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muscle mass, enhances bone mineral density, and improves the functional state of the cardiovascular and respiratory
systems. The combination of these approaches provides a synergistic effect aimed at comprehensive correction of
morphofunctional indicators and reduction of the risk of metabolic syndrome and cardiovascular complications.
The obtained generalizations give grounds to speak about the prospects of using this strategy in the development
of individualized programs for the prevention of age-related changes, physical rehabilitation and preservation of
working capacity of men of the second mature age in the system of preventive medicine and physical education.
The combination of interval nutrition with systematic strength training creates a synergistic effect that exceeds
the effectiveness of their isolated application, contributing to the comprehensive correction of morphofunctional
indicators, reducing the risk of developing metabolic syndrome and cardiovascular pathology. The materials of the
article can be used in the development of individualized programs for recovery, prevention of premature aging and
improving the quality of life of men of the second mature age in the system of physical rehabilitation, preventive
medicine and sports science.
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Epithelial barrier disruption has been considered a universal mechanism for the development of chronic inflam-
matory and metabolic diseases in the last decade. The increasing prevalence of chronic obstructive pulmonary dis-
ease, bronchial asthma, and metabolic-associated steatohepatitis disease has prompted the search for common
pathogenetic links that could explain their comorbidity and systemic nature of the course. One of these links is the
dysfunction of tight junctions of the respiratory tract and intestinal epithelium, which contributes to increased per-
meability, translocation of microbial components, and maintenance of chronic systemic inflammation. Analysis of
studies over the past 10 years demonstrates significant progress in understanding the role of the microbiota and
the gut—lung—liver axis. Modern meta-analyses confirm the presence of increased intestinal permeability in IBD,
and experimental studies prove the influence of dysbiosis on the immune response in the lungs. Studies of molecu-
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lar mechanisms of regulation of tight junctions (claudins, occludin, zonulin), TLR4-dependent signaling and NF-«kB
activation have deepened the understanding of the relationship between barrier dysfunction and the progression of
inflammation. At the same time, the mechanisms of interorgan communication, the role of epigenetic changes in the
epithelium, as well as the possibilities of targeted correction of barrier permeability as a universal therapeutic strat-
egy for combined lung and liver pathology remain insufficiently understood. The aim of the work is to systematize
modern scientific data on the role of epithelial barrier dysfunction in the pathogenesis of chronic bronchopulmonary
diseases and metabolic-associated steatotic liver disease. The study is aimed at analyzing common molecular mech-
anisms and interorgan relationships within the “gut—lung—liver” axis. The obtained generalizations are intended to
substantiate the prospects for the development of personalized approaches to diagnosis and treatment.

Key words: epithelial permeability, COPD, MASLD, bronchial asthma, microbiota.

Connection of the publication with planned re-
search work.

This work is a fragment of the research project “Op-
timization of pharmacotherapy in pathology of inter-
nal organs by assessing the benefits and risks of using
drugs”. State registration number: 0125U000803.

Introduction.

Epithelial barriers of the respiratory and gastrointes-
tinal tracts are dynamic structures that provide physical
protection, immune regulation and control of the trans-
location of microbial and toxic agents [1, 2]. A key role in
maintaining the barrier function is played by intercellu-
lar contacts, which include the proteins claudin, occludin
and zonulin, the disruption of the interaction of which
leads to increased epithelial permeability [3, 4, 5].

Chronic  bronchopulmonary diseases, including
chronic obstructive pulmonary disease (COPD) and
bronchial asthma, are accompanied by structural and
functional changes in the airway epithelium, including
damage to intercellular junctions, decreased expression
of specific proteins, and increased transepithelial per-
meability. These abnormalities are associated with the
progression of inflammation, airway remodeling, and
increased susceptibility to infections [6].

In patients with metabolic-associated steatohepati-
tis (MASLD, nonalcoholic fatty liver disease NAFLD) there
is strong evidence of increased intestinal permeability,
dysbiosis, and systemic endotoxemia, which play an im-
portant role in the development of inflammation and
liver fibrosis [7,8,9]. The concept of the gut—lung-liver
axis is actively developing in the current literature, which
explains the mutual influence of these organs through
common immune and metabolic mechanisms [10, 11].

The aim of the study.

To analyze current data on the role of epithelial bar-
rier function impairment in the pathogenesis of chronic
bronchopulmonary diseases and metabolic-associated
steatotic liver disease.

Object and research methods.

To achieve the stated objective, data from contempo-
rary scientific literature were analyzed and summarized.
The search for sources was conducted in the internation-
al scientometric databases PubMed/MEDLINE, Scopus,
Web of Science, and Google Scholar. Original studies,
systematic reviews, and meta-analyses published pre-
dominantly in recent years in peer-reviewed scientific
journals were included in the analysis.

The selected sources were analyzed using methods
of systematic analysis, comparison, generalization, and
interpretation of scientific data, which made it possible
to form a contemporary understanding of the patho-
genetic mechanisms underlying epithelial barrier dis-

ruption and its role in the development of the studied
pathological conditions.

Main part.

