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Abstract—Obesity and related complications are caused by eating disorders. The complex pathogenesis of the
formation of food dependence has a genetic basis. This paper investigates the relationship between polymor-
phic variants of genes coding for glutamate receptors (GRI/K5rs8099939, GRIK3 rs534131, GRIA1 1s2195450,
GRIN2B 157301328, rs2268132, rs1805476, GRIN I rs6293), (GABA) B receptor (GABBR2 1s3750344), sero-
tonin receptor (HTR2A rs6313, rs6311), brain-derived neurotrophic factor (BDNF rs925946, rs11030107),
and transmembrane protein 18 (TMEM 18 rs2860323, rs6548238) with eating disorders in overweight and
obese patients. BMI is shown to be associated with genotype GG of locus rs6293 of gene GRIN I, CC-AC of
GRIKS5 158099939, CC-CT of TMEM 18156548238, and CT-TT of GRIAI rs2195450. Disorder of restrained
eating behavior was identified in AC-AA genotype carriers at locus rs1805476 of gene GRIN2B (P = 0.04) and
GG genotype carriers at locus rs6293 of gene GRINI (P = 0.028). Upset of emotional eating was character-
istic of A allele carriers at locus rs1805476 of gene GRIN2B (P = 0.005) and AC-CC genotype carriers. Extern
eating disorder was observed for carriers of genotypes AA and AC at the polymorphic locus rs1805476 of gene
GRIN2B (P = 0.0003). Thus, polymorphisms of the glutamate and serotonin receptor genes, as well as the
transmembrane protein 18 gene, are important factors in the development of eating disorders and obesity.
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INTRODUCTION

Eating disorders, or food addiction, lead to over-
eating and overweight [1]. The complex pathogenesis
of the formation of food addiction has a genetic basis
[2]. A genome-wide association study (GWAS) identi-
fied loci that account for less than 10% of the inheri-
tance of obesity; the probability of inheritance of obe-
sity in twin studies reaches 85% [3], while eating
behavior remains a poorly understood topic. One of
the discussed obesity genes is the brain-derived neuro-
trophic factor (BDNF) gene, which according to the
GWAS results is associated with body weight [4].
A large-scale study of genetic anthropometric traits
(GIANT consortium) revealed additional loci that con-
tribute to the development of obesity, for example, the
gene for transmembrane protein 18 (TMEM6) [3].

Genes whose products participate in the formation
of personality traits can cause addictive behavior in
people, as well as depression, alcoholism, and eating
disorders. It is known that polymorphic variants of the
neurotransmitter system genes contribute to the forma-
tion of personality traits, including eating behavior [6].

Glutamate receptor genes play a central role in the
development of synaptic plasticity and neurotoxicity
[7]. Glutamate is the main excitatory neurotransmitter
of the central nervous system (CNS) [8]. It was found
that many neurodegenerative disorders have glutama-
tergic nature, and the neurotoxic effect of glutamate
became the subject of highly intensive research after it
was decided that neuropathological conditions caused
by hyperactivity of the glutamatergic system should
include not only classical neurodegenerative disorders
(Alzheimer’s disease, Huntington’s chorea, Parkin-
son’s disease, amyotrophic lateral sclerosis) but also
ischemic brain lesions, various encephalopathies
(including diabetic ones), cognitive and mnestic dis-
orders, alcoholism, etc. [9—15].

Gamma-aminobutyric acid (GABA) is one of the
main inhibitory neurotransmitters of the CNS. GABA
plays a key role in the inhibition of the CNS. In this
context, gamma-aminobutyric acid is a complete glu-
tamine antagonist (which is an excitatory neurotrans-
mitter).

It is known that serotonin affects mood, sleep and
wakefulness, and also food intake and/or selective
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consumption of foods containing simple carbohy-
drates [16]. The effect of this neurotransmitter on the
energy balance in the body was described. Higher
serotonin levels in the CNS contribute to a decrease in
food intake and body weight. Overproduction of
peripheral serotonin through interaction with adipo-
cytokines leads to obesity [17]. Mental disorders most
often share several common underlying neurobiologi-
cal mechanisms, so we studied both genes associated
with obesity (according to GWAS) and certain well-
known genes and their association with the risk of
developing eating disorders.

This paper investigates the association of polymor-
phic variants of genes encoding glutamate receptors
(GRIKS5 158099939, GRIK3 1s534131, GRIAI
rs2195450, GRIN2B rs7301328, rs2268132, rs1805476,
GRIN1 rs6293), gamma-aminobutyric acid (GABBR2
rs3750344), serotonin receptor (HTR2A 1s6313,
rs6311), brain-derived neurotrophic factor (BDNF
1925946, rs11030107), and transmembrane protein 18
(TMEM]18 152860323, rs6548238) with eating disor-
ders in overweight and obese individuals.

MATERIALS AND METHODS

DNA samples. We studied DNA of unrelated indi-
viduals, Tatars by ethnicity, living in the Republic of
Bashkortostan. The number of surveyed individuals
was 275. The average age of the subjects was 55.6 =
7.68 years. The group included 172 women and
103 men. The average height was 171.56 & 8.63 cm; the
average body weight was 79.7 = 13.23; the level of
overweight (BMI) was 29.18 + 3.30 kg/m?. The sub-
jects were differentiated according to their eating
behavior; the first group included 60 people without
eating disorders; that is, all parameters for three types
of eating behavior were within reference values; and
the second group consisted of subjects with at least
one deviating parameter of eating behavior (N = 215).
Obese patients (BMI > 30 kg/m?) were examined at
the Center for the Correction of Weight and Associ-
ated Diseases based at the emergency care hospital,
Hospital no. 21 in Ufa, at the Republican Blood
Transfusion Station.

