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ABSTRACT

Aim. To study new molecular genetic markers of Gilbert’s syndrome (GS).

Materials and methods. It was a case – control study. The GS group included 125 people (mean age 38.5 ± 11.9 
years, 58.9% were men) with unconjugated hyperbilirubinemia; known causes of unconjugated hyperbilirubinemia 
were excluded. The control group (n = 323, mean age 48.9 ± 11.9 years, 53.2% were men) was a random sample 
of individuals from the DNA bank of participants of the HAPIEE and MONICA projects. DNA was isolated by 
phenol – chloroform extraction from venous blood. Genotyping of groups by rs3064744, rs34993780, rs56059937, 
rs4148323, and rs4124874 single nucleotide polymorphisms (SNPs) in the UGT1A1 gene was performed by poly-
merase chain reaction followed by the polyacrylamide gel analysis according to the author’s protocols.

Results. For rs34993780 and rs56059937, no carriers of a rare allele were found in the GS group and the control 
group. In the GS group, two carriers of a heterozygous mutation rs4148323 were found. Statistically significant 
differences between the groups were found in the frequencies of rs4124874: homozygous GG was statistically 
significantly more common in the GS group than in the control group (odds ratio (OR) = 11.8, 95% confidence 
interval (CI) 6.9–20.3, p < 0.001).

Conclusion. The GG genotype of rs4124874 in the UGT1A1 gene is associated with an increased risk of GS. 
Carriers of the rare heterozygous mutation rs4148323 were found in the GS group. 
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РЕЗЮМЕ

Цель исследования – поиск новых молекулярно-генетических маркеров синдрома Жильбера (СЖ).

Материалы и методы. Дизайн исследования – «случай – контроль». Группа СЖ включает 125 человек 
(средний возраст 38,5 ± 11,9 лет, 58,9% мужчин) с неконъюгированной гипербилирубинемией, у кото-
рых исключены известные ее причины. Группа контроля (n = 323, средний возраст 48,9 ± 11,9 лет, 53,2% 
мужчины) – случайная выборка лиц из банка ДНК участников проектов HAPIEE, MONICA. ДНК выде-
лена методом фенолхлороформной экстракции из венозной крови. Генотипирование групп по вариантам 
нуклеотидной последовательности rs3064744, rs34993780, rs56059937, rs4148323, rs4124874 гена UGT1А1 
выполнено методом полимеразной цепной реакции с последующим анализом на полиакриламидном геле 
по авторским протоколам. 

Результаты. По однонуклеотидным вариантам rs34993780, rs56059937 не найдено носителей редкого ал-
леля в группе СЖ и контрольной группе. В группе лиц с СЖ найдены два носителя мутации rs4148323 в 
гетерозиготной форме. По частотам однонуклеотидного варианта rs4124874 найдены статистически зна-
чимые различия между группами: гомозиготный генотип GG статистически значимо чаще встречается в 
группе СЖ по сравнению с контрольной группой (отношение шансов 11,8; 95%-й доверительный интервал 
6,9– 20,3; р < 0,001). 

Заключение. Генотип GG однонуклеотидного варианта rs4124874 гена UGT1А1 ассоциирован с повышен-
ным риском СЖ. В группе лиц с СЖ найдены носители редкой мутации rs4148323 в гетерозиготной форме. 

Ключевые слова: синдром Жильбера, rs3064744, rs34993780, rs56059937, rs4148323, rs4124874, ген 
UGT1А1, неконъюгированная гипербилирубинемия
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INTRODUCTION

Gilbert’s syndrome (GS) (jaundice, dyspep-
tic symptoms, asthenic vegetative syndrome, psy-
choemotional disorders) is a genetically determined 
form of unconjugated hyperbilirubinemia, which oc-
curs in 2–10% of Europeans [1]. Currently, the avail-

able confirmatory testing for the diagnosis of GS is 
a molecular genetic study of the rs3064744 mutation 
(the number of TA repeats in the promoter) in the UG-
T1A1 gene. It is known that carriage of a homozygous 
7TA/ 7 TA mutation does not always lead to the de-
velopment of clinical signs of GS, which is associated 
with low expressivity and penetrance of the genetic 
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variant [1]. In some cases, unconjugated hyperbiliru-
binemia can develop in the 6TA / 7TA and 6TA/ 6 TA 
genotypes of the rs3064744 mutation [2, 3]. 

