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Single Nucleotide Polymorphisms, Associated
with Increased Risk of Irritable Bowel Syndrome
with Predominant Constipation: A Meta Analysis
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Oleg S. Shifrin, Vladimir T. Ivashkin
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Introduction. Genetic predisposition in combination with environmental factors and the patient’s psychological and
emotional state play a key role in the development of irritable bowel syndrome (IBS). Studies of association between
genetic polymorphisms and IBS can help in understanding the key pathophysiological mechanisms. To date, 11 me-
ta-analyses on this issue have been published, however, none of them comprehensively summarize the data on the
prevalence of genetic polymorphisms in IBS with predominant constipation (IBS-C).

Aim: to summarize the published data on the impact of genetic polymorphisms on the risk of IBS-C.

Materials and methods. A literature search was performed in the PubMed and Scopus databases. Identified stud-
ies were used for a meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement. Publications investigating genetic polymorphisms in patients with IBS-C were included
in this analysis.

Results. A total of 34 studies met the inclusion criteria. The collected data were sufficient to conduct a meta-anal-
ysis on polymorphisms of three of the listed genes: SLC6A4 (10 articles), GNB3 (5 articles), ADRA2A (4 articles).
No significant association was found between the SLC6A4 (5-HTTLPR) polymorphism, GNB3 ¢.825C > T (rs5443)
polymorphism and either IBS or IBS-C. It was found that ADRA2A 1291C>G polymorphism was significantly associ-
ated with both IBS and IBS-C.

Conclusions. Our meta-analysis revealed that ADRA2A 1291C>G polymorphism was significantly associated with
both IBS and IBS-C in the mixed population. Neither homozygous nor heterozygous variants of the SLC6A4 (5-HTTL-
PR) polymorphism and GNB3 C825T polymorphism were associated with either IBS-C or IBS as a whole.
Keywords: genetic susceptibility, genetic polymorphisms, constipation, irritable bowel syndrome, 5-HTTLPR poly-
morphism
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OAHOHYK1IeOTUAHbIE NOJIMMOP(PU3MbI, aCCOLMMPOBAHHbIE
C NOBbILLUEHHbIM PUCKOM Pa3BUTUSA CUHAPOMA Pa3apaXeHHOro KMwevyHuKa
Cc npeoGnapaHuem 3anopa: metaaHanums

E.A. Tpyw™*, A.E. Kapyesckas, P.B. MacneHHukos, E.A. Monyaktosa, O.C. LLndpwuH, B.T. MBaukuH

PraA0yY BO «[Nepsbiti MockoBCKkui rocynaapCTBEHHbIV MEANLMHCKUE yHuBepcuteT um. U.M. CeveHoBa»» MuHucTepcTaa
3apaBooxpaHeHus: Poccurickoi denepaummn (CevyeHoBCckuii YHnBepcuteT), MockBa, Poccuiickast Penepaumys

BBepeHune. CoyetaHme reHeTM4eCckon NpenpacrnonoXeHHOCTU C GakTopamMum OKPYXaloLen cpenbl U NCUxXoamMo-
LLMOHAJIbHBbIM COCTOSIHMEM MaLMEeHTa UrPaeT KIOYEBYIO POJib B PA3BUTUN CUHAPOMA PA34PaXKEHHOIO KULLEYHMKA
(CPK). N3y4eHune accoumaumm nonnmopduramos reHos ¢ CPK MOXeT NOMOYb B MOHUMaHUM JOMUHUPYIOLLIX MaTo-
dU310N0rMyecknx MexaHM3mMoB. Ha cerogHs no gaHHom Teme ony6ankoBaHo 11 meTaaHanM3oB, OAHAKO Cpeay HUX
HET HM OLHOro, KOTOPLIM NncyeprnbiBaoLe 0606Lmn 6bl JaHHBIE O PACMPOCTPAHEHHOCTN FEHETUYECKMX NMOANMOpP-
dunamoB cpeau naumeHTos ¢ CPK ¢ npeobnagaHnem 3anopa (CPK-3).

Llenb: 0600LeHME ONYOIMKOBAHHbIX AAHHbIX O BAVSIHAM NOANMOP@PU3MOB reHOB Ha puck pa3sutusa CPK-3.
Matepuanbl U MeToapbl. [Tonck nuTepaTypbl NPOBOAWIICS B 3/1eKTPOHHbIX 6a3ax PubMed n Scopus. Ha ocHoBe
HaOEeHHbIX UCCNeLOBaHUM NPOBOAWIICS MeTaaHanan3 B COOTBETCTBUU C MEXOYHapOLHbIMU PEKOMEeHAaLUAaMn
«[MpegnoynTaemble 3N1EMEHTbI OTYETHOCTU AJ11 CUCTEMATUYECKMX 0O630POB U MeTaaHann3oB» (Preferred Reporting
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Items for Systematic Reviews and Meta-Analyses, PRISMA). B aHann3 Bkito4anncb paboTbl, B KOTOPbIX M3yyanach
accouMaLms FeHEeTUYECKMX MOMMMOPGU3MOB Y NauneHToB, cTpagatowmx CPK-3.

Pe3ynbraTbl. Kputepusam Bko4YeHUss COOTBETCTBOBANM 34 nccnenoBaHus. Moay4yeHHbIX AaHHbIX 0Ka3anochb AO0-
CTaTO4YHO 4S5 MPOBEAEHNS MEeTaaHanmM3a no nonauMopdunamam Tpex n3 nepedncrneHHbix reHos: SLC6A4 (10 ctaten),
GNB3 (5 ctatein), ADRA2A (4 ctatbu). He Obi10 BbISIBIEHO CTATUCTUYECKM 3HAYMMOW accouyviaumumn nonMmopoduama
5-HTTLPR reHa SLC6A4 n nonumopduama C825T (rs5443) reHa GNB3 kak ¢ CPK, Tak n ¢ CPK-3. bbina BbiiBneHa
CTaTUCTUYECKUN 3HaYMMas accoumaums nonumopomnama 1291C>G reHa ADRA2A kak ¢ CPK, tak n ¢ CPK-3.
BbiBoAbl. [10 4aHHBEIM NPOBEAEHHOrO HAMU MeTaaHann3a BbisiIBIEHA CTAaTUCTUYECKU 3HA4YMMas accoumaums nonm-
mopduama 1291C>G reHa ADRAZA kak ¢ CPK, Tak n ¢ CPK-3 B cMmellaHHoM nonynsaumn. Hu roMo3nroTHbIN, HU re-
TEPO3UroTHLIN BapuaHTbl nonnmopdmama 5-HTTLPR reHa SLC6A4, a Takke nonumopduama C825T reHa GNB3

He Oblnun accoummnpoBaHbl HU ¢ CPK-3, Hu ¢ CPK B Lenom.

KnioueBble cnoBa: reHeTnyeckas npenpacrosioXeHHOCTb, FEeHHble NMOAMMOP®U3MbI, 3anop, CUMHOPOM pasgpa-

>KEHHOI O KMLeYHvka, nonumopdunam 5-HTTLPR

KoHdnukT uHTEpecoB: aBTopbl 3asBASIOT 06 OTCYTCTBUN KOHMINKTA NHTEPECOB.

Ona untnposanus: Tpyw E.A., Kapyesckas A.E., MacneHHukos P.B., MNonyaktosa E.A., LLUndpun O.C., MBawwkumH B.T. OgHOHYyKNe-
OTUAHbIE NONMMOP}U3MbI, aCCOLUMPOBAHHbBIE C MOBbLILLEHHBIM PUCKOM Pa3BUTUS CUHAPOMA PA3LPAXEHHOIO KMLLEYHMKA C npe-
obnapgaHmeM 3aropa: MeTtaaHanni. POCCUINCKUIA XypHa racTPOSHTEPOOrKM, renaTtonoriu, kononpokronorun. 2024;34(3):62-77.

https://doi.org/10.22416/1382-4376-2024-34-3-62-77

Introduction

Irritable bowel syndrome (IBS) is a functional
gastrointestinal (GI) disorder manifesting with re-
current abdominal pain at least once a week, asso-
ciated with two or more of the following criteria:
related to defecation, associated with a change
in the frequency and form (appearance) of stool.
Four subtypes of IBS are described based on the
Rome IV criteria: IBS with predominant diar-
rhea (IBS-D), IBS with predominant constipation
(IBS-C), and IBS unclassified (IBS-U) [1].