Eating behavior was assessed using the Dutch Eat-
ing Behavior Questionnaire (DEBQ) [18]. The ques-
tionnaire included 33 items to account for the follow-
ing eating characteristics: restraint (ten questions),
disinhibition (ten questions) measured as external
nutrition, and emotional nutrition (13 questions). The
questionnaire was adapted for Russia by Yu.L. Savchi-
kova [19]. The following reference values of eating
behavior were obtained: restrained eating, 2.41 points;
emotional eating, 1.88 points; external -eating,
3.22 points.

Genotyping. DNA was isolated from peripheral
blood leukocytes using phenol-chloroform purifica-
tion. Polymorphic variants GRIK5 158099939
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(2.42016956T>G), GRIK3 rs534131 (g.20608A>G),
GRIN2B 152268132  (g.152108G>A), GABBR2
rs3750344  (g.98578034T>C), HTR24 156313
(2.6230C>T), rs6311 (g.4692G>A), BDNF 15925946
(2.27645655T>G), rs11030107 (g.27673288A>G),
and TMEM]18 rs2860323 (g.614210A>G), rs6548238
(g.634905T>C) were analyzed by real-time poly-
merase chain reaction using commercial kits with flu-
orescence detection (FLASH/RTAS) (http://test-
gen.ru, Test-Gen LLC, Russia) and a BioRad CFX96
TM device (Bio-Rad Laboratories, Inc., United
States). Endpoint fluorescence and genotype discrim-
ination were measured according to the BioRad
CFX96TM protocol using CFX Manager TM Soft-
ware.

Polymorphic loci GRIN2B rs7301328 (c.366C>G),
rs1805476 (1354C>A), GRIK3 1534131
(2.20608A>G), GRIAI 152195450 (c.-750C>T), and
GRIN11s6293 (c.789A>G) were studied by PCR with
subsequent cleavage of products using the correspond-
ing restriction enzymes 7aql, Haelll, Pstl, Taqgl, and
Mspl. The PCR conditions and primer sequences are
presented in Table 1.

Statistical processing of results. Allele and genotype
frequencies and deviations of the frequency distribu-
tion of genotypes from the Hardy—Weinberg equilib-
rium were calculated; the statistical significance of dif-
ferences between groups in the distribution of allele
and genotype frequencies was estimated using the
Pearson 2 test. In a number of cases, the significance
of frequency differences was also estimated using the
Cochran—Armitage test for trend [20]. The contribu-
tion of the genotypes of the studied loci to the variabil -
ity of quantitative traits characterizing eating behavior
(indicators of eating behavior for the three types of dis-
orders), reflecting the level of food dependence and
characteristics of obesity, was determined using the
Kruskal—Wallis (in the case of three groups) or
Mann—Whitney test (in the case of two groups). The
calculations were carried out using Statistica v. 6.0
software (StatSoft Inc., United States) [21].

RESULTS

Before proceeding to the analysis of the association
of candidate genes with the development of obesity
and eating disorders, the frequency distribution of the
genotypes of polymorphic gene variants was tested for
the Hardy—Weinberg equilibrium; the comparison
group included individuals without eating disorders;
the data are presented in Table 2. The distribution of
genotype frequencies for polymorphic loci did not
deviate from the Hardy—Weinberg distribution in the
comparison group.

On the basis of the results of analyzing the distribu-
tion of genotype and allele frequencies for 14 polymor-
phic gene variants, GRIK5 158099939, GRIK3
rs534131, GRIAI 1s2195450, GRIN2B 1s7301328,
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Table 1. Polymorphic markers, localization, nucleotide sequences of primers, restriction enzymes, and alleles

Gene, locus Polym(?rpt}lsm, Primer, restriction enzyme Allele, fragment size, bp
localization
GRIN2B 12:13865843 F 5'-TCAGCACAGACTCTCACCTC-3' C—112
rs7301328 c.366C>G R 5'-CCTCAGCACAAACCCGC-3' G—93, 19
nsSNP Taqgl
GRIN2B 12:13561429 F 5'-TTAAGAGAAATGAGCTTGGC-3' A—135, 181
rs1805476 c.*1354C>A R 5'-TGTTAAGTGAAGGGAGCATC-3' C—19, 116, 181
regSNP HindlIl
GRIK3 1:37018636 F 5-GGCTGTGTGAGGGCAGAC-3' G—156
rs534131 2.20608A>G |R 5'-CCCGATTCTACTGGGACCTT-3' A—125, 31
GRIAI 5:153491449 F 5'-TCTAAGAGGAGGGGGCAAGG-3' T—122
rs2195450 c.-750C>T R 5'-GCTTGGTAGATGGTGCTTGA-3' C—94,24
Taql
GRIN1 9:137156786 F 5'-CGTTCTTGCCGTTCATGA-3' G—138, 113, 59, 114
1s6293 c.789A>G R 5'-GTAAGAGCCAGCAGCAACGGAG-3' A—251, 173
Mspl
rs2268132, rs1805476, GRINI 156293, GABBR2 higherbody weight, 81.02 kg and 86.86 kg, respectively

rs3750344, HTR2A rs6313, rs6311, BDNF rs11030107,
1925946, and TMEM 18 rs2860323, rs6548238, with
the development of eating disorders, the association
was revealed for loci rs2195450 of gene GRIA, rs6293
of gene GRIN 1, and rs8099939 of gene GRIKS.

Next, we analyzed quantitative parameters of obe-
sity among all subjects, taking into account the body
mass index (BMI). Statistically significant differences
were found in BMI values in individuals with different
genotypes for the polymorphic locus rs2195450 of
gene GRIAI (Table 3). Individuals with heterozygous
and homozygous genotypes for the rare allele at locus
1s2195450 of gene GRIAI were characterized by higher
BMI values (P = 0.0071). The association was also
revealed for locus rs2268132 of gene GRIN2B; in this
case, high BMI values are characteristic of genotypes
AC and AA (P=0.04). Another association was iden-
tified for locus rs6293 of gene GRINI. AG and GG
genotype carriers for this locus had high BMI values,
29.92 and 33.31 kg/m?, respectively (P = 0.0068). CC
and AC genotype carriers for the polymorphic locus
rs8099939 of gene GRIK5 also had higher BMI values,
30.16 and 30.06 kg/m?, respectively (P = 0.0069). Sta-
tistically significant associations were also observed in
the case of the polymorphic locus rs6548238 of gene
TMEM18. Homozygous TT genotype carriers for gene
TMEM1S (rs6548238) had lower BMI values com-
pared to CC and CT genotype carriers (P = 0.027).