The airway epithelium is an active participant in in-
nate immunity and plays a key role in the regulation of
local inflammation [9]. Patients with COPD have been
shown to have significantly reduced expression of clau-
din-1, claudin-5, and occludin, leading to increased epi-
thelial permeability and facilitated entry of pathogens [6,
8]. Tobacco smoke is one of the main factors in epithelial
barrier damage, as it induces oxidative stress, activation
of nuclear factor kappa-B (NF-kB), and degradation of in-
tercellular junction proteins [12]. Morphological studies
of COPD lungs demonstrate epithelial disorganization,
loss of ciliated cells, and impaired mucociliary clearance
[6]. Since the chromium in tobacco smoke contains over
7000 chemicals, including oxidizing gases, heavy metals,
and carcinogens, the burden of toxic particles is particu-
larly high in smokers [13], of whom approximately 25%
develop COPD. The structure and biology of the alveolar
epithelium are significantly altered in COPD, showing
significant changes in terms of barrier structure, cell dif-
ferentiation, inflammation, and cell polarity, which may
affect its essential functions. Normal human alveolar ep-
ithelium includes ciliated cells (50-90% of the cells), se-
cretory cells, which are predominantly goblet cells in the
large airways and club cells in the small airways, basal
cells, which are airway progenitors, and rare subsets in-
cluding neuroendocrine cells, ionocytes, and fascicular
cells [13]. Recent studies have shown that in COPD basal
cells exhibit impaired stemness [14] and altered tran-
scriptional programming [15]. Second, and similar to
asthma, COPD patients exhibit goblet cell hyperplasia (in
the large airways) and metaplasia (in the small airways,
where goblet cells are virtually absent in healthy indi-
viduals) [16]. This feature is driven by the transcription
factors SPDEF and FOXA3 [17]. This secretory feature is
perhaps more directly related to smoking than to COPD
itself, as it is already observed in smokers without func-
tional signs of the disease, i.e. with normal lung func-
tion. Third, a decrease in the number of ciliated cells in
the alveolar epithelium is observed in COPD [18], and
the remaining cells exhibit dysfunctional abnormalities,
reduced ciliary beat frequency and shortening [19]. In-
terestingly, the altered differentiation of alveolar epithe-
lial cell lines observed in lung tissue from COPD patients
can be reproduced in vitro after restoration of epithelial
structure by ALI culture of primary human bronchial ep-
ithelial cells from COPD patients [16], suggesting a form
of “epithelial memory” of the disease that remains im-
printed in the epithelium [20], likely through epigenetic
marks.
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Moreover, there is a strong epidemiological link
between prenatal and postnatal exposure to cigarette
smoke and the prevalence of asthma in children [21,
22]. Recent studies have shown that cigarette smoke
affects the lung epithelium by directly disrupting tight
junctions and modulating protein expression, as well as
by enhancing egg white protein-induced inflammation
in asthmatic mouse models [23]. Cigarette smoke expo-
sure also alters epigenetic marks involved in the immune
response. This includes increased methylation of CpG
islands in genes such as IL-10 in human samples [24],
which favors Th2 responses, for example by reducing
methylation of IL-4, IL-13 genes or increasing methyla-
tion of FOXP3 after dust mite infection [25].

Other components of the exosome may also alter
the lung epithelium and contribute to the development
of respiratory allergic diseases. Based on this idea, inha-
lation of airborne microplastics has been reported to in-
duce pulmonary inflammatory cell infiltration, broncho-
alveolar macrophage aggregation, and increased levels
of tumor necrosis factor-a (TNF-a) in both healthy and
asthmatic mice [26]. Viral infections in infancy and early
childhood have been shown to contribute to the devel-
opment of asthma and later stages of development [27].

In bronchial asthma, barrier dysfunction contributes
to increased permeability to allergens and microbial
components, which activates a Th2-mediated immune
response and maintains chronic inflammation [28]. De-
creased expression of epithelial cadherin and claudin-18
correlates with asthma severity and the degree of air-
way remodeling [29].

The various epithelial barriers of the human body
constitute the first line of defense against harmful
agents, pathogens, or even allergens. A growing body
of evidence supports the “epithelial barrier hypothesis,”
which states that the integrity and function of the ep-
ithelial barrier are crucial for maintaining homeostasis
in the body, and that a dysfunctional barrier may under-
lie allergic and other inflammatory diseases and explain
their increasing prevalence [30].

Although each epithelium has a different role and
morphology, they share many common physiological
and structural-mechanical features. Epithelial cell ad-
hesion complexes are one of the main components that
maintain the integrity of epithelial barriers, as they regu-
late intercellular adhesion, cell polarity, and paracellular
permeability to exogenous elements. These complexes
are composed of two main structures: tight junctions
and adherens junctions [31, 32, 33]. Tight junctions are
formed by the extracellular domains of transmembrane
proteins (such as the occludin and claudin protein fami-
lies), which form strong bonds between themselves and
connect to the actin and tubulin cytoskeleton through
scaffold proteins [34]. Tight junction formation is reg-
ulated by the expression and phosphorylation of their
components or by the expression of disruptor proteins
(e.g., claudin-2) [35]. Allergen tolerance is directly linked
to the integrity of tight junctions: IL-17 and IL-22 induce
the expression of zonulin and claudin, but in people with
atopy this pathway is disrupted by the presence of Th2
cytokines that promote allergen penetration.

The intestinal epithelial barrier provides selective
permeability between the intestinal lumen and the in-
ternal environment of the body, preventing excessive
translocation of microbial products [35]. A systematic re-

view and meta-analysis by De Munck et al. showed that
patients with IBD have significantly increased intestinal
permeability compared with healthy individuals [36].

Probiotics and synbiotics demonstrate a potential-
ly positive effect on the composition of the microbiota
and liver parameters, but the results of clinical studies
remain heterogeneous [12]. However, it is known that
the features of pharmacotherapy of IBD are the jus-
tified use of agents that affect the leading links in the
pathogenesis of the disease, namely, insulin resistance,
chronic systemic inflammation and dysregulation of lipid
and carbohydrate metabolism. The therapeutic strate-
gy should be aimed not only at reducing the degree of
hepatic steatosis, but also at correcting metabolic dis-
orders and pro-inflammatory mechanisms, emphasizing
the need for a personalized approach to pharmacother-
apy considering body mass index, comorbidities and car-
diometabolic risk [37].

Increased intestinal permeability in IBD is accom-
panied by increased levels of zonulin, a lipopolysaccha-
ride-binding protein in the blood, which correlates with
the degree of inflammation and liver fibrosis [38]. Mech-
anistically, this is associated with disruption of the struc-
ture of tight junctions and a decrease in the expression
of zonulin and occludin proteins in the small intestine.

Translocation of bacterial products activates
TLR4-dependent signaling pathways in the liver, which
leads to activation of Kupffer cells, production of pro-in-
flammatory cytokines and stimulation of fibrogenesis.
The intestinal dysbiosis characteristic of IBD further ex-
acerbates these processes by reducing the production
of short-chain fatty acids necessary to maintain barrier
integrity [38].

Recent studies support the existence of a gut—lung—
liver axis, in which the gut microbiota and barrier func-
tion influence the immune response in the lung [10, 11].

Experimental models demonstrate that intestinal
barrier disruption and dysbiosis are associated with in-
creased susceptibility to respiratory infections and in-
creased pulmonary inflammation [14].