This disorder is not associated with increased
mortality, but significantly reduces patients’ qual-
ity of life [2].

The current treatment options focus primarily
on symptom management and have limited effi-
cacy. No pathogenesis- or etiology-directed treat-
ment has been developed, as certain aspects of the
pathogenesis and etiology have not yet been com-
pletely elucidated [3]. Tt is suggested that genetic
predisposition in combination with environmental
factors and the patient’s psychological and emotion-
al state play a key role in the development of irri-
table bowel syndrome (IBS) [4]. The environmen-
tal factors include diet, specifically ‘Western’ diet,
which is high in refined carbohydrates, energy-dense
food; social factors (any variable in social environ-
ment affecting the behavior, well-being and health
of an individual); antibiotics use, etc. [4].

The factors described above induce pathophysi-
ological mechanisms, such as gut microbiota mod-
ifications, increased gut permeability, low-grade
intestinal inflammation, disruption in the bidirec-
tional neurohumoral signaling within the “micro-
biota — gut — brain” axis, visceral hypersensitiv-
ity, and impaired motor function [1].

Genetic polymorphism or single nucleotide
polymorphism (SNP) is defined as the replace-
ment of a single nucleotide by another. The study
of genetic polymorphisms can help in understand-
ing the key pathophysiological mechanisms, pro-
moted by environmental exposures. Currently,
most of the evidence demonstrates association be-
tween IBS and genetic polymorphisms in genes,
encoding neurotransmitters and their receptors,
such as serotonin transporter gene (SLC6A4),
catechol-O-methyltransferase ~ gene  (COMT),
guanine nucleotide binding protein B3 subunit
gene (GNB3), alpha-2A adrenergic receptor gene
(ADRA2A), alpha-2C adrenergic receptor gene
(ADRA2C), alpha-2D adrenergic receptor gene
(ADRA2D), as well as proteins modulating in-
flammatory response, such as tumor necrosis factor
alpha (TNF), interleukin-10 (IL70), interleukin-6
(IL6), interleukin-23R (/L23R), transforming
growth factor beta-1 (TGFB1), TNF superfamily
member 15 (TNFSF15), namely tumor necrosis
factor-like cytokine 1A (TL1A) [5].

To date, from 2007 to 2019, 11 meta-analyses
were published. Among them, the meta-analysis,
performed by S. Zhu et al. (2019) is the largest.
It includes 28 studies. This meta-analysis sum-
marizes the data on polymorphisms in the eight
of the most extensively studied genes to date
[5]. It has been confirmed that the rs4263839
and rs6478108 polymorphisms in the TNFSF15
gene are associated with an increased risk of IBS,
while the rs1800896 polymorphism in the IL70
gene is associated with a reduced risk of this dis-
ease in the general population. Polymorphisms in
the remaining six genes (SLC6A4, COMT, IL6,
IL23R, GNB3, TNF) did not show a significant
association with the risk of IBS [5]. Another two
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meta-analyses included data on genes encoding
pro-inflammatory and anti-inflammatory cyto-
kines. Meta-analysis by B. Czogalla et al. (2015)
also demonstrated an association between the
rs4263839 polymorphism in the TNFSF15 gene
and an increased risk of IBS (and IBS-C in partic-
ular) in the USA and UK populations [6]. Meta-
analysis by M. Bashashati et al. (2012) included
studies on association between IBS and genetic
polymorphisms in IL710, TGFB1, TNF genes. It
demonstrated the association between IBS and the
IL10 rs1800870 (-1082A /G) polymorphism in the
general population, and the TNF 308G/A poly-
morphism in the Asian population [7].

In addition, a number of meta-analyses studied
polymorphisms in certain genes. Thus, association
between the risk of IBS and the 5>-HTTLPR and
VNTR polymorphisms in the serotonin transporter
gene (SLC6A4) was studied in five meta-analy-
ses [8—12]. The obtained data were controversial.
M. Bashashati et al. (2017) did not find an in-
creased risk of IBS in patients with 716 rs1800795
(-G174C) polymorphism, and Z.G. Pan et al.
(2014) did not reveal association with GNB3
C825T polymorphism [13, 14]. Meta-analysis,
performed by S.Y. Qin et al. (2013) demonstrated
association between IL70 rs1800870 (-1082A/G)
polymorphism and an increased risk of IBS in the
European, but not Asian, population [15].

However, despite the significant number of
meta-analyses, to date there was no meta-analy-
sis that comprehensively summarizes data on the
prevalence of genetic polymorphisms among pa-
tients with IBS-C.

The aim of this meta-analysis is to critically
assess published data on the impact of polymor-
phisms in the above genes on the IBS-C risk.

Materials and methods

A search of the literature on IBS and genet-
ic polymorphisms was carried out in the PubMed
and Scopus electronic databases using the follow-
ing search algorithms: (“irritable bowel genetics”)
and (“irritable” AND bowel AND syndrome AND
genetics”), respectively. The search for studies
took place on December 29, 2022, and covered the
time period from 1978 to 2023 inclusive. A total
of 1634 publications were found in the PubMed
database and 829 — in the Scopus database.

Identified studies were used for a meta-anal-
ysis according to the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses
(PRISMA) statement.
Publications investigating genetic polymor-

phisms in patients with IBS-C were included in
this analysis.

Inclusion criteria for studies in the meta-analy-
sis were as follows: 1) study in a group of humans;
2) the presence of a separate group of IBS-C pa-
tients; 3) availability of information on the clini-
cal diagnoses in the study groups; 4) availability
of information on gene polymorphisms associated
with IBS-C; 5) access to the full text of the article.

Studies were excluded if: 1) there was no
separate group of patients with IBS-C; 2) the
identified literature source was not an original
experimental article (i.e. abstracts, reviews,
comments, etc.).

Two independent investigators include studies
in the meta-analysis. Disagreements between re-
viewers were resolved by consensus and the thor-
ough review of the full text article or by the deci-
sion of a third reviewer.

Studies were included in the meta-analysis
regardless of the date of their conduct and the
original language. In the first stage of study se-
lection, titles and abstracts were reviewed and, if
the selection criteria were met, full-text articles
were analyzed using the following data: 1) first
author’s name; 2) year of publication; 3) country
and ethnicity of participants; 4) number of par-
ticipants in the control group and study group;
5) composition of the study group; 6) analysis of
SNP in a specific gene and its distribution be-
tween the groups; and 7) conclusions about the
association between SNPs and IBS.

Statistical processing of data was carried out
using the special CMA (Comprehensive Meta
Analysis) software [16]. A random effects model
was used for analysis [17]. The relative risks of
IBS, and in particular IBS-C, were assessed by
calculating odds ratios (OR) with 95% confidence
intervals (95% CI). Cochran’s Q test was used to
assess heterogeneity of studies. The heterogeneity
of the observed effect was assessed by calculating
the I-squared value, and the variance of the effect
size was assessed by calculating the tau-squared
value and tau.

