA-3’ primers. To identify genotypes, PCR amplifi-
cation products were treated with Cf0I endonuclease (Fig.
4).

Genotypes of the TCF7L2 gene IVS3C/T polymor-
phism were identified using direct 5’~-ACAATTAGAGA-
GCTAAGCACTTTTTAAATA-3’ and reverse 5’-CTA-
ACCTTTTTCCTAGTTATCTGACATTG-3’ primers.
PCR amplification products were treated with Sspl endo-
nuclease (Fig. 5).

Direct 5’-GCCAATTCAAGCCCAGTC-3’ and re-
verse 5’-GATATGTTTGCAGACAGTGTATCAGT-
GAAGGAATCGCTTTCCG-3’ primers were used to am-
plify the PPARg gene Prol12Ala polymorphism. PCR am-
plification products were treated with BstUI endonuclease
(Fig. 6).

Statistical analysis

Statistical processing of the data was carried out us-
ing the GraphPad Prism v5 software package [http://www.
graphpad.com/]. The occurrence frequency (in percent)
was calculated for qualitative data. To find the differenc-
es between qualitative indicators, we used the x> method
with Yates’ continuity correction on contingency tables.
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LysLys GluLys GluGlu LysLys GluLys

Fig. 1. Agarose gel electrophoresis image of the KCNJ11 gene Glu23Lys polymorphism.

Glu/Glu genotype — 150+32+28 bp; Lys/Lys genotype — 178+32 bp; Glu/Lys genotype — 178+150+32+28 bp. 32 and 28 bp fragments are not seen due to low
molecular weight. M — a DNA molecular weight marker.
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Fig. 2. Agarose gel electrophoresis image of the ADIPOQ gene G276T polymorphism.
GG genotype — 148 and 48 bp DNA fragments; heterozygous GT genotype — 196, 648, and 48 bp; TT genotype — 196 bp.
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274 bp — 300
197 bp — 200

100

AspAsp ValAsp ValVal AspAsp ValAsp

Fig. 3. Agarose gel electrophoresis image of the omentin gene Val109Asp polymorphism.
Val/Val genotype — 274 and 197 bp; Asp/Asp genotype — 471 bp; heterozygous Val/Asp genotype — 471, 274, and 197 bp. M — a DNA molecular weight marker.
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GA GG

Fig. 4. Agarose gel electrophoresis image of the leptin gene G2548A locus.

GG genotype — 181 and 61 bp; AA genotype — 242 bp; heterozygous GA genotype — 242, 181, and 61 bp. M — a DNA molecular weight marker.
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Fig. 5. Electrophoretic separation of genotypes of the TCF7L2 gene IVS3C/T polymorphic locus after restriction.
CC — homozygous wild type, 139 bp; CT — heterozygous genotype, 139+111 bp; TT — homozygous mutant type, 111 bp.

The strength of association was expressed as the odds ra-
tio (OR) and 95% confidence interval (95% CI). Associ-
ation was regarded as negative for OR<1 (stability factor),
neutral (absent) for OR=1, and positive for OR>1 (risk
factor).

Gene-gene interactions were studied using the Mul-
tifactor Dimensionality Reduction (MDR 3.0.2) method
and its modified version, Generalized Multifactor Dimen-
sionality Reduction (GMDR). A model with the smallest
prediction error and the highest reproducibility was cho-
sen among all multilocus models. The critical level of sta-
tistical significance was set at p <0.05.

Results

To date, many genetic loci associated with T2DM
have been identified; in this case, the development of
T2DM in different populations may be associated with ef-
fects of different genetic loci. We selected loci of KCNJ11,
ADIPOQ, omentin, leptin, TCF7L2, and PPARg genes that

demonstrated a statistically significant association with
T2DM in some populations [5—7]. Table 1 presents the
allele and genotype distribution of studied gene polymor-
phisms in the group of T2DM patients and the control
group.

An analysis of the genotype and allele distribution of
the KCNJ11 gene Glu23Lys polymorphism revealed a
higher occurrence frequency of the 23Lys allele in the
group of T2DM patients (44%) compared to that in the
control group (33%; x>=5.54; p=0.019). The risk of T2DM
in carriers of the 23Lys allele was 1.62-fold higher than
that in carriers of the Glu23 allele (OR=1.62, CI 95%
1.10—2.38; p=0.019). Thus, the KCNJ11 gene 23Lys al-
lele in the Kyrgyz population is a T2DM risk allele, and
the Glu23 allele and Glu23Glu genotype, on contrary,
have a protective effect.