It is assumed that there are other mutations that lead 
to the development of GS and affect the intensity of its 
clinical manifestations. The search for these mutations 
will help to confirm the diagnosis in individuals with 
clinical signs of GS, but without carriage of the homo-
zygous 7TA/7TA genotype of the rs3064744 mutation.

 The aim of the study was to search for new molec-
ular genetic markers of GS.

MATERIALS AND METHODS
It was a case – control study. 
The GS group (n = 125, mean age 38.5 ± 11.9 years, 

58.9% were men) was formed by gastroenterologists. 
It included persons with unconjugated hyperbilirubin-
emia who underwent a standard clinical examination. 
Individuals with known causes of unconjugated hy-
perbilirubinemia were excluded from the group. DNA 
was isolated from venous blood by phenol – chloro-
form extraction.

The control group (n = 323, mean age 48.9 ±  
11.9 years, 53.2% were men) was a random sample 
of individuals from the DNA bank of participants of 
the HAPIEE and MONICA projects. DNA was iso-
lated from the venous blood by phenol – chloroform 
extraction. 

For 104 people from the GS group, molecular ge-
netic diagnosis was previously performed to deter-
mine the number of TA repeats in the promoter of the 
UGT1A1 gene (rs3064744) [3]. The number of TA 
repeats in the promoter of the UGT1A1 gene was de-
termined in the control group and 21 remaining per-
sons from the GS group by polymerase chain reaction 
followed by the polyacrylamide gel analysis (Fig. 1).

For rs3064744 genotyping, the following prim-
ers were used: 5’-AACATTAACTTGGTGTATC-
GATTGG-3’(F) and 5’-CTTTGCTCCTGCCAGAG-
GTTC-3’(R). The 25 µl PCR mixture included: 75 
mM Tris-HCI (pH 9.0), 20 mM (NH4)2SO4, 0.01% 
Tween 20 solution, 3.0 mM MgCl2, 0.8 mM of each 
primer, 0.2 mM dNTP mixture, 2 µg DNA, and 1 unit 
of DNA polymerase. Amplification was carried out 
under the following temperature conditions: 33 cycles, 
including denaturation at 95 °С for 30 seconds, primer 
annealing at 57 °С for 30 seconds, and elongation at 
72 °С for 30 seconds. The size of the amplification 
product was 82 bp for the 6TA / 6TA genotype, 82 bp 
and 84 bp for the 6TA / 7TA genotype, and 84 bp for 
the 7TA / 7TA genotype. 

Fig. 1. The electropherogram of rs3064744 mutation 
amplification products on polyacrylamide gel: 1 – 7TA / 7TA 
genotype, 2, 3 –6TA / 7TA genotype, 4 – control sample with 

the 6TA / 7TA genotype

According to the literature, four single nucleotide 
polymorphisms (SNPs) of the UGT1A1 gene were se-
lected for the study as new molecular genetic markers 
of GS: rs34993780 (UGT1A1*7), rs56059937 (UG-
T1A*62), rs4148323 (UGT1A1*6), and rs4124874 
(UGT1A1*60). Genotyping was carried out by the 
polymerase chain reaction followed by the polyacryl-
amide gel analysis of restriction fragment length poly-
morphism according to the author’s protocols.