The association was also found with other anthro-
pometric and clinical parameters of obesity; the data
are presented in Table 4. Polymorphic loci rs2195450
of gene GRIAI, rs2268132 of gene GRIN2B, 156293 of
gene GRIN 1, and rs8099939 of gene GRIKS were asso-
ciated with increased body weight. CT and CC geno-
type carriers for locus rs2195450 of gene GRIAI had
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(P=0.0071) (Table 4).

The body weight in homozygous carriers of the rare
allele at locus rs6293 of gene GRINI was 88 kg com-
pared to 78.43 and 81.02 kg in homozygous carriers of
the frequent allele and heterozygotes (P = 0.048).
Homozygous carriers of the rare allele at locus
rs8099939 of gene GRIKS, on the other hand, had
lower body weight (P = 0.035) (Table 4).

Waist size is an important characteristic of meta-
bolic disorders. The analysis revealed associations of
this parameter with the frequencies of the following
loci: GRIAI 152195450, GRIKS5 158099939, and
GRIN2B rs2268132. CT and TT genotype carriers for
locus 152195450 of gene GRIA I, on average, had waist
sizes of 100.81 and 104.71 cm, respectively (P =
0.006). AC and AA genotype carriers for locus
rs2268132 of gene GRIN2B had waist sizes of more
than 100.23 and 102.97 cm (P = 0.24). Homozygous C
allele carriers at locus rs8099939 of gene GRIKS had
average waist size of 100.95 cm, the value for heterozy-
gotes was 98.97 cm, and homozygous A allele carriers
had average waist size of 94.77 cm (P = 0.04). The
association with elevated cholesterol levels was found
for loci GRIN2B rs1805476 (P = 0.024) and GRIAI
1s2195450 (P = 0.03).

Analysis of various eating disorders revealed asso-
ciations with the following loci: GRIN2B rs1805476,
GRINI rs6293, GRIK5 rs8099939, and TMEMIS
rs6548238. Disorder of restrained eating behavior was
found for carriers of allele A at locus rs1805476 of gene
GRIN2B in the homozygous and heterozygous states
(P = 0.04) and in carriers of genotype GG at locus
rs6293 of gene GRIN1 (P = 0.028). AG and AA geno-
type carriers had a score corresponding to normal eat-
ing behavior (2.4 points), while GG genotype carriers
Vol. 57
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Table 2. Frequency distribution of genotypes and alleles of polymorphic loci of genes GABBR2, GRIK3, GRIKS5, HTR2A,
GRIN2B, GRIN1, BDNF, and TMEM 18 in groups of individuals with normal and impaired eating behavior

N Gene, Genotypes, Normal eating, Eating disorder, pa pb pe
o polymorphism alleles abs. (%), N=60 abs. (%), N=215
1 |GABBR2 TT/CT/CC |36 (60.0)/21 (35.0)/3(5.0) 116(54.5)/80(37.6)/17(8.0) 1 0.62 | 0.35
rs3750344 T/C 93 (78.0)/27 (22.0) 312 (73)/114 (27) 0.41
2 | GRIK3 GG/GA/AA (22 (36.7)/34 (56.7)/4 (6.7) 82 (38.1)/114 (53.0)/19 (8.8) 0.09 | 0.81 | 0.93
rs534131 G/A 78 (65.0)/42 (35.0) 278 (65.0)/152 (35.0) 0.97
3 |GRIAI CC/CT/TT |37 (61.7)/20 (33.3)/3 (5.0) 103 (47.9)/90 (41.9)/22 (12.0) | 1 0.12 | 0.02
152195450 C/T 94 (78.0)/26 (22.0) 296 (69.0)/134 (31.0) 0.05
4 |GRIN2B GG/GC/CC |18 (30.0)/31 (51.7)/11 (18.3) 81 (37.7)/95 (44.2)/39 (18.1) 0.8 | 0.51 | 0.45
157301328 G/C 257 (60.0)/173 (40.0) 67 (56.0)/53 (44.0) 0.50
5 | GRIN2B CC/AC/AA [32(53.3)/22 (36.7)/6 (10.0) 84 (39.1)/98 (45.6)/33 (15.3) 0.5 | 0.13 | 0.05
rs2268132 C/A 86 (72.0)/34 (28.0) 266 (62.0)/164 (38.0) 0.06
6 |GRIN2B CC/ACAA 12 (20.0)/29 (48.3)/19 (31.7) 63 (29.3)/98 (45.6)54 (25.1) 1 0.3 | 0.13
rs1805476 C/A 53 (44.0)/67 (56.0) 224 (52.0)/206 (48.0) 0.15
7 |GRINI AA/AG/GG |35(58.3)/24 (40.0)/1 (1.7) 99 (46.0)/102 (47.4)/14 (6.5) 0.26 | 0.1 |0.04
rs6293 A/G 94 (78.0)/26 (22.0) 300 (70.0)/130 (30.0) 0.08
8 | GRIKS CC/AC/AA |18 (30.0)/26 (43.3)/16 (26.7) |87 (45.0)/95 (44.2)/33 (15.3) 0.31 | 0.11 | 0.00
rs8099939 C/A 62(52.0)/58 (48.0) 269 (63.0)/161 (37.0) 0.04
9 | HTR2A CC/CT/TT |21(35.0)/29 (48.3)/10 (16.7) |59 (27.4)/107 (49.8)/49 (22.8) | 0.75 | 0.41 | 0.26
rs6313 C/T 71 (59.0)/49 (41.0) 225 (52.0)/205 (48.0) 0.22
10 | HTR2A4 CC/CA/AA |23 (38.3)/28 (46.7)/9 (15) 58 (27.0)/105 (48.8)/52(24.2) | 0.66 | 0.14 | 0.15
rs6311 C/A 74 (62.0)/46 (38.0) 221 (51.0)/209 (49.0) 0.05
11 | BDNF AA/AG/GG |39 (65.0)/20 (33.3)/1 (1.7) 159 (73.9)/54 (25.1)/2 (1.0) 0.34 | 0.38 | 0.16
rs11030107 A/G 98 (81.7)/22 (18.3) 372 (86.5)/58 (13.5) 0.23
12 | BDNF GG/GT/TT |31 (51.7)/24 (40.0)/5 (8.3) 129 (60.0)/70 (32.6)/16 (7.4) 0.90 | 0.50 | 0.31
rs925946 G/T 86 (71.6)/34 (28.4) 328 (76.3)/102 (23.7) 0.36
13 |TMEMI1S CC/CT/TT |40 (66.7)/18 (30.0)/2 (3.3) 155 (75.6)/49 (23.9)/1 (0.5) 0.98 | 0.10 | 0.08
rs2860323 C/T 98 (81.7)/22 (18.3) 359 (87.6)/51 (12.4) 0.13
14 |TMEMIS8 CC/CT/TT |37 (61.7)/21 (35.0)/2 (3.3) 146 (67.9)/60 (27.9)/9 (4.2) 0.63 | 0.56 | 0.51
rs6548238 C/T 95(79.2)/25 (20.8) 352 (81.9)/78 (18.1) 0.59

