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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) ABCG8, 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 ABCG8 genes in biliary pathology in Russia are needed.
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Цель обзора: анализ роли вариантов нуклеотидной последовательности (ВНП) генов ABCG5 и ABCG8 
при желчнокаменной болезни (ЖКБ) и раке желчного пузыря (РЖП).
Основные положения. Транспортеры оттока стеролов ABCG5 и ABCG8 имеют ключевое значение в пе-
ченочной секреции и кишечной абсорбции холестерина. ABCG5/G8 представляет собой человеческий ген 
желчных камней LITH9. Один из основных генетических факторов риска ЖКБ rs11887534 (D19H) ABCG8 
как ВНП с «приобретением функции» повышает активность транспортера в 3,2 раза, что приводит к перена-
сыщению желчи холестерином и увеличению риска ЖКБ. В среднем rs11887534 повышает риск ЖКБ у детей 
в 4 раза, у взрослых — в 2 раза, что доказано в популяционных полногеномных исследованиях и в метаана-
лизах во всем мире. Наличие аллеля Н D19H (rs11887534) связано с двукратным риском рецидива ЖКБ после 
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холецистэктомии. Результаты исследований связи ЖКБ с другими ВНП генов ABCG8 (T400K, A632V, M429V, 
C54Y) и ABCG5 (E604Q, R50C) являются противоречивыми.
В популяционных исследованиях rs11887534 связан с 4-кратным повышением риска РЖП, причем риск бо-
лее выражен (в 4,9 раза) у больных РЖП с камнями в желчном пузыре. Мы не обнаружили исследований ВНП 
генов ABCG5 и ABCG8 при билиарной патологии в России.
Заключение. В большинстве исследований подтверждена роль rs11887534 гена ABCG8 как предиктора 
ЖКБ и РЖП, однако требуются реплицирующие исследования ВНП генов ABCG5 и ABCG8 при билиарной 
патологии в России.
Ключевые слова: желчнокаменная болезнь, рак желчного пузыря, ВНП, ABCG5, ABCG8, rs11887534
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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/АВСG8 
sterol transporter proteins
ABCG5/8 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 ABCG8 functions as a transporter in 
concert with ABCG5, 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]. 
ABCG5/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 ABCG8 genes in GSD 
and gallbladder cancer (GBC).

We analyzed and evaluated studies describ-
ing the analysis of the association between the 
ABCG5 and ABCG8 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 “ABCG5/G8 functions”, 

“ABCG5/G8 polymorphism”, “ABCG5 or AВCG8 
variants”, “rs11887534”, “GSD”, or “gallblad-
der cancer” in combination with “ABCG5/G8”, 

“ABCG5”, or “ABCG8” 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-1β, TNF-α, TRPM8, 
ADRB1 [13–15] and we plan to study the role of 
rs11887534 of the ABCG8 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 rs11887534  
in the ABCG8 gene
By 2023, more than 700 missense variants have 

been identified for the ABCG5 and ABCG8 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 
ABCG5 and ABCG8 and translocate outside the 
endoplasmic reticulum [8].

The D19H NSV of the ABCG8 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: ABCG8 
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 ABCG8 transporter pro-
tein, leading to gallstone formation at an earli-
er age [21, 22]: the lithogenic H allele ABCG8 
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 ABCG8 

(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 × 10–14) [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 × 10–60) [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 ABCG5/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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Figure.  А — normally, cholesterol, phospholipids, and bile acids are secreted by located on the canalicular membrane 
ABCG8, 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 ABCG8, the outflow 
of  cholesterol into bile increases, gallstones are formed. ABC — ATP-binding cassette (transporter) 

Рисунок. А — в норме холестерин, фосфолипиды и желчные кислоты секретируются расположенными на ка-
наликулярной мембране транспортерами ABCG8, ABCB4 и ABCB11, соответственно, из гепатоцитов в желчь. 
Холестерин нерастворим в воде, желчные везикулы и мицеллы осуществляют транспорт холестерина в жел-
чи; B — при ВНП rs11887534 ABCG8 увеличивается отток холестерина в желчь, образуются желчные камни.  
ABC — АТФ-связывающая кассета (транспортер)

A

B

Function of ABCG8, ABCB4 and ABCB11 transporters and its change  
in the presence of NPV of the ABCG8 gene D19H (rs11887534)
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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 ABCG8 gene NSVs associated  
with GSD
In the ABCG5/8 locus, the 19H allele is not 

the only lithogenic variant. For other ABCG8 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].