Results

Two authors performed screening and includ-
ed 34 studies in the systematic review, of which
14 were included in the quantitative analysis and
20 — in the qualitative analysis (Fig. 1). All in-
cluded publications contained data on the associa-
tion of 25 polymorphisms in 23 genes with IBS-C.
A review of the literature references of previous-
ly published meta-analyses was performed and
no articles matching the search conditions were
found. In most studies, DNA was extracted from
blood cells, in 4 studies — directly from WBCs,
in 3 studies — from rectal mucosa biopsies, in
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Identification of studies in databases
UNoeHmugpukayus uccriedosaHull Yepe3 6a3bl OaHHbIX
Identified articles
MdeHmuUUUPOSaHHbie cmambu: Articles excluded before the review

«  Pubmed (n = 1635) > Cmambu, uckro4eHHble 0o rpocMompa:

e Scopus (n = 828) duplicates / dybriukampi (n = 699)

e Intotal / Bce (n = 2463)

¥
Reviewed abstracts Excluded abstracts
lMpocmMompeHHble aHHomauyuu > UckrroyeHHble aHHomauyuu
(n=1764) (n=1725)
/
Eligible studies Articles excluded after reviewing abstracts
lNodxoodsuwue uccriedosaHusi
Review of the full-text article >| Cmambu, ucknodYeHHble rocrie rnpocmMompa aHHomauyud:
lMpocmomp ronHo2o0 mekcma cmambu .
(n = 34) ° (raewews, abstracts, commeilts / 0630pbI, me3uchl
okrnados, KommeHmapuu (n = 655)
o off-topic humans studies / uccriedosaHus y noded,
He coomeemcmesyroujue meme (n = 591)
e animal studies / uccriedosaHuss Ha XUBOMHbIX
Y (n = 287)
o studies without separate IBS-C group / uccrnedosaHus,
Studies included in the analysis 20e He ebi0enieHa omoOeribHO epyrina CPK-3 (n = 24)
UccriedosaHus, 6KITHOYEHHbIE 8 aHaru3: e pediatric studies / uccredosaHusi y demedli (n = 25)
e qualitative / kayecmeeHHbIl (n = 20) e experimental studies / akcriepumeHmarbHble
e quantitative / konudyecmeeHHbiIl (n = 14) uccriedoesaHusi (n = 19)

e re-publications / peny6nukayuu (n = 1)

Figure 1. Study flowchart

Pucynox 1. biok-cxema uccienoBanus

2 studies — from saliva, and in one study — from
the buccal epithelium. In all included studies,
gene polymorphisms were identified by PCR.

The majority of data was focused on polymor-
phisms in the SLC6A4 gene (SERT) (10 articles);
GNB3 gene (5 articles); ADRA2A, IL10, TNF,
gene (4 articles); CNR1 gene (3 articles). Two
articles addressed polymorphisms in the ADRA2C,
TNFSF15 and TPH1 genes. One article each
described polymorphisms in the LCT (LPH),
CASR, TGR5, FAAH, TPH2, 5-HT2A, CRHRI,
TRPV1, NXPH1, CDC42, COMT, CRHR2,
MCMG6 genes.

Thus, the collected data were sufficient to con-
duct a meta-analysis on polymorphisms of 3 of the
listed genes: SLC6A4, GNB3, and ADRA2A. Other
polymorphisms and their association with IBS and
IBS-C were not analyzed in this meta-analysis due
to the small number of studies on each of them.

5-HTTLPR polymorphism in the SLC6A4
gene, reducing the expression of the sero-
tonin transporter (SERT) on the presynaptic
membrane, as a risk factor of IBS-C

A total of 10 studies included 1456 IBS pa-
tients, of whom 558 have IBS-C, and 1489 healthy
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controls. No significant association was found be-
tween the studied polymorphism and either IBS
(Is/ss vs. 11; OR = 0.973; 95% CI: 0.734—1.289;
p = 0.846) (Fig. 2A) or IBS-C (Is/ss vs. 1l;
OR = 0.814; 95% CI: 0.612—1.081; p = 0.155)
(Fig. 2B).

A more detailed analysis of the association be-
tween IBS (IBS-C in particular) and homozygous
and heterozygous mutations of the studied poly-
morphism was carried out in 9 studies. Since the
study by M. Camilleri et al. (2008) did not provide
separate data on the prevalence of homozygous and
heterozygous mutations, it was excluded from fur-
ther analysis. A total of 1334 IBS patients were in-
cluded in the analysis, of which 509 patients have
IBS-C, and 1450 were healthy controls. Thus, a
homozygous mutation was not associated with the
risk of either IBS (ss vs. 11/1s; OR =1.115; 95% CI:
0.812—1.533; p = 0.501) (Fig. 2C) or IBS-C (ss vs.
1I/1s; OR = 0.923; 95% CI: 0.648—1.315;
p = 0.657) (Fig. 2D). A heterozygous muta-
tion was also not associated with either IBS (Is vs.
I/1s; OR = 0.840; 95% CI: 0.684—1.032;
p = 0.096) (Fig. 2E) or IBS-C (Is vs. 11/ Is;
OR = 0.922; 95 % CI: 0.427—1.993; p = 0.597)
(Fig. 2F). A homozygous variant 11 was also not as-
sociated with either IBS (11 vs. ss/Is; OR = 1.141;
95% CI: 0.785—1.639; p = 0.489) (Fig. 2G) or
IBS-C (11 vs. ss/Is; OR = 1.320; 95% CI: 0.897—
1.943; p = 0.159) (Fig. 2H).

C825T (rs5443) polymorphism in the
GNB3 gene, increasing the expression of
the G-protein beta 3-subunit and neurotrans-
mission via G-protein-coupled receptors (ad-
renergic, serotonin, cannabinoid), as a risk
factor of IBS-C

A total of 5 studies included 537 IBS patients,
of whom 155 have IBS-C, and 447 healthy controls.
No significant association was found between the
studied polymorphism and either IBS (TT/TC vs.
CC; OR =1.102; 95% CI: 0.832—1.460; p = 0.498)
(Fig. 3A) or IBS-C (TT/TC vs. CC; OR = 0.955;
95 % CI: 0.623—1.463; p = 0.833) (Fig. 3B).

Further analysis included 415 IBS patients,
of whom 106 patients have IBS-C, and 408 were
healthy subjects from 4 studies. A homozygous
mutation was not associated with the risk of ei-
ther IBS (TT vs. CC/TC; OR = 1.468; 95% CI:
0.831—2.594; p = 0.186) (Fig. 3C) or IBS-C (TT
vs. CC/TC; OR = 1.894; 95% CI: 0.943—3.805;
p = 0.073) (Fig. 3D). A heterozygous mutation
was also not associated with either IBS (TC vs.
CC/TT; OR = 0.923; 95 % CI: 0.688—1.238;
p = 0.593) (Fig. 3E) or IBS-C (TC vs. CC/TT;
OR = 0.835; 95% CI: 0.533—1.370; p = 0.514)
(Fig. 3F).

ADRA2A -1291G>C polymorphism, in-
creasing the expression of alpha-2A adren-
ergic receptor, as a risk factor of IBS-C

A total of 4 studies included 629 IBS pa-
tients, of whom 253 have IBS-C, and 359 healthy
subjects. A significant association was found be-
tween the studied polymorphism and both IBS
(GC/GGvs. CC; OR=1.361; 95% CI: 1.036—1.789;
»=0.027) and IBS-C (GC/GG vs. CC; OR = 1.510;
95% CI: 1.080—2.110; p = 0.016). Further analy-
sis included 507 IBS patients, of whom 204 pa-
tients have IBS-C, and 320 healthy subjects from
3 studies. A homozygous mutation was not asso-
ciated with the risk of either IBS (GG vs. GC/CC;
OR = 1.025; 95% CI: 0.508—2.066; p = 0.945) or
IBS-C (GG vs. GC/CC; OR = 1.298; 95% CI:
0.527—-3.197; p = 0.571) (Fig. 4C, 4D). Similarly,
a heterozygous mutation was not associated with
either IBS (GC vs. GG/CC; OR = 1.266; 95%
CI: 0.877—1.827; p = 0.209) or IBS-C (GC vs.
GG/CC; OR = 1.296; 95% CI: 0.907—1.853;
p = 0.155) (Fig. 4E, 4F).

Discussion

Currently, numerous studies have provided a
growing body of data that continues to form and
expand our understanding of the pathogenesis of
IBS. Considering the large number of currently
known pathogenic mechanisms involving the ner-
vous, endocrine, immune systems, and intestinal
microbiota, the hypothesis of IBS heterogeneity
remains unshakable. It is reasonable to assume
that IBS is a group of diseases similar in clinical
picture, but different in pathogenesis [19]. This
hypothesis is supported by the presence of differ-
ent IBS subtypes, defined on the basis of their
clinical picture (IBS-D, IBS-C, IBS-M). The
study of genetic polymorphisms in each of the
known IBS subtypes can help identify the under-
lying pathogenetic mechanisms induced by certain
environmental exposures [7].