The ADIPOQ gene encodes the adiponectin protein
that actively participates in many metabolic processes in
the body, including carbohydrate metabolism. Adiponec-
tin maintains glucose levels in the skeletal muscles and liv-
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ProPro ProAla

Fig. 6. Electrophoretic separation of genotypes of the PPARg gene Pro12Ala polymorphism after restriction.
Pro/Pro — homozygous wild type, 270 bp; Pro/Ala — heterozygous genotype, 270 and 227 bp; Ala/Ala — homozygous mutant type, 227 bp.

Table 1. Genotype and allele frequency distribution of polymorphisms Glu23Lys (KCNJ11), G276T (ADIPOQ), Val109Asp (omentin gene),
G2548A (leptin gene), IVS3C/T (TCF7L2), and Pro12Ala (PPARg) in T2DM patients and controls

T2DM,

Control, n=109

Locus Alleles and genotypes n=114 (%) (%) X2 p OR 95% Cl
Glu23Lys Allele Glu23 128 (0.56) 147 (0.67) 5.54 0019 062 (0.42—0.91)
KCNJ1la gene Allele 23Lys 100 (0.44) 71 (0.33) 1.62 (1.10—2.38)
1s5219 Glu23Glu 37 (32.4) 53 (49) 6.20 0.045 0.1 (0.29—0.87)

Glu23Lys 54 (47.4) 41 (38) 1.49 (0.87—2.55)

Lys 23Lys 23(20.2) 15(14) 1.58 (0.78—3.23)

G276T Allele G276 160 (0.70) 174 (0.80) 5008 0.025 059 (0.38—0.92)
ADIPOQ gene Allele 276 T 68 (0.30) 44 (0.20) 1.68 (1.09—2.60)
rs1501299 G276G 51 (45) 67 (61) 6.65 0.036 051 (0.30—0.86)
G276T 58 (51) 40 (37) 1.79 (1.05—3.05)

T276T 5(4) 2(2) 2.45 (0.46—12.93)

Vall09Asp Allele Val109 69 (0.30) 65 (0.30) 2.146e—007 0990  1.02 (0.68—1.53)
Omentin gene Allele 109Asp 159 (0.70) 153 (0.70) 0.98 (0.65—1.47)
152274907 Vall09Val 8 (7) 4(4) 1.62 0450  1.98 (0.58—6.78)
Vall09Asp 53 (46.5) 57(52) 0.79 (0.47—1.34)

Asp 109Asp 53 (46.5) 48 (44) 1.10 (0.65—1.87)

G2548A Allele G2548 79 (0.35) 67 (0.31) 0.61 0433 1.19 (0.80—1.78)
LEP gene Allele 2548A 149 (0.65) 151 (0.69) 0.84 (0.56—1.24)
157799039 G2548 G 14 (12) 9(8) 1.06 0.590  1.56 (0.64—3.76)
G2548A 51 (45) 49 (45) 0.99 (0.58—1.68)

A 2548A 49 (43) 51.(47) 0.86 (0.50—1.45)

IVS3C>T Allele C 202 (0.89) 194 (0.89) 0.00033 0980  0.96 (0.53—1.73)
TCF7L2gene Allele T 26 (0.11) 24 (0.11) 1.04 (0.58—1.87)
157903146 cc 91 (79.5) 89 (82) 0.50 0784  0.89 (0.46—1.73)
CT 20 (17.5) 16 (15) 1.24 (0.60—2.53)

TT 3(3) 4(4) 0.71 (0.15—3.25)

Prol2Ala Allele Pro12 205 (0.90) 190 (0.87) 0.59 0.440 131 (0.73—2.36)
PPARg gene Allele 12Ala 23 (0.10) 28 (0.13) 0.76 (0.42—1.37)
151801282 Prol2Pro 92 (81) 83 (76) 0.88 0.642 131 (0.69—2.49)
Prol2Ala 21 (18) 24 (22) 0.80 (0.51—1.54)

Alal2Ala 1(1) 2(2) 0.47 (0.04—5.30)

er by increasing the sensitivity of tissues to insulin [6]. A
study of the ADIPOQ gene G276T polymorphism revealed
the association of the heterozygous G276T genotype
(x*=6.65; p=0.036) and 276T allele with an increased risk

of T2DM (x*>=5.008; p=0.025). The risk of T2DM is in-
creased 1.79-fold in the presence of the heterozygous
G276T genotype (OR=1.79, C1 95% 1.05—3.05; p=0.036)
and 1.68-fold in the presence of the 276T allele (OR=1.68,
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Table 2. Significant models of gene-gene interactions of KCNJ11. ADIPOQ. omentin. leptin. TCF7L2. and PPARg genes in T2DM calculated

with the GMDR software using a selective search algorithm

Numt.w.er Combinations of loci in a model (most significant 2-, 3-, 4-, 5-, Prediction Model Prediction
of loci in L . ; Value, p o
a model and 6-locus combinations of studied gene polymorphisms) accuracy reproducibility error

