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ANALYSIS OF POLYMORPHIC VARIANTS
OF SEROTONIN AND GAMMA-
AMINOBUTYRIC ACID RECEPTOR GENES
IN PATIENTS WITH TYPE 2 DIABETES

MELLITUS

An analysis of polymorphic variants of the serotonin receptor genes HTRD rs674386, HTR1F rs56398417, HTR2A rs6313, HTR3A rs1062613,
HTR2C rs6318 and the GABRAZ2 rs279845 gene in T2D patients living in the Republic of Belarus was carried out. As a result of the study of 6 loci of
neurotransmitter genes, protective markers CT and CC genotypes of the rs1062613 locus of the HTR3A gene (OR= 0.73, Pcor_FDR=0.0007) and
GC and CC risk genotypes of the rs6318 locus of the HTR2C gene (OR=2.21, Pcor_FDR=0.0045) among women, the CC genotype is also risky
for men (R=4.05, Pcor_FDR=0.0045). Analysis of combinations of genotypes and alleles revealed combinations of increased and decreased risk
of T2D. The analysis of ROC curves showed that the studied loci and such variables as sex, age of the examined and BMI can be used to assess
the prognostic significance of T2D AUC=83.4% (95% CI 83.5-87.4).

Keywords: type 2 diabetes mellitus, neurotransmitter system, serotonin receptors, gamma-aminobutyric acid receptor.

Introduction. Type 2 diabetes mellitus
(T2D) is a metabolic disease character-
ized by elevated blood glucose levels; its
development is due to the development
of insulin resistance [2]. The prevalence
of T2D is increasing worldwide, leading
to a decrease in the quality of life and
premature death [2]. Based on the con-
cept of the psychobiosocial model of T2D
pathogenesis and considering lifestyle as
a trigger factor for the formation of T2D, it
seems relevant and appropriate to study
neurotransmitters in the development
of T2D. One of the neurotransmitters of
the central nervous system is serotonin
(5-HT), which is mainly involved in the
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regulation of complex behavior such as
aggression and appetite control [17]. Se-
rotonin occurs in the body in two different
pools, one in the central nervous system
and the other in peripheral tissues. Ap-
proximately 90% of the total 5-HT pres-
ent in the body is produced by the cells
of the gastrointestinal tract; the released
neurotransmitter is involved in the control
of insulin secretion [11]. It has been es-
tablished that altered serotonin functions
cause dysfunction of pancreatic B-cells
and ultimately lead to the development
of T2D [4]. Bennet H., 2015 found that
increased expression of the HTR1D and
HTR2A genes in pancreatic B-cell tis-
sue among T2D patients compared with
healthy controls [4]. Studies of the rela-
tionship between T2D and the serotoner-
gic system have revealed an association
of polymorphic variants of the serotonin
receptor genes HTR2A, HTR2C with the
risk of developing type 2 diabetes in Cau-
casians [15,19], polymorphic variants
of the HTR3B gene are associated with
type 2 diabetes in Koreans [18], polymor-
phism of the HTR2C gene is associat-
ed with metabolic syndrome among the
Greeks [3]. Polymorphic variants of the
GABRAZ2 gene encoding the a2 subunit
of the gamma-aminobutyric acid recep-
tor (GABA-a) have been associated with
the risk of alcohol dependence [16]. Also,
these receptors play an important role in
the regulation of insulin secretion and glu-
cagon release in pancreatic islet cells in
both healthy and T2D patients [5]. Based
on the results of GWAS studies among
residents of the United Arab Emirates,
markers of the risk of developing T2D

were identified for GABA-a genes [6].
However, the role of neurotransmitters in
the pathogenesis of T2DM remains poor-
ly understood. In this regard, the analysis
of polymorphic variants of the genes of
the neurotransmitter system is an urgent
problem. The aim of our study was to
analyze polymorphic variants of the se-
rotonin receptor genes HTRD rs674386,
HTR1F rsb56398417, HTR2A rs6313,
HTR3A rs1062613, HTR2C rs6318, the
gamma-aminobutyric acid receptor gene
GABRAZ2 rs279845 among patients with
type 2 diabetes living in the Republic of
Bashkortostan (RB).