Our meta-analysis focused on IBS-C. The ma-
jority of studies focused on neurotransmitter re-
ceptors and proteins involved in the synthesis and
metabolism of neurotransmitters, as well as pro-
teins involved in neurotransmission. It is suggest-
ed that disruption of these processes may play a
key role in colonic motility alterations and hyper-
sensitivity development.

Numerous works addressed the associa-
tion between IBS and SLC6A4 polymorphism.
Replacement of the long “I” allele with the short
“s” allele in the 5>-HTTLPR locus of the SLC6A4
gene decreases the expression of the serotonin
transporter (SERT). Thus, the s/s genotype may
decrease serotonin reuptake, increase serotonin
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Niesler et al (2010) 1.117 0.663 Niesler et al (2010) 1211 0.510
Kumar et al (2012) 0.502  0.002 - Kumar et al (2012) 1651 0.104
Park et al (2006) 0.851 0.399 Park etal (2006) 1164 0616
Sikander etal (2009) 0787  0.354 Sikander etal (2008) 0459  0.038
Pooled 0840  0.085 Pooled 0922 0587
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Figure 2. Risk of developing IBS and IBS-C in patients with the 5>-HTTLPR polymorphism of the SLC6A4
gene; forest plots demonstrate the association of the risk of developing: A — IBS with 5-HTTLPR polymorphism
without division into variants (Is/ss) (I? = 13.38 %); B — IBS-C with 5>-HTTLPR polymorphism without division
into variants (Is/ss) (I? = 4.63 %); C — IBS with a homozygous variant (ss) of the 5>-HTTLPR polymorphism
(I’ =0 %); D — IBS-C with a homozygous variant (ss) of the 5-HTTLPR polymorphism (/2 = 4.63 %); E — IBS
with a heterozygous variant (Is) of the 5>-HTTLPR polymorphism (I? = 5.02 %); F — IBS-C with a heterozygous
variant (Is) of the 5-HTTLPR polymorphism (I? = 0 %); G — IBS with homozygous variant (11) of the 5>-HTTLPR
polymorphism (I? = 24.1 %); H — IBS-C with homozygous variant (1) of the 5-HTTLPR polymorphism
(I? = 4.35 %); in all graphs, heterogeneity does not exceed 25 %

Pucynox 2. Puck passutusi CPK u CPK-3 y namnentos ¢ nonmumopdusmom 3-HTTLPR rena SLC6A4; necoBunnbie
rpaduku 1eMOHCTPUPYIOT accormanmio pucka pagsutusi: A — CPK ¢ nomumopdusmom 5-HTTLPR 6e3 pasupenenus
Ha BapuanTbl (Is/ss) (I? = 13,38 %); B — CPK-3 ¢ nosmvopdusmom 5-HTTLPR 6e3 pasnenenust Ha Bapuantbl (Is/ss)
(I’ = 4,63 %); C — CPK c romosurorupiM BapuantoM (ss) nmoammopdusma 5-HTTLPR (I2 = 0 %); D — CPK-3
¢ roMO3HroTHBIM BapuanToM (ss) momumopdusma 5-HHTTLPR (1?2 = 4,63 %); E — CPK ¢ rerepo3uroTHpM BapuaH-
toMm (Is) nomumopdusma 5-HTTLPR (I? = 5,02 %); F — CPK-3 ¢ rereposuroribiM BapuantoM (Is) nomumopdusma
S-HTTLPR (I? = 0 %); G — CPK c¢ romosurorubiM Bapuantom (11) mommmopdusma 5-HTTLPR (I? = 24,1 %);
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Figure 3. Risk of developing IBS and IBS-C in patients with the C825T polymorphism of the GNB3 gene; forest
plots demonstrate the association of the C825T polymorphism of the GNB3 gene and the risk of developing:
A — IBS without division into polymorphism variants (TT/TC; I? = 0 %); B — IBS-C without division into
polymorphism variants (TT/TC; I? = 0 %); C — IBS with homozygous variant (TT; I? = 0 %); D — IBS-C
with homozygous variant (TT; I? = 0 %); E — IBS with heterozygous variant (TC; I = 0 %); F — IBS-C with
heterozygous variant (TC; I? = 0 %); in all graphs, heterogeneity does not exceed 25 %

Pucynox 3. Puck passutusi CPK u CPK-3 y manuentos ¢ mosumopdusmom C825T rema GNB3; JjiecoBuHbIE
rpaduKu AeMOHCTPUpPYIOT accormarmio noauMmopduama C825T rena GNB3 n pucka passutus: A — CPK 6e3 pas-
fenenust Ha BapuanTsl noaumopduama (TT/TC; I? = 0 %); B — CPK-3 6e3 paszesieHus: Ha BapHaHTbI HOJNMOP-
dusma (TT/TC; I? = 0 %); C — CPK ¢ romosurorabiM Bapuantom (TT; 17 =0 %); D — CPK-3 ¢ roMo3urotHbim
sapuanrtoM (TT; I? = 0 %); E — CPK c rereposurorusim sapuantoM (TC; I? =0 %); F — CPK-3 ¢ rerepo3urorHbim
sapuantoM (TC; I? = 0 %); B0 Bcex rpadukax reTeporeHHOCTb He Ipesbimaer 25 %
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Figure 4. Risk of developing IBS and IBS-C in patients with the (1291C>G) polymorphism of the ADRA2A
gene; forest plots demonstrate the association of the (1291C>G) polymorphism of the ADRA2A gene and the risk
of developing: A — IBS without division into polymorphism variants (GG/GC; I’ = 0 %); B — IBS-C without
division into polymorphism variants (GG/GC; I? = 0 %); C — IBS with homozygous variant (GG; I? = 26.79 %);
D — IBS-C with homozygous variant (GG; I? = 21.50 %); E — IBS with heterozygous variant (GC; I? = 0 %);
F — IBS-C with heterozygous variant (GC; I? = 0 %); in all graphs, heterogeneity does not exceed 25 %

Pucynox 4. Puck passurtus CPK u CPK-3 y nammenros ¢ nonumopdusmom (1291C>G) rena ADRA2A; neco-
BU/HbIE TpadUKK AeMOHCTpUPYIOT accoimanuio nojuMopdusma (1291C>G) rena ADRA2A w pucka pasBuUTHS:
A — CPK 6e3 pasaenenns na Bapuantsl nonumoppusma (GG/GC; I’ = 0 %); B — CPK-3 6e3 pasaenenus Ha
papuantbl nonumoppusma (GG,/GC; I? = 0 %); C — CPK ¢ romosurorhbiM Bapuantom (GG; I? = 26,79 %); D —
CPK-3 ¢ romosurotnbiM BapuantoM (GG; I? = 21,50 %); E — CPK c rereposurorubim BapuantoM (GC; I? = 0 %);
F — CPK-3 c rereposurortsiM BapuantoM (GC; I? = 0 %); Bo Bcex rpadukax reTeporeHHOCTb He HpeBbliIaer 25 %
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concentrations on the surface of the intestinal
epithelium, and, therefore, accelerate the colonic
motility and secretion, leading to diarrhea. The
1/1 genotype is associated with higher serotonin
reuptake, which may lead to constipation, associ-
ated with slower secretion and motility [24, 36].
In the studies by H.J. Kim et al. (2004) that in-
cluded USA patients and by Y. Li et al. (2007)
that included Chinese patients, there was a sig-
nificant association between the 1/1 genotype and
IBS-C. The H.J. Kim’s study also demonstrated a
significant association between this genotype and
IBS, while the Y. Li’s study did not find such an
association [18, 22]. On the contrary, the study
by A. Sikander et al. (2009) demonstrated an as-
sociation between the s/s genotype and IBS-C,
but no significant association with IBS was found
[26]. Our meta-analysis of 10 studies did not
identify a significant association between either
IBS-C or IBS and any variant of the 5>-HTTLPR
genotype. Our findings are consistent with those
obtained in the meta-analyses by S. Zhu et al.
(2019), Z.F. Zhang et al. (2014), and L.A. Van
Kerkhoven et al. (2007) [5, 10, 12]. However, me-
ta-analyses by Z. Jia et al. (2019) and Z.F. Zhang
et al. (2014) demonstrated an association between
the 1/1 genotype and IBS-C in the populations of
East Asia and China, respectively [8, 10]. This
association may not have been confirmed in the
meta-analysis by S. Zhu et al. (2019) due to the
fact that the authors did not perform subgroup
analysis by IBS subtypes, and in our meta-anal-
ysis — due to the lack of analysis by ethnicity.
A meta-analysis by M.Y. Areeshi et al. (2013)
assessed the association between a polymorphism
and a reduced risk of IBS and demonstrated a sig-
nificant association of the 1/s genotype with a
reduced risk of this disease [11].