Significance levels: P?, for the Hardy—Weinberg equilibrium; Pb, for the x2 test; P°, for the Armitage trend test.

suffered from food self-restraint or unsystematic strict
diets (P = 0.03). Upset of emotional eating behavior
was found for A allele carriers for locus rs1805476 of
gene GRIN2B (P = 0.005). Homozygous and hetero-
zygous A allele carriers had indicators deviating from
the norm, indicating hyperphagia. Homozygous carri-
ers of the rare allele (genotype AA, locus rs8§099939 of
gene GRIKS5 (P =0.027)) had emotional eating behav-
ior corresponding to the norm, while AC and CC gen-
otype carriers had elevated scores, that is, above the
norm (Table 4).

Violation of external eating behavior was observed
for carriers of genotypes AA and AC at the polymor-
phic locus rs1805476 of gene GRIN2B (P = 0.0003):
they are able to eat whenever they see food.
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There are data on gender differences in the analysis
of the serotonin receptor gene [22]; in this regard, we
analyzed the distribution of polymorphic variants
HTR2A 136313 and rs6311 separately in men and
women. BMI in men was found to be associated with
locus rs6311 of gene HTR2A (P = 0.04): BMI was 29 +
0.87 kg/m? for CC genotype carriers, 23.38 £ 0.55 kg/m?
for AC genotype carriers, and 27.52 + 1.11 kg/m? for
AA genotype carriers (P = 0.04). At the same time,
such differences were not revealed for locus rs6313 of
gene HTR2A (P=0.27). Gender differences were ana-
lyzed for the rest of the SNPs as well. Associations
were identified for the following polymorphic loci:
GRIAI 152195450 (P = 0.008), GRINI rs6293 (P =
0.022), and GRIK5 158099939 (P = 0.017). Thus, the
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Table 3. Results of the analysis of the association of polymorphic loci of candidate genes with BMI

No. Gene, polymorphism Genotype M (£SEM), N =275 P2
1 GABBR2 TT/CT/CC 29.51 (0.44) 0.3
rs3750344 29.46 (0.46)
31.39 (1.44)
2 GRIK3 GG/GA/AA 29.98 (0.53) 0.72
rs534131 29.44 (0.42)
29.48 (1.17)
3 GRIAI CC/CTTT 28.75 (0.42) 0.0071
rs2195450 30.34 (0.52)
31.66 (0.9)
4 GRIN2B GG/GC/CC 30.01 (0.52) 0.36
rs7301328 29.73 (0.5)
28.73 (0.62)
5 GRIN2B CC/AC/AA 28.78 (0.44) 0.04
rs2268132 30.09 (0.48)
30.88 (1.01)
6 GRIN2B AA/AC/CC 29.77 (0.48) 0.8
rs1805476 29.77 (0.47)
29.3 (0.72)
7 GRIN1 AA/AG/GG 28.98 (0.45) 0.0068
rs6293 29.92 (0.46)
33.31 (1.31)
8 GRIKS CC/AC/AA 30.16 (0.54) 0.0069
rs8099939 30.06 (0.48)
27.53 (0.56)
9 HTR2A CC/CT/TT 29.42 (0.62) 0.85
rs6313 29.66 (0.44)
29.92 (0.66)
10 HTR2A CC/CA/AA 29.26 (0.62) 0.68
rs6311 29.71 (0.45)
30.02 (0.63)
11 BDNF AA/AG/GG 29.99 (0.5) 0.7
rs11030107 30.67 (0.64)
28.98 (0.45)
12 BDNF GG/GT/TT 31.63 (0.25) 0.88
rs925946 31.5(0.32)
31.94 (0.79)
13 TMEMI8 CC/CT/TT 31.7 (0.22) 0.42
rs2860323 31.25 (0.5)
29.78 (3.83)
14 TMEMI18 CC/CT/TT 31.64 (0.24) 0.027
rs6548238 31.88 (0.34)
29.56 (0.83)
M (£SEM), the mean and the standard error of the mean; P?, significance for the Kruskal—Wallis H-test.
RUSSIAN JOURNAL OF GENETICS Vol. 57 No.5 2021
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Table 4. Contribution of polymorphic variants of genes GRIAI, GRINI, GRIKS5, GRIN2B, and TMEM I8 to the variability

