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Aim: to present literature data on the genetic underpinnings of inflammatory bowel disease (IBD), focusing on key
genetic variants such as NOD2, ATG16L1, and IL23R; The objective of this was to understand how these genetic fac-
tors contribute to immune dysregulation, epithelial barrier dysfunction, and mucosal homeostasis in IBD.

Key points. IBD, encompassing Crohn's disease and ulcerative colitis, is intricately shaped by a nexus of genetic
and environmental factors, and its global prevalence is increasing. Genetic research has identified pivotal variants —
NOD2, ATG16L1, and IL23R — linked to IBD, influencing key pathways, such as autophagy, interleukin signaling,
and bacterial management. These genetic variants, integral to IBD's etiology of IBD, have functional significance
because they perturb immune regulation, compromise epithelial barrier integrity, and disrupt mucosal homeostasis,
collectively contributing to intestinal inflammation through diverse mechanisms. Early detection of IBD is paramount
for arresting disease progression and underscoring the importance of prognostic testing and genetic screening, es-
pecially in cases with familial predispositions or very early onset IBD. Additionally, the use of certain IBD medications,
such as corticosteroids, azathioprine, and infliximab, may have implications for male fertility, necessitating a nu-
anced understanding of these potential effects for informed decision-making in IBD management. This comprehen-
sive understanding of the genetic landscape, functional implications, and diagnostic strategies is vital for advancing
personalized treatments and improving outcomes in individuals with IBD.

Conclusion. IBD is a complex gastrointestinal disorder influenced by a combination of genetic and environmental
factors. Genetic variants, including NOD2, ATG16L1, and IL23R, contribute to dysregulation of immune responses,
epithelial barrier function, and mucosal homeostasis. While progress has been made in understanding the genetic
landscape of IBD, ongoing research is needed to elucidate the functional consequences of these variants, identify
causal genes, and explore gene-environment interactions. This deeper understanding holds the potential for more
precise diagnostics and personalized treatments, ultimately improving outcomes in individuals living with IBD.
Keywords: genetics, knowledge gap, genetic predisposition

Acknowledgment: the authors thank the Chettinad Academy of Research and Education for their constant support
and encouragement.

Conflict of interest: the authors declare no conflict of interest.

For citation: Chandra Sekar PK., Veerabathiran R. Genetics of Inflammatory Bowel Disease: Current Understanding and Future
Directions. Russian Journal of Gastroenterology, Hepatology, Coloproctology. 2024;34(5):7-16. https://doi.org/10.22416/1382-4376-
2024-34-5-7-16

FeHeTUKa BOocnanuTtesnbHbIX 3a00JieBaHUI KMLLEeYHUKa:
cOoBpéeMeéeHHbIe npeacTaeJsieHUsa u HanpaeJieHunsqa 6y,D,yLIJ,VIX nccnenoBaHum

M.K. Yanpgpa Cexap, P. Bupabatupan*
Jlabopatopusi UINTOreHEeTUKN U FeHOMUKM YesioBeka, Akaziemus uccnenoBaHuii u obpasoBaHus YeTttuHaaa, Kenambakkam,
Tamun-Hagy, NHans

Llenb: n3yyeHne reHeTU4eCckmnx OCHOB BOCMANUTENbHbIX 3aboneBaHuin kmwedHunka (B3K), yoenas ocoboe BHUMaA-
HUE KJIIOYEBbLIM FEHETUYECKMM BapmaHTam, Takmm kak NOD2, ATG16L1 n IL23R. 3apayeri o63opa 66110 chopmy-
JIMPOBAThb, Kak OAHHbIE reHeTnYeckne GakTopbl CNOCOOCTBYIOT HAPYLUEHUIO UMMYHHOW pPerynauuuv, ancyHKLMn
anuTenuanbHoro 6apbepa n romeocTasy cnma3ncTor obonoyku npm B3K.