Cellular and molecular mechanisms of this interac-
tion include the exchange of microbiota metabolites
(e.g., short-chain fatty acids), circulating proinflamma-
tory cytokines, dysbiosis symptoms, and lipopolysac-
charide production, which may affect both the intestinal
mucosa and local immunity in the lung. Patients with
COPD have altered microbiota composition, which may
contribute to an imbalance in the immune response in
the lung and intestinal tract and increased systemic in-
flammation [38].

Chronic pulmonary inflammation, in turn, is accom-
panied by a systemic increase in IL-6 and TNF-a levels,
which negatively affects lipid metabolism and insulin
sensitivity in the liver [39]. Thus, a violation of barrier
function in one organ can initiate pathological changes
in other components of the gut—lung-liver axis.

Common pathogenetic mechanisms for bronchopul-
monary diseases and IBD include: dysfunction of tight
junctions and the proteins claudin, occludin and zonulin
in the respiratory and intestinal epithelium [2]; oxidative
stress and activation of NF-kB with subsequent produc-
tion of IL-1B, IL-6 and TNF-a. TLR-mediated immune
response to lipopolysaccharides and microbial patterns
[31, 35], disruption of the microbiota composition and
deficiency of short-chain fatty acids [40].
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Impaired intestinal barrier function results in the
translocation of lipopodisaccharides from the intesti-
nal lumen into the systemic circulation, where lipopo-
disaccharides interact with TLR4/CD14 receptors on
immune cells, activating the NF-kB signaling pathway, a
key mechanism for initiating and maintaining systemic
inflammation. This, in turn, may affect hepatic metab-
olism, contribute to hepatocyte injury, and promote fi-
brosis progression in IBD, as confirmed by a number of
clinical and experimental studies.

These studies also demonstrate that gut bacteria, by
producing lipopodisaccharides and other metabolites,
can modulate immune activity in distant organs, partic-
ularly the lungs and liver, thereby contributing to patho-
logical processes within the gut—lung—liver axis [41].

Smoking cessation is associated with reduced airway
inflammation and partial restoration of epithelial barri-
er function. Weight loss and dietary modification in pa-
tients with IBD contribute to improved intestinal perme-
ability and reduced systemic inflammation [20-42].

The results obtained are consistent with the current
concept of common pathogenetic mechanisms of met-
abolic-associated steatohepatitis and chronic broncho-
pulmonary diseases.

Conclusions.

Epithelial barrier dysfunction is a key mechanism in
the pathogenesis of both chronic bronchopulmonary
diseases (asthma, COPD) and metabolic-associated ste-
atohepatitis. Disruption of tight junctions, dysbiosis of
the microbiota, translocation of bacterial metabolites,
and activation of signaling pathways such as NF-kB pro-
vide the basis for interactions within the lung-gut-liver
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axis and contribute to systemic inflammation, chronic
oxidative stress, and disease progression.

An integrated approach to the diagnosis and man-
agement of patients with multisystem manifestations,
including assessment of barrier function, intestinal per-
meability markers, and multidisciplinary coordination,
has the potential to improve understanding of disease
mechanisms and facilitate the development of personal-
ized treatment strategies.

Prospects for further research.

Further research should be aimed at in-depth study
of the molecular mechanisms of epithelial barrier dis-
ruption within the gut—lung-liver axis, in particular the
role of epigenetic changes, regulation of tight junction
proteins (claudins, occludin, zonulin) and signaling path-
ways. The search for specific biomarkers of barrier dys-
function, which will allow early stratification of the risk
of progression of both bronchopulmonary diseases and
metabolic-associated liver lesions, is promising.

Prospective clinical studies are needed to assess
the relationship between changes in the gut and lung
microbiota with systemic inflammation and metabolic
disorders. Special attention should be paid to studying
the therapeutic potential of probiotics, synbiotics, post-
biotics, as well as agents that restore the integrity of the
epithelial barrier.

A promising direction is the development of per-
sonalized treatment strategies taking into account the
disease phenotype, microbiota status, intestinal perme-
ability indicators, and cardiometabolic risk, which may
contribute to increasing the effectiveness of prevention
and treatment of comorbid pathology.

NOPYLUEHHSA ENITENIAZIBHOIO BAP’EPA AIK CMIJIbHUIN NMATOTEHETUYHUA
MEXAHI3M XPOHIYHUX BPOHXONEFEHEBUX 3AXBOPHOBAHb TA METABO/NIYHO-
ACOL|INOBAHOI CTEATOTUYHOI XBOPOBU NEYIHKU

BiHHMUbKMI HaWioHaNbHUIA meguuHKuiA yHiBepcuTeT im. M.I. Muporosa (m. BiHHMUA, YKpaiHa)
2BiHHMUbKa ob6nacHa KniHiyHa nikapHA im. M.I. Muporosa BOP (m. BiHHMLA, YKpaiHa)
ek3727@gmail.com

