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Aim: to analyze the role of nucleotide sequence variants (NSVs) of ABCG5 and ABCG8 genes in gallstone disease
(GSD) and gallbladder cancer (GBC).

Key points. ABCG5 and ABCG8 are key sterol efflux transporters that regulate hepatic secretion and intestinal ab-
sorption of cholesterol. ABCG5/G8 is the human LITH9 gallstone gene. One of the major genetic risk factors for GSD
rs11887534 (D19H) ABCGS, as a ‘gain-of-function’ NSV, increases the activity of this transporter by 3.2 times, which
leads to supersaturation of bile with cholesterol and an increased risk of GSD. On average, rs11887534 increases
the risk of GSD in children by 4 times, in adults — by 2 times, which has been proven in population, genome-wide
studies and meta-analyses worldwide. The presence of the H allele D19H (rs11887534) is associated with a two-fold
risk of recurrence of GSD after cholecystectomy. The results of the studies of the associations of GSD with other
NSVs of ABCG8 (T400K, A632V, M429V, C54Y) and ABCG5 (E604Q, R50C) genes are contradictory.

In population studies, rs11887534 was associated with a 4-fold increase in the risk of GBC, and the risk is more prom-
inent (4.9 times) in patients with GBC and gallstones. We found no studies of the NSVs of the ABCG5 and ABCG8
genes in biliary pathology in Russia.

Conclusion. Most studies confirm the role of the rs11887534 ABCG8 gene as a predictor of GSD and GBC; however,
replicating studies of NSVs of ABCG5 and ABCGS8 genes in biliary pathology in Russia are needed.
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Accouunauusa nonumopdpuama ABCG5 n ABCG8 ¢ xxen4HoKaMeHHOMN 0051e3HbIo

N pakKoOM XeJIHHOro ny3bips

W.H. Mpuropsesa', T.E. Hotosa?, 1.J1. HenomMHsAwmx®

! HayyHo-unccnenoBaresibCKuii UHCTUTYT Tepanumn v npo@unakTniyeckon meanumHel — ¢unnan GreHY «denepasibHsiii
nccnenoBaTenbCkuii UeHTP MHcTuTyT umtonorum v reHetukmn CO PAH», HoBocubupck, Poccuiickas denepadims

2 [bY3 HoBocubupckoii obnactu «focyaapcTBeHHas HoBocubupckas obnacTHasi kKimHnyeckasi 60sbHMLa», HoBocnbupck,
Poccuiickas ®enepaums

3 Prb0Y BO «HoBocubuvpckuii rocyaapCTBEHHbI MEANLMHCKWUI yHUBEpCUTET» MUHUCTEPCTBA 34paBooxpaHeHns Poccuiickor
denepaumm, Hoocubupck, Poccurickas denepauums

Llenb 0630pa: aHann3 ponu BapuvaHTOB HYKJEOTUAHOM nocnepoBatensHocty (BHIM) reHoB ABCG5 n ABCGS8
npu xen4yHokameHHol 6onesHn (KKB) 1 pake xenyHoro ny3blips (PXXIT).

OcHOBHbIE NMoNoXeHus. TpaHcnopTepbl O0TToka cTteponoB ABCGS5 n ABCG8 vMeloT KloYeBOE 3HA4YeHMe B ne-
YEHOYHOI CEKPELMM N KMLLEYHOW abcopbunmn xonectepmHa. ABCG5/G8 npeacTtaBnseT coboi YeNnoBEYECKMI MeH
XenyHbIx KamHen LITH9. OpmH n3 OCHOBHbIX reHeTudeckmx daktopoB pucka XKB rs11887534 (D19H) ABCG8
kak BHI ¢ «nprnobpeTeHnem dyHKLMN» MOBbILLIAET akTUBHOCTb TPaHcNopTepa B 3,2 pa3a, YTO NPMBOAUT K NepeHa-
CbILLLEHNIO XeNnyn xonectepuHom n ysennyenmio pucka XXKB. B cpegHem rs11887534 nosbiwaeT puck XXKB y neten
B 4 pasa, y B3POC/bIX — B 2 pasa, 4YTO A0Ka3aHO B NMOMYNSLMOHHbBIX MOJIHOFEHOMHbIX NCCNEef0BaHUSAX 1 B METaaHa-
nm3ax Bo BceM mupe. Hannune annena H D19H (rs11887534) cesi3aHo ¢ aBykpaTHbIM puckoMm peumamsa XKBE nocne
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XoneuucTakTtomun. Pegdynbsratel uccnenosaruin ceasm XKKB ¢ gpyrummn BHI reHoB ABCG8 (T400K, A632V, M429V,
C54Y) n ABCG5 (E604Q, R50C) 9Bns10TCS MPOTMBOPEYNBLIMU.

