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ABSTRACT. The main structures responsible for maintaining the integrity of the intestinal barrier are tight
junctions. Evidence of their role was obtained using electron microscopy and electrophysiology. A new and
promising direct method for assessing the intestinal barrier function is confocal laser endomicroscopy. There is
a growing interest in indirect assessment of the integrity of the mucosa using potential biomarkers. The levels of
B-zonulin in stool and serum, and claudin levels in the blood are studied in various diseases. The article reflects
the literature data on studies examining the possibilities of non-invasive methods for assessing the state of
the epithelial barrier in the diagnosis of celiac disease and monitoring compliance with a gluten-free diet by the
patient. Despite a large number of studies demonstrating increased intestinal permeability in celiac disease, the
question of the place of dysfunction of the epithelial barrier of the small intestine in the pathogenesis of celiac
disease remains relevant. The question of whether the barrier dysfunction is primary or a consequence of celiac
disease itself has not yet been resolved.
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PE3IOME. OCHOBHbIMM CTPYKTYpamu, OTBEYAKLLMMU 32 MOJAEPKaAHUE LLeNIOCTHOCTH KUIWEeYHOro 6apbepa, B-
NATCA NIOTHbIE KOHTAKTbI. [lJokasaTenbcTBa UX poau NoayyeHbl C MOMOLLBIO 3/1EKTPOHHON MUKPOCKOMUN 1
anekTpopuanonorun. HoBbIM 1 NePCNEKTUBHBLIM NPAMbIM METOAOM OLeHKU 6apbepHON QYHKLUM KULIEYHUKA
ABNseTca KoHQoKanbHas nasepHas 9HAOMUKPOCKONUA. PacTeT uHTepec K KOCBEHHOI OLeHKe LiefloCTHOCTH
CM3UCTON 060JI0YKM C MOMOLLBIO MOTEHLMANbHbIX 6MOMapKepoB. M3yyaloT ypOBHU 30HYNIMHA B CTYNE U B Cbl-
BOPOTKE KPOBH, yPOBHM KNayAMHOB B KPOBM NPU pa3nuyHbix 3a601eBaHNsX. B cTaTbe 0TpaXeHbl nuTepaTypHble
AaHHble 06 UccneAoBaHusAX, MOCBALLEHHbIX N3YYEHUKD BOZMOXHOCTU HEMHBA3NBHbIX METOLOB OLEHKU COCTOSIHUS
aNUTEeNNanbHOro 6apbepa Npu AMarHOCTUKE LieNnaknu u KOHTPONs 3a cobtofeHneM 6e3rnoTeHoBOI ANeTbl
naumeHToMm. HecMoTpsi Ha 60NbLIOE KONNYECTBO UCCNEA0BaHMIA, AEMOHCTPUPYHOLLMX MOBbILIEHHYH NPOHULIae-
MOCTb KMLIEYHMKA NPU LeNnakum, akTyanbHbIM OCTaeTCA BONPOC O MecTe B naToreHese Lenvakuu guchyHkumum
aMUTENManbHOro 6apbepa TOHKOM KuwkK. Bonpoc o Tom, aBndetca num AUC@yHKLNS 6apbepa NMepBUYHON UH
ClieiCTBMEM CaMOI Liesinakunm, BCe eLLe He peLleH.

KNIOYEBDBIE CJIOBA: k1ayauH, 30HyNH, KOHPOKanbHas fa3epHasl 3HAOMUKPOCKONUS, AaNUTENNanbHblif 6apbep,
KULLEeYHas MIPOHULAEMOCTb, Lieanakus
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The intestinal barrier is a complex system that
provides highly selective protection of the internal en-
vironment of the body from external influences using
both immune and non-immune mechanisms. The main
structures maintaining the integrity of this barrier are
tight junctions (TJs). Their importance has been con-
firmed by electron microscopy (EM) and electrophysio-
logical studies. In the apical region of the epithelium
there is an intercellular gap (around 90 A) named zonu-
la occludens or tight junctions, followed by the zonula
adherens (gap of 200 A), followed by the macula ad-
herens or desmosomes (gap of ~240 A) [1]. Recently,
two types of TJ-requlated pores have been identified:
high-capacity charge-selective pores that allow small
ions and small uncharged molecules to pass through
(the “pore” pathway), and large pores with low selecti-
vity (the "leak" pathway) that are permeable to large
ions and molecules regardless of charge. At the mo-
lecular level, the first pore is regulated by claudins and
the latter by the tight junction proteins such as occludin
and the zonula occludens (Z0) family [1].