OcHoBHble nonoxeHus. B3K, Bkiovawowme 60nes3Hb KpoHa v 93BEHHbIN KOAUT, GOPMUPYIOTCS MOL, CIOXHbBIM
BIINSAHNEM FEHETUYECKUX N SKONOrMYeckux pakTopoB, U PaCnpPOCTPAHEHHOCTb AAaHHOW rpynnbl NATONOrni pacTeT
BO BCEM MUpe. [eHeTn4yeckne nccnenoBaHmns BbiiBUIM OCHOBHbIE BapnaHTbl — NOD2, ATG16L1 n IL23R, — cBs3aH-
Hble ¢ B3K, BaunsoLwpme Ha KIloYEBbIE MYTU, Takne Kak aytodarus, CUrHann3aumsa MHTepenkuHoB 1 6opbba ¢ bakTe-
pusSMU. 3TU reHETUYECKME BAPUAHThI, IBASIOLLIMECS HEOTHLEMIIEMO YaCTbio 3Tnonorun B3K, nmetot pyHKUmoHanb-
HOE 3Ha4YeHme, NOCKObKY OHN HAPYLLAIDT UMMYHHYIO PEryNSLMIO, CTaBAT NO4, Yrpo3y LLeSIOCTHOCTb AMUTENNANTbHOIO
Oapbepa 1 HapyLlalT rOMeocTas CIM3NCTon 000N0YKN, B COBOKYMHOCTM CMOCOOCTBYS BOCMANEHNIO KULLEYHMKA
NOCPELCTBOM pPa3nnyHbIX MeXaHN3MOB. PaHHee BbigBneHne B3K nmeet nepBocTeneHHoe 3HayeHme o OCTaHOBKU
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nporpeccupoBaHuns 3abonesaHns N NoAYepkMBaeT BaXHOCTb NPOrHOCTUYECKOro TECTUPOBAHUS U FTEHETUYECKOrO
CKPUHWHIa, 0COBEHHO B Clly4Yasix CEMeHOW NpenpacnonoXeHHOCTU UK o4eHb paHHero Havana B3K. Kpome Toro,
NpYMeHeHMe HeKOTOpPbIX NpenapaToB ais neveHns B3K, Taknx kak KOPTUKOCTEPOUAbI, a3aTUOMNPUH U UHDANKCU-
Mab, MOXET MMETb MOCNeacTBUS O MYXKCKOM hepTUNbLHOCTU, YTO TpebyeT AeTaslbHOrO NOHUMAHUS 3TUX MOTEH-
umanbHbIX 3 dEKTOB AN NPUHATUS 060CHOBAHHBIX peLueHuii npu nedeHmnn B3K. Takoe BCeCTOPOHHEe NoHMMaHue
reHeTnyeckoro naHawadTta, yHKUMOHaNbHbLIX NOCNEeACTBUA U ANArHOCTUYECKMX CTpaTerni MMeeT peluatrollee
3Ha4YeHne ans pas3paboTky NepcoHaNnM3NPOBaHHbLIX METOLOB NeYEeHUs 1 YIy4YLleHUs pe3ysibTaToB evyeHuns nioaemn
¢ B3K. HecmoTpsa Ha JOCTUrHYThIM Nporpecc B NOHMMaHUK reHeTuyeckoro naHawadTta B3K, Heobxoanmbl ganb-
Helwure nccnenoBaHns ons BbISCHEHUS QYHKUMOHANbHbLIX NOCNEACTBUIA 3TUX BAPUAHTOB, BbISIBIEHNS MPUYNHHbIX
reHoOB N N3y4YeHNs B3anMoOeinCcTBNS FEHOB 1 OKPY>XXaloLLel cpenbl.

Sakno4yeHue. B3K — 310 rpynna CnoXHbIX Xenya04HO-KNLEYHbIX PACCTPONCTB, HAa KOTOPbIE OKa3biBaeT BANSHME
coyeTaHMe reHeTUYECKMX 1 9KOJIormyecknx pakTopoB. feHeTudeckmne BapmnaHThl, Bkatodas NOD2, ATG16L1 n IL23R,
CMoCcOBCTBYIOT HAPYLLEHMIO PErysiuMM UMMYHHBIX peakuuii, anuTennanbHoi 6apbepHoOn GYHKLUMA U romMeocTasa
CNM3ncTomn 060no4kn. ITo 6onee rMybokoe NoOHMMaHNEe OTKPbIBAET BO3MOXHOCTHY ANs 6onee TOYHOW AMarHOCTUKN
1 NepCcoHaNIN3MPOBaHHOIO JIEYEHUS, YTO B UTOre yydLlaeT pe3ynbTaTthl IeYeHNs NauneHToB, cTpagatowmx B3K.
KnioueBble cnoBa: reHeTuka, npoben B 3HaHUSX, FeHeTMYeckas npenpacnonoXeHHOCTb

BnarogapHocTu: aBTOpbl 6narogapaT AkageMunio nccrneaoBaHuii U 06pasoBaHus . YeHHan 3a noaaepXkky v no-

oLipeHune.

KOHNUKT nHTEepecoB: aBTOpPbLI 3as9BNSIOT 06 OTCYTCTBUM KOHGMINKTA NHTEPECOB.