ABCG5 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 rs11887534 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 ABCG8 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 ABCB1 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 ABCG8 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 ABCG5 and 
ABCG8 sterol transporters, their effect on lipid me-
tabolism, and the important role of the rs11887534 
NSV of the ABCG8 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 ABCG8 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 ABCG5/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 ABCG8 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 

already in childhood, these genetic defects should 
be identified as early as possible for primary preven-
tion of GSD, possibly using gene therapy.

Therefore, the ABCG5/G8-dependent pathway, 
which plays an important role in the formation of 
cholesterol gallstones, may be a potential therapeu-
tic target in GSD, as well as in preventive medicine, 
which will help to significantly reduce the risk of 
GSD and GBC, since gallstones are the strongest 
predictor of GBC.

References / Литература 
1. Moore J.M., Bell E.L., Hughes R.O., Garfield A.S. 

ABC transporters: Human disease and pharmacothera-
peutic potential. Trends Mol Med. 2023;29(2):152–72. 
DOI: 10.1016/j.molmed.2022.11.001

2. Wang H.H., Liu M., Portincasa P., Wang D.Q. Recent 
advances in the critical role of the sterol efflux transport-
ers ABCG5/G8 in health and disease. Adv Exp Med Biol. 
2020;1276:105–36. DOI: 10.1007/978-981-15-6082-8_8

3. Patel S.B., Graf G.A., Temel R.E. ABCG5 and ABCG8: 
More than a defense against xenosterols. J Lipid Res. 
2018;59(7):1103–13. DOI: 10.1194/jlr.R084244

4. Stender S., Frikke-Schmidt R., Nordestgaard B.G., Ty-
bjærg-Hansen A. The ABCG5/8 cholesterol transporter 
and myocardial infarction versus gallstone disease. J Am 
Coll Cardiol. 2014;63(20):2121–8. DOI: 10.1016/j.
jacc.2013.12.055

5. Scholz M., Horn K., Pott J., Gross A., Kleber M.E., 
Delgado G.E., et al. Genome-wide meta-analysis of phy-
tosterols reveals five novel loci and a detrimental effect 
on coronary atherosclerosis. Nat Commun. 2022;13(1):143. 
DOI: 10.1038/s41467-021-27706-6

6. Teng M.S., Yeh K.H., Hsu L.A., Chou H.H., Er L.K., 
Wu S., et al. Differential effects of ABCG5/G8 gene 
region variants on lipid profile, blood pressure status, 
and gallstone disease history in Taiwan. Genes (Basel). 
2023;14(3):754. DOI: 10.3390/genes14030754

7. Zein A.A., Kaur R., Hussein T.O.K., Graf G.A., 
Lee J.Y. ABCG5/G8: A structural view to pathophysiolo-
gy of the hepatobiliary cholesterol secretion. Biochem Soc 
Trans. 2019;47(5):1259–68. DOI: 10.1042/BST20190130

8. Graf G.A., Cohen J.C., Hobbs H.H. Missense muta-
tions in ABCG5 and ABCG8 disrupt heterodimerization 
and trafficking. J Biol Chem. 2004;279(23):24881–8. 
DOI: 10.1074/jbc.M402634200

9. Yu L., Li-Hawkins J., Hammer R.E., Berge K.E., Hor-
ton J.D., Cohen J.C., et al. Overexpression of ABCG5 
and ABCG8 promotes biliary cholesterol secretion and re-
duces fractional absorption of dietary cholesterol. J Clin 
Invest. 2002;110(5):671–80. DOI: 10.1172/JCI16001