Confocal laser endomicroscopy (CLE) is a modern
direct method for assessing intestinal barrier function.
Using a confocal probe equipped with a 488 nm laser,
increasing gaps between epithelial cells (1), leakage of
fluorescein into the intestinal lumen (2), and epithelial
cell shedding (3) can be directly visualized after intra-
venous administration of fluorescein [2, 3]. This me-
thod has been used to study intestinal permeability in
various conditions and has shown increased duodenal
permeability upon exposure to food antigens [1, 4, 5].

Due to the labor-intensive nature and limited avai-
lability of direct tests for intestinal permeability both
ex vivo and in vivo, there is growing interest in indirect
methods for assessing mucosal integrity, including po-
tential biomarkers, such as zonulin.

Zonulin, a 47 kDa human pre-haptoglobin, is similar
to cholera toxin (zonula occludens toxin — Z0T). Zonu-
lin is synthesized in the liver and enterocytes. It can
be isolated from a membrane complex (claudin-occlu-
din-guanylate kinase-like zonula occludens (Z0) pro-
teins 1, 2, and 3), which forms tight junctions in the
apical part of the intestinal epithelium [6-8]. Recently,
zonulin has been considered as a family of structural-
ly and functionally related proteins [1]. Secreted into
the lumen of the gastrointestinal tract, zonulin stimu-
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lates protease-activated receptors (PAR) and epider-
mal growth factor receptors (EGFr), which induce the
“opening” of epithelial junctions, increasing paracellu-
lar permeability, and allows molecules with a molecu-
lar weight of more than 3.5 kDa to cross the intestinal
barrier [9].

In most studies, zonulin is determined in two biolo-
gical environments: blood and stool [10]. Determination
of zonulin in stool may indicate the rate of its produc-
tion in enterocytes, and in the blood — the transport of
this protein from the intestinal lumen to the submuco-
sa, between intestinal epithelial cells [8, 9]. The half-
life of zonulin in the blood varies and ranges from 4 mi-
nutes to 4 hours, which leads to a significant spread in
concentration (from undetectable to very high) [10, 11].
Increased zonulin concentrations have been shown in
various conditions, including celiac disease, type 1 dia-
betes mellitus, inflammatory bowel disease, obesity,
schizophrenia, and others [9].

Two decades ago, increased zonulin protein con-
centration was shown in patients with active celiac dis-
ease by the group of Fasano. Gliadin induced release of
zonulin by binding to CXCR3 and elevated permeability
ex vivo in biopsies of healthy volunteers and patients
with quiescent celiac disease. However, both the base-
line permeability and permeability after the addition of
gliadin were higher and the luminal zonulin release was
more pronounced and prolonged in patients with celiac
disease [1].

A recent study examined serum zonulin levels in
children at risk for celiac disease starting 12 months
before diagnosis compared to controls without celiac
disease, and identified clinical factors that contribute
to disease manifestation. Children with celiac disease
showed a significant increase in zonulin levels for about
18 months (range 6-78) before diagnosis compared to
children without the disease. A correlation was found
between the number of antibiotic courses and the in-
crease in zonulin levels in patients with celiac disease.
The authors suggest that zonulin may be used as a bio-
marker for preclinical assessment of celiac disease in
children at risk, and multiple antibiotic courses may
increase their risk of developing the disease by increa-
sing zonulin levels [12].

Another study determined reference values of fecal
zonulin concentrations in children under 16 years of

CHILDREN’S MEDICINE

120 2024

Ne 4 Tom 12

of the North-West



age. It was statistically significant that zonulin levels
in children with clinical manifestation of celiac disease
were significantly higher than in healthy children and
children who followed a gluten-free diet for 6 months.
The authors suggest using zonulin levels as an addi-
tional tool for monitoring adherence to a gluten-free
diet [13].