Serotonin receptors are also involved in the
regulation of motor function and the development
of visceral sensitivity. Six classes of serotonin re-
ceptors out of 13 discovered (5-HT2A, 5-HT2B,
5-HT2C, 5-HT3, 5-HT4 and 5-HT7) were found
in the GI tract. The study by T. Markoutsaki et al.
(2010) demonstrated that the AA genotype or al-
lele A of the -1438 (G/A) polymorphism in the
5-HT2A gene were more common among in IBS
patients than in healthy individuals, however,
no significant association was found among sub-
groups, including those with IBS-C [28].

The alpha-adrenergic receptors (ADRA) are
G-protein coupled receptors and include three
subtypes (2A, 2B, 2C) [24]. ADRA2A recep-
tors are the most abundant subtype and located
on the presynaptic membrane, regulating the re-
lease of norepinephrine via a negative feedback
mechanism [29]. The 1291C>G polymorphism is a

replacement, complete or partial, of the C allele
with the G allele. This polymorphism increases
function of the agonist-activated receptor (nor-
epinephrine). ADRA2A are receptors of the vis-
ceral afferent neurons, therefore, their function-
al modifications may alter the neurotransmission
from GI receptors, including colonic receptors, to
the brain [18]. The study by M. Camilleri et al.
(2008) revealed a significant association between
the studied polymorphism and IBS-C, but not IBS,
in the USA population [24]. The study by A. Sikander
et al. (2009) [29] revealed a significant association
with IBS in the USA population, but not with
IBS-C in the Indian population. Our meta-analy-
sis revealed a significant association of the studied
polymorphism (combined GG and GC genotypes)
with both IBS and IBS-C. At the same time, sep-
arate analysis for each genotype did not reveal
a significant association of either GG or GC in
patients with IBS or IBS-C. It may be related to
the smaller number of studies included in further
analysis (3 out of 4). We exclude the study by
M. Camilleri et al. (2008) from the further anal-
ysis due to the lack of data on the association of
genotypes GG and GC with IBS and IBS-C sepa-
rately [24]. Previously, no meta-analyses of stud-
ies focused on this polymorphism were performed.

Subtype 1 and 2 cannabinoid receptors (CNRT,
CNR?2) are also located in the gastrointestinal mu-
cosa, and their activation slows intestinal motility
and gastric emptying, and there is also evidence of
their involvement in the regulation of visceral sen-
sitivity. Studies conducted in China, Korea and
the USA demonstrated a significant association
between the (AAT)n polymorphism in the CNR1
gene and IBS, while no significant differences in
the frequency of this polymorphism in different
subgroups were found [33, 42, 48]. Meta-analyses
on this polymorphism were not conducted due to
the small number of studies.

Some neurotransmitter receptors (serotonin,
cannabinoid and adrenergic) involved in the reg-
ulation of gastrointestinal motility are coupled
with G-protein. One of the G-protein subunits,
G-protein beta polypeptide 3 (GNB3), is a com-
ponent of several G-protein complexes, and there-
fore GNB3 polymorphisms affect signal transduc-
tion from the above receptors [20]. The C825T
polymorphism is a cytosine (C) to a thymine (T)
substitution at position 825 located in exon 10 of
the GNB3 gene. It increases the G protein activ-
ity and neurotransmission from associated recep-
tors [24]. An association between this polymor-
phism and IBS has been reported. The study by
H.J. Lee et al. (2010) reported significant associ-
ation between the T/T genotype of this polymor-
phism and IBS/IBS-C in the Korean population
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[30]. Our meta-analysis of 5 studies did not reveal
a significant association of either homozygous or
heterozygous C825T polymorphism with IBS and
IBS-C. Our data are consistent with the results of
the meta-analysis by Z.G. Pan et al. (2014) [14].

A low-grade inflammation is another important
factor involved in the pathogenesis of IBS. Two
meta-analyses revealed a significant association
with polymorphisms in the TNFSF15 gene, en-
coding the proinflammatory tumor necrosis fac-
tor-like cytokine 1A (TL1A). TL1A is produced by
dendritic cells and stimulates T-cells to produce
IL-22, IL-17, and IFN-y [5, 6]. The rs1800896
polymorphism in the /L1710 gene is associated with
a reduced risk of IBS in a mixed population, while
the rs1800870 polymorphism in the same gene, on
the contrary, increases the risk of IBS [5, 7, 15].
There are also meta-analysis data on the associa-
tion of TNF gene polymorphism with IBS in the
Asian population.

A limitation of this systematic review is the
relatively small number of studies included, since

References / Jluteparypa

1. Mearin F., Lacy B.E., Chang L., Chey W.D., Lem-
bo A.J., Simren M., et al. Bowel disorders. Gastroen-
terology. 2016;150(6):1393—407.¢5. DOI: 10.1053/j.gas-
tro.2016.02.031

2. Ménnikes H. Quality of life in patients with irritable
bowel syndrome. J Clin Gastroenterol. 2011;45 Sup-
pl:S98—101. DOI: 10.1097/MCG.0b013e31821fbf44

3. Mishima Y., Ishihara S. Enteric microbiota-mediated seroto-
nergic signaling in pathogenesis of irritable bowel syndrome. Int
J Mol Sci. 2021;22(19):10235. DOT: 10.3390,/ijms221910235

4. Ford A.C., Sperber A.D., Corsetti M., Camilleri M. Irri-
table bowel syndrome. Lancet. 2020;396(10263):1675—88.
DOI: 10.1016,/S0140-6736(20)31548-8

5. Zhu S., Wang B., Jia Q., Duan L. Candidate single
nucleotide polymorphisms of irritable bowel syndrome:
A systemic review and meta-analysis. BMC Gastroenterol.
2019;19(1):165. DOI: 10.1186,/s12876-019-1084-z

6. Czogalla B., Schmitteckert S., Houghton L.A.,
Sayuk G.S., Camilleri M., Olivo-Diaz A., et al. A me-
ta-analysis of immunogenetic Case-Control Association
Studies in irritable bowel syndrome. Neurogastroenterol
Motil. 2015;27(5):717—27. DOIL: 10.1111,/nmo.12548

7. Bashashati M., Rezaei N., Bashashati H., Shafieyoun A.,
Daryani N.E., Sharkey K.A., et al. Cytokine gene poly-
morphisms are associated with irritable bowel syndrome:
A systematic review and meta-analysis. Neurogastroenter-
ol Motil. 2012;24(12):1102—e566. DOIL: 10.1111,/j.1365-
2982.2012.01990.x

8. Jia Z., Wang L., Yu B., Li Q., Dong X. Associa-
tion between polymorphisms in the serotonin trans-
porter gene-linked polymorphic region and risk for ir-
ritable bowel syndrome in China: Evidence based on
a meta-analysis. J Int Med Res. 2019;47(7):2810-8.
DOTI: 10.1177,/0300060519859144

9. Zhu Y., Zheng G., Hu Z. Association between SERT in-
sertion/deletion polymorphism and the risk of irritable
bowel syndrome: A meta-analysis based on 7039 subjects.
Gene. 2018;679:133—7. DOI: 10.1016/j.gene.2018.08.059

10. Zhang Z.F., Duan Z.J., Wang L.X., Yang D., Zhao G.,
Zhang L. The serotonin transporter gene polymorphism
(5-HTTLPR) and irritable bowel syndrome: A meta-anal-
ysis of 25 studies. BMC Gastroenterol. 2014;14:23.
DOI: 10.1186,/1471-230X-14-23

we analyzed only those studies that assessed the
association of gene polymorphisms with IBS-C,
in addition to IBS. Because of this, the number
of included studies was somewhat smaller than
in meta-analyses focused on the association of
genetic polymorphisms with IBS. This made it
difficult to conduct analyzes within each ethnic
group. Some genes potentially associated with
IBS were not presented in this article for the
same reason. Studies in children were not in-
cluded in this analysis.