B nonynaumoHHbix nccnegoBaHusix rs11887534 cesa3aH ¢ 4-KpaTHbIM MoBbILLeHeM pucka PXXI1, npuyem puck 60-
nee BblpaxeH (B 4,9 pasa) y 60sbHbIx PXXI1 ¢ kaMHsAMU B XXen4HOM ny3bipe. Mbl He 06Hapyxunu nccnenosanunin BHM
reHoB ABCG5 n ABCG8 npv 6unuapHoii natonoruv B Poccum.

3aknoyeHue. B 60nbLLIMHCTBE UCCNenoBaHuin noaTeepxaeHa posb rs11887534 reHa ABCGS8 kak npeaukTopa
XKKB n PXI, ogHako TpebyoTcs pennvumpyowme ncenenosanusa BHIM reHos ABCG5 n ABCG8 npu 6unvapHoi

natonorum B Poccuun.

KnioueBble crioBa: xenyHokamMmeHHas 6051e3Hb, pak xenyHoro ny3bips, BHM, ABCG5, ABCG8, rs11887534
KoHdnukT MHTEepecoB: aBTopbl 3as8BASI0OT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.

duHaHcupoBaHue: paboTa BINOJIHEHA B paMKax TEMbl FOCYAapPCTBEHHOrO 3aaHus «/3yyeHre MonekynspHo-re-
HETUYECKMX U MOMNEKYNIIPHO-OMONOrMYECKMX MEXaHN3MOB Pa3BUTUS PAcNpPOCTPaAHEHHbIX TEPaNeBTUYECKMX 3a60-
nesaHuii B Cnbvpu oisi COBEPLLEHCTBOBAHWS MOAXOAO0B K VX PaHHEW AMarHoCcTuKe 1 npodunaktuke», 2024-2028 rr.

(FWNR-2024-0004).

Ana untnpoBanus: puropbesa U.H., Hotoea T.E., Henomuswux O.J1. Accoumauma nonumopdunama ABCGS5 n ABCG8 ¢ xenu-
HOKaMeHHOUi GOJIE3HBIO N PAKOM XENYHOro My3bipsi. POCCUiicknii XXypHan racTpo3HTEPOIOrMK, renaToiornm, KOMonpOKTONIOTUN.
2025;35(2):37-44. https://doi.org/10.22416/1382-4376-2025-35-2-37-44

Introduction

The ATP-binding cassette (ABC) transport pro-
teins have been studied for over 50 years. In 1986,
they were grouped into one of the largest families
of membrane proteins that transport multiple sub-
strates. They are now represented by 48 proteins,
which are divided into seven subfamilies (A—G)
[1, 2]. In humans, the functions of ABC proteins
are diverse and provide numerous key (patho)
physiological processes, making them causative
factors in a number of diseases: sitosterolemia,
coronary heart disease (CHD), gallstone disease
(GSD), atherosclerosis, intrahepatic cholestasis,
cystic fibrosis, Tangier disease, malignant neo-
plasms, etc. [1, 3—6].

Characteristics of the ABCG5/ABCGS8
sterol transporter proteins

ABCGS5/8 onsists of the G5 and G8 polypeptides,
in humans, the ABCG5/G8 sterol efflux transport-
er genes are co-localized on chromosome 2p21 [2].
Although ABCGS8 functions as a transporter in
concert with ABCGS, G5 and G8 differ in signa-
ture motifs and missense mutations associated with
gallstone formation [7]. The two proteins transport
neutral sterols from hepatocytes and enterocytes
into bile and the intestinal lumen, respectively, and
can simultaneously reduce plasma cholesterol levels
and increase biliary cholesterol excretion [4, 8, 9].
ABCGS5/G8 proteins play a key role in maintain-
ing cholesterol homeostasis in the body by regulating
hepatic secretion of biliary cholesterol; intestinal ab-
sorption of cholesterol; reverse cholesterol transport;
transintestinal excretion of cholesterol [2], which, for
example, can reduce the cardiovascular risk [2, 4].

In the liver (with the participation of many
factors, including apolipoproteins), cholesterol is

mainly converted into bile salts, which reduces its
concentration in plasma and improves the elimi-
nation of excess cholesterol from the body [2, 10].
Supersaturation of bile with cholesterol is a key
point in the formation of gallstones [11], therefore,
the important role of ABCG5,/G8 protein genes
as transporters of sterol outflow from hepatocytes
into bile determined the aim of the study — to
analyze the role of nucleotide sequence variants
(NSVs) of the ABCG5 and ABCGS genes in GSD
and gallbladder cancer (GBC).

