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ABSTRACT

The aim of the study is to investigate the association of 152306283 and rs4149056 variants of the SLCOIBI gene
with benign unconjugated hyperbilirubinemia.

Materials and methods. A case-control study design was employed. The group with the Gilbert syndrome (GS)
phenotype comprised 414 individuals (mean age 36.7 £+ 15.9 years, 49.8% men). The control group consisted of
429 individuals (mean age 38.5 £ 14.3 years, 52.2% men) randomly selected from DNA banks of MONICA project
participants, young adults aged 25-44 years, and participants in a cross-sectional study of schoolchildren in Novo-
sibirsk. Genotyping of the groups for nucleotide sequence variants rs2306283 and rs4149056 of the SLCO1B1 gene
was performed using real-time polymerase chain reaction.

Results. No statistically significant differences were found between the GS and control groups regarding the
frequencies of genotypes and alleles of rs2306283 (p > 0.05). Carriers of the TT rs4149056 genotype were less
common (OR = 0.67, 95% CI 0.51-0.89, p = 0.005), while carriers of the TC genotype were more prevalent
(OR = 1.46, 95% CI 1.1-1.94, p = 0.009) in the GS group compared to the control group. The frequency of the
C allele rs4149056 was higher in the GS group compared to the control group (OR = 1.35, 95% CI 1.07-1.7, p =
0.012). These differences persisted for carriers of the 6TA/7TA genotype but not for the 6TA/6TA and 7TA/7TA
genotypes of rs3064744 in the UGT14 gene.

Conclusion. The single nucleotide variant rs2306283 of the SLCOIBI gene is not associated with benign
unconjugated hyperbilirubinemia. The TC genotype and C allele of the single nucleotide variant rs4149056 of
the SLCO1B1 gene are the genotype and risk allele of Gilbert syndrome, while the TT variant genotype exhibits
a protective effect against the development of the syndrome, particularly for carriers of the 6TA/7TA genotype of
1$3064744 in the UGTIA gene.
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PE3IOME

Hean uccnenoBanus — npoBepka accormanyu rs2306283 u rs4149056 rena SLCOI1BI1 ¢ noOpokavyecTBEeHHOH He-
KOHBIOTHPOBAHHOW TUTICPOMITHPYOUHEMUEH.

MatepuaJbl 1 MeTobI. J[U3aifH Hcce10BaHus «CiTydaii — KOHTpoby. ['pymma ¢ perotunom cuaapoma XKusoe-
pa (CX) Bxmrowana 414 genosek (cpeanuit Bozpact 36,7 + 15,9 ner, 49,8% myxxunn). ['pynmna xortpomst (429 de-
JIOBEK, cpepHuit Bo3pacT 38,5 + 14,3 ner, 52,2% MyxunH) — cirydaiiHas BeIOopka nun u3 6ankos JJHK yuactan-
koB poekta MONICA, ckpiHHHTa MOJOIBIX JfoAeH 25—44 1eT 1 OAHOMOMEHTHOTO HUCCIICIOBAHUS IIKOJIHLHUKOB
r. HoBocubupcka. ['eHoTHIMpOBaHME TPyl MO BapuaHTaM HYKJICOTHIHOH mociemoBarenbHOCTH 152306283
154149056 rera SLCO1B1 BBIIOTHEHO METOIOM TTOIMMEPA3HOM LIEMTHON PEaKINH B PeXKAME PEaTbHOTO BPEMEHH.

Pe3syabTatsl. [1o yactotam reHoTumnos u amienei rs2306283 He HaliIeHO CTATUYECKU 3HAUUMBIX Pa3IUUUil MEXIY
rpynnoit CXK u xoHTponbHOU rpymnmnoi (p > 0,05). Hocurenu renotuna TT rs4149056 BcTpeuaroTes pexe (OTHO-
menue mancos (OL) = 0,67, 95%-it nosepurensHbiii uHTEpBan (95%1M1) 0,51-0,89, p =0,005), a HOCUTEeNHU reHo-
tuna TC vame (OLI = 1,46, 95%/U 1,1-1,94, p = 0,009) B rpynmne CX no cpaBHEHHIO ¢ KOHTPOJIBHOH IPyIIION,
yacrora ajutenst C rs4149056 6onbure B rpynne CXK 1o cpaBHeHHIo ¢ KOHTpoubHOI rpynmoi (O = 1,35, 95% U1
1,07-1,7, p = 0,012). ITony4eHHbIe pa3nuyus COXpaHsOTCs il Hocutenei reHotuna 6TA/7TA, HO He reHoTHIIA
6TA/6TA u TTA/TTA 133064744 rena UGT1A.