MopyweHHA enimeniansHo2o 6ap’epa 8 ocmaHHe decamunimmas po32aA0aEMbCA AK YHiBepCcanbHUl MeXaHiam
pPO3BUMKY XPOHIYHUX 30MaAbHUX Ma mMemabosniyHUX 3aX80pto8aHb. 3POCMAHHA MOWUPeHOCMi XPOHIYHO20
06CMpPYyKMUBHO20 30X80PIOBAHHA fe2eHb, bBPOoHXianbHOI acmmu ma memabonidyHo-acoyiliosaHoi cmeamomuy4Hoi
X80pobU neyiHKU aKmyani3ye NoWyK CRiAbHUX NamMo2eHemuYyHUX AAHOK, W0 MOXYmb MOACHUMU ix KoMopbidHicmb
i cucmemHuli xapakmep nepebiey. OOHIEK 3 MAKUX AAHOK € OUCHYHKUiA WibHUX KOHMAKMIe enimenito OuxanbHUX
WiAAxie i KUWEYHUKA, AKA CIPUAE Nid8UWEeHIl MPOHUKHOCMI, MPAHCAOKAYiT MiKpOBHUX KOMIOHeHMI8 i MiOMpUMAHHO
XPOHIYHO20 cucmMeMHOo20 3anasneHHA. AHANI3 0ocnioxeHs ocmaHHix 10 pokie deMoHcmpye cymmesuli npozpec y
PO3yMiHHI posi Mikpobiomu ma oci «KUWKa-nezeHi-neviHka». CydyacHi mema aHAnNi3u nidmeepoxyrome Has8HICMb
niosuweHoi Kuwkosoi npoHukHocmi npu MACXTI, a ekcriepumeHmasnsHi pobomu 00800smb 8rnaAu8 ducbiody Ha
iMyHHY 8i0no8idb y nezeHsAX. [OCAiOHEeHHA MOAEKYAAPHUX MEXAHI3MI8 pe2yaauii WinbHUX KOHMAaKmie (KaayouHu,
OK/MOOUH, 30HYniH), TLR4-3anexcHo20 cueHaniHey ma akmueauii NF-kB noaaubunu po3ymiHHA 830EMO38’A3KY MiX
b6ap’epHot0 OucehyHKUi€ i npoepecys8aHHAM 3anasneHHA. BoOHovac 3aauwaromecs HeOoCmMamHbo 3’9C08AHUMU
MEXAHI3MU MI¥OP2aHHOI KOMYHIKaii, poab eniceHeMUYHUX 3MiH ernimesnito, @ MAKOX MOMAUBOCMI MapP2eMHoI
Kopekuyii 6ap’epHOi MpPOHUKHOCMI AK yHigepcasnbHOi meparnesmuy4Hoi cmpameeii npu noedOHaHIl namosnoeaii
nez2eHsb i neviHku. Memoro pobomu € cucmemamu3ayis Cy4acHUX HOYKOBUX OOQHUX W000 posi enimesniansbHOI
b6ap’epHoi OuchyHKYiT y namozeHesi XpoHiYHUX BPOHXOMe2eHe8UX 3aX80PHB8AHb Ma memaboniyHo-acoyiliosaHoI
cmeamomuy4Hoi xeopobu neyviHKu. [ocniOxeHHA crnpAMo8aHe HA AHAAI3 CriAbHUX MOAEKYAAPHUX MexaHiamie i
MIHOP2OHHUX 830EMO38’A3KI8 Y MeXaX OCi «KUWKa-ne2eHi-reyiHka». OmpumaHri y3a20abHEHHA Maoms Ha Memi
0b6rpyHmysamu nepcriekmusu po3pobKu nepcoHanizosaHux nioxodie 0o 0iaeHoCMUKU ma niKy8aHHS.

Knro4voei cnosa: enimenianbHa npoHukHicms, X03/1, MACXTI, 6poHxiansHa acmma, mikpobioma.
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3B’A30K nyb6aikauii 3 nnaHoOBMMM HayKOBO-AOCAIg-
HUMK poboTamu.

[aHa poboTa € pparmeHTom HAOP «OnTumisauisa dpap-
MaKoTepanii Npu NaTonorii BHYTPILIHIX OPraHiB WAAXOM
OLiHKN KOPUCTI Ta PU3MKIB NPM 3aCTOCYBaAHHI 1iIKapCbKMNX
3acobiB». Homep aepaBHOi peectpauii: 0125U000803.

Bcryn. EnitenianbHi 6ap’epn AnXanbHOro Ta LWAYH-
KOBO-KMLUKOBOIO TPAKTIB € AMHAMIYHUMMK CTPYKTYpPamu,
o 3abesneuytoTb GisUUHUIA 3aXUCT, IMYHHY perynasauio
Ta KOHTPOJIb TPAHCAOKaLii MiIKPOOHWUX | TOKCUYHMX areH-
TiB [1, 2]. KntoyoBy posb y nigTpumLi 6ap’epHoi GyHKLT
Bi4irparoTb MiXKKNITUHHI KOHTAKTK, 40 CKAA4y AKUX BXO-
OATb BiNKM KnayauH, OKAOAMH Ta 30HY/IH, NOPYLWEHHA
B3aEMOZ,T AKX NPU3BOAUTL A0 MiABULLEHHA eniTenianb-
HOT NPOHMKHOCTI [3, 4, 5].

XpoHiuHi BpoHxonereHeBi 3axXxBOPIOBAHHSA, 30KpemMa
XPOHiYHEe OBCTPYKTUBHE 3axBOPIOBaHHA nereHb (XO3/1)
Ta 6poHxianbHa acTMa, CynpOBOANKYOTHCA CTPYKTYPHU-
MU Ta OYHKLIOHAaAbHUMM 3MiHaMK eniTenito guxanb-
HUX LWAAXIB, BK/AOYHO 3 YLIKOAMEHHAM MIiXKAITUHHUX
KOHTAKTIB, 3HU}KEHHAM eKcnpecii cneundivyHmx 6inkis i
NiABMLLEHO TpaHceniTeNiabHO NPOHMKHICTHO. Lli no-
PYLUEHHA acouilolTbCA 3 NPOrpecyBaHHAM 3anaseHHs,
pemoaentoBaHHAM ANXAJIbHUX LWAAXIB Ta MNiABULLEHOO
YyTAMBICTIO A0 iHOeKLin [6].

MapanenbHo 3 UMM, y NaLieHTIB i3 meTaboniuyHo-aco-
LiioBaHO CTeaTOTUYHOW XBOopoboto nediHkn (MACXN,
HeasNKoro/ibHo XxBopoboto nediHkn HAMXM) Hako-
NUYEHO MEepPeKOHAMBI AO0Ka3U NigBULLEHOI KULWKOBOI
NPOHUKHOCTI, ANCHIO3y Ta CUCTEMHOI eHA0TOKCeMIi, AKi
BiZLirpaloTb BaXK/IMBY POJIb Y PO3BMTKY 3ananeHHa i i-
6po3y neuiHKkK [7, 8, 9]. Y cyyacHilt niTepatypi akTMBHO
PO3BMBAETLCA KOHLENLIA BiCi «KULIKA-NEreHi-neviHka»,
AKA NOACHIOE B3AEMHMUI BMNIMB LMX OPraHiB Yepes cnisib-
Hi iIMyHHi Ta meTaboniuHi mexaHismu [10, 11].

MeTta gocnigKeHHs.

AHani3 Cy4aCHMX AaHUX WOAO POJi NOPYLEHHA eni-
TenianbHOi 6ap’epHOI QYHKLIT y naToreHesi XPOHiYHUX
b6poHXoNereHeBMX 3axBOPHOBaHb i meTabonivuHo-acoL,i-
MOBaHOI CTEaTOTMUYHOT XBOPO6M NeYiHKM 3 ypaxyBaHHAM
iHTerpaTMBHOI BIiCi KKMULLKa-NereHi-neviHka».