Conclusion

Our meta-analysis revealed that ADRA2A
1291C>G polymorphism was significantly associ-
ated with both IBS and IBS-C in the mixed pop-
ulation. Neither homozygous nor heterozygous
variants of the 5-HTTLPR polymorphism of the
SLC6A4 gene and C825T polymorphism of GNB3
gene were associated with either IBS-C or IBS
as a whole.

11. Areeshi M.Y., Haque S., Panda A.K., Mandal R.K.
A serotonin transporter gene (SLC6A4) polymorphism
is associated with reduced risk of irritable bowel syn-
drome in American and Asian population: A meta-analy-
sis. PLoS One. 2013;8(9):¢75567. DOI: 10.1371/journal.
pone.0075567

12. Van Kerkhoven L.A., Laheij R.J., Jansen J.B. Meta-anal-
ysis: A functional polymorphism in the gene encoding for
activity of the serotonin transporter protein is not asso-
ciated with the irritable bowel syndrome. Aliment Phar-
macol Ther. 2007;26(7):979—86. DOIL: 10.1111/j.1365-
2036.2007.03453.x

13. Bashashati M., Moradi M., Sarosiek I. Interleukin-6 in
irritable bowel syndrome: A systematic review and me-
ta-analysis of 1L-6 (-G174C) and circulating 1L-6 levels. Cy-
tokine. 2017;99:132—8. DOI: 10.1016/j.cyto.2017.08.017

14. Pan Z.G., Xiao C., Su D.X. No association of G-pro-
tein beta polypeptide 3 polymorphism with irritable bowel
syndrome: Evidence from a meta-analysis. World J Gas-
troenterol. 2014;20(20):6345—52. DOI: 10.3748/wjg.v20.
i20.6345

15. Qin S.Y., Jiang H.X., Lu D.H., Zhou Y. Association
of interleukin-10 polymorphisms with risk of irritable
bowel syndrome: A meta-analysis. World J Gastroenterol.
2013;19(48):9472—80. DOT: 10.3748,/wjg.v19.148.9472

16. Borenstein M., Hedges L.E., Higgins J.P.T., Roth-
stein H.R. Comprehensive meta-analysis Version 4. Bio-
stat, Inc.; Atlanta, USA: 2022.

17. Borenstein M., Hedges L.E., Higgins J.P.T., Roth-
stein H.R. Introduction to Meta-Analysis. 2nd ed. Wiley;
Hoboken, NJ, USA: 2021.

18. Kim H.J., Camilleri M., Carlson P.J., Cremonini F.,
Ferber 1., Stephens D., et al. Association of distinct al-
pha(2) adrenoceptor and serotonin transporter polymor-
phisms with constipation and somatic symptoms in func-
tional gastrointestinal disorders. Gut. 2004;53(6):829—37.
DOI: 10.1136,/gut.2003.030882

19. van der Veek P.P., van den Berg M., de Kroon Y.E.,
Verspaget H. W., Masclee A.A. Role of tumor necrosis fac-
tor-alpha and interleukin-10 gene polymorphisms in irritable
bowel syndrome. Am J Gastroenterol. 2005;100(11):2510—6.
DOI: 10.1111/j.1572-0241.2005.00257.x

Poc ypH racTposuTepoJ rematon koaonpokros 2024; 34(3) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(3)



www.gastro-j.ru

Original articles / OpurnHasbHbIE TCCTEIOBAHNS

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Andresen V., Camilleri M., Kim H.J., Stephens D.A.,
Carlson P.J., Talley N.J., et al. Is there an associa-
tion between GNbeta3-C825T genotype and lower func-
tional  gastrointestinal  disorders?  Gastroenterology.
2006;130(7):1985—94. DOI: 10.1053/j.gastro.2006.03.017
Park J.M., Choi M.G., Park J.A., Oh J.H., Cho Y.K.,
Lee I.S., et al. Serotonin transporter gene polymor-
phism and irritable bowel syndrome. Neurogastroenterol
Motil. 2006;18(11):995-1000. DOI: 10.1111/.1365-
2982.2006.00829.x

Li Y., Nie Y., Xie J., Tang W., Liang P., Sha W., et al.
The association of serotonin transporter genetic polymor-
phisms and irritable bowel syndrome and its influence
on tegaserod treatment in Chinese patients. Dig Dis Sci.
2007;52(11):2942—9. DOI: 10.1007,/s10620-006-9679-y
Saito Y.A., Locke G.R. 3rd., Zimmerman J.M., Holt-
mann G., Slusser J.P., de Andrade M., et al. A genetic
association study of 5-HTT LPR and GNbeta3 C825T poly-
morphisms with irritable bowel syndrome. Neurogastro-
enterol Motil. 2007;19(6):465—70. DOIL: 10.1111/j.1365-
2982.2007.00905.x

Camilleri M., Busciglio I., Carlson P., McKinzie S.,
Burton D., Baxter K., et al. Candidate genes and sen-
sory functions in health and irritable bowel syndrome.
Am J Physiol Gastrointest Liver Physiol. 2008;
295(2):G219—25. DOI: 10.1152/ajpgi.90202.2008
Truedsson M., Carlson J., Simrén M., Ohlsson B. Poly-
morphism in the oxytocin promoter region in patients with
lactase non-persistence is not related to symptoms. BMC
Gastroenterol. 2009;9:90. DOI: 10.1186,/1471-230X-9-90
Sikander A., Rana S.V., Sinha S.K., Prasad K.K., Aro-
ra S.K., Sharma S.K., et al. Serotonin transporter pro-
moter variant: Analysis in Indian IBS patients and control
population. J Clin Gastroenterol. 2009;43(10):957—61.
DOI: 10.1097/MCG.0b013e3181b37e8¢c

Niesler B., Kapeller J., Fell C., Atkinson W., Méller D.,
Fischer C., et al. 5-HTTLPR and STin2 polymorphisms
in the serotonin transporter gene and irritable bowel
syndrome: Effect of bowel habit and sex. Eur J Gas-
troenterol Hepatol. 2010;22(7):856—61. DOIL: 10.1097/
MEG.0b013e32832¢9d6b

Markoutsaki T., Karantanos T., Gazouli M., Anag-
nou N.P., Ladas S.D., Karamanolis D.G. Serotonin
transporter and G protein beta 3 subunit gene polymor-
phisms in Greeks with irritable bowel syndrome. Dig Dis Sci.
2011;56(11):3276—80. DOI: 10.1007,/s10620-011-1726-7
Sikander A., Rana S.V., Sharma S.K., Sinha S.K., Aro-
ra S.K., Prasad K.K., et al. Association of alpha 2A ad-
renergic receptor gene (ADRAIpha2A) polymorphism with
irritable bowel syndrome, microscopic and ulcerative colitis.
Clin Chim Acta. 2010;411(1—2):59—63. DOI: 10.1016/].
cca.2009.10.003

Lee H.]., Lee S.Y., Choi J.E., Kim J.H., Sung I.K.,
Park H.S., et al. G protein beta3 subunit, interleukin-10,
and tumor necrosis factor-alpha gene polymorphisms
in Koreans with irritable bowel syndrome. Neurogastro-
enterol Motil. 2010;22(7):758—63. DOI: 10.1111,/j.1365-
2982.2010.01496.x