We analyzed and evaluated studies describ-
ing the analysis of the association between the
ABCGS5 and ABCGS genes and biliary pathology
in the PubMed, PubMed Central (PMC), OMIM,
Google Scholar and Russian Science Citation Index
(RSCI) databases from 1980 to 2024. A MeSH
text and title search strategy with various com-
binations of the phrases “ABCGS5,/G8 functions”,
“ABCGS/G8 polymorphism”, “ABCGS or ABCG8
variants”, “rs11887534”, “GSD”, or “gallblad-
der cancer” in combination with “ABCG5/GS8”,
“ABCGS”, or “ABCGS8” was used to select studies.
We excluded articles on hematological causes of
GSD from the analysis.

Briefly about GSD and its genetic

predisposition

In the 21st century, GSD occurs in 10—20 %
of the population in economically developed coun-
tries and it is estimated that about 1 million new
cases of the disease are diagnosed each year [2]. In
our studies of GSD, along with other numerous
results, we also confirmed the importance of the
main risk factors for GSD in cholelithogenesis —
female gender, age, excess weight, the presence
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of concomitant diseases, such as coronary heart
disease [12], arterial hypertension [13], heredi-
tary burden and genetic factors — polymorphisms
of the genes APOE, IL-18, TNF-a, TRPMS,
ADRBT1 [13—15] and we plan to study the role of
rs11887534 of the ABCGS8 gene. Genetic predis-
position to GSD has been substantiated in many
studies [16—20]: the familial nature of GSD con-
firms a 2—3-fold increase in the risk of the disease
among first-degree relatives [18, 19] and in stud-
ies of twins, the overall risk of developing gall-
stones is estimated at 25—-29 % [19, 20].

Characteristics of rs11887334
in the ABCGS8 gene

By 2023, more than 700 missense variants have
been identified for the ABCG5 and ABCGS genes
according to the PubMed website (PubMed.gov)
[6]. Most missense variants are benign, where-
as most dysfunctional alleles in selected likely
pathogenic ABCG5,/G8 missense mutants are dys-
functional due to their inability to heterodimerize
ABCGS5 and ABCGS8 and translocate outside the
endoplasmic reticulum [8].

The D19H NSV of the ABCGS gene, also des-
ignated rs11887534 (this is the specific NSV num-
ber in the SNP database catalog), is a missense
variation in which the negatively charged amino
acid histidine is replaced by the positively charged
aspartic acid (G to C change) [16, 17]. Thus, the
contribution of the genotype to GSD compared to
the reference (“wild”) genotype DD is: ABCGS8
D19H, DD = 0, HH = 3.2, i.e. homozygotes for
the minor (“mutant”) H allel have a 3.2-fold in-
creased risk of GSD [4]. NSV rs11887534 may
affect the function of the ABCGS8 transporter pro-
tein, leading to gallstone formation at an earli-
er age [21, 22]: the lithogenic H allele ABCGS8
D19H was present in 14.9 % of children with gall-
stones and was found in this cohort three times
more often compared to children in the control
group (frequency — 5.2 %); in children carriers,
the odds ratio (OR) for developing GSD was 4.04
(p < 0.01), compared to the control group of chil-
dren who were not carriers of H allele, the similar
OR in adults was 1.90 (p < 0.01) [23]. The authors
confirmed that the lithogenic variant rs11887534 is
associated with increased cholesterol transport (or
decreased absorption), possibly in combination with
increased cholesterol synthesis in the liver, which
may contribute to gallstone formation in carriers
of the risk variant [23]. A Swedish study of mono-
zygotic twins confirmed that, compared with the
“stone-free” controls (9.4 %), 20.8 % of twins with
gallstones were carriers of rs11887534, which in-
creased the risk of gallstones by 2.5 times [24].

Experimental evidence in support of this hy-
pothesis was obtained from the study of lithogenic
loci in mice, which are localized together with
approximately 27 “probable” candidate genes for
GSD: thus, using QTL (quantitative trait locus
mapping) studies, the ABCG5,/G8 gene was iden-
tified as a new human lithogenic gene LITH9 [25].

NSV rs11887534 in GSD

Single nucleotide polymorphism D19H ABCGS8
(rs11887534) is the most common (minor allele
frequency H is more than 5 %), well-studied [2—6,
9, 16, 17, 21—29, 31—43], and a strong genetic
risk factor for GSD, comparable in magnitude to
known risk factors such as female gender, obesity
[4, 23, 27].