10. Григорьева И.Н., Нотова Т.Е. Полиморфизм гена апо-
липопротеина Е, желчнокаменная болезнь, сахарный ди-
абет 2 типа и нарушения липидного обмена. Атероскле-
роз. 2023;19(1):479–88. [Grigor’eva I.N., Notova T.E. 
Apolipoprotein E gene polymorphism, gallstone disease, di-
abetes 2 type and lipid metabolism disorders. Ateroscleroz. 
2023;19(1):479–88. (In Russ.)]. DOI: 10.52727/2078-
256X-2023-19-1-479-488

11. Wang H.H., Li X., Patel S.B., Wang D.Q. Evidence that 
the adenosine triphosphate-binding cassette G5/G8-inde-
pendent pathway plays a determinant role in cholesterol 
gallstone formation in mice. Hepatology. 2016;64(3):853–
64. DOI: 10.1002/hep.28570

12. Григорьева И.Н., Рагино Ю.И., Романова Т.И., Ма-
лютина С.К. К вопросу об ассоциации между ишеми-
ческой болезнью сердца и желчнокаменной болезнью 
(эпидемиологическое исследование). Атеросклероз. 
2019;15(2):32–8. [Grigor’eva I.N., Ragino Yu.I., Ro-
manova T.I., Malyutina S.K. Association between co-
ronary heart disease and gallstone disease (epidemiolog-

ical study). Ateroscleroz. 2019;15(2):32–8. (In Russ.)]. 
DOI: 10.15372/ATER20190205

13. Лебедева М.С., Григорьева И.Н., Татарникова Н.П., 
Максимов В.Н. Некоторые общие гены-кандидаты 
в патогенезе желчнокаменной болезни и артериальной 
гипертензии. Атеросклероз. 2014;10(2):43–50. [Lebe-
deva M.S., Grigor’eva I.N., Tatarnikova N.P., Mak-
simov V.N. Some common candidate genes in arterial hy-
pertension and gallstone disease pathogenesis. Ateroscleroz. 
2014;10(2):43–50. (In Russ.)].

14. Григорьева И.Н., Слободчикова М.А., Максимов В.Н., 
Денисова Д.В., Завьялова Л.Г. Полиморфизм коди-
рующей части гена АРОЕ и литогенность желчи у лиц 
с наследственной отягощенностью по желчнокаменной 
болезни. Вестник Новосибирского государственно-
го университета. Серия: Биология. 2011;9(1):93–8. 
[Grigor’eva I.N., Slobodchikova M.A., Maximov V.N., 
Denisova D.V., Zavayalova L.G. Polymorphism of the 
APOE gene and bile lithogenicity in the persons with pos-
itive familial history for gallstone disease. Vestnik NSU. 
Series: Biology. 2011;9(1):93–8. (In Russ.)].

15. Григорьева И.Н., Рагино Ю.И., Шахтшнейдер Е.В., 
Рябиков А.Н., Веревкин Е.Г., Воевода М.И. Желчно-
каменная болезнь: результаты собственных 20-летних 
исследований (часть 1: Эпидемиология, липиды крови 
и желчи, Полиморфизм аполипопротеина Е). Днев-
ник Казанской медицинской школы. 2016;2(12):18–23. 
[Grigor'eva I.N., Ragino Yu.I., Schakhtschneider E.V., 
Ryabikov A.N., Verevkin E.G., Voevoda M.I. Gallstone 
disease: Results of our 20-year studies (Part 1: epidemi-
ology, lipids of blood serum and bile, apolipoprotein E 
polymorphism). Dnevnik Kazanskoy Meditsinskoy Shko-
ly. 2016;2(12):18–23. (In Russ.)].

16. Buch S., Schafmayer C., Völzke H., Becker C., Fran-
ke A., von Eller-Eberstein H., et al. A genome-wide as-
sociation scan identifies the hepatic cholesterol transporter 
ABCG8 as a susceptibility factor for human gallstone dis-
ease. Nat Genet. 2007;39(8):995–9. DOI: 10.1038/ng2101

17. Costa C.J., Nguyen M.T.T., Vaziri H., Wu G.Y. Gene- 
tics of gallstone disease and their clinical significance: 
A narrative review. J Clin Transl Hepatol. 2024;12(3):316–
26. DOI: 10.14218/JCTH.2023.00563

18. Sarin S.K., Negi V.S., Dewan R., Sasan S., Saraya A. 
High familial prevalence of gallstones in the first-de-
gree relatives of gallstone patients. Hepatology.  
1995;22(1):138–41.