Ana umtnpoBanusa: Yanapa Cekap IM.K., BupabatupaH P. [eHeTuka BocnanuTeNbHblX 3a001eBaHNi KMLWLEYHNKa: COBPEMEHHOE
noHMMaHue 1 Gyaywme HanpaeneHus.PoOCcuiicknii XypHan racTposHTeposiornm, renatonornm, kononpoktonorin, 2024;34(5):7-16.
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Introduction

A cluster of chronic inflammatory disorders
predominantly affecting the gastrointestinal tract
comprises inflammatory bowel disease (IBD) [1].
Crohn’s disease (CD) and ulcerative colitis (UC) are
the two primary subcategories of this comprehensive
classification. Although they share certain clinical
characteristics, these conditions display unique at-
tributes that are influenced by a complex interplay
of genetic and environmental factors [2]. As a sub-
type of IBD, Crohn’s disease exerts a broad-ranging
effect on the gastrointestinal tract, extending from
the mouth to the anus, and frequently involves deep
penetration into the intestinal wall. It manifests as
inflammation, ulcers, and the potential for complica-
tions such as strictures and fistulas [3]. Conversely,
ulcerative colitis primarily targets the colon and rec-
tum, marked by inflammation and ulcers in the colon
mucosal lining, resulting in symptoms such as diar-
rhea, rectal bleeding, and abdominal pain [4].

According to recent studies, the prevalence of
IBD is rapidly increasing worldwide, particularly in
Western countries and newly industrialized countries
in Africa, Asia, South America, and other regions.
For example, In Italy, the estimated prevalence of
IBD increased from 80.9 per 100,000 people in 1990
to 93.8 per 100,000 people in 2017 [5]. Globally,
IBD accounted for 3.32 million estimated cases in
1990 and 4.90 million cases in 2019, corresponding
to an increase of 47.45 % between 1990 and 2019
[6]. The age-standardized prevalence rate of IBD
in the most populous country, China, is 136.2 per
100,000 [7]. According to the European Federation
of Crohn’s and Ulcerative Colitis Associations
(EFCCA), 10 million people worldwide live with

IBD, although this number may be higher [8]. By
2030, it is predicted that over 7 million individuals
in Europe and the US will have IBD [9].

Numerous studies have explored the incidence
of IBD in India. A study conducted in Mumbai
discovered that the incidence density of IBD was
3/1000 in the initial 10 years, 3.3/1000 between
10—20 years, and 7,/1000 beyond 20 years, ultimate-
ly leading to an overall prevalence of 2.8 % [10].
In 2017, a different study documented a prevalence
rate of 42.8 UC patients per 100,000 individuals [11].
A more recent 2023 study indicated that the preva-
lence of IBD in India was 5.4 %, with 2.2 % of cases
being UC and 3.2 % being CD [12]. Additionally,
a review article published in 2022 highlighted that
IBD tends to be more prevalent among males com-
pared to females in India [13].

Genetics strongly influences IBD, with an estimat-
ed heritability of 60—70 % [14]. Genetic predisposi-
tion is a significant factor, and numerous genes have
been identified as being associated with IBD. These
genes participate in various immune-related path-
ways, including the regulation of inflammation and
maintenance of gut barrier function [15]. Although
over 200 genes have been linked to IBD, their pre-
cise roles in the disease mechanism remain incom-
pletely understood [16]. A critical genetic element in
IBD is the NOD?2 gene, which plays a crucial role in
immune response regulation and is linked to height-
ened susceptibility to CD and UC [17]. Another im-
portant genetic element is the ATG16L1 gene, which
encodes a protein essential for autophagy that elimi-
nates damaged cells and is linked to a higher risk of
developing Crohn’s disease [18]. Despite advances
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in Genome-wide Association Studies (GWAS), IBD
remains a complex genetic disorder characterized by
the involvement of numerous genes and intricate
gene-environment interactions [19]. It is essential to
recognize that while genetics play a substantial role
in determining susceptibility to IBD, environmental
factors such as dietary choices, smoking habits, mi-
crobial exposure, and psychological stress also play
pivotal roles in its initiation and progression [20].
This review will delve deeper into the genetic under-
pinnings of IBD and explore the latest findings and
their implications for our understanding of disease
mechanisms, diagnosis, and potential therapeutic in-
terventions.

Genetic variants associated with IBD

Research into the genetic variations linked to IBD
has enhanced our understanding of the underlying
mechanisms of the disease. These genetic variations
have been detected in individuals with IBD and are
associated with autophagy, signaling pathways in-
volving interleukin-23 and interleukin-10, impaired
bacterial management, innate and adaptive immune
responses, microbial recognition, and bacterial wall
sensing [21]. The genetic variations associated with
IBD, encompassing frequently and infrequently oc-
curring variants, are well documented. Some widely
recognized genetic variations in IBD involve genes

responsible for encoding IL23R, ATG16L1, and
NOD?2 [22], as shown in the Figure.