Material and Methods Diagnosis of
T2D was based on a set of ICD-10 codes,
data on quantitative parameters that de-
termine levels of T2D risk such as age,
BMI, waist circumference, hip circumfer-
ence, low-density lipoprotein, high-den-
sity lipoprotein levels, triglycerides. The
characteristics of the groups are present-
ed in Table 1. Statistics The correspon-
dence between the frequency of geno-
types and alleles and the Hardy-Wein-
berg equilibrium was assessed using
the x2 test. Analysis of associations with
the development of T2D was performed
using the PLINK v.1.9 program [14]. The
Pcor_FDR comparison multiplicity cor-
rection was estimated using the online
calculator https://www.sdmproject.com/
utilities/?show=FDR. The association
was considered significant when the
Pcor_FDR level was less than 0.05, and
the 95% confidence interval did not cross
one. Analysis of associations calculated
for the main group is presented in mod-
els: codominate and additive, as well as
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Table 1

Characteristics of the samples included in the study

Parameters Eji%g}é n£26]31 P value
Age, mean+ Std.Dv 51.82+9.70 58.08+12.28 0.05
Men, n (%) 263 (23.9) 158 (22.2) 0,483
Women, n (%) 833 (76.1) 555(77.8)
Body mass index (BMI) (kg/m2), mean+SD 26.72+2.78 31.12+£5.82 <0.0001
Obesity, n (%) - 612 (85.8) -
Duration of DM2, median [Q1;Q3] - 7.232; 15] -
Arterial hypertension, n (%) - 602 (84.5) -
Cardiovascular disease, n (%) - 256 (36.0) -
HbAI1C (%), median [Q1;Q3] 4.9 [3.8; 5.90] 9.20[7.10; 14.00] <0.0001
Fasting glucose (mmol/l), median [Q1;Q3] 4.80 [3.20; 5.90] 8.36 [8.31; 15.00] <0.0001
Total cholesterol (mmol/l), median [Q1;Q3] 4.50[3.30; 6.12] 5.30[3.20; 10.30] 0.0008
LDL (mmol/l), median [Q1;Q3] 2.70[0.79; 3.99] 3.20 [1.60; 7.09] <0.005
HDL (mmol/l), median [Q1;Q3] 1.10 [0.87; 1.40] 1.10 [0.85; 1.30] 0.08
Triglycerides (mmol/l), median [Q1;Q3] 1.32[1.10; 2.07] 1.67 [1.15; 2.17] 0.029

Note. LDL — low density lipoproteins, HDL — high density lipoproteins, Std. dv. — standard deviation.

in the form of an allelic test. Multiple logis-
tic regression analysis and ROQ analysis
were performed using SPSS v.22. Analy-
sis of gene-gene associations with T2DM
between allele and or/genotype was cal-
culated using the APSampler 3.6.0 pro-
gram (http://apsampler.sourceforge.net).

Results and discussion. To carry
out the analysis of associations, we ini-
tially calculated whether the distribution
of genotype frequencies of the studied
polymorphic loci corresponded to the
Hardy—Weinberg equilibrium, taking into
account the rare allele frequency (MAF)
among sick and healthy subjects (Table
2). The locus of the HTR2C gene locat-
ed on the X chromosome was analyzed
separately in women and men. The
analysis was carried out in the codomi-
nant and additive models, and the allele

test was also evaluated, the data are
presented in Table 3. Statistically signif-
icant differences were obtained for the
rs1062613 locus of the HTR3A gene in
the codominant model for the CT and
CC genotypes (OR=0.71 and OR=0.59,
Pcor_FDR=0.004 ). In the additive mod-
el, the OR was 0.73, Pcor_ FDR=0.0007.
For the rs6318 polymorphic locus of the
HTR2C gene, statistically significant dif-
ferences were obtained in the group of
women. In the codominant model, the
association with the risk of developing
T2D was determined for the GC and CC
genotypes (OR=2.37 (95% CI 1.74-3.24),
Pcor_FDR=0.0045, OR=2.77 (95% CI
0.93-8.25), Pcor_FDR=0.0045). Given
that the confidence interval crossed 1 in
the second case, the most statistically
significant model is the additive OR=2.21

(95% CI 1.66-2.94), Pcor_FDR=0.0045).
Among men, the CC genotype was also
associated with the risk of developing
T2D (OR=4.05, Pcor_FDR=0.0045).
Analysis of the rs279845 locus of the GA-
BRA2 gene revealed a trend towards an
increase in the frequency of the TT gen-
otype among patients up to 37.2% com-
pared with 31.0% in the control (OR=0.75
and OR=0.79, Pcor_FDR=0.046), re-
spectively, for projective CT and CC gen-
otypes.