When comparing the amino acid composition of
zonulin and its Zot active fragment, similarities in
amino acids were found. An octapeptide (GGVLVQPG)
was synthesized, named FZI/0, AT1001, and recently
larazotide acetate corresponding to 8 amino acids of
this fragment was also synthesized [1]. Larazotide
acetate (LA) is a single-chain peptide that acts as a
tight junction regulator to restore intestinal barrier
function. The main function of LA is to act as an an-
ti-zonulin receptor inhibitor to reduce zonulin-induced
increases in increase in intestinal barrier permeability
[14]. The mechanism of action of LA is thought to be
associated with the redistribution and rearrangement
of tight junction proteins and actin filaments to restore
intestinal barrier function. Recent studies have shown
that LA inhibits myosin light chain kinase, which likely
reduces tension on actin filaments, thereby facilitating
tight junction closure [14]. Currently, phase Ill clinical
trials have been completed in which LA was adminis-
tered orally to adult patients with celiac disease as an
adjunct therapeutic to enhance the intestinal barrier
function. The results of these studies are encoura-
ging: the biological safety of LA has been confirmed.
A greater reduction in intestinal symptoms was also
shown in patients receiving LA in combination with a
gluten-free diet compared to those following the diet
alone. However, statistically significant differences in
the lactulose to mannitol ratio compared with placebo
group were not observed [15, 16]. Further studies are
needed to clarify whether there are other mechanisms
of action of LA on intestinal permeability and how it
can be applied in clinical practice.

Claudins are integral transmembrane proteins that
span the membrane bilayer four times. These proteins
form structural and functional regions that include four
transmembrane domains, two extracellular loops, one
cytoplasmic loop, and N- and C-cytoplasmic domains.
In the intestine, abnormalities of claudins 2, 3, 4, 7, 12,
and 14 lead to impaired intestinal barrier function [17].
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It is believed that changes in claudin levels play an im-
portant role in the pathogenesis of various diseases,
including celiac disease [18-21].

The question of the nature of the epithelial barrier
defect in celiac disease remains open. It may occur se-
condarily due to the inflammation localized in the la-
mina propria of the small intestine mucosa in the active
form of the disease. The epithelial barrier defect may
also be primary, since claudin levels are altered both in
patients with quiescent celiac disease on a gluten-free
diet and in relatives of patients who do not have this
disease [22, 23].

Recently, V. Kumar et al. identified genes associated
with celiac disease that define the barrier, providing ge-
netic evidence for the importance of barrier function in
the pathogenesis of the disease [8]. It is significant that
the barrier function is maintained by a complex interac-
tion of proteins, where the main structural elements are
tight junction proteins: occludin, claudins, and scaf-
folding proteins such as Z0-1 [24]. Although structural
changes in barrier function in celiac disease may be
related to the composition of enterocyte tight junctions
and epithelial transcytosis of gliadin peptides, the num-
ber of studies aimed at elucidating the mechanisms of
these changes is insignificant [20, 25-28]. One recent
study showed that monocytes obtained from patients
with celiac disease are able to induce a barrier defect
in intestinal epithelial cells [29].

In addition, despite the large number of studies
showing increased intestinal permeability in celiac di-
sease, the question of whether the barrier dysfunction
is primary or a consequence of celiac disease itself re-
mains relevant.
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AOMNOAHUTEABHAA UHO®OPMALMUA

Bknap aBTOpOB. BCce aBTOpLI BHEC/U CYLLECTBEH-
Hblll BKN1ag B pa3paboTKy KOHLeNLmMu, NPOBEAEHNE UC-
CnefoBaHWA U NOATOTOBKY CTaTbW, MPOYAM M 0J06pU-
nu GMHanNbHYIO BepcUto Nepep nybnmkaumeii.

REVIEWS

KoHdnuKT MHTepecoB. ABTOPbI JEKNapupyoT OT-

CYTCTBME ABHbIX U NOTEHLNANTbHbIX KOHd)J'IVIKTOB UHTE-
pecoB, CBA3aHHbIX C I'Iy6ﬂVIKaL|,VIel7I HacTosILLEeN CTaTby.

WUcTouHnK ¢puHaHCcHpoBaHusA. ABTOPbI 3asiBSAIOT 06

OTCYTCTBWM BHEWHero GuHaHCUPOBaHUS NpU NpoBe-
JEeHUN UCCeaoBaHus.
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