The prevalence of these variants varies among
populations but is typically limited. For instance,
NOD? variants are found in approximately 5 % of
individuals of European descent with IBD and are
associated with an elevated risk of developing CD
[23]. In individuals with IBD, IL23R variants are
present and are linked to a protective effect against
CD and UC [24]. ATG16L1 variants, found in ap-
proximately 5—10 % of individuals with IBD, are
associated with an elevated likelihood of developing
CD [25].

In addition to these common variants, several rare
genetic variants have also been implicated in IBD.
Research into rare variants of IBD faces limitations
owing to the expensive and intricate nature of sequenc-
ing. Nevertheless, a few studies have indicated a con-
nection between uncommon variants in genes, such as
NCF4, XIAP, CYBB, and IBD, implying that these
variants might exert a more substantial influence than
common variants [26]. Uncommon 1110 receptor gene
(IL10R) variants that disrupt its signaling pathway
give rise to a condition known as very early onset IBD,
which typically emerges in the initial months of life
and frequently presents as severe [27].

IBD exhibits a polygenic nature, signifying
that the condition is affected by numerous genetic
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Figure. Genetic variations in IBD
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variations spread across various genes, with each of
these variants having a limited individual impact on
the risk of developing the disease. IBD does not re-
sult from a single gene mutation or a small group
of prominent genetic factors. Instead, they emerge
from the cumulative impact of numerous genetic
variations dispersed throughout the genome. These
variations can influence diverse aspects of the in-
flammatory response, immune system, and intestinal
barrier function [28]. The genetic framework of IBD
is complex. Although specific genes, such as NOD?2,
ATG16L1, and IL23R, have been recognized as risk
factors, the collective influence of all identified ge-
netic variants explains only a fraction of the overall
disease susceptibility [29] (Table).

NOD?2 (Nucleotide-binding oligomerization

domain 2)

NOD? plays a central role in the pathophysiology
of IBD, especially in CD. It is a vital component of
the innate immune system and serves as the primary
safeguard against pathogens. NOD? is primarily ex-
pressed in specialized immune cells, including macro-
phages, monocytes, and Paneth cells, in the small in-
testine [30]. NOD2 operates as a pattern recognition
receptor, capable of identifying specific elements
within bacterial cell walls, particularly a molecule
called muramyl dipeptide (MDP). Upon detection
of MDP, NOD?2 triggers a signaling cascade, trig-
gering a sequence of events that activate the nuclear
factor-kappa B (NF-«xB) and mitogen-activated pro-
tein kinase (MAPK) pathways [31]. These pathways
play a central role in governing the immune response
and triggering the generation of pro-inflammatory
cytokines, such as interleukin-1p (IL-1B) and tumor

Table. Genetic variants associated with IBD

necrosis factor-alpha (TNF-a), both of which are es-
sential mediators of inflammation and immune reac-
tions [32]. In CD, mutations in NOD2 are linked
to distinct clinical features, which include inflam-
mation primarily targeting the ileum (the terminal
portion of the small intestine) and the formation of
strictures or narrowing of the intestine. In addition,
individuals with NODZ2 mutations are more likely
to require surgical intervention [33]. Furthermore,
NOD? significantly contributes to the maintenance
of intestinal barrier integrity. NOD2 malfunction
can lead to increased intestinal permeability, allow-
ing the passage of bacteria and antigens into the mu-
cosa, subsequently triggering inflammation [34].

ATG16L1 (Autophagy-related 16-like 1)

ATG16L1 is paramount in the progression of IBD,
particularly CD. This gene is vital in autophagy and
is indispensable for preserving intestinal equilibrium
and controlling immune responses [35]. Autophagy is
a cellular mechanism responsible for the breakdown
and recycling of cellular components including im-
paired organelles and proteins. It maintains cellular
equilibrium and eliminates intracellular pathogens
including bacteria and viruses. The ATG16L1 gene
encodes a protein known as ATG16L1 (Autophagy-
related 16-like 1), which is a component of a protein
complex crucial for forming autophagosomes and
double-membrane structures responsible for engulfing
and isolating cellular components for eventual deg-
radation. Within the intestinal context, ATG16L1 is
significantly expressed in gut epithelial cells, com-
prising the inner lining of the gastrointestinal tract.
These cells function as protective barriers, separating
luminal contents, including microorganisms, from