For rs34993780 genotyping, the following primers 
were used: 5’-AGTTTGTGATGAGGCACA-3’(F) 
and 5’-TTCTTAACTCGCCCTTTT -3’(R). The 25 µl 
PCR mixture included: 10 µl of a RT-PCR mixture 
No. M-428 (2.5 ×) (Syntol, Russian Federation), 1.2 
mM MgCl2, 0.6 mM of each primer, 2 µg of DNA. 
Amplification was carried out under the following 
temperature conditions: 33 cycles, including denatur-
ation at 95 °С for 30 seconds, primer annealing at 56 

°С for 30 seconds, and elongation at 72 °С for 20 sec-
onds. Restriction was performed with 10 units of the 
RsaI restriction enzyme (SibEnzyme, Novosibirsk). 
The size of the amplification product was 190 bp. Af-
ter restriction, products of 121 bp, 63 bp, and 6 bp 
were detected for the TT genotype, products of 127 bp 
and 63 bp were detected for the GG genotype, and all 
listed products were detected for the heterozygous TG 
genotype (127 bp, 121 bp, 63 bp, 6 bp). 
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For rs56059937 genotyping, the following prim-
ers were used: 5’-ACCTTGAAGACGTACCCTGT-
GGTA-3’(F) and 5’-TGATCACACGCTGCAGGA 
-3’(R). The 25 µl PCR mixture included: 12.5 µl of the 
BioMaster LR HS-PCR-Color (2×) reaction mixture 
(BIOLABMIX, Novosibirsk), 1.0 mM of each primer, 
2 µg of DNA. Amplification was carried out under the 
following temperature conditions: 35 cycles, includ-
ing denaturation at 95 °С for 30 seconds, primer an-
nealing at 60 °С for 30 seconds, and elongation at 72 

°С for 30 seconds. Restriction was performed with 10 
units of the RsaI restriction enzyme (SibEnzyme, No-
vosibirsk). The size of the amplification product was 
109 bp. After restriction, 96 bp and 13 bp products 
were detected for the TT genotype, 85 bp, 13bp, and 
11 bp products were detected for the CC genotype, 
and all listed products were detected for the heterozy-
gous TC genotype (96 bp, 85 bp, 13 bp, 11 bp).

For rs4148323 genotyping, the following primers 
were used: 5’-GTCCCATGCTGGGAAGATACT-
GTT-3’(F) and 5’-ACGTCTTCAAGGTGTAAAAT-
GGGC-3’(R). The 25 µl PCR mixture included: 12.5 
µl of the BioMaster LR HS-PCR-Color reaction mix-
ture (2×) (BIOLABMIX, Novosibirsk), 1.2 mM of 
each primer, 2 µg of DNA. Amplification was carried 
out under the following temperature conditions: 35 
cycles, including denaturation at 95 °С for 30 seconds, 
primer annealing at 60 °С for 30 seconds, and elon-
gation at 72 °С for 30 seconds. Restriction was per-
formed with 10 units of the HaeIII restriction enzyme 
(SibEnzyme, Novosibirsk). The size of the amplifica-
tion product was 164 bp. After restriction, 99 bp and 
65 bp products were detected for the AA genotype, 75 
bp, 65 bp, and 24 bp products were detected for the 
GG genotype, and all listed products were detected for 
the heterozygous GA genotype (99 bp, 75 bp, 65 bp, 
24 bp).

For rs4124874 genotyping, the following 
primers were used: 5’-GATTAACCAAAGAA-
CATTCTAACGG-3’(F) and 5’-TGATGTTCT-
CAAATTGCTTTGTTCG -3’(R). The 25 µl PCR 
mix included: 75 mM Tris-HCI (pH 9.0), 20 mM 
(NH4)2SO4, 0.01% Tween 20, 3.5 mM MgCl2, 1.2 mM 
of each primer, 0.2 mM dNTP mixture, 2 µg DNA,  
1 unit of DNA polymerase. Amplification was car-
ried out under the following temperature conditions:  
35 cycles, including denaturation at 95 °С for 30 sec-
onds, primer annealing at 60 °С for 30 seconds, and 
elongation at 72 °С for 30 seconds. Restriction was 
carried out with 10 units of the TaqI restriction en-
zyme (SibEnzim, Novosibirsk). The size of the ampli-

fication product was 209 bp. After restriction, a 209 bp 
product was detected for the GG genotype, 186 bp and 
23 bp products were detected for the TT genotype, and 
all listed products were detected for the heterozygous 
TG genotype (209 bp, 186 bp, 23 bp). 