3akaouenne. OnHOHYKI€OTHIHEIH BapHaHT 152306283 rena SLCO1B1 He accOMUPOBaH C JOOPOKaYEeCTBEHHOH
HEKOHBIOTMPOBaHHOH runepOmmmpyounemueii. I'enorun TC, ayutens C ogHOHYKIIEOTHIHOTO BapuaHTa 154149056
reHa SLCOIBI sBISIOTCS TEHOTUIIOM M ajulelieM pucka cuHiapoMa JKuibbepa, a reHotun TT — mpoTeKTHBHEIH
B OTHOILIEHHH Pa3BUTHS CHHIPOMA, IIpex e Bcero Juist Hocutenei renotuna 6TA/7TA rs3064744 rena UGTIA.

KimoueBble ciioBa: cunapom XKunsoepa, ren, rs2306283, rs4149056, SLCO1B1, HeKOHBIOTUPOBAHHAS THITEPOH-
JIMpyOUHEMUS

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIUKaKeil HACTOSIIEH CTaThH.

Hcrounuk punancuposanusi. VccnenoBanue BBIIOIHEHO 3a cueT rpaHTa Poccuiickoro HaydHoro ¢onma Ne 23-
25-00062.

CooTBeTcTBHE MPUHIMIAM 3THKH. Bee yuacTHHKY nojnucany 100poBoIbHOE HHPOPMHUPOBAHHOE COTIIAcHe Ha
ydactue B HcclieioBannu. MccnenoBanue onoopeno stndeckuM komureroM HUWUTIIM — ¢unman ULul" CO PAH
(mpotokoi Ne 4 ot 14.02.2023).
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INTRODUCTION

The most common genetic cause of benign
unconjugated hyperbilirubinemia (Gilbert syndrome,
GS)in adultsis anincrease in the number of TA repeats
in the promoter of the UGT1A1 gene (rs3064744)to 7
in the homozygous state (7TA/7TA). However, some
individuals with clinical symptoms of GS do not have
an increased number of TA repeats in the homozygous
state (6TA/6TA), or are heterozygous carriers of the
rs3064744 variant (6TA/7TA), which may indicate
the contribution of other singlenucleotide gene
variants to the development of pathology [1].

In a genome-wide association study on the Mayo
Genome Consortium cohort, two loci were identified
that are associated with total bilirubin levels — 2q37
(corresponding to the UGTIAI gene) and 12pl2
(corresponding to the SLCOIBI gene) [2]. A meta-
analysis of three genome-wide association studies
showed a strong genetic effect on serum bilirubin
levels of the UGT1AI gene and the 12p12.2 locus. At
the same time, the peak signal in the 12p12.2 region
was a variant of 154149056 in the SLCOIBI gene,
which leads to the replacement of the amino acid
valine with alanine, which leads to a decrease in the
activity of a carrier protein in the liver with a known
affinity for bilirubin [3]. Therefore, we suggested that
variants of the SLCO1B1 gene may be associated with
benign unconjugated hyperbilirubinemia. To test this
hypothesis, we selected two variants of the SLCO1B1
gene, 152306283 and rs4149056, which were the
most studied in relation to bilirubin concentration,
hyperbilirubinemia.

MATERIALS AND METHODS

The study design is a case-control study. The group
of people with the Gilbert syndrome (GS) phenotype
(n=414; average age 36.7 = 15.9 years, 49.8% were
men) was formed by gastroenterologists and included
people with unconjugated hyperbilirubinemia
who underwent a standard clinical examination.
Individuals with known causes of unconjugated
hyperbilirubinemia, except for genetic ones, were
excluded from the group. DNA was isolated from
venous blood wusing either phenol chloroform
extraction or the express method (PREP-RAPID-
GENETICS, DNA-Technology LLC, Moscow).