19. Nakeeb A., Comuzzie A.G., Martin L., Sonnenberg G.E., 
Swartz-Basile D., Kissebah A.H., et al. Gallstones: Ge-
netics versus environment. Ann Surg. 2002;235(6):842–9. 
DOI: 10.1097/00000658-200206000-00012

20. Katsika D., Grjibovski A., Einarsson C., Lammert F., 
Lichtenstein P., Marschall H.U. Genetic and environmen-
tal influences on symptomatic gallstone disease: A Swedish 
study of 43,141 twin pairs. Hepatology. 2005;41(5):1138–
43. DOI: 10.1002/hep.20654

21. Kuo K.K., Shin S.J., Chen Z.C., Yang Y.H., Yang J.F., 
Hsiao P.J. Significant association of ABCG5 604Q and 
ABCG8 D19H polymorphisms with gallstone disease. Br J 
Surg. 2008;95(8):1005–11. DOI: 10.1002/bjs.6178



43

www.gastro-j.ru

Рос журн гастроэнтерол гепатол колопроктол 2025; 35(2) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(2)

Reviews / Обзоры

22. Grünhage F., Acalovschi M., Tirziu S., Walier M., 
Wienker T.F., Ciocan A., et al. Increased gallstone 
risk in humans conferred by common variant of hepatic 
ATP-binding cassette transporter for cholesterol. Hepatol-
ogy. 2007;46(3):793–801. DOI: 10.1002/hep.21847

23. Krawczyk M., Niewiadomska O., Jankowska I., Jan-
kowski K., Więckowski S., Lebensztejn D., et al. Com-
mon variant p.D19H of the hepatobiliary sterol transporter 
ABCG8 increases the risk of gallstones in children. Liver 
Int. 2022;42(7):1585–92. DOI: 10.1111/liv.15186

24. Katsika D., Magnusson P., Krawczyk M., Grünhage 
F., Lichtenstein P., Einarsson C., et al. Gallstone dis-
ease in Swedish twins: Risk is associated with ABCG8 
D19H genotype. J Intern Med. 2010;268(3):279–85. 
DOI: 10.1111/j.1365-2796.2010.02249.x

25. Wittenburg H., Lyons M.A., Li R., Kurtz U., Möss-
ner J., Churchill G.A., et al. Association of a lithogenic 
Abcg5/Abcg8 allele on Chromosome 17 (Lith9) with cho-
lesterol gallstone formation in PERA/EiJ mice. Mamm 
Genome. 2005;16(7):495–504. DOI: 10.1007/s00335-005-
0006-2

26. Stender S., Frikke-Schmidt R., Nordestgaard B.G., Ty-
bjaerg-Hansen A. Sterol transporter adenosine triphos-
phate-binding cassette transporter G8, gallstones, and 
biliary cancer in 62,000 individuals from the general pop-
ulation. Hepatology. 2011;53(2):640–8. DOI: 10.1002/
hep.24046

27. Krawczyk M., Wang D.Q., Portincasa P., Lammert F. 
Dissecting the genetic heterogeneity of gallbladder 
stone formation. Semin Liver Dis. 2011;31(2):157–72. 
DOI: 10.1055/s-0031-1276645

28. von Kampen O., Buch S., Nothnagel M., Azocar L., Mo-
lina H., Brosch M., et al. Genetic and functional iden-
tification of the likely causative variant for cholesterol 
gallstone disease at the ABCG5/8 lithogenic locus. Hepa-
tology. 2013;57(6):2407–17. DOI: 10.1002/hep.26009

29. von Schönfels W., Buch S., Wölk M., Aselmann H., Eg-
berts J.H., Schreiber S., et al. Recurrence of gallstones 
after cholecystectomy is associated with ABCG5/8 geno-
type. J Gastroenterol. 2013;48(3):391–6. DOI: 10.1007/
s00535-012-0639-3

30. Berge K.E., von Bergmann K., Lutjohann D., Guerra R., 
Grundy S.M., Hobbs H.H., et al. Heritability of plasma 
noncholesterol sterols and relationship to DNA sequence 
polymorphism in ABCG5 and ABCG8. J Lipid Res. 
2002;43(3):486–94.