The results of the genotyping were statistically 
processed, using the chi-square test. The correspon-
dence of genotype frequencies to the Hardy – Wein-
berg equilibrium in the control group was assessed. 
Comparison of the groups by genotype and allele fre-
quencies and a relative risk for a particular allele or 
genotype were calculated by contingency tables using 
the Pearson’s chi-square test and the Fisher’s exact 
test with the Yates’ continuity correction. The differ-
ences were statistically significant at p < 0.05.

RESULTS
The search for molecular genetic markers of GS 

was started in 2012–2016, when the rs3064744 mu-
tation (the number of TA repeats in the promoter) in 
the UGT1A1 gene was determined in a group of in-
dividuals with unconjugated hyperbilirubinemia (n = 
104) [3]. Currently, the group has been extended to 
125 people. Genotype frequencies of the rs3064744 
mutation in the extended group are shown in Fig. 2. In 
the control group, formed from the DNA bank of the 
participants in the HAPIEE and MONICA projects, 
the rs3064744 mutation of the UGT1A1 gene was also 
searched for. 12% of persons from the control group 
were carriers of the homozygous 7TA / 7TA variant 
(Fig. 2). Statistically significant differences between 
the groups were found by the genotype frequencies 
in the rs3064744 mutation (p < 0.001). The 7TA / 
7TA genotype of the rs3064744 mutation was more 
common in the GS group than in the control group 
(odds ratio (OR) 12.9, 95% confidence interval (CI) 
7.9–21.3, p < 0.001).

No carriers of the rare allele in rs34993780 (UG-
T1A1*7) and rs56059937 (UGT1A*62) were found in 
the GS group and the control group. Two carriers of a 
heterozygous rs4148323 mutation (UGT1A1*6) were 
found in the GS group. Both patients were also het-
erozygous carriers of the rs3064744 mutation in the 
UGT1A1 gene (6TA / 7TA).

The genotype frequencies of the rs4124874 vari-
ant (UGT1A1*60) comply with the Hardy – Weinberg 
equilibrium in the control group (χ2= 3.81). Signifi-
cant differences between the groups were found by 
frequencies of rs4124874 (UGT1A1*60) (p < 0.001) 
(Fig. 3). The homozygous genotype GG was signifi-
cantly more common in the GS group than in the con-
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trol group (OR 11.8, 95% CI 6.9–20.3, p < 0.001). The 
G allele of the rs4124874 variant was a risk allele for 
GS (OR 7.4, 95% CI 4.9–11.1, p < 0.001).

The combination of 7TA / 7TA genotype of 
rs3064744 and GG genotype of rs4124874 was sig-
nificantly more common (OR 14.9, 95% CI 8.1–27.4, 
p < 0.001) in the GS group than in the control group. 
The combinations of the 6TA / 7TA genotype of 
rs3064744 and TG genotype of rs4124874 (OR 0.22, 
95% CI 0.05–0.98, p = 0.032), 6TA / 6TA genotype 
of rs3064744 and TT genotype of rs4124874 (OR 
0.16, 95% CI 0.07–0.33, p < 0.001), as well as 6TA 
/ 7TA genotype of rs3064744 and TG genotype of 
rs4124874 (OR 0.25, 95% CI 0.13–0.47, p < 0.001) 
were less common in the GS group than in the control 
group.