2 ADIPOQ. LEP 0.606 9(0.010) 10/10 0.393

3 ADIPOQ. KCNIJ11. TCF7L2 0.650 9(0.010) 10/10 0.349

3 ADIPOQ. KCNIJ11. PPARg 0.635 9(0.010) 10/10 0.364

3 ADIPOQ. Omentin. PPARg 0.608 9(0.010) 10/10 0.391

4 ADIPOQ. KCNJ11. TCF7L2. PPARg 0.682 9(0.010) 10/10 0.317

5 ADIPOQ. Omentin. LEP. TCF7L2. PPARg 0.725 10 (0.001) 10/10 0.274

6 ADIPOQ. KCNIJ11. Omentin. LEP. TCF7L2. PPARg 0.796 10 (0.001) 10/10 0.203

CI 95% 1.09—2.60; p=0.025). Therefore, in the Kyrgyz
population, the heterozygous G276T genotype and 276T
allele of the ADIPOQ gene G276T polymorphism may be
defined as genetic predictors, while the common G276G
genotype and G276 allele may be defined as preventers of
T2DM.

Regarding Val109Asp (omentin gene), G2548A (leptin
gene), IVS3C/T (TCF7L2 gene), and Prol2Ala (PPARg
gene) polymorphisms, there was no statistically significant
difference in the frequency of genotypes and alleles of the
studied polymorphisms between the T2DM group and the
control group. Therefore, these gene polymorphisms were
not individually associated with T2DM in the Kyrgyz pop-
ulation.

Given that the phenotype of T2DM as a genetically
heterogeneous disease is determined not by a single gene
but by certain combinations of genotypes and alleles of
different genes, we analyzed gene-gene interactions to
identify the most significant ones. The analysis included
all polymorphic variants of the studied genes, regardless
of previously found or missing associations. The reason
for using this strategy was that simultaneous analysis of
the contribution of two or more polymorphic variants to
the development of T2DM may reveal a previously un-
identified pattern, whereas an individual contribution of
single nucleotide polymorphisms may not be of decisive
importance. Gene-gene interactions were analyzed using
the MDR software (http://www.multifactordimensional-
ityreduction.org/) and its modified version GMDR (www.
healthsystem.virginia.edu/internet/addictiongenomics/
Software). Exhaustive and forced search algorithms were
used. The exhaustive search algorithm evaluated all pos-
sible genotype combinations related to the risk of devel-
oping T2DM. In cases where the algorithm was not able
to reveal statistically significant interactions of loci, we
generated n-locus marker combinations with the Forced
algorithm that was used to manually select gene loci whose
involvement in the development of T2DM was found dur-
ing preceding analysis steps (Table 1).

We identified seven statistically significant two-,
three-, four-, five-, and six-locus models with 100% re-
producibility (cross validation consistency (10/10), which
controlled predisposition to T2DM in the Kyrgyz popu-

lation (Table 2). All models of gene-gene interactions in-
volve the ADIPOQ gene whose product directly increases
the sensitivity of tissues to insulin [5,6], which indicates
the importance of insulin resistance as a key component
in the pathogenesis of T2DM and a clear contribution of
the ADIPOQ gene to the development of this disease.

Among all n-locus models, the most accurate predic-
tion (79%) and smallest prediction error (0.203) are pro-
vided by a six-locus model that includes all analyzed poly-
morphic variants of the studied genes. The MDR software
was used to generate a radial diagram for the six-locus
model (Fig. 7). The diagram reflected the contribution of
each gene polymorphism, either individual or in combi-
nation with others, to the development of T2DM. Dia-
gram nodes present informational values of individual
genes, and diagram edges present the informational value
of gene pair interaction.

An analysis of informational values for each gene sep-
arately demonstrated that polymorphic variants of the
studied genes unequally affected the phenotypic expres-
sion of T2DM. For example, ADIPOQ (2.17%) and
KCNJ11(2.01%) genes make the greatest contribution to
the development of T2DM. Regarding studied polymor-
phisms of other genes, their individual contribution to the
development of T2DM was not so significant and ranged
from 0.53 to 0.16%. Therefore, omentin, leptin, TCF7L2,
and PPARg genes have a low prognostic potential for the
risk of developing T2DM in the Kyrgyz population. The
obtained data are in agreement with the results of a mono-
locus analysis that demonstrated an individual association
of ADIPOQ and KCNJ11 genes with T2DM.