Ta6auua. TeHernyeckue BapuaHThl, cBsi3aHHble ¢ B3K

Gene / I'en Function / @ynuxuua Association with IBD / Accouuauus ¢ B3K
Protective effect against Crohn’s disease
1L23R Encodes the interleukin-23 receptor and ulcerative colitis
Kodupyem peyenmop unmepaeixuna-23 Sawumnoii sppexm npomue 60ae3nu Kpona
U SI36€HH020 KOAUMA
ATGA6L1 Involved in autophagy Increased risk of Crohn’s disease
Yuacmeyem 6 aymoghazuu Iosviwennvii puck 6one3nu Kpona
Encodes a protein involved in bacterial
NOD?2 recognition Increased risk of Crohn’s disease
Koodupyem 6enox, yuacmeyrowui Hogviwennvii puck 6ore3nu Kpona
6 OAKMePUANLHOM PACNO3HABAHUU
Encodes a protein involved in NADPH
NCF4 oxidase activity Rare variants associated with IBD
Koodupyem 6enox, yuacmeyowui Peoxue eapuanmol, ceéssannvie ¢ B3K
6 axmusenocmu HAZJDH-oxcudaswvl
XIAP Egg%dese;pggflg? m;;cl;;;d ;On 2);[;‘(0515 Rare variants associated with IBD
PY Y yrou Peoxue sapuanmul, céssannvie ¢ B3K
anonmose
CYBB Encodes the cytochrome b-245 beta chain Rare variants associated with IBD
Kodupyem 6ema-yenv yumoxpoma b-245 Pedxue sapuanmol, ceasannvie ¢ B3K
Encodes the interleukin-10 receptor alpha chain | Rare variants associated with very early-onset IBD
IL10RA Kodupyem anveha-uenv peuenmopa Peodxue eapuanmol, c6s3annvle ¢ 04eHb PAHHUM
unmepaetkuna-10 nauaiom B3K
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the underlying tissues [36]. ATG16L1 plays a crit-
ical role in maintaining intestinal wall integrity. It
regulates the renewal of epithelial cells and reduces
excessive inflammation by eliminating intracellular
pathogens. When ATG76L 1 malfunctions, it can lead
to barrier impairment, allowing microorganisms and
antigens to penetrate intestinal mucosa. ATG/16L1-
mediated autophagy has immunomodulatory effects.
It regulates the release of cytokines and chemokines,
thereby influencing the immune response to patho-
gens and antigens in the gut. Dysregulation of auto-
phagy can result in irregular immune activation [37].
The identified risk alleles of ATG16L1 are associated
with changes in the functionality of the ATG16L1
protein. These changes can impair autophagy, espe-
cially in the presence of bacterial pathogens. This
malfunction contributes to the initiation of CD by
allowing the persistence of intracellular bacteria and
promoting inflammation. [38]. Impaired ATG16L1
function can also disrupt the gut microbiome com-
position. Dysbiosis, which is characterized by an im-
balance in the microbial community, is linked to CD
and can exacerbate inflammation.

IL23R (Interleukin 23 receptor)

IL23R serves as a receptor for the cytokine in-
terleukin-23 (IL-23), which is a central regulator
of the immune system. IL-23 plays a pivotal role
in stimulating and functionally activating T help-
er 17 (Th17) cells, a specific subgroup of CD4*
T cells recognized for their capacity to generate
pro-inflammatory cytokines such as interleukin-17
(IL-17) and interleukin-22 (IL-22) [39]. Following
activation by IL-23, Th17 cells release pro-inflam-
matory cytokines such as IL-17 and IL-22. These
cytokines attract immune cells to areas of inflam-
mation, induce the production of inflammatory
substances, and initiate tissue damage [40]. With
the assistance of cytokines derived from Th17 cells,
IL-23 undermines the integrity of the intestinal ep-
ithelial barrier. This breach permits the entry of
luminal contents such as bacteria and microbial
products into the underlying mucosa, thus wors-
ening inflammation. Through Th17-derived cyto-
kines, IL-23 can weaken the structural integrity of
the intestinal epithelial barrier, promoting the in-
filtration of luminal contents and intensifying the
inflammatory reaction [41]. The signaling path-
way of IL-23 can influence the composition of the
gut microbiome. Disruption of IL-23 signaling can
lead to changes in the microbial population, pro-
moting the proliferation of specific bacteria that
can potentially worsen inflammation in individu-
als with IBD [42]. In individuals with IBD, the
immune response involving IL-23 and Th17 cells is
chronic and dysregulated. This persistent inflam-
mation damages the intestinal mucosa, leading to
symptoms, such as abdominal pain, diarrhea, and
ulcerations [43]. Furthermore, genetic variations,
including those within the IL23R gene, can affect

an individual’s responsiveness to IL-23 signaling.
Protective variants of IL23R are associated with
a reduced risk of IBD, potentially by dampening
Th17 responses and pro-inflammatory cytokine
production [44].