DISCUSSION
According to the results of the study, in 64.8% of 

persons from the GS group, the number of TA repeats 
(rs3064744) in the promoter of the UGT1A1 gene was 
increased to seven in two copies of the gene, which, 
according to the literature, is associated with a de-
crease in the activity of the UDP-glucuronosyltrans-
ferase 1A1 enzyme and can lead to development of 
clinical symptoms of GS [5, 6]. 22.4% of individuals 
with unconjugated hyperbilirubinemia were carriers 
of the 6TA / 7TA genotype of rs3064744, and 11.2% 
had the normal 6TA / 6TA genotype. Moreover, 
there were carriers of rare genotypes (5TA / 7TA and  
6TA / 8TA) in the group. The predominant number 
of persons from the control group were carriers of the 
6TA / 6TA and 6TA / 7TA genotypes, in which the de-
velopment of clinical symptoms of GS most often did 
not occur (86.8%). However, the control group con-
tained carriers of the 7TA / 7TA genotype (12.2%), 
as well as carriers of rare 5TA / 6TA and 6TA / 9TA 
genotypes. The control group was a random sample 
from the DNA bank of participants of the HAPIEE 
and MONICA projects. For the control group, there 
were no data on previous episodes of unconjugated 
hyperbilirubinemia or diagnosed GS. There might be 
a small number of individuals with diagnosed or un-
diagnosed GS in the control group. However, the area 
of research interest was individuals from the GS group 
with the 6TA / 6TA, 6TA / 7TA genotypes, and un-
conjugated hyperbilirubinemia, in which other causes, 
except for genetic ones, were excluded.

The rs34993780 (UGT1A1*7), rs56059937 (UG-
T1A*62), and rs4148323 (UGT1A1*6) mutations 
are associated with the development of GS [5–9]. 
At the same time, these variants are common for GS 
in Asians; we did not find any studies on variants in 
relation to GS in Europeans. According to the study, 
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Fig. 3. Genotype frequencies of rs4124874 in the GS and control groups
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control groups

There are literature data that indicate that the 
rs4124874 variant is linked to the rs3064744 pro-
moter variant [4]. Combinations of rs4124874 and 
rs3064744 genotypes in the GS group are presented 
in Table.

T a b l e 

Combinations of rs4124874 and rs3064744 genotypes  
in the GS group

rs4124874

GG TG TT

rs
30

64
74

4

5ТА/7ТА 1 0 0
6ТА/6ТА 3 2 9
6ТА/7ТА 14 14 0
6ТА/8ТА 1 0 0
7ТА/7ТА 76 3 0
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there were no carriers of rare alleles of the rs34993780 
(UGT1A1*7) and rs56059937 (UGT1A*62) mutations 
in the GS group and the control group, which may in-
dicate a really small contribution of these variants to 
the development of GS in Caucasians. However, to 
confirm this conclusion, it is necessary to conduct a 
study on a larger sample of individuals with GS.

In the SG group, two heterozygous carriers of the 
rs4148323 (UGT1A1*6) variant were identified, who 
were also carriers of the heterozygous 6TA / 7TA gen-
otype of the rs3064744 mutation. It is known that the 
rs4148323 (UGT1A1*6) variant in the homozygous 
form is associated with the development of GS and a 
decrease in the activity of the UDP-glucuronosyltrans-
ferase 1A1 enzyme by 70% compared to the wild type 
[5]. Two people from the GS group with unconjugat-
ed hyperbilirubinemia were highly likely to be com-
pound heterozygotes for variants that are associated 
with the development of GS in the homozygous form. 

It can be assumed that individuals with clinical 
symptoms of GS, but with the 6TA / 6TA and 6TA 
/ 7TA genotypes of the rs3064744 mutation are car-
riers of other UGT1A1 gene mutations, which caus-
es a change in the activity of the enzyme and clinical 
manifestations of the syndrome. Therefore, for indi-
viduals with the 6TA / 6TA and 6TA / 7TA genotypes 
of the rs3064744 mutation, unconjugated hyperbili-
rubinemia, and suspected GS, Sanger sequencing of 
the UGT1A1 gene may be more effective to search for 
other pathogenic variants of the nucleotide sequence 
of the gene that cause the development of clinical 
manifestations of GS.