The first genome wide association study
(GWAS) of GSD (2007) identified rs11887534 as
associated with GSD: a two-fold increase in the
risk of GSD was found in carriers of H allele of
D19 (OR = 2.2; P = 1.4 x 10-'%) [16, 33], which
is similar to the population risk of about 11 %,
and the association was stronger in patients with
cholesterol gallstones, suggesting that rs11887534
is associated with increased efficiency of cholesterol
transport into bile [16]. A large-scale GWAS me-
ta-analysis (2016) (8,720 GSD cases and 55,152 con-
trols) confirmed the role of rs11887534 in gallstone
susceptibility (OR = 1.69; P = 2.44 x 10-%) [34].

The ABCG8 D19H gene NSV (rs11887534)
is considered a “gain-of-function” mutation [23]
(Fig. 1): the D19H H allele increases the trans-
port activity of the ABCG5/G8 lithogenic locus
by 3.2-fold [28], including cholesterol efflux into
bile, and therefore leads to bile supersaturation
and the development of GSD [4], while carriers
of the D19H H allele have lower levels of choles-
terol [42] and sterols in serum [30] and a lower
incidence of myocardial infarction: OR for myo-
cardial infarction is 0.83 (i.e., a 17 % lower risk)
[4]. Conversely, genetic variation associated with
reduced ABCGS/G8 activity protects against
gallstones [4].

The presence of the D19H H allele (rs11887534)
is associated with a two-fold risk of recurrence of
GSD more than six months after cholecystectomy:
in a cohort study of 2308 people in a multivariate
analysis for this allele (OR = 1.97; p = 0.034)
[29], that is, the presence of the risk allele can
additionally enhance the lithogenic predisposition
in people already suffering from GSD [23].

The relationship between cholesterol levels in
the blood and in bile is of clinical significance,
since drugs that lower LDL cholesterol (statins,
fibrates, ezetimibe) can act on the cholesterol con-
centration in bile in the opposite way, based on
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Function of ABCG8, ABCB4 and ABCB11 transporters and its change
in the presence of NPV of the ABCGS8 gene D19H (rs11887534)
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Figure. A — normally, cholesterol, phospholipids, and bile acids are secreted by located on the canalicular membrane
ABCGS, ABCB4, and ABCB11 transporters, respectively, from the hepatocytes into the bile. Cholesterol is insoluble
in water, bile vesicles and micelles transport cholesterol in bile; B — in NSV rs11887534 ABCGS, the outflow
of cholesterol into bile increases, gallstones are formed. ABC — ATP-binding cassette (transporter)

Pucynox. A — B HOpMe XosecTepuH, (OCHOJIIIILI W SKEeTIHbIE KICIOTBI CEKPETUPYIOTCS PACTIONOKEHHBIMI Ha Ka-
HaMKYJsIpHON MeMOpane tparcrioprepamu ABCGS, ABCB4 u ABCB11, cooTBeTCTBEHHO, M3 TENATOIUTOB B JKeJIUb.
XosecteprH HEPACTBOPHM B BOJIe, JKEJUHBIC BE3WKYJIBI W MUIEUIBI OCYIIECTBJSIOT TPAHCIOPT XOJIECTEPHHA B SKEJ-
qir; B — mpu BHIT rs11887534 ABCGS yBe/muuBaeTcsi OTTOK XOJIECTEPUHA B JKETUb, O0PA3yIOTCS JKeJJHble KaMHU.
ABC — AT®-cBaspiBaromas kaccera (Tpancrnoprep)
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whether they increase or decrease the cholesterol ex-
cretion into bile through ABCG5,/G8 and, as a re-
sult, either protect against GSD (statins) or increase
its risk (ezetimibe and fibrates) [4].

It is believed that the effect of ABCG5/G8
VNSs on gallstone formation is mediated by an in-
crease in expression of LXR-alpha (liver X receptor
alpha) [31].

Taking into account geographic and ethnic dif-
ferences in the prevalence of GSD, the association
of rs11887534 with an increased risk of GSD has
been research and proven in studies in the popu-
lation of Europe, Asia, and America: in the USA
[2, 3], Finland [8], Poland [23], Germany [22, 29],
Sweden [24], Denmark [26], Chile, China [28, 31,
32], Latin America [35], India [36, 37], Taiwan [21,
38], Iran [39], Canada [40] and in meta-analyses [ 16,
34, 41, 43]. On average, rs11887534 increases the
risk of GSD by 2 times, which has been proven in
population (OR = 1.80—4.04), genome-wide studies
(OR = 1.70—2.20) and meta-analyses (OR = 1.89—
2.40) worldwide.