Discussion

Investigation of the genetic component is important
for identification of genetic predictors of T2DM. Poten-
tial candidates are KCNJ11, ADIPOQ, omentin, leptin,
TCF7L2, and PPARg genes whose products are involved
in carbohydrate and lipid metabolism, enhancement of
tissue insulin sensitivity, and functioning of pancreatic
B-cells [5, 7, 8].

The KCNJ11 gene is located on chromosome 11 in the
p15.1 region and encodes the Kir6.2 protein that is part of
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Fig. 7. Gene-gene interactions of polymorphisms of KCN/71 (Glu23Lys), ADIPOQ (G276T), omentin (Val109Asp), leptin (G2548A), TCF7L2
(IVS3C/T), and PPARg (Pro12Ala) genes involved in predisposition of the Kyrgyz population to T2DM.

Red color denotes a high degree of synergistic interaction; orange color denotes a lower degree of the interaction; brown color denotes an intermediate stage between
joint actions and antagonism (lack of communication or independent effects of individual loci); green and blue colors denote some antagonistic effects.

the ATP-dependent K*-channel of 3-cells [8]. Several
polymorphic regions have been identified in the KCNJ11
gene [8]. The Glu23Lys polymorphism has been studied
most fully, and its allelic variant 23Lys, according to the
literature, is associated with T2DM in Chinese [9], Japa-
nese [10], Koreans [11], Russians [12], English [13], Tu-
nisians [14], Taiwanese [15], and Iranians [16].

In the Kyrgyz population, the occurrence frequency
of the KCNJ11 gene 23Lys allele in T2DM patients was
elevated (x> = 5.54, p=0.019), thereby increasing the risk
of this pathology 1.62-fold. Thus, the KCNJ11 gene 23Lys
allele is a predictor of T2DM in both Asian and Europe-
an populations. The association of the KCNJ11 gene 23Lys
polymorphic marker with T2DM is related to the fact that
replacement of a glutamic acid residue by lysine at posi-
tion 23 of the Kir 6.2 protein leads to reduced insulin se-
cretion due to an increase in activity of the ATP-depen-
dent ion channel, a change in the membrane potential,
and a decrease in the concentration of intracellular calci-
um that initiates secretion of insulin [9, 10, 13].

The ADIPOQ gene is mapped on chromosome 3q27
and encodes the adiponectin protein [17]. One of the main
functions of adiponectin is to reduce insulin resistance by
increasing the sensitivity of skeletal muscles and hepatic
tissue to insulin via stimulation of tyrosine (insulin recep-

tor) phosphorylation [17, 18]. The ADIPOQ gene consists
of 3 exons and 2 introns. The second intron of this gene
contains a polymorphic region G276T that is associated
with T2DM in several ethnic groups [5, 6, 17, 18]. In our
study, the ADIPOQ gene G276T locus was also associat-
ed with T2DM. In the Kyrgyz population, the heterozy-
gous genotype G276T (x>=6.65, p=0.036) and 276T allele
(x*=5,008, p=0.025) of the ADIPOQ gene are markers of
an increased risk of T2DM. Based on adiponectin func-
tions, we may suppose that the association of the ADIPOQ
gene G276T polymorphism with T2DM is related to im-
paired sensitivity of tissues to insulin [5, 17, 18].

The omentin gene is localized on chromosome 1 in
the 1g22-q23 locus and encodes a protein that is predom-
inantly expressed by adipose tissue and involved in many
metabolic processes, including carbohydrate and lipid me-
tabolism [19, 20]. The literature lacks data on the associ-
ation of the omentin gene Vall09Asp polymorphism with
T2DM. There are reports of the association of a rare gen-
otype Vall09Val of this gene with abdominal obesity [21]
and coronary heart disease [22] as well as the association
of the Vall09 allele with breast cancer [23]. According to
our study, the omentin gene Vall09Asp polymorphism is
not associated with T2DM because its contribution to the
development of T2DM is only 0.53%. At the same time,
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this gene is included in 3-, 5-, and 6-locus models of gene-
gene interactions that predispose to T2DM.

