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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 (z = 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 UGT1A41 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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PE3IOME
eas ucciieoBaHUs — TOUCK HOBBIX MOJICKYJIIPHO-TEHETHUECKHUX MapkepoB cuHapoma XKumsbepa (CXK).

Matepuajbl u MeToabl. J{U3aiiH nccnenoBanus — «cioydaid — KoHTponby. ['pynma CXK Briarouaer 125 yenoBek
(cpennuii Bospact 38,5 + 11,9 net, 58,9% MyXuHH) ¢ HEKOHBIOTUPOBAHHON TMIEPOMINPYOHHEMHUEH, y KOTO-
PBIX UCKIIIOUEHBI U3BECTHBIE €€ MPUYHHEL [ 'pynmna konTpoms (n = 323, cpennnii Bo3pact 48,9 £ 11,9 xer, 53,2%
MY>KYUHBI) — ciTydaiiHas BeiOopka smi u3 O6anka JJHK yuactaukos mpoekroB HAPIEE, MONICA. IHK Brize-
JeHa MeTooM (eHONIXIOPOYOPMHON IKCTPAKIMU M3 BEHO3HON KPOBH. ['€HOTHIIMPOBAaHME TPYIII IO BapHaHTaM
HYKJICOTHIHOH nocnenoBatenbHOCTH 153064744, 1s34993780, rs56059937, rs4148323, 154124874 rena UGT1AI
BBIIIOJIHEHO METO/IOM IOJIMMEPA3HOMN LEIHOI peakiny ¢ MOCIEAYIONMM aHaIN30M Ha TIOJIMaKPHIAMUIHOM Telie
10 aBTOPCKHUM IIPOTOKOJIAM.

PesyabTatsl. [lo onHOHYKIeoTHAHBIM BapranTaM 1s34993780, 1s56059937 He HailneHo HocuTenel peaKoro ai-
nens B rpynne CX u koHTposbHO# rpymnne. B rpynne aun ¢ CXK Haiinens! nBa Hocutens myrtanuu rs4148323 B
retepo3urotHoi gopme. [lo yactoTaM OJHOHYKJICOTHAHOTO BapuaHTa rs4124874 HaiieHBl CTATUCTHYECKU 3Ha-
YUMBble pa3Iudusg MEXIy I'pyHIaMu: roMO3UroTHbIM reHoTn GG CTaTHCTUUECKH 3HAUYMMO Yallle BCTpedaeTcs B
rpynne CX 1o cpaBHeHUIO ¢ KOHTPOJIBHOU Irpymniol (oTHoueHue maHcoB 11,8; 95%-i1 noBepuTenbHBIN HHTEPBAI
6,9—-20,3; p <0,001).

3aximoyenne. 'enotunn GG ogHOHYKIIEOTUIHOTO BapuaHTa 154124874 rena UGT 1A acconMupoBaH C NOBBIIIEH-
ubM prckoM CXK. B rpynme i ¢ COK HalineHs! HocuTenn peakoit Mytammu 154148323 B reTepo3urotHoit popme.

KuroueBbie cioBa: cuniapom XunbOepa, rs3064744, 1s34993780, rs56059937, rs4148323, rs4124874, ren
UGT1A1, HexOHBIOTUPOBAaHHAsI THIIEPOUINPYOHHEMHUS

KOHQ).]'IPIKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq).IH/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHHIeﬁ CTaTbHU.

Hcrounuk ¢punaHcupoBanus. VccnenoBanue BRIONIHEHO pu (GUHAHCOBOW moaaepkke [IpaBurenscTtBa HoBo-
cubupckoii obnactu B pamkax '3 Ne 122031700094-5.

CooTBeTcTBHE NMPUHIMIIAM ITHKH. Bce mauneHTs! noamnucanyd HHGOPMUPOBAHHOE COTJIACHE Ha y4acTHE B HC-
cnenosanuu. Mccnenosanue 0100peHo J0KanbHbIM dTHYeckuM komuterom HUU TTIM — pumman Ulul” CO PAH,
npotokon Ne 24 ot 26.04.2022.

Jas uurupoBanusi: Msanosa A.A., I'ypaxeBa A.A., MensnukoBa E.C., MakcumoB B.H., Hemnosa E.I'. Uc-
CJICZIOBAaHUE MOJICKYJISIPHO-TCHETUYECKIX MapKepoB cuHApoMa JKuiwbepa. browiemens cubupckoti MeOuyumbl.
2023;22(2):39-45. https://doi.org/10.20538/1682-0363-2023-2-39-45.