O6’eKT i meTOAU AOCNIAKEHHA.

[Ons nocaArHeHHs nocrasneHoi meTu Byno npoaHani-
30BaHO Ta y3ara/JbHEHO AaHi Cy4acHOi HayKOBOI NiTepa-
Typu. MoLWyK AxKepen 34iMCHIOBAAN B MiXKHAapPOAHMX Ha-
yKoMeTpuuHux 6asax gaHnx PubMed/MEDLINE, Scopus,
Web of Science Ta Google Scholar. o aHani3y BKkAtoYanu
OpUriHaNbHI AOCNIAMKEHHSA, CUCTEMATUYHI OrNAAM Ta Me-
TaaHanisun, onybnikoBaHi nmepeBaXHO MPOTArOM OCTaH-
HiX POKiB y paxoBMX HAYKOBUX BUAAHHAX.

AHani3 BigibpaHux gxxepen 3giicHoBaNK i3 3acTo-
CYBaHHAM METOZIB CMCTEMHOrO aHasi3y, NOpPiBHAHHA,
y3ara/ibHeHHA Ta iHTepnpeTauii HAayKOBMX AaHWUX, L0
[,03BOINN0 CHOPMYBATU CyHaCHE YABNEHHA NPO naTore-
HETUYHI MexaHi3MuM NopyLLeHHA eniTenianbHoro 6ap’epa
Ta MOro po/ib Y PO3BUTKY AOCNIANKYBAHUX NATONOFYHNX
CTaHiB.

OcHOBHa YacTuHa.

EniTenin AnxanbHUX WANAXIB € aKTUBHUM Y4aCHUKOM
BPOZKEHOrO iMYHITETY Ta Bifirpae KNOYOBY POab Yy pery-
nauii nokanbHoro 3anasneHHa [9]. Y nauieHTis i3 XO3/1 Bu-
ABNAIOTb 3HAYHE 3HUMKEHHA eKcnpecii binkis kKnayanH-1,
KNayAuH -5 Ta OKAKOAMH, WO NPU3BOAMUTDL 40 NiABULLEHOT
NPOHWUKHOCTI eniTenito Ta nonerweHHA MPOHUKHEHHA
naTtoreHis [6, 8]. TIOTIOHOBUIA AUM € O4HUM i3 FONOBHUX

UMHHMKIB YLWKOAKEHHSA eniTeniafbHoro 6ap’epa, ockinb-
KM iHAYKYE OKMCHIOBAMIbHUI CTPEC, aKTMBALLitO A4EPHOTO
dakTopa Kanna-6e (NF-kB) Ta gerpagauito 6inkis mix-
KNITUHHWUX KOHTaKTiB [12]. MopdonoriyHi gocniaKeHHn
nereHb npu XO3J1 4eMOHCTPYIOTh Ae30praHisaLito enite-
Nito, BTPATy BiMYACTUX KAITUH Ta NOPYLWEHHA MyKOLUAI-
apHoro KnipeHcy [6]. OCKiNIbKM XpOM, AKMI MiCTUTbCA B
TIOTIOHOBOMY AMMi MicTUTb noHaz 7000 ximi4yHUX peyo-
BMH, BK/IIOYAOYN OKUC/IOBAJIbHI rasu, BaXKKi meTanum Ta
KaHLEPOreHHi PeYoBUMHM, HABAHTAXKEHHA TOKCUYHUMM
YacTMHKamn ocobnmBo BUCOKe y Kypuis [13] cepen AKX
npuéansHo y 25% possusaetrbca XO3J1. CTpyKTypa Ta
6iosioria anbBEONAPHOrO eniTenito CyTTEBO 3MiHIOKOTLCA
npu XO3/J1, AeMOHCTPYIOUN 3HAYHI 3MiHW 3 TOYKM 30pY
6ap’epHOI CTPYKTYpW, AndepeHLiaLii KNiTUH, 3ananeHHn
Ta NOAAPHOCTI KANITWH, WO MOXKe BMNAMBATU Ha MOro oc-
HOBHi QYHKUji. HopManbHUIA NOACBKUIN anbBeONAPHUIN
enitenin BKAKOYAE BiMYacTi KAITUHU (50-90% KAITUH),
CEKPETOPHI KNITUHU, AKi NepeBaXKHO € KeMXONomibHu-
MW KNITUHAMU Y BEJIMKUX AUXANbHUX WAAXax Ta byna-
BOMOAIOHMMM KNITUHAMWN Y ManuxX AMXaZbHUX LIAAXAX,
6a3anbHMMKM KAITUHAMKM, WO NpeacTaBnAlTb coboto
NPOreHITOPU AMXaNbHUX LWAAXIB, @ TAKOX PigKiCHI nig-
MHOMWHW, BKAOYAOUM HEMPOEHAOKPUHHI KAITUHM, i0-
HOLMTU Ta Ny4YKoBi KNiTWHK [13]. HepgasHi gocnigskeHHA
nokasanu, wo npu XO3/1 6a3anbHi KNITUHU AEMOHCTPY-
10Tb nopylweHy ctoBbyposictb [14] Ta 3miHeHe TpaH-
cKpunuiiHe nporpamysaHHsa [15]. Mo-apyre, i noaibHo
00 acTMu, y nauieHTiB 3 XO3/1 cnoctepiraetbca rinepn-
Nasifs KeMxonofibHUX KAITUH (Y BENIMKUX AUXaNbHUX
WAAXax) Ta MeTannasisa (y manvx AUXanbHUX WAAXax, ae
Y 34,0P0OBUX 0Ci6 KenmxonogibHi KAiTMHW NPaKTUYHO He
BMABAAOTLCA) [16]. LA ocobamsicTb 3ymoBaeHa TpaH-
CKpunuiiHMmmM dpakTopamm SPDEF Ta FOXA3 [17]. Us ce-
KpeTopHa ocobsmBicTb, MOXKMBO, 6inblw 6e3nocepes-
HbO MOB’sA3aHa 3 KYPiHHAM, Hix BnacHe 3 XO3/1, ocKinbKku
BOHa BXKe CMOCTepiraeTbca y KypL,iB 6e3 GpyHKLioOHaNbHUX
O3HaK 3aXBOPOBaAHHA, TOHTO 3 HOPMaNbHOK PYHKLIED
nereHb. Mo-TpeTe, 3MEHLWEHHA KiIbKOCTi Bil4aCTUX KAi-
TUH a/IbBEONAPHOTO eniTenito cnoctepiraeTocA npu XO3/1
[18], a pewwTa KAITUH AEMOHCTPYIOTb AUCPYHKLiOHANbHI
NMOPYLUEHHA, 3HUXKEHY YacToTy BUTTA BilAOK Ta iX BKOPO-
yeHHa [19]. LlikaBo, Wo 3miHeHa aAndepeHuiauia NiHin
KNITUH anbBEONAPHOrO eniTenito, Wo CNoCTepiraETbca B
TKaHWHI ereHb xBopux Ha XO3/1, moxke 6yTu BiATBOpPEHA
in vitro nicnA BiAHOBNEHHA CTPYKTYPU eniTesnito WaAAXom
KYNbTUBYBAHHA MeToAoM ALl NepBUHHUX KAITUH GPOH-
XianbHOro enitenito NtAUHKU Big, nauieHTis 3 XO3/1 [16],
LLLO CBigYMTb NPO neBHy Gopmy «enitenianbHoi nam’aTi»
3aXBOPIOBAHHA, AKa 3a/MLAETbCA BigbuToo B enitenii
[20], MmoBipHO, Yepes enireHeTUYHI MITKU.