Functional implications of genetic variants

Genetic variants that have been identified can
play a functional role in intestinal inflammation
through diverse mechanisms. Notably, a signifi-
cant portion of the causative variants linked to
IBD have been observed to affect gene expression
rather than actual gene function [45]. An in-depth
analysis of how host genetic diversity affects intes-
tinal gene expression in IBD revealed 1854 inflam-
mation-associated cis-expression quantitative trait
loci (eQTLs) involving 190 unique eGenes. This
indicates that genetic variations can affect the ex-
pression of genes associated with intestinal inflam-
mation, potentially playing a role in the initiation
and progression of the disease [46]. This suggests
that genetic variations can influence the expres-
sion of genes associated with intestinal inflam-
mation, potentially contributing to the initia-
tion and progression of the disease. Furthermore,
gene-variant enrichment scores have been em-
ployed to assess the burden of variants in IBD
and statistically distinguish between CD and UC
phenotypes [47]. These scores provide a genetic
framework for understanding the distinctions be-
tween the primary subtypes of IBD and can help
identify the functional roles of specific genetic
variations in intestinal inflammation. IBD is a
multifaceted condition influenced by numerous
factors, including genetic and nongenetic risk
elements. The functional impact of recognized
genetic variations on intestinal inflammation may
be affected by their interaction with non-genetic
factors such as environmental triggers or an indi-
vidual’s microbiome [48]. Genetic variants linked
to IBD influence immune dysregulation, epithelial
barrier function, and mucosal homeostasis.

Immune dysregulation

IBD tolerance breakdown occurs when the im-
mune system loses its ability to distinguish between
beneficial commensal gut microbes and potentially
harmful pathogens. Specific genetic variants can
disrupt this tolerance breakdown, as observed in
individuals with CD who carry mutations in the
NOD?2 gene [49]. When the immune system fails
to tolerate commensal microbes effectively, it may
mistakenly trigger immune responses against these
microbes, resulting in persistent inflammation of
the intestinal mucosa [50]. This constant inflam-
mation results in tissue damage, compromises the
integrity of the intestinal barrier, and causes IBD
symptoms. Additionally, loss of tolerance often re-
sults in an imbalance in immune responses, marked
by heightened pro-inflammatory reactions and
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weakened regulatory mechanisms, further fuelling
the cycle of chronic inflammation in IBD.

Epithelial barrier function

Microbial interactions represent a critical di-
mension of how genetic variants can affect epithe-
lial barrier function. When genetic variations result
in alterations to the makeup of the gut microbi-
ome, it can give rise to a condition called dysbi-
osis. Dysbiosis involves uneven distribution within
the gut microbial community [51]. Dysbiosis, which
is influenced by genetic factors, can initiate gut in-
flammation. Inflammation can negatively impact the
integrity and performance of the mucosal barrier.
Inflammatory mechanisms can undermine the capac-
ity of the barrier to efficiently maintain separation
between luminal contents, including microbes, and
the underlying mucosal tissue [52]. Therefore, ge-
netic variants that influence the gut microbiome can
indirectly contribute to the disruption of the epithe-
lial barrier function, creating a complex interplay
between genetic factors, microbial interactions, and
mucosal health in conditions such as IBD. The ge-
netic and transcriptomic bases of intestinal epithelial
barrier dysfunction in IBD have been investigated
in some studies. This study identified specific single
nucleotide polymorphisms associated with intestinal
barrier dysfunction, with PTGER4 being implicated
in CD and HNF4A in UC [53].

Mucosal homeostasis

Certain genetic variations associated with IBD
can affect critical genes involved in the production
and regulation of inflammatory mediators. These
variants may alter the function or expression of the
enzymes and receptors responsible for the synthesis or
response to these mediators [15]. When individuals
with these genetic variants encounter triggers such
as environmental factors or microbial stimuli, their
immune cells may respond by producing inflammato-
ry mediators in an uncontrolled or excessive manner.
This dysregulated production directly results from
genetic alterations [54]. Overproduction of prosta-
glandins and leukotrienes can disrupt the delicate
balance of mucosal homeostasis. These inflammatory
mediators can initiate and perpetuate inflammation
within the gut, leading to tissue damage and functional
impairment of the intestinal barrier [55]. Continuous
and uncontrolled inflammation that arises due to the
disrupted production of inflammatory mediators can
contribute to the initiation and progression of IBD.
This enduring inflammation is characteristic of IBD
and is linked to symptoms such as abdominal pain, di-
arrhea, and mucosal ulcerations [3].