Camilleri M., Vazquez-Roque M.I., Carlson P., Bur-
ton D., Wong B.S., Zinsmeister A.R. Association of bile
acid receptor TGR5 variation and transit in health and low-
er functional gastrointestinal disorders. Neurogastroenter-
ol Motil. 2011;23(11):995—9, e458. DOI: 10.1111,/j.1365-
2982.2011.01772.x

Jun S., Kohen R., Cain K.C., Jarrett M.E., Heit-
kemper M.M. Associations of tryptophan hydroxy-
lase gene polymorphisms with irritable bowel syndrome.
Neurogastroenterol ~ Motil. 2011;23(3):233—9, el16.
DOI: 10.1111/j.1365-2982.2010.01623.x

Park J.M., Choit M.G., Cho Y.K., Lee [.S., Kim S.W.,
Choi K.Y., et al. Cannabinoid receptor 1 gene polymor-
phism and irritable bowel syndrome in the Korean popula-
tion: A hypothesis-generating study. J Clin Gastroenterol.
2011;45(1):45—9. DOI: 10.1097/MCG.0b013e3181dd1573

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Zucchelli M., Camilleri M., Andreasson A.N., Bresso F.,
Dlugosz A., Halfoarson J., et al. Association of TNFSF15
polymorphism with irritable bowel syndrome. Gut.
2011;60(12):1671—7. DOI: 10.1136,/gut.2011.241877
Kumar S., Ranjan P., Mittal B., Singh R., Ghoshal U.C.
Lactase persistence/non-persistence genetic variants in ir-
ritable bowel syndrome in an endemic area for lactose mal-
absorption. J Gastroenterol Hepatol. 2012;27(12):1825—30.
DOI: 10.1111/j.1440-1746.2012.07259.x

Kumar S., Ranjan P., Mittal B., Ghoshal U.C. Serotonin
transporter gene (SLC6A4) polymorphism in patients with
irritable bowel syndrome and healthy controls. J Gastro-
intestin Liver Dis. 2012;21(1):31—8.

Sato N., Suzuki N., Sasaki A., Aizawa E., Obayashi T.,
Kanazawa M., et al. Corticotropin-releasing hormone recep-
tor 1 gene variants in irritable bowel syndrome. PLoS One.
2012;7(9):42450. DOI: 10.1371/journal.pone.0042450
Song Y.A., Park S.Y., Park Y.L., Chung C.Y., Lee G.H.,
Cho D.H., et al. Association between single nucleotide
polymorphisms of the transient receptor potential vanil-
loid 1 (TRPV-1) gene and patients with irritable bowel
syndrome in Korean populations. Acta Gastroenterol Belg.
2012;75(2):222—7.

Swan C., Duroudier N.P., Campbell E., Zaitoun A.,
Hastings M., Dukes G.E., et al. Identifying and testing
candidate genetic polymorphisms in the irritable bowel syn-
drome (IBS): Association with TNFSF15 and TNFa. Gut.
2013;62(7):985—94. DOI: 10.1136/gutjnl-2011-301213
Ugur Kantar F., Simsek I, Ercal D., Ulgenalp A.,
Bora E. Alpha-2-adrenergic receptor gene polymorphism
in Turkish population with irritable bowel syndrome. Turk
J Gastroenterol. 2013;24(6):483—8.

Schmulson M., Pulido-London D., Rodriguez O.,
Morales-Rochlin  N., Martinez-Garcia R., Gutiér-
rez-Ruiz M.C., et al. 1L-10 and TNF-alpha polymorphisms
in subjects with irritable bowel syndrome in Mexico. Rev
Esp Enferm Dig. 2013;105(7):392—9. DOI: 10.4321/
s1130-01082013000700004

Camilleri M., Kolar G.]J., Vazquez-Roque M.I., Carl-
son P., Burton D.D., Zinsmeister A.R. Cannabinoid re-
ceptor 1 gene and irritable bowel syndrome: Phenotype
and quantitative traits. Am J Physiol Gastrointest Liv-
er Physiol. 2013;304(5):G553—60. DOI: 10.1152/ajp-
¢1.00376.2012

Colucci R., Gambaccini D., Ghisu N., Rossi G., Cos-
ta F., Tuccori M., De Bortoli N., Fornai M., Antonio-
li L., Ricchiuti A., Mumolo M.G., Marchi S., Blandizzi C.,
Bellini M. Influence of the serotonin transporter SHTTLPR
polymorphism on symptom severity in irritable bowel syn-
drome. PLoS One. 2013;8(2):e54831. DOI: 10.1371/jour-
nal.pone.0054831.

Farjadian S., Fakhraei B., Moeini M., Nasiri M., Fat-
tahi M.R. Serotonin transporter gene polymorphisms
in Southwestern Iranian patients with irritable bow-
el syndrome. Arab J Gastroenterol. 2013;14(2):59—62.
DOI: 10.1016/j.2jg.2013.03.001

Grasberger H., Chang L., Shih W., Presson A.P.,
Sayuk G.S., Newberry R.D., et al. Identification
of a functional TPH1 polymorphism associated with irrita-
ble bowel syndrome bowel habit subtypes. Am J Gastroen-
terol. 2013;108(11):1766—74. DOI: 10.1038,/ajg.2013.304
Wouters M.M., Lambrechts D., Knapp M., Cleynen I.,
Whorwell P., Agréus L., et al. Genetic variants in CDC42
and NXPH1 as susceptibility factors for constipation and
diarrhoea predominant irritable bowel syndrome. Gut.
2014;63(7):1103—11. DOI: 10.1136,/gutjnl-2013-304570
Wang Y., Wu Z., Qiao H., Zhang Y. A genetic association
study of single nucleotide polymorphisms in GNB3 and COMT
in elderly patients with irritable bowel syndrome. Med Sci
Monit. 2014;20:1246—54. DOT: 10.12659/MSM.890315
Jiang Y., Nie Y., Li Y., Zhang L. Association of cannabi-
noid type 1 receptor and fatty acid amide hydrolase genetic
polymorphisms in Chinese patients with irritable bowel
syndrome. J Gastroenterol Hepatol. 2014;29(6):1186—91.
DOTI: 10.1111/jgh.12513

Poc kypH ractposHTepoJi rematon koaonpokros 2024; 34(3) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(3)

75



Original articles / OpurnHanbHbIe MCCIEOBAHUS

www.gastro-j.ru

49. Romero P., Schmitteckert S., Wouters M.M., Hough-
ton L.A., Czogalla B., Sayuk G.S., et al. No asso-
ciation between the common calcium-sensing receptor
polymorphism rs1801725 and irritable bowel syndrome.
BMC Med Genet. 2015;16:110. DOI: 10.1186,/s12881-
015-0256-0

Komuro H., Sato N., Sasaki A., Suzuki N., Kano M.,
Tanaka Y., et al. Corticotropin-releasing hormone recep-

50.

Information about the authors

Elizaveta A. Trush* — Postgraduate, Department of Pro-
paedeutics of Internal Diseases, Gastroenterology and
Hepatology, I.M. Sechenov First Moscow State Medical
University (Sechenov University).

Contact information: trush_e a@student.sechenov.ru;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0003-2449-6912

Anna E. Karchevskaya Student, N.V. Sklifosovskiy
Institute of Clinical Medicine, I.M. Sechenov First Moscow
State Medical University (Sechenov University).

Contact information:

karchevskaya_a_e@student.sechenov.ru;

119435, Moscow, Rossolimo str., 11, build. 2.

ORCID: https://orcid.org,/0000-0001-6647-0572

Roman V. Maslennikov — Cand. Sci. (Med.), Associate
Professor of the Department of Propaedeutics of Internal
Diseases, Gastroenterology and Hepatology, .M. Sechenov
First Moscow State Medical University (Sechenov University).
Contact information: maslennikov_r_ v@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0001-7513-1636

Elena A. Poluektova Dr. Sci. (Med.), Professor
of the Department of Propaedeutics of Internal Diseases,
Gastroenterology and Hepatology, Gastroenterologist of the
Department of Chronic Intestinal and Pancreatic Diseases,
V.Kh. Vasilenko Clinic of Internal Diseases Propedeutics,
Gastroenterology and Hepatology, I.M. Sechenov First
Moscow State Medical University (Sechenov University).
Contact information: poluektova_e_a@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0002-9038-3732

Oleg S. Shifrin — Dr. Sci. (Med.), Professor f the Department
of Propaedeutics of Internal Diseases, Gastroenterology and
Hepatology, Head of the Department of Chronic Intestinal
and Pancreatic Diseases of V.Kh. Vasilenko Clinic of Internal
Diseases Propedeutics, Gastroenterology and Hepatology,
.M. Sechenov First Moscow State Medical University
(Sechenov University).