Binblue Toro, icHye cMNbHUI enigemionoriyHuii 38’a-
30K Mi¥ NAaCMBHMM BNJMBOM CUrapeTHOro aumy o abo
nicns HapoAKEeHHA Ta MOLWMPEHICTIO acTMK y aiten [21,
22]. HelwopaBHi AOCNiAXKEHHA BUABUAM BMNUB CUrApeT-
HOTO AMMY Ha /lereHeBU eniTenili, besnocepeaHbO No-
PYLUYHOUM LWiNbHI KOHTAaKTU Ta MOAYNIOKOYU eKCnpecito
6inKiB, @ TaKOX MOCU/IOIOYM 3aMafeHHs, iHAYKOBaHOro
6inKOM KypAaYyoro aiua y mogenein aCTMaTUYHUX MULLEN
[23]. BnanB curapeTHoOro aAMmy TaKoX 3MiHIOE enireHe-
TUYHI MiTKK, WO 6epyTb y4acTb B iMyHHil Bignosiai. Lle i
36inbweHHA meTuntoBaHHA CpG-0CTPIBLiB Y reHax, Takmx
AK IL-10, y 3pa3Kkax ntoguuu [24], wo cnpuse Th2-signo-
BiAAM, HANPUKNAL, WASXOM 3MEHLUEHHA MEeTU/HOBaHHA
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renHis IL-4, I1L-13 abo 36inblweHHA meTuatoBaHHA FOXP3
nicns 3apaskeHHsA NMA0BUMM Kniwamm [25].

IHWi KOMMOHEHTU EKCMOCOMM TAKOXK MOMKYTb 3Mi-
HIOBATWU NEreHeBUi eniTenin Ta CNpuATU PO3BUTKY pec-
NipaToOPHMX aneprivyHMX 3axBoproBaHb. Buxoaaum 3 uiei
igei, nosigomnanocs, Wo BANUXAHHA MIKPOMNAACTUKY, WO
NepeHOCUTLCA MOBITPAM, BUKIMKAE iHDINbTPaLito nere-
HeBWX 3ananbHUX KNiTUH, arperauito 6poHxoanbBeonsap-
HUX MaKpodaris Ta NiABULLEHHA PiBHA paKTOpa HEKPO3yY
nyxanHu-a (TNF-a) fK y 340p0BMX, TaK i Y aCTMaTUYHUX
MmuLueit [26]. JoBeaeHo, Wo BipycHi iHpeKL,ii B HEMOBAAT
Ta paHHbOMY AMTAYOMY BiLli CNPUAIOTb PO3BUTKY acTMM
Ta b6inbLU Ni3HiX eTanax po3BuTkKy [27].

Mpwv 6poHxianbHiit acTmi 6ap’epHa anchyHKLia cnpu-
AE MiABULLEHIN NPOHMKHOCTI A/1A aNepreHiB i MiKpobHMX
KOMMOHEHTIB, L0 aKTMBYE Th2-onocepeaKoBaHy iMyHHY
Bi4NOBIAb Ta NIATPUMYE XPOHiYHe 3ananeHHaA [28]. 3Hu-
YKEHHA eKcnpecii eniTeniaNbHOro KagrepuHy Ta Knayam-
Hy-18 KOpentoe 3 TAXKKICTIO acTMM Ta CTyNeHeM pemoge-
NOBAHHA AMXanbHUX Wwaaxis [29].

Pi3Hi eniTenianbHi 6ap’epyn NOACLKOrO OpraHismy
CTAHOBAATb NepLly NiHil0 3aXUCTy Bif, WKIAANBUX areH-
TiB, MaToreHis abo HaBiTb anepreHis. 3pocTatoya Kinb-
KiCTb [OKa3iB NigTBEPAKYE «rinoTesy eniteniaibHoro
bap’epy», fIKa CTBEPAMKYE, WO LiNICHICTb i GyHKLiA eni-
TenianbHoOro 6ap’epa € KAOHOBUMU ANA NIATPUMKM rO-
MeOoCTa3y opraHiamy, i Wwo AncdyHKLioHanbHUn Bap’ep
MOKe /IeXKaTh B OCHOBI anepriyHmx Ta iHLWKX 3anaJbHUX
3aXBOPIOBaHb i NOACHIOBATU iX 3POCTAHHA MOLIMPEHOCTI
[30].