Study of molecular genetic markers of Gilbert’s syndrome

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-
TI1AI 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/TTA 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
UGTIAI gene (1s3064744) [3]. The number of TA
repeats in the promoter of the UGTIA1 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 pl PCR mixture included: 75
mM Tris-HCIT (pH 9.0), 20 mM (NH,),SO,, 0.01%
Tween 20 solution, 3.0 mM MgCl,, 0.8 mM of each
primer, 0.2 mM dNTP mixture, 2 ug DNA, and 1 unit
of DNA polymerase. Amplification was carried out
under the following temperature conditions: 33 cycles,
including denaturation at 95 °C for 30 seconds, primer
annealing at 57 °C for 30 seconds, and elongation at
72 °C 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 UGTIAI gene were se-
lected for the study as new molecular genetic markers
of GS: 1534993780 (UGTIA1%*7), 1s56059937 (UG-
T14%62), rs4148323 (UGTI1A1*6), and rs4124874
(UGTI1A41%*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 pl
PCR mixture included: 10 pl of a RT-PCR mixture
No. M-428 (2.5 x) (Syntol, Russian Federation), 1.2
mM MgCl, 0.6 mM of each primer, 2 pg of DNA.
Amplification was carried out under the following
temperature conditions: 33 cycles, including denatur-
ation at 95 °C for 30 seconds, primer annealing at 56
°C for 30 seconds, and elongation at 72 °C for 20 sec-
onds. Restriction was performed with 10 units of the
Rsal 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 ul PCR mixture included: 12.5 ul of the
BioMaster LR HS-PCR-Color (2%) reaction mixture
(BIOLABMIX, Novosibirsk), 1.0 mM of each primer,
2 ng of DNA. Amplification was carried out under the
following temperature conditions: 35 cycles, includ-
ing denaturation at 95 °C for 30 seconds, primer an-
nealing at 60 °C for 30 seconds, and elongation at 72
°C for 30 seconds. Restriction was performed with 10
units of the Rsal 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 pl PCR mixture included: 12.5
ul of the BioMaster LR HS-PCR-Color reaction mix-
ture (2x) (BIOLABMIX, Novosibirsk), 1.2 mM of
each primer, 2 pg of DNA. Amplification was carried
out under the following temperature conditions: 35
cycles, including denaturation at 95 °C for 30 seconds,
primer annealing at 60 °C for 30 seconds, and elon-
gation at 72 °C for 30 seconds. Restriction was per-
formed with 10 units of the Haelll 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 154124874 genotyping, the following
primers were used: 5’-GATTAACCAAAGAA-
CATTCTAACGG-3’(F) and 5 -TGATGTTCT-
CAAATTGCTTTGTTCG -3°(R). The 25 pl PCR
mix included: 75 mM Tris-HCI (pH 9.0), 20 mM
(NH,),SO,, 0.01% Tween 20, 3.5 mM MgCl,, 1.2 mM
of each primer, 0.2 mM dNTP mixture, 2 pg DNA,
1 unit of DNA polymerase. Amplification was car-
ried out under the following temperature conditions:
35 cycles, including denaturation at 95 °C for 30 sec-
onds, primer annealing at 60 °C for 30 seconds, and
elongation at 72 °C for 30 seconds. Restriction was
carried out with 10 units of the Taql 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 UGTIAI 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 UGT1A41 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-
T1A41%*7) and rs56059937 (UGT1A4*62) were found in
the GS group and the control group. Two carriers of a
heterozygous rs4148323 mutation (UGT1A41*6) were
found in the GS group. Both patients were also het-
erozygous carriers of the rs3064744 mutation in the
UGTIAI gene (6TA /TTA).

The genotype frequencies of the rs4124874 vari-
ant (UGT1A41*60) comply with the Hardy — Weinberg
equilibrium in the control group (= 3.81). Signifi-
cant differences between the groups were found by
frequencies of 154124874 (UGTI1A1*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% CI1 6.9-20.3, p <0.001). The
G allele of the rs4124874 variant was a risk allele for
GS (OR 7.4,95% C14.9-11.1, p <0.001).
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Fig. 2. Genotype frequencies of rs3064744 in the GS and
control groups
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Fig. 3. Genotype frequencies of rs4124874 in the GS and
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.

Table

Combinations of rs4124874 and rs3064744 genotypes

in the GS group
rs4124874
GG TG TT
5TA/TTA 1 0 0
§ 6TA/6TA 3 2 9
§ 6TA/TTA 14 14 0
B 6TA/STA 1 0 0
7TA/TTA 76 3 0

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
/ TTA genotype of 1s3064744 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 / TTA 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 5STA / 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 1s34993780 (UGTI1AI1%*7), 156059937 (UG-
T14%62), and rs4148323 (UGTIAI*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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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 (UGTI1AI*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 1A 1 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
/ TTA genotypes of the rs3064744 mutation are car-
riers of other UGTIAI 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.

Thers4124874 variant(UGTI1A1%*6,g.172270T>QG)
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 UGT1A41 gene and is
involved in the development of clinical symptoms of
GS in the presence of other variants of the UGTIA1
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 153064744, 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 UGTI1A1 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 UGTIAI 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 UGTIAI gene to search for
other mutations and variants that may cause the devel-
opment of clinical manifestations of GS.
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