of indicators characterizing obesity and eating behavior

Gene, polymorphism Genotype M (xSEM), N =275 P2
Weight, kg

GRIAI1s2195450 CC/CT/TT 78.06 (1.19)/81.02 (1.5)/86.86 (3.07) 0.01

GRIN1 156293 AA/AG/GG 78.43 (1.33)/80.79 (1.3)/88 (3.42) 0.048

GRIK5 158099939 CC/CA/AA 80.65 (1.56)/81.15 (1.38)/75.9 (1.66) 0.11
CC-CA/AA 80.92 (1.03)/75.9 (1.66) 0.035

Waist size, cm

GRIAI1s2195450 CC/CT/TT 96.48 (1.17)/100.81 (1.31)/104.71(3.73) 0.006

GRIKS5 158099939 CC/AC/AA 100.95 (1.64)/98.97 (1.24)/94.77 (1.54) 0.04

GRIN2B 152268132 CC/AC/AA 96.29 (1.24)/100.23 (1.42)/102.97 (2.24) 0.024

Total cholesterol, mmol/L

GRIN2B 151805476 AA/AC/CC 5.66 (0.16)/5.41 (0.11)/5.15 (0.16) 0.04

GRIAI1s2195450 CC/CT/TT 5.39 (0.11)/5.37 (0.13)/5.95 (0.3) 0.093
CC-CT/TT 5.38 (0.08)/5.95 (0.3) 0.03

Restrained eating

GRIN2B 151805476 AA/AC/CC 2.67 (0.12)/2.47 (0.11)/2.22 (0.13) 0.04

GRINI 156293 AA/AG/GG 2.34 (0.1)/2.47 (0.1)/ 3.22 (0.49) 0.028
AA-AG/GG 2.4 (0.07)/3.22 (0.49) 0.012

TMEM181rs6548238 CC/CT/TT 2.68 (0.14)/2.24 (0.14)/2.56 (0.29) 0.09
CC/CT-TT 2.68 (0.14)/2.28 (0.12) 0.03

Emotional eating

GRIN2B 151805476 AA/AC/CC 3.57 (0.26)/3.07 (0.21)/2.37 (0.24) 0.005

GRIK5 158099939 CC/AC/AA 3.05(0.24)/3.2 (0.22)/2.36 (0.24) 0.08
CC-AC/AA 3.13 (0.16)/2.36 (0.24) 0.027

External eating
GRIN2B 151805476 \AA /AC/CC | 3.39 (0.15)/3.08 (0.1)/2.65 (0.11) \ 0.0003

M (£SEM), the mean and the standard error of the mean; P2, significance for the Kruskal—Wallis H-test.

identified associations were retained, but the signifi-
cance level decreased.

DISCUSSION

Multiple large-scale GWAS and candidate-gene
studies revealed genes that are potentially involved in
both the development of obesity and the formation of
eating disorders. Such potential candidate genes are
neurotransmitter genes (genes for serotonin receptors,
glutamate receptors, and gamma-aminobutyric acid)
and genes associated with obesity according to the
results of GWAS (brain-derived neurotrophic factor,
transmembrane protein 18, melanocortin receptor 4,
fat mass and obesity-associated protein (FTO), etc.).
The analysis showed associations with the develop-
ment of eating disorders when comparing the geno-
type and allele frequencies for loci GRINI rs6293,
GRIAI rs2195450, GRIN2B rs2268132, and GRIKS
rs8099939 in the studied groups. Analysis of quantita-
tive parameters revealed association of loci GRIAI
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rs2195450, GRINI rs6293, GRIKS5 rs8099939, and
TMEM18 rs6548238 with BMI; association was also
found for locus rs6311 of gene HTR2A with obesity
only in men.

A separate analysis was carried out to examine the
eating behavior in subjects using the results of the
DEBQ questionnaire. Association with eating disor-
ders was found for loci GRIN2B rs1805476, GRIN1
rs6293, GRIK5 rs8099939, and TMEM 18 rs6548238.

Previous studies showed the relationship of loci
GRIN11s6293 and GRIN2B rs1805476 with the eating
disorder in type 2 diabetes mellitus [15]. The identified
associations were confirmed in our sample of patients
with obesity and disorder of restrained eating. Geno-
types CC and CT of gene TMEM 18 (rs6548238) were
more common in individuals with disorder of
restrained eating and in individuals with increased
body weight. Allele C is associated with eating disor-
ders and obesity. In 2009, the Genetic Investigation of
ANthropometric Traits (GIANT) consortium carried
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out a large-scale meta-analysis of the data and
revealed the association of allele C (a frequent allele of
the polymorphic locus rs6548238 of gene TMEM18)
with obesity [23]. It is known that gene TMEM1IS is
expressed in some areas of the brain, especially in the
hypothalamus, as well as in regions that play a decisive
role in the regulation of energy homeostasis and in
areas that control calorie intake. It was found that the
caloric content of food and changes in the energy
requirements of the body and body weight affect the
expression of genes [24]. However, the molecular
function of the protein is unknown. It is known though
that TMEM 18 localizes on the nuclear membrane and
binds DNA to its C-terminus, suppressing its tran-
scription. This result was confirmed in both adults and
children [25].