31. Jiang Z.Y., Parini P., Eggertsen G., Davis M.A., Hu H., 
Suo G.J., et al. Increased expression of LXR alpha, 
ABCG5, ABCG8, and SR-BI in the liver from normolip-
idemic, nonobese Chinese gallstone patients. J Lipid Res. 
2008;49(2):464–72. DOI: 10.1194/jlr.M700295-JLR200

32. Xu H.L., Cheng J.R., Andreotti G., Gao Y.T., Rashid A., 
Wang B.S., et al. Cholesterol metabolism gene polymor-
phisms and the risk of biliary tract cancers and stones: 
A population-based case-control study in Shanghai, China. 
Carcinogenesis. 2011;32(1):58–62. DOI: 10.1093/carcin/
bgq194

33. Goodloe R., Brown-Gentry K., Gillani N.B., Jin H., 
Mayo P., Allen M., et al. Lipid trait-associated genet-
ic variation is associated with gallstone disease in the di-
verse Third National Health and Nutrition Examination 
Survey (NHANES III). BMC Med Genet. 2013;14:120. 
DOI: 10.1186/1471-2350-14-120

34. Joshi A.D., Andersson C., Buch S., Stender S., Noor-
dam R., Weng L.C., et al. Four susceptibility loci for gall-
stone disease identified in a meta-analysis of genome-wide 
association studies. Gastroenterology. 2016;151(2):351–
63.e28. DOI: 10.1053/j.gastro.2016.04.007

35. Bustos B.I., Pérez-Palma E., Buch S., Azócar L., Ri- 
veras E., Ugarte G.D., et al. Variants in ABCG8 
and TRAF3 genes confer risk for gallstone disease in ad-
mixed Latinos with Mapuche Native American ancestry. Sci 
Rep. 2019;9(1):772. DOI: 10.1038/s41598-018-35852-z

36. Srivastava A., Srivastava A., Srivastava K., Choud-
huri G., Mittal B. Role of ABCG8 D19H (rs11887534) 

variant in gallstone susceptibility in northern In-
dia. J Gastroenterol Hepatol. 2010;25(11):1758–62. 
DOI: 10.1111/j.1440-1746.2010.06349.x

37. Siddapuram S.P., Mahurkar S., Duvvuru N.R., Mit-
nala S., Guduru V.R., Rebala P., et al. Hepatic cho-
lesterol transporter ABCG8 polymorphisms in gall-
stone disease in an Indian population. J Gastroenterol 
Hepatol. 2010;25(6):1093–8. DOI: 10.1111/j.1440-
1746.2010.06309.x

38. Liang K.W., Huang H.H., Wang L., Lu W.Y., 
Chou Y.H., Tantoh D.M., et al. Risk of gallstones based 
on ABCG8 rs11887534 single nucleotide polymorphism 
among Taiwanese men and women. BMC Gastroenterol. 
2021;21(1):468. DOI: 10.1186/s12876-021-02060-5

39. Milanizadeh S., Mohebbi S.R., Khanyaghma M., Mo-
hammad Alizadeh A.H. ATP binding cassette and cho-
lecystokinin A receptor genetic variations in gallstone 
susceptibility. Gastroenterol Hepatol Bed Bench. 
2017;10(Suppl 1):S108–16.