As a result of the multilocus analy-
sis of associations, five combinations
of genotypes and alleles were identified
that showed statistical significance with
T2DM. The C allele of the rs1062613 lo-
cus of the HTR3A gene was included in
two models of increased T2D risk, and the
T allele was included in three reduced risk

Table 2

Description of the studied genes and the Hardy-Weinberg equilibrium

Polymorphism Gene Localization P, control P, , patients MAF (European) MAF
rs279845 GABRA?2 chr 4:46327706 0.1 0.045 44.8 44.0
rs1062613 HTR3A4 chrl1:113975284 0.061 0.42 22.6 25.05
rs6318 HTR2C chrX:114731326 0.52 0.26 16.2 8.0
rs6313 HTR2A4 chr 13:46895805 0.11 0.39 42.0 48.0
rs674386 HTRD chr1:23192984 0.28 0.79 22.1 27.0
rs56398417 HTRIF chr3:87975836 0.42 0.014 28.8 17.0

Note: PX-W level of significance in determining the Hardy-Weinberg equilibrium, MAF (European) frequency of the minor allele in the
population of Caucasians (Project 1000 genomes), MAF — frequency of the minor allele in the control group.
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Table 3

Association of studied polymorphic loci of serotonin and GABBRA?2 receptor genes

Allel T2D Control
Gene, polymorphism Model N et . n=691 n=1096 OR (95 CI) P P
EENOYPE I ndividuals (%) | Individuals (%)
330 (47.8)/ | 591 (53.9)/ 00
HTRID rs674386 Co-dominant GG/AG/AA | 296 (42.9) | 418 (38.1) |1.27 (1.04-1.56)1.30| 0.045 | 0.062
63 (9.1) 87 (7.9) (0.91-1.84)
. 957 (69.0)/ | 1600 (73.0)/
HTRID rs674386 Allelic test G/A s | SR | 1190.02-139) | 001965 | 0.046
HTRID rs674386 Additive 1.19 (1.03-1.38) | 0.02067 | 0.046
499 (723 | 780 (71.2)/ 1.00
HTRIF 1556398417 Co-dominant CC/CT/TT | 165 (23.9) | 294 (26.8) [0.88 (0.70-1.09)/ 1.85| 0.041 | 0.062
26 (3.8) 22 2) (1.04-3.30)
. 1163 (84.0)/ | 1854 (85.0)/
HTRIF rs56398417 Allelic test cr e | Beaoo | 102085123 | 0843 | 0932
HTRIF rs56398417 Additive 1.02(085-1.23) | 0812 | 0932
257(37.2) | 340 31y
GABRA? 15279845 Co-dominant TT/AT/AA | 307 (44.4) | 542 49.5) MO0 709'7(% (600'_6{)‘003')93) 0.023 | 0.046
127(184) | 214(199) 79 (0.60-1.
. 821 (59.0) | 1222 (56.0)/
GABRA2 rs279845 Allelic test /4 1t | G0ae0) | 086075098 | 0034 | 00ss
GABRAZ 15279845 Additive 0.86 (0.76-0.99) | 0.034 | 0.055
440 (63.7)/ | 604 (55.1)/ 1.00
HTR3A rs1062613 Co-dominant co/cTIT | 227(329) | 435397 | 0.71(0.58-0.87) | 0.0012 | 0.004
24 (3.5) 57(5.2) 0.59 (0.36-0.96)
. 1107 (80.0)/ | 1643 (74.95)/
HTR3A rs1062613 Allelic test cT 2720000 | 'S0 3505y | 074(0:63-088) | 0.0001 | 0.00045
HTR3A 151062613 Additive 0.73 (0.64-0.88) | 0.0002 | 0.0007
177 (25.6)/ | 290 (26.5)/ 1.00/
HTR24 rs6313 Co-dominant CC/CA/AA | 356 (51.6) | 55951 | 1.04(0.83-131y | 0931 | 0931
157 (22.8) | 247(225) | 1.04(0.79-137)
. 710 (51.0)/ | 1139 (52.0)/
HTR24 rs6313 Allelic test ci 0o | 1055 Ggg) | 102089-117) | 0931 | 0931
HTR2A rs6313 Additive 1.02(089-1.17) | 0.761 | 0931
554 687 | 341 (84 1.00
HTR2C rs6318 Co-dominan, female | GG/GC/CC | 235 20.1)/ | ( PALDE 1237 (174-324) | 0.0001 | 0.00045
18 (2.2) 277 (0.93-8.25)
. 1343 (83.0)/ | 743 (92.0)/
HTR2C rs6318 Allelic test, female G/C e | ewo 2.17(1.64-2.87) | 0.0001 | 0.00045
HTR2C 156318 Additive, female 221(1.66:294) | 0.0001 | 0.00045
114 (75.5)/ | 237 (92.6)/ 1.00/
HTR2C rs6318 Male G/C AR s 405 (C9a.7.35) | 00001 | 0.00045