A number of studies identified association of poly-
morphic loci of genes of serotonergic receptors and the
brain-derived neurotrophic factor with the risk of obe-
sity [16, 26]. Nevertheless, this study revealed no such
association, except for locus rs6311 of gene HTR2A in
the group of men. Perhaps this is due to the different
frequencies of these loci in different ethnic groups or
because of gender differences [26]. Serotonin is a neu-
rotransmitter that regulates basic physiological pro-
cesses—sleep, appetite, and secretory function. The
serotonin receptor HTR2A is involved in the regula-
tion of cortisol secretion [27], which may play a patho-
genetic role in abdominal obesity. It was shown that
polymorphic variants of gene HTR2A are associated
with obesity in Swedes [28] and with increased con-
sumption of energy and fat in children from France
[29]. Analysis of eating behavior and its association
with polymorphic variants of gene HTR2A did not
reveal statistically significant differences. The lack of
association with eating behavior and obesity was
reported in studies of T. Ando et al. in the Japanese
and Spanish populations [30, 31]. On the other hand,
in [32—34], the association with eating disorders was
found for allele A. As part of eating behavior research,
it seems relevant to continue the study of serotonin
receptors.

The highest number of statistically significant asso-
ciations in this study was found for polymorphic loci of
glutamate receptor genes. There are only a few studies
on the glutamatergic system in relation to the problem
of alimentary obesity. So, the work of J. Wright et al.
reports that the systemic administration of glutamate
receptor antagonists of the N-methyl-D-aspartate
type (NMDAr-type antagonists) increases appetite
and the amount of food eaten [35]. It was found that
cholecystokinin (CCK), by activating gastrointestinal
afferents of the vagus nerve and NMDA receptor
antagonists, promotes rapid satiation and the forma-
tion of a state of satiety. This may indicate a role of the
glutamatergic system in the control of food intake. It
was found that the genes of glutamate receptors play a
central role in the development of synaptic plasticity
(formation of memory and learning processes) and

RUSSIAN JOURNAL OF GENETICS

KOCHETOVA et al.

neurotoxicity, as well as neuronal survival or neuronal
death [7]. For example, the neuronal N-methyl-D-
aspartate receptor (NMDAR) plays a key role in the
pathophysiology of schizophrenia, bipolar disorder,
depression, and other psycho-emotional disorders [6].
It was found that patients with depressive syndrome
have reduced expression of NMDAR receptors.

The GRIN2B gene of the N-methyl-D-aspartate
receptor (NMDA), located at 12pl2, contains 13
exons. It encodes glutamate ionotropic receptor sub-
unit NR2 and participates in long-term potentiation
that depends on the activity of increasing the efficiency
of synaptic transmission [6]. In this work, allele C of
locus rs1805476 was found to be associated with eating
disorders on the three scales. The polymorphic locus
rs1805476 is a substitution in the 3' region of gene
GRIN2B. Using the RegulomeDB database (Version
1.1) (http://regulome.stanford.edu/), the regulatory
index of single nucleotide polymorphism (SNP) was
estimated. SNP rs1805476 is located in the region that
is the site of binding to transcription factors. This
polymorphic variant corresponds to a coefficient of 5
and a scoro level of 0.00143, although these values
indicate low regulatory potential. At the same time, it
is known that SNP rs1805476 and rs1805502 of gene
GRINZ2B are in linkage disequilibrium D' = 0.9. The
work of S.C. Weickert et al. [37] showed that the poly-
morphic locus rs1805502 is associated with reduced
mRNA expression and protein levels. The variability
of the gene encoding the NR2B subunit of the gluta-
mate NMDA receptor can negatively affect the
expression of other NMDAR subunits.

The polymorphic variant of gene GRIN2B
(rs2268132) is associated with smoking and quantita-
tive indicators of smoking severity [38]. A polymor-
phic variant of gene GRIN1 (rs6293) is associated with
restrained eating. Polymorphism rs6293 was consid-
ered in the study of brain diseases, and the association
was revealed with the age at onset in patients with
Huntington’s disease in the Turkish population [39].
Intronic polymorphism rs2195450 of gene GRIAI is
associated with the risk of migraine, especially in
Asian populations. Its association with diseases is
probably explained by close linkage with another
functionally significant polymorphism, or this poly-
morphism may cause variable post-transcriptional
editing of the protein, which changes the rate of recep-
tor desensitization [40].

The risk of obesity is associated with allele C of the
polymorphic locus rs809993 of gene GRIKS. Accord-
ing to the RegulomeDB database, this trait has a coef-
ficient of 5, which indicates that this locus is a binding
site for transcription factors.

These results indicate the association of polymor-
phic variants of the genes coding for glutamate and
serotonin receptors and transmembrane protein 18
with eating disorders and obesity formation.

Vol. 57

No. 5 2021



ASSOCIATION OF POLYMORPHISMS IN NEUROTRANSMITTER GENES

FUNDING

This study was partially funded by the Russian Founda-
tion for Basic Research (no. 20-013-00261) and the Minis-
try of Science and Higher Education of the Russian Feder-
ation, Research Work no. AAAA-A16-116020350031-4.

The biological material (DNA) for the study was taken
from human biological materials of the Institute of Bio-
chemistry and Genetics, Ufa Federal Research Centre,
Russian Academy of Sciences, with the support within the
program of bioresource collections of the Federal Agency
for Scientific Organizations of Russia (agreement no. 007-
030164/2).

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of interest. The authors declare that they have no
conflict of interest.

Statement of compliance with standards of research involv-
ing humans as subjects. All procedures performed in studies
involving human participants comply with the ethical stan-
dards of the institutional and/or national committee on
research ethics and the 1964 Declaration of Helsinki and its
subsequent amendments or comparable standards of ethics.

The study was approved by the Ethics Committee of the
Institute of Biochemistry of the Ufa Research Centre, Rus-
sian Academy of Sciences. Informed voluntary consent for
the use of biological material in planned studies was
obtained from all participants.

REFERENCES

1. Voznesenskaya, T.G., Eating behavior disorders in obe-
sity and their correction, Ozhirenie Metab., 2004, no. 2,
pp. 2—6.