The rs4124874 variant (UGT1A1*6, g.172270T>G) 
is a common variant in the population; the rare allele 
frequency is about 0.43 for Europeans (gnomAD). 
The G allele frequency in the control group according 
to our results is 0.44. The variant is associated with 
the transcriptional activity of the UGT1A1 gene and is 
involved in the development of clinical symptoms of 
GS in the presence of other variants of the UGT1A1 
gene [10]. According to ClinVar, rs4124874 is a vari-
ant with conflicting interpretations of pathogenicity​ 
(likely pathogenic, pathogenic, benign, GS risk fac-
tor). According to our study, the GG genotype and the 
G allele of the rs4124874 variant are a risk genotype 
and a risk allele for GS.

Combinations of the 6TA / 6TA genotype of 
rs3064744, the TG or TT genotype of rs4124874, the 
6TA / 7TA genotype of rs3064744, and the TG gen-
otype of rs4124874 are significantly more common 
in the control group, which indicates that most likely 

these combinations of genotypes do not lead to the de-
velopment of GS. 

CONCLUSION
The rs4124874 SNP of the UGT1A1 gene is asso-

ciated with GS: the GG genotype and the G allele of 
the variant are the risk genotype and the risk allele for 
GS. In the GS group, carriers of the rare heterozygous 
rs4148323 mutation (UGT1A1*6) were found, who 
were also carriers of the 6TA / 7TA genotype of the 
rs3064744 mutation. According to the results of the 
study, we can conclude that the rs3064744 mutation 
is not the only important factor in the development of 
clinical symptoms of GS.

The molecular genetic study of the number of 
TA repeats in the promoter of the UGT1A1 gene 
(rs3064744) is a necessary and first step in the molec-
ular genetic diagnosis of GS, because in almost 65% 
of cases it is sufficient and allows to identify the 7TA / 
7TA genotype, which is associated with GS. 

For individuals with the 6TA / 6TA or 6TA / 7TA 
genotypes of the rs3064744 mutation, unconjugated 
hyperbilirubinemia, and suspected GS, the next effec-
tive step in the molecular genetic diagnosis should be 
Sanger sequencing of the UGT1A1 gene to search for 
other mutations and variants that may cause the devel-
opment of clinical manifestations of GS.

REFERENCES
1.	 King D., Armstrong M.J. Overview of Gilbert’s syn-

drome. Drug Ther. Bull. 2019;57(2):27–31. DOI: 10.1136/
dtb.2018.000028. PMID: 30709860.

2.	 Kringen M.K., Piehler A.P., Grimholt R.M., Opdal M.S.,  
Haug K.B., Urdal P. Serum bilirubin concentration in healthy 
adult North-Europeans is strictly controlled by the UGT1A1 
TA-repeat variants. PLoS One. 2014;9(2):e90248. DOI: 
10.1371/journal.pone.0090248. 

3.	 Maruo Y., D’Addario C., Mori A., Iwai M., Takahashi H.,  
Sato H. et al. Two linked polymorphic mutations (A(TA)7TAA 
and T-3279G) of UGT1A1 as the principal cause of Gilbert 
syndrome. Hum. Genet. 2004;115(6):525–526. DOI: 10.1007/
s00439-004-1183-x. 

4.	 Steventon G. Uridine diphosphate glucuronosyltransfer-
ase 1A1. Xenobiotica. 2020;50(1):64–76. DOI: 10.1080/ 
00498254.2019.1617910. 

5.	 Gazzin S., Masutti F., Vitek L., Tiribelli C. The molecu-
lar basis of jaundice: An old symptom revisited. Liver Int. 
2017;37(8):1094–1102. DOI: 10.1111/liv.13351. 

6.	 Udomuksorn W., Elliot D.J., Lewis B.C., Mackenzie P.I., 
Yoovathaworn K., Miners J.O. Influence of mutations as-
sociated with Gilbert and Crigler-Najjar type II syndromes 
on the glucuronidation kinetics of bilirubin and other 
UDP-glucuronosyltransferase 1A substrates. Pharmaco-
genet Genomics. 2007;17(12):1017–1029. DOI: 10.1097/

Ivanova A.A., Gurazheva A.A., Mel’nikova E.S. et al. Study of molecular genetic markers of Gilbert’s syndrome



45

Original  articles

Bulletin of Siberian Medicine. 2023; 22 (2): 39–45

FPC.0b013e328256b1b6. 
7.	 Zhou J., Yang C., Zhu W., Chen S., Zeng Y., Wang J. et al.  