Note: Statistically significant differences are in bold.

models. In three models, the rs674386 lo-
cus of the HTRD gene was found, in this
case, the A allele is represented in the in-
creased risk model of the disease, the G
allele was determined in the reduced risk
models (Pcor_FDR=0.007 and (Pcor_
FDR=0.001). In individual analysis, the
association of the G allele was also more
common among The most significant as-
sociation was found for the combination
of HTR3A rs1062613 allele C + HTR2A
rs6313 allele A + HTRD rs674386 allele
A + HTR1F rs55639841 CC genotype
(OR=1.74, Pcor_FDR=0.0004).

When analyzing ROC curves to as-
sess the prognostic significance of the
identified risk values in the development
of DM2, two models were built, for the
first model only polymorphic loci were
taken into account: HTRD rs674386,
HTR1F rs56398417, HTR3A rs1062613,
GABRA?2 rs279845, the same loci were
included in the second model, and also
variables such as sex, age of the subjects
and BMI. Prediction performance was
measured using the area under the curve
(AUC). ROC analysis showed an AUC of
56.7% (95% Cl 53.9-59.4) for a model in-

cluding only the studied polymorphs. For
the second model, AUC was 83.4% (95%
Cl 83.5-87.4), indicating a high ability of
the indicators included in the analysis to
correctly classify individuals with T2DM
and healthy individuals.

The rs10623613 polymorphic variant
of the HTR3A gene demonstrated the
largest number of associations. This
polymorphism is located in the 5'UTR
region of the gene; it was found that the
C allele of this polymorphic locus affects
the binding affinity of the transcription
factor CTCF to the promoter region of
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the HTR3A gene [12]. According to a
number of authors, allele C is associ-
ated with low expression of the HTR3A
gene [7] and a high level of methylation
[13]. Low expression, in turn, causes
a decrease in the level of serotonin in
the central nervous system, leads to a
change in eating behavior and the de-
velopment of hyperphagia, and sub-
sequently obesity, which provokes the
development of T2D [2]. An association
with the development of T2D was shown
for the rs6318 locus of the HTR2C gene.
This polymorphism is due to the substi-
tution of the amino acid Cys for Ser at
position 23. It has been shown that the
protein encoded by the Ser23 or C allele
has a reduced affinity for serotonin [20].
A number of authors have established
an association of this locus with the risk
of developing depression [8], as well as
obesity and DM2, which confirms our
data [9, 10, 15, 19]. The rs279845 locus
of the GABRAZ2 gene is associated with
alcoholism; carriers of the T allele suffer
from alcoholism to a lesser extent [16].
On the other hand, no relationship was
found for the rs279845 locus of the GA-
BRA2 gene when studying quantitative
traits of personality, temperament, and
character [1].

Conclusion. In this study, we as-
sessed the effect of polymorphic variants
of neurotransmitter genes on the risk
of developing T2D by analyzing combi-
nations of genotypes and alleles. It has
been shown that a selected set of genetic
variants and indicators such as gender,
age, and BMI can be used to predict
T2DM among residents of the Republic
of Belarus.
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Russian Science Foundation (No. 22-25-
00010).
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