Xoua KoeH enitenii Mae pisHy ponb i mopdonorito,
BOHM MatoTb 6arato cninbHMx $i3ioNoriyHUX Ta CTPYKTYp-
HO-MeXaHiYHUX ocobansocTeli. KomnneKkcn aaresmBHUX
KOHTAKTIB eniTeniaJibHUX KAiTUH € OAHMM 3 OCHOBHMUX
KOMMOHEHTIB, WO MiATPUMYIOTb LiNiCHICTb eniTenianb-
Hux 6ap’epiB, OCKi/NIbKM BOHU PEry/NoOTb MIXKKNITUHHY
agresito, KNITUHHY NONAPHICTb Ta NapaLentoNapHy npo-
HUKHICTb eK30reHHUX efiemeHTiB. Lli Komnnekcn ckna-
[Al0TbCA 3 IBOX OCHOBHUX CTPYKTYP: LWi/IbHUX KOHTAKTIB
Ta agresiiHux KoHTakTiB [31, 32, 33]. LinbHi KOHTAKTK
YTBOPOIOTLCA NO3AKNITUHHUMWN AOMEHAMMU TPAHCMeMb-
paHHMX 6iNKiB (TakKMX AK POAMHM BiNKiB OKKNOAMHIB Ta
KNayauHiB), AKi yTBOPIOKOTb MiLLHI 3B’A3KM MiXK coboto Ta
3’€eAHYIOTbCA 3 AaKTMHOBMM Ta TybyniHOBMM LMTOCKeNe-
TOM Yepe3 KapKacHi 6inku [34].dopmMmyBaHHSA LWiNbHUX
KOHTaKTIB PErynoeTbca eKcnpecieto T1a dochopunto-
BaHHAM IX KOMMNOHeHTiB abo eKkcnpecielo b6inkis-guc-
pynTopiB (Hanpuknag, KnayauH-2) [35].TonepaHTHiCTb
[0 anepreHis besnocepegHbo MOB’A3aHa 3 LiNiCHICTIO
WiNbHUX KOHTaKTIB: IL-17 Ta IL-22 iHAYKYOTb eKcnpecito
30HYNiHY Ta KNAyAWHY, ane y Ntogen 3 aTonieto Lei Wwasax
NopyLLIEeHNI Yepes HaABHICTb LUMTOKIHIB Th2, wo cnpusa-
I0Tb MPOHMKHEHHIO aNiepreHis

KuwKkosuit enitenianbHnin bap’ep 3abesneuye ce-
NIEKTUBHY MPOHMKHICTb Mi>K MPOCBITOM KMLIEYHUKA Ta
BHYTPIWWHIM cepegoBulLem oOpraHiamy, 3anobiratoum
HaAMIpHIN TpaHcnoKauii MikpobHuXx npoaykTie [35].
CuctemaTnyHuin ornapg, i metaaHanis De Munck Ta cni-
BaABTOPIB MOKa3anu, Wo nauieHTn 3 MACXI matoTb go-
CTOBIPHO MiABULLEHY KMLLKOBY NMPOHMKHICTb MOPIBHAHO
3i 3mopoBMK ocobamm [36].

MpobioTUKM Ta CUHOIOTUKM LEMOHCTPYIOTb MOTEH-
LiMHO NMO3UTMBHWUI BMN/IMB Ha CKNag, MikpobioTn Ta ne-
YiHKOBI MOKA3HWKN, OAHAK Pe3ynbTaTh KAiHIYHMX A40CAi-
[OKeHb 3a/MLWATbCA HeogHopiaHMMM [12]. Ane Bigomo,

wo ocobnueocti papmakoTtepanii MACXIMN nonsratoTb
B 06I'pyHTOBAHI 3aCTOCYyBaHHA 3acobiB, WO BMNAMBAKOTH
Ha NPOBiAHI NaHKM NaToreHe3y 3axXBOPIOBAHHA, a came,
iHCYNiIHOPE3UCTEHTHICTb, XPOHIYHE CUCTEeMHEe 3anaseH-
HA Ta AUCperyasuis ninigHoro n ByrneBogHOro obmiHy.
TepaneBTUYHA cTpaTeria NOBMHHA BYTK CNpAMOBaHa He
JIYLIEe Ha 3MEHLUEHHSA CTYNeHs CTeaTo3y MeyiHKku, ane i
Ha Kopekuito meTaboniyHMX NopyLeHb i Npo3ananbHUX
MEXaHi3MiB, aKLEHTYETbCA yBara Ha HeobxigHoOCTI nep-
coHanisoBaHoro nigxoay o dapmakotepanii 3 ypaxy-
BaHHAM iHAEKCY Macu Tifa, CynyTHbOI NaToNOrii Ta Kap-
aiomeTtaboniyHoro pusuky [37].

MigBMLLEHHA KULWKOBOI NPOHMKHOCTI npu MACXM
CYNpPOBOAKYETLCA 3POCTAHHAM PiBHIB 30HY/IHY, Ninono-
nicaxapmay-38’a3yBasibHOro 6inka B KPOBi, L0 KOpestoe
3i cTyneHem 3ananeHHs i ¢ibposy nediHkn [38]. Mexa-
HICTMYHO Lie NOB'A3aHO 3 NOPYLIEHHAM CTPYKTYPU LWifib-
HUX KOHTAKTIB i 3HUXXEHHAM eKcnpecii 6inKiB 30HyNiHY Ta
OKJIOAMHY B TOHKIN KMLLL,.

TpaHcnoKauia 6aKTepianbHUX MNPOAYKTIB aKTUBYE
TLR4-3aneXHi CUrHaNbHI WAAXM B MeYiHu,i, Wo npu3Bo-
OMTb [0 aKTMBaLji KyndepiBCbKUX KAITUH, NpoayKu,ii
npo3sanasbHUX LUTOKIHIB i cTumynsauii dibporeHesy. Au-
cb6io3 KMwWweYHMKa, xapaktepHuit ana MACXM, goaaTtko-
BO MOCUJIIOE Li MPOLECU LNAXOM 3MEHLUEHHA NPOAYKL,iT
KOPOTKONAHLIOFOBUX KUPHUX KUCAOT, HEOBXigHUX ann
niaTpuMmKmM 6ap’epHoi uinicHocTi [38].

OcTaHHi [ocnigXeHHA NigTBEpPAKYTb ICHYBAHHA
BiCi «KMLUKa—nereHi-neviHka», B mexax AKOI KMLIKOBa
MikpobioTa i 6ap’epHa QyHKLiA BNAMBAOTb Ha iMYHHY
BianoBiab y nereHax [10, 11].

EkcnepumeHTanbHi mogeni AeMOHCTPYHOTb, WO Mo-
pyweHHA KuLWwKoBoro 6ap’epa Ta Ancbios acoutotoTben
3 NiABULLEHO CNPUMNHATIMBICTIO 40 pecnipaTOPHUX iH-
deKLUilt i nocuneHHAM nereHeBOro 3ananeHHs [14].