The control group (n = 429; average age 38.5 +
14.3 years, 52.2% were men) was a random sample
of individuals from DNA banks of participants in

the MONICA project (Multinational MONItoring
of trends and determinants in CArdiovascular
disease), a screening of young people aged 25-44
years, and a cross-sectional study of schoolchildren
in Novosibirsk. Information on the level of total
or unconjugated bilirubin, liver and gallbladder
diseases, and diagnosis of GS was not available for
these studies, which is a limitation of this study since
isolated cases of the diagnosed or undiagnosed GS
may be present in the control group. The DNA of
the individuals included in the control group was
isolated from venous blood using phenol chloroform
extraction. The GS group and the control group did
not differ in terms of gender and age.

In previous studies, we determined the genotypes
of the rs3064744 variant (the number of TA repeats
in the promoter) of the UGT1A1 gene for individuals
included in the GS group and the control group.
In the GS group, the distribution of genotypes
according to rs3064744 of the UGTIAI gene was:
73.3% — TTA/TTA, 20.3% — 6TA/TTA, 5.8% —
6TA/6TA, 0.2% — STA/TTA, 6TA/8TA, TTA/STA.
In the control group, the distribution of genotypes
according to rs3064744 of the UGTIAI gene was:
11.7% — TTA/TTA, 42.9% — 6TA/TTA, 45.0% —
6TA/6TA, 0.2% — STA/6TA, 6TA/9TA.

Genotyping of groups according to variants of the
nucleotide sequences rs2306283 and rs4149056 of the
SLCO1B1 gene was carried out by real-time polymerase
chain reaction using kits from NPF SINTOL LLC
(Russia) on Light Cycler 96 (Roche, Switzerland/
Germany) (rs4149056) and CFX96 Touch Real-Time
PCR Detection System (Bio-Rad, USA) (rs2306283).

Comparison of groups by frequencies of
genotypes and alleles and calculation of a relative
risk for a specific allele or genotype were carried out
using cross tables, the Pearson chi-square criterion
(x2), and the exact two-sided Fisher criterion with
Yates correction for continuity. The normality of the
distribution of the level of total and unconjugated
bilirubin was checked using the Kolmogorov —
Smirnov test, and then the Kruskall — Wallis test and
the Mann — Whitney test were used. Quantitative
data are presented as median and interquartile range
Me [0,~Q.]; p < 0.05 was also used as the
significance level.

All participants in the study signed a voluntary
informed consent. The study was approved by the
Ethics Committee of [IPM — Branch of IC&G SB
RAS (Protocol No. 4 of 14.02.2023).
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RESULTS

The obtained frequencies of genotypes and
alleles of variants rs2306283 and rs4149056 of the
SLCOIBI gene are presented in Table 1.

Table 1

The frequencies of genotypes and alleles of variants rs2306283
and rs4149056 of the SLCO1B1 gene in the GS
and control groups

Single g: v GS group Control group
nucleotide ‘é 2 p
variant 8 © n % n %

TT 181 43.7 184 42.9
TC 148 35.7 173 40.3 0.25
1s2306283 CcC 85 20.6 72 16.8
T 510 61.6 | 541 63.1
C 318 38.4 | 317 36.9
TT* 228 55.1 277 64.6
TC* 164 39.6 133 31.0 | 0.02
CcC 22 5.3 19 4.4
T 620 749 | 687 80.1

0.54

rs4149056

C 208 25.1 171 19.9 0.01

Note: n — number of individuals, p — significance of differences
between groups. * — statistically significant differences when using the
genotype 1 vs genotype 2 + genotype 3 model. No differences were
found in the frequencies of rs2306283 genotypes and alleles between
the GS group and the control group (p > 0.05) (Fig. 1).