Contact information: shifrin_o_s@staff.sechenov.ru;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0001-8148-2862

* Corresponding author / ABTop, OTBETCTBEHIHBIIT 32 TIEPENNCKY

tor 2 gene variants in irritable bowel syndrome. PLoS One.
2016;11(1):e0147817. DOI: 10.1371/journal.pone.0147817
Almazar A.E., Chang J.Y., Larson J.J., Atkinson E.J.,
Locke G.R., Talley N.J., et al. Comparison of lactase vari-
ant MCM6-13910 C > T testing and self-report of dairy
sensitivity in patients with irritable bowel syndrome.
J Clin Gastroenterol. 2019;53(6):e227—31. DOI: 10.1097/
MCG.0000000000001065

S1.

CBenenusi 06 aBTopax

Tpym EiuzaBera AusekcanapoBHa® — acnupadT Kadeapbl
MPOTIC/ICBTUKN  BHYTPEHHHUX  GOJIe3HEl, TracTpOIHTEPOJIOTUI
u renarosiornu, GIAOY BO «Ilepsbrit MockoBcknuit rocyaap-
CTBEeHHBIIT MeguuuHCcKuil yHusepcuter um. .M. CeuenoBa»
MunncrepctBa 31paBooxpanenuss Poccmiickoit  Degepanmn
(CeuenoBckuii YHuBEpcuTeT).

Konrakruast undopmanus: trush_e_a@student.sechenov.ru;
119435, r. Mocksa, ya. [lorogunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0003-2449-6912

Kapuesckasn Auna EBrenbeBHa — crynenTtka MHctHTyTa KIIi-
Hnveckoit Mmeguimubl M. H.B. Craundocosckoro, DIFAOY BO
«IlepBblii MoCKOBCKMIT TOCY/1apCTBEHHbBINT MEAMIIMHCKUI yHH-
Bepcuter nM. M.M. CeueHoBa» MmuHMCTEpPCTBA 3/[paBOOXpaHe-
nus Poccuiickoit Megeparun (Ceuenosekuii Yuusepeurer).
Konrakraas undopmanus:
karchevskaya_a_e@student.sechenov.ru;

119435, r. Mocksa, yia. Pocconmumo, 11, crp. 2.

ORCID: https://orcid.org,/0000-0001-6647-0572

Macaennnkos Poman BsiyecnaBoBuy — KamgmgaT MeIuIinH-
CKIX HayK, JIOLEHT Kadeapbl IPOIEJeBTHKH BHYTPEHHHX 00-
Jle3Heit, racrpoanTeposiornn u remarojgornn, DOIAOY BO
«Ilepsbiii MockoBckuii rocyapCcTBeHHbIH MeAMIMHCKUIT yHUI-
Bepcuter nM. V.M. CeueHoBa» MmuHMCTEpPCTBA 3/[paBOOXpaHe-
nus Poccuiickoit Meneparun (Ceuenosekuii Yuusepeurer).
Konraxrras urdopmarst: maslennikov_r_v@staff.sechenov.ru;
119435, r. Mocksa, ya. [lorogunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-7513-1636

IMoaysxroBa Esena AnekcaHapoBHa — JIOKTOP MEIUIIMHCKHUX
HayK, Tpodeccop Kadeapbl IPONeIeBTUKN BHYTPEHHUX 60JIe3-
Hell, TaCTPOIHTEPOJIOTUH U TeMATOJIOTUH; BPAY-TacTPOIHTEPOJIOT
OT/IeIEHUST XPOHUYECKUX 3a00JIeBaHUII KUIICYHNKA W TIO/PKETY-
JIOYHOI sKesie3bl KJMHUKN TPOIeNeBTUKH BHYTPEHHUX 00J1e3-
Heil, TacTpoanTeposiorun u remnatonornu uM. B.X. Bacunenxo,
DIAOY BO «Ilepsbiit MockoBckuii rocy1apcTBeHHbIN Me/in-
nuHekuit yuusepcurer uM. M.M. CeuenoBa» Munucrepcrsa
sapasooxpanenusi  Poccuiickoit  Mepepamun  (CeueHoBCKMi
YHuuepcurer).

Konrakruast undopmanus: poluektova_e_a@staff.sechenov.ru;
119435, r. Mocksa, ya. [lorogunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-9038-3732

IIudppun Oner CamynsaoBHY — [OKTOP MEJAUIMHCKAX HayK,
npodeccop Kadeapbl TPONEAEBTHKH BHYTPEHHHUX OoJie3HEll,
TacTPOIHTEPOJIOTUH ¥ TETaTOJIOTHN; 3aBeIyIONil OT/eJeHIeM
XPOHIMYECKHUX 3a00JeBaHUN KUIIEYHNKA ¥ MO/KENIYJOUHOI sKe-
Jie3pl KIIMHUKN Tpone/ieBTHKN BHYTPEHHUX OoJie3Hell, racTpo-
aHTeposiornn u renartosornn uM. B.X. Bacmirenko, ®IAOY
BO «llepsblii MockoBckmii rocyapCTBeHHbBIH MeNIMHCKII
yuusepcurer um. V.M. CeuenoBa» Munucrepcrsa 3/ipaBooxpa-
nenusi Poccniickoit Mezpeparun (CevenoBeknii Y HuBepcuter).
Konrakraast undopmanus: shifrin_o_s@staff.sechenov.ru;
119435, r. Mocksa, ya. [lorogunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-8148-2862

76

Poc ypH racTposuTepoJ rematon koaonpokros 2024; 34(3) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(3)



www.gastro-j.ru

Original articles / OpurnHasbHbIE TCCTEIOBAHNS

Vladimir T. Ivashkin — Dr. Sci. (Med. ), Professor, Academician
of the Russian Academy of Sciences, Head of the Department
of Propaedeutics of Internal Diseases, Gastroenterology and
Hepatology, Director of V.Kh. Vasilenko Clinic of Internal
Diseases Propedeutics, Gastroenterology and Hepatology,
.M. Sechenov First Moscow State Medical University
(Sechenov University).

Contact information: ivashkin_v_t@staff.sechenov.ru;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0002-6815-6015

NBamkun Buaguvup TpodumoBHy — OKTOP MEIUIIMHCKIX
Hayk, npodeccop, akagemuk PAH, 3aBenyiomuii kadenpoit mpo-
MeJIeBTHKN BHYTPEHHHUX OoJIe3Hell, TaCTPOSHTEPOJIOTHN ¥ Tema-
TOJIOTHH; JUPeKTOp KIIMHIKY NpOIeeBTHKY BHYTPEHHNUX 60JIe3-
Heif, racTposHTeposiornu u remarosornn mM. B.X. Bacuienko,
DOTAOY BO «Ilepsbiit MockoBckuii rocyaapcTBeHHbI Mein-
nuHekuit yuusepcurer uM. M.M. CeuenoBa» Munucrepcrsa
sapaBooxpanenus Poccwuiickoii  @exepanmu  (CeueHoBCKMi
VYHuuepcurer).

Konrakraas undopmanus: ivashkin_v_t@staff.sechenov.ru;
119435, r. Mocksa, ya. [lorogunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-6815-6015

Submitted: 28.01.2024 Accepted: 15.03.2024 Published: 30.06.2024
Mocrynmna: 28.01.2024 Tpunsra: 15.03.2024 Ony6aukosana: 30.06.2024

Poc kypH ractposHTepoJi rematon koaonpokros 2024; 34(3) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(3)