40. Rudkowska I., Jones P.J. Polymorphisms in ABCG5/G8 trans-
porters linked to hypercholesterolemia and gallstone dis-
ease. Nutr Rev. 2008;66(6):343–8. DOI: 10.1111/j.1753-
4887.2008.00042.x

41. Jiang Z.Y., Cai Q., Chen E.Z. Association of three com-
mon single nucleotide polymorphisms of ATP binding 
cassette G8 gene with gallstone disease: A meta-analysis. 
PLoS One. 2014;9(1):e87200. DOI: 10.1371/journal.
pone.0087200

42. Acalovschi M., Ciocan A., Mostean O., Tirziu S., Chi-
orean E., Keppeler H., et al. Are plasma lipid levels 
related to ABCG5/ABCG8 polymorphisms? A prelimi-
nary study in siblings with gallstones. Eur J Intern Med. 
2006;17(7):490–4. DOI: 10.1016/j.ejim.2006.04.012

43. Chauhan T., Mittal R.D., Mittal B. Association of com-
mon single nucleotide polymorphisms of candidate genes 
with gallstone disease: A meta-analysis. Indian J Clin 
Biochem. 2020;35(3):290–311. DOI: 10.1007/s12291-019-
00832-1

44. Wang Y., Jiang Z.Y., Fei J., Xin L., Cai Q., Jiang Z.H., 
et al. ATP binding cassette G8 T400K polymorphism may 
affect the risk of gallstone disease among Chinese males. 
Clin Chim Acta. 2007;384(1–2):80–5. DOI: 10.1016/j.
cca.2007.06.004

45. Григорьева И.Н., Ефимова О.В., Тов Н.Л., Суво-
рова Т.С., Непомнящих Д.Л. Метаболические фак-
торы риска и их влияние на качество жизни у паци-
ентов с раком поджелудочной железы и у пациентов 
с острым или обострением хронического панкреатита. 
Российский журнал гастроэнтерологии, гепатологии, 
колопроктологии. 2023;33(3):49–60. [Grigor’eva I.N., 
Efimova O.V., Tov N.L., Suvorova T.S., Nepomnyash-
chikh D.L. Metabolic risk factors and their impact on 
quality of life in patients with pancreatic cancer, acute 
or exacerbated chronic pancreatitis. Russian Journal 
of Gastroenterology, Hepatology, Coloproctology. 
2023;33(3):49–60. (In Russ.)]. DOI: 10.22416/1382-
4376-2023-33-3-49-60

46. Pandey M. Risk factors for gallbladder cancer: A re-
appraisal. Eur J Cancer Prev. 2003;12(1):15–24. 
DOI: 10.1097/00008469-200302000-00004

47. García P., Lamarca A., Díaz J., Carrera E., Roa J.C. 
Current and new biomarkers for early detection, prognostic 
stratification, and management of gallbladder cancer pa-
tients. Cancers (Basel). 2020;12(12):3670. DOI: 10.3390/
cancers12123670

48. Randi G., Franceschi S., La Vecchia C. Gallbladder cancer 
worldwide: Geographical distribution and risk factors. Int J 
Cancer. 2006;118(7):1591–602. DOI: 10.1002/ijc.21683

49. Andreotti G., Chen J., Gao Y.T., Rashid A., Chen B.E., 
Rosenberg P., et al. Polymorphisms of genes in the 
lipid metabolism pathway and risk of biliary tract can-
cers and stones: A population-based case-control study 
in Shanghai, China. Cancer Epidemiol Biomarkers Prev. 
2008;17(3):525–34. DOI: 10.1158/1055-9965.EPI-07-2704



44

www.gastro-j.ru

Рос журн гастроэнтерол гепатол колопроктол 2025; 35(2) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(2)

Reviews / Обзоры 

50. Srivastava A., Tulsyan S., Pandey S.N., Choud-
huri G., Mittal B. Single nucleotide polymorphism 
in the ABCG8 transporter gene is associated with gall-
bladder cancer susceptibility. Liver Int. 2009;29(6):831–7. 
DOI: 10.1111/j.1478-3231.2008.01907.x

51. Mhatre S., Wang Z., Nagrani R., Badwe R., Chiplunk-
ar S., Mittal B., et al. Common genetic variation and risk 
of gallbladder cancer in India: A case-control genome-wide 
association study. Lancet Oncol. 2017;18(4):535–54. 
DOI: 10.1016/S1470-2045(17)30167-5