Other ABCGS8 gene NSVs associated
with GSD

In the ABCG5/8 locus, the 19H allele is not
the only lithogenic variant. For other ABCGS8 gene
NSVs (T400K, A632V, M429V, C54Y), some stud-
ies have confirmed an association with GSD in hu-
mans [6, 21, 40, 43, 44], while others have not:
T400K [21, 37, 43], T400K and Y54C [41], A632V
[21, 44].

ABCG)5 gene NSVs associated with GSD

Carriers of the Q604E ABCG5 gene NSV
(rs6720173) have an increased risk of developing
GSD regardless of age, gender, and body mass index
[21, 42]. The association with GSD has been con-
firmed for the ABCG5 R50C gene NSV (OR = 1.89)
[2, 28, 33]. NSVs rs11887534 and rs6720173 are sig-
nificantly associated with the lipid profile of litho-
genic blood plasma in 34 pairs of brothers and sis-
ters with GSD [42].

NSV rs11887334 associated with GBC

Compared to malignant tumors of the gastro-
intestinal tract of other localizations, such as pan-
creatic cancer [45], GBC is the least studied. GBC
is rare in developed countries: for example, in the
USA, less than 5,000 cases are registered per year
[46], probably partly due to the high frequency of
cholecystectomies for GSD worldwide — more than
1 million surgical interventions per year worldwide
[2]. Worldwide, GBC has a low mortality rate, but
some geographic areas have high mortality rates, es-
pecially among women, such as up to 21.5/100,000
in Northern India [47, 48]. The presence of gall-
stones is associated with the highest risk of GBC
(relative risk — 4.9) [48].

The increased risk of developing biliary tract
cancer is promoted by: NSV of the ABCGS8 gene,
genes involved in lipid metabolism [49], NSV in
the genes of toll-like receptors TLR2 and TLR4,
cytochrome P450 1A1 (CYP1A1), tumor suppres-
sor gene TP53, etc. [46]. In the Indian population,
the frequency of rs11887534 was 1.79 times higher
in patients with GBC, and the risk was more pro-
nounced — 1.85 times — in patients with GBC with
gallstones [50]. Two population studies have shown
that rs11887534 is associated with a 2—4-fold in-
crease in the risk of GBC [25, 32, 35].

It is possible that rs11887534 leads to increased
gallstone formation, subsequent inflammation, and
therefore susceptibility to GBC, but cancer by its
nature requires multiple genetic changes, and pecu-
liar properties of the contribution of this NSV re-
mains to be studied. For example, a GWAS found
a strong association between GBC risk and common
NSVs in the chromosomal region 7q21.12 respon-
sible for the ABCB! and ABCB4 genes in India
[51] and ABCB4 in Chile [52]. It is also unclear
whether rs11887534 alters the xenosterol species
that are concentrated in bile, leading to gallstone
formation, long-term inflammation, production of
genotoxic agents, and then tumorigenesis.

The question remains open as to what addition-
al lithogenic risk factors are necessary to increase
the risk of GSD in carriers of the ABCGS8 variant,
possibly harmful NSVs of the ABCB4 gene, which
reduce its activity as a translocator of phospholipids
from hepatocytes to bile, which are involved in the
formation of vesicles and the solubilization of cho-
lesterol in bile (Fig.) [53].

Limitations

This article is not a systematic review. The ad-
vantage of the article is that it considers the latest
available publications on the function of ABCGS5 and
ABCGS sterol transporters, their effect on lipid me-
tabolism, and the important role of the rs11887534
NSV of the ABCGS8 gene in GSD in children and
adults and in GBC. Until now, not a single study
has been published in Russia on the prevalence of
the NSV of the ABCG5 and ABCGS genes in GSD
and GBC, as well as their clinical aspects, as well
as the NSV of other genes and factors mediating the
effects of these genes.

Conclusion

The causes of GSD are complex genetic and en-
vironmental factors, the prevalence of GSD in the
world is growing due to the obesity epidemic, which
is associated with hyperlipidemia and metabolic syn-
drome. Transport protein ABCGS,/G8 plays a key
role in hepatic secretion and intestinal absorption
of cholesterol: one of the main genetic risk factors
for GSD, the D19H variant of the ABCGS8 gene
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(rs11887534), is associated with a 3.2-fold increase
in transporter activity, which leads to bile supersat-
uration with cholesterol and a 2-fold increase in the
risk of GSD in adults and a 4-fold increase in chil-
dren. The presence of the D19H H allele is associat-
ed with a two-fold risk of recurrence of GSD after
cholecystectomy [29]. ABCG5/G8 has been identi-
fied as the LITH9 gallstone gene in the pathogenesis
of GSD in humans. Since bile supersaturation with
cholesterol in rs11887534 carriers manifests itself
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