Identification of Genetic Risk Factors for Neonatal Hyper-
bilirubinemia in Fujian Province, Southeastern China: A 
Case-Control Study. Biomed. Res. Int. 2018;2018:7803175. 
DOI: 10.1155/2018/7803175. 

8.	 Bale G., Avanthi U.S., Padaki N.R., Sharma M., Duvvur N.R., 
Vishnubhotla V.R.K. Incidence and risk of gallstone dis-

ease in Gilbert’s syndrome patients in indian population. 
J. Clin. Exp. Hepatol. 2018;8(4):362–366. DOI: 10.1016/j.
jceh.2017.12.006. 

9.	 Sugatani J., Yamakawa K., Yoshinari K., Machida T., Takagi H.,  
Mori M. et al.  Identification of a defect in the UGT1A1 gene 
promoter and its association with hyperbilirubinemia. Bio-
chem. Biophys. Res. Commun. 2002;292(2):492–497. DOI: 
10.1006/bbrc.2002.6683.

__________________________

Authors’ contribution
Ivanova A.A. – formation of groups, conception and design, statistical processing of the data, analysis and interpretation of the data. 

Gurazheva A.A., Mel’nikova E.S. – carrying out of the molecular genetic study. Nemcova E.G. – formation of the GS group. Maksimov 
V.N. – critical revision of the manuscript for important intellectual content, final approval of the manuscript for publication.

__________________________

Authors’ information
Ivanova Anastasiya A. – Cand. Sci. (Med.), Senior Researcher, Laboratory for Molecular and Genetic Studies of Internal Diseases, 

Research Institutе of Internal and Preventive Medicine – Branch of the Institute of Cytology and Genetics, Siberian Branch of the Russian 
Academy of Sciences, Novosibirsk, ivanova_a_a@mail.ru,  http://orcid.org/0000-0002-9460-6294

Gurazheva Anna A. – Junior Researcher, Laboratory for Molecular and Genetic Studies of Internal Diseases, Research Institutе of 
Internal and Preventive Medicine – Branch of the Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences, 
Novosibirsk, annapalna1@mail.ru, http://orcid.org/0000-0003-1547-624X

Mel’nikova Elizaveta S. – Junior Researcher, Laboratory for Molecular and Genetic Studies of Internal Diseases, Research Institutе of 
Internal and Preventive Medicine – Branch of the Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences, 
Novosibirsk, jarinaleksi@list.ru, http://orcid.org/0000-0002-9033-1588

Nemcova Elena G. – Cand. Sci. (Med.), Associate Professor, Department of Propaedeutics of Internal Diseases, Gastroenterology 
and Dietology named after S. M. Ryss, Faculty of Medicine, North-Western State Medical University named after I.I. Mechnikov, St. 
Petersburg, neg-85@yandex.ru, http://orcid.org/0000-0003-1501-6796 

Maksimov Vladimir N. – Dr. Sci. (Med.), Professor, Head of the Laboratory for Molecular and Genetic Studies of Internal Diseases, 
Research Institutе of Internal and Preventive Medicine – Branch of the Institute of Cytology and Genetics, Siberian Branch of the Russian 
Academy of Sciences; Professor, Department of Medical Genetics and Biology, Faculty of Preventive Medicine, Novosibirsk State Medical 
University, Novosibirsk, medik11@mail.ru, http://orcid.org/0000-0002-7165-4496

(*)  Ivanova Anastasiya A., ivanova_a_a@mail.ru

Received 02.11.2022; 
approved after peer review 16.11.2022; 
accepted 08.12.2022