The leptin gene located on chromosome 7 in the 31.3
segment encodes a multifunctional protein, leptin, that is
mainly synthesized by cells of white adipose tissue. Most
Ieptin functions are related to the regulation mechanisms
of food intake and energy expenditure [24]. G2548A is the
most studied polymorphic locus of the leptin gene. The
polymorphism is associated with a variety of phenotypes,
including obesity, hyperlipidemia [25], insulin resistance
[26], and T2DM [27]. No association of the leptin gene
G2548A polymorphism with T2DM was found in Egyp-
tians [28]. In our study, the contribution of this locus to
the development of T2DM was low (0.34%); however, we
found a moderate synergistic effect of the leptin and AD-
IPOQ genes on the risk of developing T2DM (0.68%).
This may be due to the fact that leptin and adiponectin are
proteins specific for adipose tissue, whereas omentin,
which is also expressed by adipose tissue, is not specific
for it [20].

The T-cell transcription factor 4 encoded by the 7C-
F7L2 gene is involved in the Wnt signaling pathway that
plays an important role in division and differentiation of
pancreatic (3-cells and is associated with insulin secretion
[29, 30]. The most well-studied TCF7L2 gene polymor-
phism is IVS3C>T rs7903146 [30]. The IVS3-T allelic
variant of the TCF7L2 gene IVS3C/T polymorphism is
known to be a significant risk factor of T2DM in Europe-
an populations [30—32]. Asian and European popula-
tions significantly differ in the occurrence frequency of the
IVS3-T allele of the TCF7L2 gene IVS3C/T polymor-
phism. In Asian populations, the occurrence of this allele
is lower (5—15%) than in European populations
(36—46%). In African populations, the occurrence reach-
es 50% [33]. In the Kyrgyz population, the frequency of
the IVS3-T allele of the TCF7L2 gene IVS3C/T polymor-
phism was 11%, which is not significantly different from
this indicator in other Asian populations [34, 35].

Unlike Europeans, the TCF7L2 gene of IVS3C/T
polymorphism in Asian populations is either individually
weakly associated with T2DM or not associated with it at
all [34, 36, 37]. This is most likely due to differences in the
occurrence frequency of the IVS3-T allele in Asian and
European populations as well as ethnic specificity of the
hereditary architecture of T2DM and gene-gene and/or
gene-environment interactions of a hereditary component
of T2DM in these populations.

The PPARg gene located on chromosome 3 (3p25) en-
codes an intracellular transcription factor that regulates
expression of genes whose products are involved in fat ac-
cumulation, adipocyte differentiation, and tissue sensitiv-
ity to insulin [38]. The most studied T2DM-associated
polymorphism in this gene is Pro12Ala [39, 40]. A previ-
ously found association of the PPARg gene Prol2Ala poly-

ORIGINAL RESEARCH ARTICLE

morphism with T2DM was not confirmed in our sample
of patients from the Kyrgyz population. Similar results
were obtained in studies of other populations. For exam-
ple, M. Fu and co-authors found no association of this
polymorphic locus with T2DM in Chinese [41]. In Indi-
ans, the PPARg gene Pro12Ala polymorphism was also not
associated with T2DM [42].

Conclusion

Among the studied six genes, the greatest contribu-
tion to the development of T2DM is made by the ADI-
POQ gene G276T polymorphism (2.17%) and KCNJ11
gene Glu23Lys polymorphism (2.01%). The markers of
an increased risk of T2DM in the Kyrgyz population are
the 276T allele and G276T heterozygous genotype of the
ADIPOQ gene as well as the 23Lys allele of the KCNJ11
gene.

The individual contribution of polymorphic loci of
omentin (Vall09Asp), leptin (G2548A), TCF7L2
(IVS3C/T), and PPARg (Pro12Ala) genes to the develop-
ment of T2DM is not significant, and their involvement
in phenotypic expression of T2DM is mediated by gene-
gene interactions. An analysis of gene-gene interactions
has revealed statistically significant two-locus (ADIPOQ,
leptin), three-locus (ADIPOQ, KCNJ11, TCF7L2; ADI-
POQ, KCNJ11, PPARg; ADIPOQ, omentin, PPARg), four-
locus (ADIPOQ, KCNJ11, TCF7L2, PPARg), five-locus
(ADIPOQ, omentin, leptin, TCF7L2, PPARg), and six-lo-
cus (ADIPOQ, KCNJI11, omentin, leptin, TCF7L2,
PPARg) models of gene-gene interactions, which predis-
pose to T2DM in the Kyrgyz population. An analysis of
the role of each gene, individually and in combination with
other genes, indicates a significant role of the ADIPOQ
gene in increasing the risk for T2DM in the Kyrgyz pop-
ulation.

Identification of genetic predictors of T2DM devel-
opment, with allowance for ethnicity, is important for
screening individuals at increased risk of this disease in or-
der to timely conduct preventive measures to reduce the
incidence of diabetes both in families with a diabetes his-
tory and in the general population.
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