2. Bulik, C., Sullivan, P., and Kendler, K., Genetic and
environmental contributions to obesity and binge eat-
ing, Int. J. Eating Disord., 2003, vol. 33, no. 3, pp. 293—
298.
https://doi.org/10.1002/eat.10140

3. Andreasen, C.H. and Andersen, G., Gene—environ-
ment interactions and obesity—further aspects of ge-
nomewide association studies, Nutrition, 2009, vol. 25,
no. 10, pp. 998—1003.
https://doi.org/10.1016/j.nut.2009.06.001

4. Speliotes, E.K., Willer, C.J., Berndt, S.I., et al., Asso-
ciation analyses of 249,796 individuals reveal 18 new
loci associated with body mass index, Nat. Genet., 2010,
vol. 42, no. 11, pp. 937—948.
https://doi.org/10.1038/ng.686

5. Thorleifsson, G., Walters, G.B., Gudbjartsson, D.,
et al., Genome-wide association yields new sequence
variants at seven loci that associate with measures of
obesity, Nat. Genet., 2009, vol. 41, no. 1, pp. 18—24.
https://doi.org/10.1038/ng.274

6. Georgi, A., Jamra, R.A., Klein, K., et al., Possible as-
sociation between genetic variants at the GRIN1 gene
and schizophrenia with lifetime history of depressive
symptoms in a German sample, Psych. Genet., 2007,
vol. 17, no. 5, pp. 308—310.
https://doi.org/10.1097/YPG.0b013e3280c1e5fb

RUSSIAN JOURNAL OF GENETICS  Vol. 57 No.5

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2021

605

Metzler, M., Mutations in NMDA receptors influence
neurodevelopmental disorders causing epilepsy and in-
tellectual disability, Clin. Genet., 2011, vol. 79, no. 3,
pp. 219—220.
https://doi.org/10.1111/j.1399-0004.2010.01610

. Shepherd, G.M., The Synaptic Organization of the

Brain, Oxford University Press, 2004.

. Leigh, P.N. and Meldrum, B.S., Excitotoxicity in ALS,

Neurology, 1996, vol. 47, no. 6, suppl. 4, pp. 221S—
2278S.

Chapman, A.G., Glutamate receptors in epilepsy, Prog.
Brain Res. Els., 1998, vol. 116, pp. 371—383.
https://doi.org/10.1016/s0079-6123(08)60449-5

Loopuijt, L.D. and Schmidt, W.J., The role of NMDA
receptors in the slow neuronal degeneration of Parkin-
son’s disease, Amino Acids, 1998, vol. 14, nos. 1—3,
pp. 17—23.

https://doi.org/10.1007/BF01345237

Arning, L., Kraus, P., Valentin, S., et al., NR24 and
NR2B receptor gene variations modify age at onset in
Huntington disease in a sex-specific manner, Hum.
Genet., 2007, vol. 122, no. 2, pp. 175—182.
https://doi.org/10.1007/s00439-007-0393-4

Tang, J., Chen, X., Xu, X., et al., Significant linkage
and association between a functional (GT)n polymor-
phism in promoter of the N-methyl-D-aspartate recep-
tor subunit gene (GRIN2A) and schizophrenia, Neur.
Let., 2006, vol. 409, no. 1, pp. 80—382.
https://doi.org/10.1016/j.neulet.2006.09.022

Seripa, D., Matera, M.G., Franceschi, M., et al., Asso-
ciation analysis of GRIN2B, encoding N-methyl-D-as-
partate receptor 2B subunit, and Alzheimer’s disease,
Dem. Ger. Cog. Disord., 2008, vol. 25, no. 3, pp. 287—
292.

https://doi.org/10.1159/000118634

Kochetova, O.V., Avzaletdinova, D.S., Korytina, G.F.,
et al.,, The association between eating behavior and
polymorphisms in GRIN2B, GRIK3, GRIAI and
GRINI1 genes in people with type 2 diabetes mellitus,
Mol. Biol. Rep., 2020, vol. 47, no. 3, pp. 2035—2046.
https://doi.org/10.1007/s11033-020-05304-x

Zagrebaeva, O.Yu., The role of the serotonergic system
in the development of obesity, Med. Nov., 2016, no. 4,
p. 259.

Namkung, J., Kim, H., and Park, S., Peripheral sero-
tonin: a new player in systemic energy homeostasis,
Mol. Cells, 2015, vol. 38, no. 12, p. 1023.
https://doi.org/10.14348 /molcells.2015.0258

Van Strien, T., Frijters, J.E., Bergers, G.P., et al., The
Dutch Eating Behavior Questionnaire (DEBQ) for as-
sessment of restrained, emotional, and external eating
behavior, Int. J. Eating Disord., 1986, vol. 5, no. 2,
pp. 295—315.
https://doi.org/10.1002/1098-108X(198602)5:2<295AID-
EAT2260050209>3.0.CO;2-T

Savchikova, Yu.L., Psychological characteristics of
women with weight problems, Doctoral (Biol.) Disserta-
tion, St. Petersburg: St. Petersburg Gos. Univ., 2005.

Slager, S.L. and Schaid, D.J., Case-control studies of
genetic markers: power and sample size approximations
for Armitage’s test for trend, Hum. Hered., 2001,



606

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

KOCHETOVA et al.

vol. 52, no. 3, pp. 149—153.
https://doi.org/10.1159/000053370

Statistica v. 6.0 program. http:// www.statistica.com.
Zhao, H., Wilkinson, A., Shen, J., et al., Genetic poly-
morphisms in genes related to risk-taking behaviours
predicting body mass index trajectory among Mexican
American adolescents, Ped. Obes., 2017, vol. 12, no. 5,
pp- 356—362.

https://doi.org/10.1111/ijpo.12151

Willer, C.J., Speliotes, E.K., Loos, R.J., et al., Six new
loci associated with body mass index highlight a neuro-
nal influence on body weight regulation, Nat. Gen.,
2009, vol. 41, no. 1, p. 25.
https://doi.org/10.1038/ng.287