Early detection

Early detection of IBD is crucial for preventing
disease progression in specific patients [56]. Since
there is no definitive test to conclusively con-
firm the existence of IBD, the diagnosis relies on

a combination of various tests [57]. Currently, re-
searchers are investigating the biological substances
present in an individual’s blood, tissues, or other
bodily fluids to determine whether they can be em-
ployed to forecast the advancement of IBD in con-
junction with individual factors such as diagnosis,
age, and disease location. These investigations are
referred to as prognostic testing [58]. The initial di-
agnostic steps often involve conducting laboratory
tests on the blood and stool samples. Although a
blood test alone cannot provide definitive confirma-
tion of IBD, it eliminates other conditions that may
manifest similar symptoms. Typically, a small blood
sample is collected to assess indications of anemia
or signs of infection caused by bacteria or viruses.
Additionally, stool studies may be conducted to de-
tect signs of inflammation or infection [59]. Imaging
examinations of the gastrointestinal tract identify
inflammation, ulcers, and other indications of IBD.
Such assessments can include X-rays, CT scans, MRI
scans, and capsule endoscopy [60]. Some specific ge-
netic mutations for early diagnosis in patients with a
family history of IBD by the significance of genetic
testing, particularly in cases of very early onset IBD,
to identify monogenic etiologies and underlying ge-
netic susceptibilities [61]. Next-generation sequenc-
ing has been highlighted as a valuable tool for the
genetic diagnosis of IBD, particularly in cases with
a strong suspicion of a particular underlying genetic
etiology [62]. The diagnostic approach for investi-
gating monogenic causes of IBD-like intestinal in-
flammation is largely based on restricted functional
screening, and functional testing is considered valu-
able, especially when there is a strong suspicion of a
specific underlying genetic etiology [63].

Knowledge gaps and future directions

Despite substantial advancements in the under-
standing of the genetic and environmental elements
involved in IBD, several areas of uncertainty still re-
quire additional research efforts to fill these knowl-
edge gaps. Although more than 240 genetic risk loci
associated with IBD have been identified, our un-
derstanding of their role in disease development in
affected tissues remains limited [46]. Hence, it is
imperative to conduct further research to uncover
the functional implications of these genetic variants
in intestinal inflammation and their interplay with
nongenetic risk factors. Moreover, Genome-Wide
Association Studies (GWAS) have identified more
than 200 genomic regions associated with IBD; their
ability to accurately pinpoint causal genes, their
variations, and their functional consequences has
been somewhat limited [64]. So, it is important to
engage in additional research to pinpoint the precise
genes and variants responsible for playing a role in
intestinal inflammation and to acquire a deeper un-
derstanding of the mechanisms at their core. Recent
studies have broadened our knowledge by revealing
a growing spectrum of human monogenic diseases
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that exhibit symptoms similar to intestinal inflam-
mation observed in IBD [65]. However, additional
research is required to identify the genetic irregu-
larities responsible for these monogenic diseases and
understand their fundamental mechanisms. Although
current therapies for IBD can yield positive out-
comes, they often have significant side effects and
do not provide favorable results for all patients [66].
Therefore, it is crucial to conduct further research
to create more targeted treatments that consider the
unique environmental factors and genetics involved
in intestinal inflammation.

The potential roles of non-coding genetic varia-
tions, gene-environment interactions, and gene-gene
interactions in influencing susceptibility to IBD are
subjects of investigation. GWAS have detected more
than 200 genomic regions linked to IBD, and most
of these regions are connected with DNA regulatory
elements rather than protein-coding genes. This im-
plies that non-coding genetic variants may substan-
tially affect susceptibility to IBD. Recent studies
have demonstrated that individual non-coding vari-
ants associated with IBD can influence DNA regula-
tory functions, potentially opening new therapeutic
avenues to modulate transcription factor binding and
enhancer activity [67]. IBD is a multifaceted condi-
tion characterized by numerous genetic and non-ge-
netic risk factors that contribute to its development
[17]. Although the exact mechanisms are not yet en-
tirely understood, it is possible that gene-gene inter-
actions could have an impact on IBD susceptibility.
A recent study identified 63 out of 200 IBD risk
loci as having enrichment in multigenic regulatory
modules that include potential causative genes [68].
These findings indicate that gene-gene interactions
might play a role in IBD susceptibility by poten-
tially influencing the expression of multiple genes.
Environmental factors, including diet, lifestyle, and
microbiome, can also play a part in influence suscep-
tibility to IBD [69]. The interplay between genes
and the environment may contribute to IBD suscep-
tibility by influencing gene expression during intes-
tinal inflammation.