%
50 -

40
30 -
20

10

0 4+—

Control group

BTT mTC =mGS

Fig. 1. The frequencies of rs2306283 genotypes of the
SLCOI1B1 gene in the GS group and the control group

However, we found differences in the frequencies
of 14149056 genotypes (p = 0.02) between the
two groups: carriers of the TT genotype were less
common (TT vs TC+CC: odds ratio (OR) = 0.67,
95% CI 0.51-0.89, p = 0.005), and carriers of the TC

genotype were more common (TC vs TT+CC: OR =
1.46, 95% CI 1.1-1.94, p = 0.009) in the GS group
compared to the control group (Fig. 2). Significant
differences were also found in allele frequencies.
C allele was more frequent in the GS group (0.25)
compared to the control group (0.2) (OR =1.35, 95%

CI1.07-1.7, p = 0.012).
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Fig. 2. The frequencies of rs4149056 genotypes of the

SLCOI1B1 gene in the GS group and the control group

When dividing the GS group and the control group
by genotypes of the rs3064744 variant of the UGTIA41
gene (excluding rare genotypes STA/7TA, 6TA/8TA,
5TA/6TA,6TA/9TA, 7TA/8TA) into three subgroups —
carriers of the genotype 6TA/6TA, 6TA/7TA, and
TTA/TTA — significant differences in the frequencies
of the rs4149056 genotype of the SLCOIBI gene
were only observed in the subgroup of the 6TA/7TA
genotype carriers (p = 0.005). In carriers of the
6TA/TTA 133064744 genotype of the UGTIAI gene,
the TT rs4149056 genotype of the SLCOIBI gene
is protective against GS (TT vs TC+CC: OR = 0.41,
95% CI10.24-0.71, p = 0.002), while the TC genotype
and the C allele are the genotype and allele that
increase risk of GS (TC vs TT+CC: OR = 2.36, 95%
CI 1.35-4.14, p = 0.004; C vs T: OR = 1.91, 95%
CI 1.23-2.97, p = 0.005, respectively).

There was no association between the genotypes
of the rs4149056 variant and the concentration of
total or unconjugated bilirubin (p > 0.05, Table 2).

Table 2

The concentration of total and unconjugated bilirubin based
on the genotype rs4149056, Me (0, 0..), umol/l

S:?:;%};Z Total bilirubin Unconjugated bilirubin
TT 36.8 (27.0-31.3) 30.0 (20.6-35.0)
TC 35.0 (26.2-40.2) 27.9 (20.5-33.6)
cC 36.8 (27.9-40.2) 30.1 (21.3-40.2)
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The concentration of total or unconjugated
bilirubin with which the association was searched is
a randomly detected concentration with which the
patient went to see a doctor. During the life of patients,
more severe hyperbilirubinemia could be observed.
The average concentration of total bilirubin in the GS
group was 36.9 umol/l (27.2-42.2), and unconjugated
bilirubin level was 29.9 umol/l (21.0-36.1). At
the same time, there is a statistically significant
difference in the concentration of bilirubins based
on the genotypes of the variant rs3064744 of the
UGTIAI gene. The concentration of total (p < 0.01)
and unconjugated (p < 0.01) bilirubin is higher in
carriers of the UGTIA1 gene genotype 7TA/7TA
rs3064744 compared to carriers of the genotypes
6TA/6TA and 6TA/7TA (carriers of rare genotypes
were not included in the calculations) (Table 3).
Thus, even the randomly detected concentration of
total and unconjugated bilirubin is higher in carriers
of the 7TA/7TA 153064744 genotype of the UGTI1A1
gene, which suggests that if there was an association
of bilirubin concentration with the genotypes of the
rs4149056 variant, it would have been detected.

Table 3

The concentration of total and unconjugated bilirubin
based on the genotype rs3064744 of the UGT1A41 gene,
Me (Q,—-0Q.,), umol/l
Genotype rs3064744 | Total bilirubin
TTA/TTA 38.2 (28.1-44.6)
6TA/6TA + 6TA/TTA | 31.7 (22.2-37.9)

Unconjugated bilirubin
31.1(22.2-37.9)
24.9 (18.5-28.7)

DISCUSSION

The SLCOIBI gene (solute carrier organic anion
transporter family member 1B1, 12p12.1) encodes
a transmembrane receptor specific to liver cells,
which mediates the sodium-independent absorption
of numerous endogenous compounds, including
bilirubin, and participates in the excretion of medicinal
compounds, such as statins, bromosulfophthalein,
and rifampicin from the blood into hepatocytes [4].