52. Boekstegers F, Marcelain K., Barahona Ponce C., Baez 
Benavides P.F., Müller B., de Toro G., et al. ABCB1/4 
gallbladder cancer risk variants identified in India also 
show strong effects in Chileans. Cancer Epidemiol. 
2020;65:101643. DOI: 10.1016/j.canep.2019.101643

53. Stättermayer A.F., Halilbasic E., Wrba F., Ferenci P., 
Trauner M. Variants in ABCB4 (MDR3) across the spec-
trum of cholestatic liver diseases in adults. J Hepatol. 
2020;73(3):651–63. DOI: 10.1016/j.jhep.2020.04.036

Сведения об авторах
Григорьева Ирина Николаевна* — доктор медицинских 
наук, профессор, главный научный сотрудник, НИИ те-
рапии и профилактической медицины — филиал ФГБНУ 
«Федеральный исследовательский центр Институт цитоло-
гии и генетики СО РАН».
Контактная информация: grigorieva2024@yandex.ru;
630089, г. Новосибирск, ул. Бориса Богаткова, 175/1.
ORCID: https://orcid.org/0000-0003-0069-7744

Нотова Татьяна Евгеньевна — врач-терапевт, гастроэнте-
ролог, ГБУЗ Новосибирской области «Государственная 
Новосибирская областная клиническая больница».
Контактная информация: notovivan007@mail.ru;
630087, г. Новосибирск, ул. Немировича-Данченко, 130.
ORCID: https://orcid.org/0000-0002-5786-6927

Непомнящих Давид Львович — доктор медицинских 
наук, профессор, профессор кафедры внутренних болез-
ней, ФГБОУ ВО «Новосибирский государственный ме-
дицинский университет» Министерства здравоохранения 
Российской Федерации.
Контактная информация: dln_nco@mail.ru;
630091, г. Новосибирск, Красный проспект, 52.

Information about the authors
Irina N. Grigor’eva* — Dr. Sci. (Med.), Professor, Chief 
Researcher, Research Institute of Internal and Preventive 
Medicine — Branch of the Institute of Cytology and Genetics, 
Siberian Branch of Russian Academy of Sciences.
Contact information: grigorieva2024@yandex.ru;
630089, Novosibirsk, Borisa Bogatkova str., 175/1.
ORCID: https://orcid.org/0000-0003-0069-7744

Tatiana E. Notova — Therapist, Gastroenterologist, Novosi-
birsk State Regional Clinical Hospital.
Contact information: notovivan007@mail.ru;
630087, Novosibirsk, Nemirovicha-Danchenko str., 130.
ORCID: https://orcid.org/0000-0002-5786-6927

David L. Nepomnyashchikh — Dr. Sci. (Med.), Professor, 
Professor of the Department of Internal Medicine, Novosibirsk 
State Medical University.
Contact information: dln_nco@mail.ru;
630091, Novosibirsk, Krasnyi Avenue, 52.

* Corresponding author / Автор, ответственный за переписку

Submitted: 03.01.2024 Accepted: 03.06.2024 Published: 30.04.2025
Поступила: 03.01.2024 Принята: 03.06.2024 Опубликована: 30.04.2025

Вклад авторов
Концепция и дизайн исследования: Григорьева И.Н., 
Нотова Т.Е., Непомнящих Д.Л.
Сбор и обработка материалов: Григорьева И.Н., Ното-
ва Т.Е., Непомнящих Д.Л.
Написание текста: Григорьева И.Н., Нотова Т.Е.
Редактирование: Григорьева И.Н.
Проверка верстки и ее согласование с авторским коллек-
тивом: Григорьева И.Н.

Authors’ contributions
Concept and design of the study: Grigor’eva I.N., Notova T.E.,  
Nepomnyashchikh D.L.
Collection and processing of the material: Grigor’eva I.N., 
Notova T.E., Nepomnyashchikh D.L.
Writing of the text: Grigor’eva I.N., Notova T.E.
Editing: Grigor’eva I.N.
Proof checking and approval with authors: Grigor’eva I.N.