Almén, M.S., Jacobsson, J.A., Shaik, J.H., et al., The
obesity gene, TMEMI8, is of ancient origin, found in
majority of neuronal cells in all major brain regions and
associated with obesity in severely obese children, BMC
Med. Gen., 2010, vol. 11, no. 1, p. 58.
https://doi.org/10.1186/1471-2350-11-58

Felix, J.F., Bradfield, J.P., Monnereau, C., et al., Ge-
nome-wide association analysis identifies three new
susceptibility loci for childhood body mass index, Hum.
Mol. Gen., 2016, vol. 25, no. 2, pp. 389—403.
https://doi.org/10.1093/hmg/ddv472

Genis-Mendoza, A.D., Ruiz-Ramos, D., Lépez-Nar-
vaez, M., et al.,, Genetic association analysis of
5-HTR2A gene variants in eating disorders in a Mexi-
can population, Brain Behav., 2019, vol. 9, no. 7.
e01286.

https://doi.org/10.1002/brb3.1286

Rittenhouse, P.A., Bakkum, E.A., Levy, A.D., et al.,
Central stimulation of renin secretion through seroto-
nergic, noncardiovascular mechanisms, Neuroendocri-
nology, 1994, vol. 60, no. 2, pp. 205—214.
https://doi.org/10.1159/000126754

Rosmond, R., Bouchard, C., and Bjorntorp, P., In-
creased abdominal obesity in subjects with a mutation
in the 5-HT2A receptor gene promoter, Ann. N.Y. Acad.
Sci., 2002, vol. 967, no. 1, pp. 571—575.
https://doi.org/10.1111/j.1749-6632.2002.tb04319.x
Herbeth, B., Aubry, E., Fumeron, F., et al., Polymor-
phism of the 5-HT2A receptor gene and food intakes in
children and adolescents: the Stanislas family study,
Am. J. Clin. Nutr., 2005, vol. 82, no. 2, pp. 467—470.
https://doi.org/10.1093/ajcn.82.2.467

Ando, T., Komaki, G., Karibe, M., et al., 5-HT2A pro-
moter polymorphism is not associated with anorexia
nervosa in Japanese patients, Psych. Genet., 2001,
vol. 11, no. 3, pp. 157—160.
https://doi.org/10.1097/00041444-200109000-00008
Fuentes, J.A., Lauzurica, N., Hurtado, A., et al., Anal-
ysis of the —1438 G/A polymorphism of the 5-HT2A
serotonin receptor gene in bulimia nervosa patients

RUSSIAN JOURNAL OF GENETICS

32.

33.

34.

35.

36.

37.

38.

39.

40.

with or without a history of anorexia nervosa, Psych.
Genet., 2004, vol. 14, no. 2, pp. 107—109.
https://doi.org/10.1097/01.ypg.0000107933.32051.55

Gorwood, P., Ades, J., Bellodi, L., et al., The 5-HT
2A—1438G/A polymorphism in anorexia nervosa: a
combined analysis of 316 trios from six European cen-
ters, Mol. Psych., 2002, vol. 7, no. 1, pp. 90—94.
https://doi.org/10.1038 /sj.mp.4000938

Kang, Q., Chen, J., Yu, S., et al., Association of the
5-HT2A receptor gene promoter polymorphism
—1438G/A with anorexia nervosa and psychopatho-
logical traits in the Chinese Han population: a prelimi-
nary study, Asia-Pacific Psych., 2017, vol. 9, no. 3.
e12284.

https://doi.org/10.1111/appy.12284

Ricca, V., Nacmias, B., Boldrini, M., et al., Psycho-
pathological traits and 5-HT2A receptor promoter
polymorphism (—1438 G/A) in patients suffering from
anorexia nervosa and bulimia nervosa, Neur. Let.,
2004, vol. 365, no. 2, pp. 92—96.
https://doi.org/10.1016/j.neulet.2004.04.057

Wright, J., Campos, C., Herzog, T., et al., Reduction of
food intake by cholecystokinin requires activation of
hindbrain NMDA-type glutamate receptors, Am. J.
Physiol., 2011, vol. 301, no. 2, pp. R448—R455.
https://doi.org/10.1152/ajpregu.00026.2011

Gareeva, A.E., Zakirov, D.F., and Khusnutdinova, E.K.,
Analysis of associations of polymorphic variants of the
GRINZ2B gene with paranoid schizophrenia and the ef-
ficacy of treatment with typical neuroleptics in Rus-
sians and Tartars from the Republic of Bashkortostan,
Russ. J. Genet., 2013, vol. 49, no. 9, pp. 962—968.
https://doi.org/10.1134/S1022795413080024

Weickert, C.S., Fung, S.J., Catts, V.S., et al., Molecular
evidence of N-methyl-D-aspartate receptor hypofunc-
tion in schizophrenia, Mol. Psych., 2013, vol. 11, no. 18,
pp. 1185—1192.

https://doi.org/10.1038/mp.2012.137

Korytina, G.F., Akhmadishina, L.Z., Kochetova, O.V.,
et al.,, Polymorphic variants of glutamate receptor
(GRIKS5, GRIN2B) and serotonin receptor (HTR2A)
genes are associated with chronic, Mol Biol., 2017,
vol. 51, no. 4, pp. 533—542.
https://doi.org/10.1134/S0026893317040124

Tunal, N.E., Huntington’s Disease: Molecular Pathogen-
esis and Current Models, London: IntechOpen, 2017.

Kerner, B., Jasinska, A., De Young, J., et al., Polymor-
phisms in the GRIAI gene region in psychotic bipolar
disorder, Am. J. Med. Gen., Part B, 2009, vol. 150, no. 1,
pp. 24—32.

https://doi.org/10.1002/ajmg.b.30780

Translated by K. Lazarev

Vol. 57  No.5 2021



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES

		2021-05-19T11:39:43+0300
	Preflight Ticket Signature