Both of the studied variants belong to the missense
variants resulting in the substitution of amino acids in
the amino acid sequence of the protein (rs2306283 —
c.388A>G, p.Asnl30Asp; rs4149056 — c.521T>C,
p-Vall74Ala).

The obtained frequencies of rare alleles of the
studied variants in the control group do not differ
from the GnomAD data: the frequency of the rare
allele C rs2306283 according to GnomAD data for
the European population is 0.37, rs4149056 is 0.2.

The 152306283 variant according to ClinVar
is benign for GS, and Rotor syndrome. It has been
shown that the expression of the SLCO1B1 protein
is significantly associated with the rs2306283 variant
[5]. Studies of the rs2306283 variant have been
conducted regarding changes in the metabolism of
certain drugs (statins, sorafenib, rocuronium and
others) [6—10]. In China, an association of rs2306283
with the risk of pulmonary tuberculosis was found
in a group of women [11]. The association of
rs2306283 with hyperbilirubinemia was not detected
in newborns in China [12]. Our study also did not
find an association of the rs2306283 variant with the
GS phenotype.

According to ClinVar, the rs4149056 variant is
benign for Rotor syndrome, pathogenic for GS, and is
related to the metabolism of simvastatin, atorvastatin,
and rosuvastatin. There is evidence that the rs4149056
variant reduces the transport activity of the SLCO1B1
protein, which increases the plasma concentration of
a number of substances whose transport is associated
with this protein [13]. Numerous studies have been
conducted on the association of the rs4149056 variant
with the development of statin-induced myopathy [ 14,
15]. In Korea, the relationship of the variant with the
pharmacokinetics of rifampicin used in the treatment
of tuberculosis has been shown [16]. Carriers of the
rs4149056 C allele have an increased risk of bleeding
compared to carriers of the TT genotype when
taking the drug edoxaban [17]. A study on patients
with HIV infection showed the effect of rs4149056
on the concentration of lopinavir (an antiretroviral
drug) [18]. Another study found an association
between the level of SLCO1BI1 protein, allele C and
genotype TC rs4149056 with exudative age-related
macular degeneration [19]. A Chinese study revealed
the association of the CC genotype and C allele of
rs4149056 with the risk of pulmonary tuberculosis in
women [11]. According to a large meta-analysis in
2009, rs4149056 affects the level of total bilirubin,
explaining about 1% of the variability [3]. However,
a study in Chile did not find a correlation between
rs4149056 and total bilirubin levels or the phenotype
of the GS [20].

According to our data, the allele with rs4149056
is a risk allele for unconjugated hyperbilirubinemia,
which was also observed in a study in newborns
with neonatal hyperbilirubinemia in India. In this
case-control design study, carriers of rare alleles
of the studied variants, including the rs4149056
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variant, were more common in the case group
compared to the control group. At the same time, the
carriage of more than three of the studied variants
(rs4124874, 18175347 of the UGTIAI gene,
rs2306283 and rs4149056 of the SLCOIBI gene)
was also more common in the case group, and the
average levels of total bilirubin in the blood and the
need for phototherapy increased with the number of
coexpressed variants [21]. The association between
rs4149056 of the SLCOIBI gene and neonatal
hyperbilirubinemia was also shown in Chinese
newborns: carriers of the CC genotype had a higher
risk of neonatal hyperbilirubinemia compared to
carriers of other genotypes [22]. According to our
data, the TC genotype is a risk genotype for benign
unconjugated hyperbilirubinemia.

CONCLUSION

Thus, according to the results of the study, the
single nucleotide variant rs2306283 of the SLCOIBI
gene is not associated with benign unconjugated
hyperbilirubinemia. The TC genotype and allele
C of the single nucleotide variant rs4149056 of the
SLCOIBI gene are the genotype and allele with a
risk for GS. The TT genotype of the SLCOIBI gene
is conditionally protective against the development of
the syndrome, primarily for carriers of the 6TA/7TA
rs3064744 genotype of the UGTIA gene.
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