In individuals with a genetic predisposition, IBD
is a complex condition stemming from a continuous
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BHepnpeHve LMppPOBbIX TEXHONOIMIA B NPOLLECC 0OYyYEHUS CTYAEHTOB MEANUMHCKMX BY30B SIBASIETCSA HOBOW napa-
OUrMO MeAMLIMHCKOro 06pa3oBaHus, Tak Kak BbICOKME KpUTEPUU, NPEeabsBASEMbIE K OLEHKE Ka4yecTBa NOAroToB-
K1 Bpaya, TPebyloT NCNONb30BaHMNS COBPEMEHHbBIX TEXHOMOMMI B NPEnoaaBaHnn GyHAAMEHTaNbHbIX AVCLMIMINH,
1 B YaCTHOCTM aHaTomMuun. bnarogapsi CMMyNSLMOHHBIM TEXHUKAM CO3[4al0TCS YCNOBUS MOLENNPOBAHUS U UHTErpa-
LMKM 0byyaloLLLEerocs B yCiI0Bus, NPUGIMXEHHbIE K PeasibHbIM, YTO MOBbLILLAET UHTEPEC U BOBIEYEHHOCTb CTYAEHTOB
B 06pasoBaTenbHbIN NPOLECC, U, KAk C/IEACTBUE, BbISIBNSETCS CYObEKTUBHOE YIyHLLIEHME NPOLECCA YCBOEHUS Ma-
Tepuana. Knaccuyeckoe obpa3oBaHMe Ha aHaTOMUYECKOM MaTepuase He MOXET MOSIHOCTbIO 06ecneynTb Macco-
BOe 00y4Y€eHME CTYAEHTOB, Tak Kak GUONOrMYECKNin MaTepman He NOAJEXUT BOCCTAHOBNIEHMIO U BbICTPO NoBpexaa-
€TCSl — 9TUX HEAOCTATKOB NULLEHBI LUPPOBLIE TPEXMEPHBLIE MOAENMN.

Llenb nccnepoBaHus: oUeHNTb 3PPEKTUBHOCTb LMPPOBON AMccekumMn B 06pa3oBaTesibHOM TPaekTopuKn rno Kam-
HWYECKOW aHATOMUM C UCMOJIb30BAHNEM MHTEPAKTMBHbBIX aHAaTOMUYECKMX CTOJSIOB U NMOTPEBHOCTL 06YyYaloLmMXCS
B aKTVBHOM MPUMEHEHNN YKa3aHHbIX MOCOOUIA.

MaTtepuanbi n metoabl. bbinv chopmMmpoBaHbl 4 rpynnbl CTYAEHTOB: 3 FPyNMbl U3y4any MaTepuan Ha pasnnyHbiX
aHaToOMMYeckux ctonax, 1-a rpynna — no knaccuyeckon metoauke. ns KOHTPons apPekTMBHOCTU y4eOHOro Npo-
Lecca nepepn Havyanom 0Oy4eHUs1 BO BCEX rpynnax NpoBeAeHO BXOLHOE TECTUPOBAHME. 10 OKOHYAHUW 3aHATUIA
Nno OTAESNbHbIM TEMaM YYaCTHUKM BbINOJIHANN BbIXOOHOE TECTUPOBAHME, @ TAKXE aHKETUPOBAHNE.

Pe3ynbraTbl. AHaNM3 pe3ynbLTaToB 00y4YEHUS CBMAETENBLCTBYET O 3HAYMMO BONbLIEM YCBOEHMM MaTepuana B rpyn-
nax, rae BO BPEMS 3aHATUIA MCNOJIb30BaNINCh TPEXMEPHbIE aHATOMUYECKNE KOMIJIEKCHI. BbiIIBNeHO cybbeKTMBHOE
yNyydLLEeHNe NpoLecca YCBOEHMS 3HaAHWIN cpeam obyyaloLmMxcs 3a cHeT 6obLUel BOBNEYEHHOCTN B 0Opa3oBaTesb-
HbIli MPOLLECC M NOBbLILLEHNS MHTEPECA K MIHHOBALMOHHBIM METOAMKAM NPOBEAEHUS 3AHATUNA.

3akntoueHue. Pe3ynbtatel 06y4eHUs OyayT U3y4aTbCsl B AUHAMUWKE, YTO NO3BOJIMT BbISSBUTb Pa3Nyns B KQYECTBE
dopMunpoBaHus 0bLLEenpodeccnoHasibHbIX U NPOMECCUOHANbHBIX KOMMETEHLMIA U NOCYXXWUT OCHOBOW ON1s1 MPUHS-
TUS PELLEHNSI O MOBCEMECTHOM PYTUHHOM NPUMEHEHNN aHATOMNYECKMX CTONOB B 06pa3oBaTesibHOM NPaKTUKE.
KniouyeBbie cnoBa: MeANUMHCKOE 0Oy4eHne, LMDPOBLIE TEXHONOMMN, TDEXMEPHAA aHATOMMS, TDEXMEPHOE BUPTY-
aJIbHOE MOZLENNPOBAHNE, MHTEPAKTMBHbBIE aHATOMUYECKNE CTONbI, Bronornyecknin matepman, 3D-MmoaenvpoBaHme,
KOHTPOJIb 3HAHUN

KoH)NUKT nHTepecoB: aBTOPbI 3as9BNSIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.
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