KniTUHHI Ta MoNeKkynapHi MexaHi3amu uiei B3aemogii
BK/IOYAOTb 06MiH meTabonitammu mikpobioTn (Hanpwu-
KNaf, KOPOTKOMAHLOTOBI KMUPHI KUCIOTK), LUPKYIOHO-
Yi Npo3ananbHi UMTOKIHK, cumnTomn amncbiosy Ta npo-
OYKUiO ninononicaxapuais, AKi MOXyTb BNAMBATU AK
Ha C/IN30BY KULLEYHWKA, TaK i Ha JIOKa/IbHUI iMyHiTET
B niereHAx. Y nauieHTis i3 XO3/1 cnocTepiraerbca 3miHa
CKNaf0BMX MIKPOb6ioTH, WO MOoXKe cnpuatu ancbanaHcy
iMyHHOT BigNoOBIAi y NereHAX Ta KUWKOBOMY TPAKTI 1 no-
CUNEHHSA CUCTEMHOTO 3ananeHHs [38].

XpoHi4yHe nereHeBe 3ananeHHsA, y CBOK 4yepry, cy-
NPOBOAKYETLCA CUCTEMHUM NIABULLEHHAM PiBHIB IL-6 i
TNF-a, Wo HeraTMBHO BMN/MBA€E Ha MmeTaboniam ninigis
Ta iHCyNiHOBY YyTAMBICTb Yy nediHui [39]. Takum YnHOM,
nopyleHHs 6ap’epHoi GyHKLIii B 04HOMY OpraHi moxKe
iHiLiOBATN NATONOriYHI 3MiHW B iHWMX KOMNOHEHTAX OCi
«KMLKa—siereHi—mneyviHka».

CninbHUMKM NaTOreHeTUYHUMU MEeXaHi3mamu and
bpoHxonereHeBux 3axBoptoBaHb i MACXI €: aAuChyHK-
LiA WiNbHWUX KOHTAKTIB i GiNKiB KnayauHy, OKNHOAUHY
Ta 30HY/iHY Y AWXanbHOMY W KuWKoBOMY enitenii [2];
OKWUCHIOBA/IbHUI cTpec Ta akTuBauis NF-kB 3 noganb-
woto npoaykuieto IL-1pB, IL-6 Ta TNF-a. TLR-onocepeaxo-
BaHa iMyHHa BiANOBIAb Ha Ninononicaxapuam i MiKpobHi
natepHu [31, 35], nopyweHHnA ckaagy MikpobioTu Ta ae-
dILMT KOPOTKONAHLIOTOBUX KUPHUX KnucnoT [40].

MopyweHa 6ap’epHa OYHKLiA KULWEYHUKA ClpUyiun-
HAE TPAHC/IOKAL,i0 ninonoaicaxapuais i3 NPOCBITY KMLL-
KiBHMKa B CUCTEMHWI KpoBOOLir, Ae ninonogicaxapuan
B3aEMoitoTb 3 peuentopamu TLR4/CD14 Ha iMyHHMUX
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KNITUHAX, aKTUBYIOUYM CUTHaNbHUIA Wwnax NF-kB — knto-
YOBMI MexaHi3m iHiliauii Ta NiATPMMKM CUCTEMHOTO
3ananeHHa. Le, y cBoto yepry, moxe BN/AMBaTK Ha ne-
YiHKOBUI MeTaboni3m, CPUATH MOLIKOAMKEHHIO renaTo-
uuTiB i NnporpecyBaHHio ¢ibposy npu MACXT, wo nia-
TBEPAKEHO HU3KOK KAIHIYHMX Ta eKCnepuMeHTaNbHUX
[OCNiAXKeHb.

[aHi focnigKeHb TaKOX AEMOHCTPYIOTb, WO KUL-
KOBi HaKTepii, NpoayKyto4M ninonogicaxapuamn Ta iHLwi
MeTaboniTM, MOXYTb MOAYNOBATU iIMYHHY aKTUBHICTb
Yy BiAOaneHux opraHax, 30Kpema B JereHax Ta MeuiH-
Ui, TUM CaMUM CMPUAOYM NATONOTIYHUM MpoLuecam y
MeKax BiCi «KMLLKa-nereHi-neviHka» [41].

BiagmoBa Big, naniHHA acoOLOETLCA 3i 3MEHLWEeHHAM
3aManeHHA AMXaNbHUX LWNAXIB Ta YAaCTKOBMM BigHOB-
NIeHHAM enitenianbHoi 6ap’epHOi GYHKLIT .3HUMKEHHS
macu Tina Ta moamdikaLia XxapuyyBaHHA y MaLEHTIB i3
MACXI cnpurAOTb NOKPALLEHHIO KULIKOBOI MPOHMKHOCTI
Ta 3MEHLIEHHIO CUCTEMHOrO 3ananeHHa [20-42].

OTpuMaHi pe3ynbTaTh Y3rogyKyrTbCA 3 Cy4acHOM
KOHLLENL,i€t0 EANHUX NAaTOrEHETUYHUX MEXAHI3MIB MeTa-
60oniyHOo-acoLiioBaHOI CTeaTOTUYHOI XBOPOHU NEeYiHKK
Ta XPOHiIYHMX BPOHXONEreHeBMX 3aXBOPIOBAHb.

BucHOBKM.

EniTenianbHa 6ap’epHa AMchYHKLiA BUCTYMAE KAto-
YOBMM MEXaHi3MOM Yy MnaToreHesi AK XPOHIYHUX BPOH-
X0NereHeBuMx 3axBoptoBaHb (actma, XO3/1), TaKk i meTa-
60oniyHOo-acoLiioBaHOI CTEaTOTMYHOI XBOPOBU NEediHKK.
MopyLeHHA LWiNbHMUX KOHTaKTIB, AuMcbio3 mikpobiotn,
TPaHC/OKauia NpoAyKTiB 6HaKTepianbHOro meTabonis-
My Ta aKTMBALA CUTHANbHUX WAAXiB, Takux AK NF-kB,
CTBOPIOIOTb OCHOBY /1A B3aEMOZIN Y MeXKax BiCi «nere-
Hi-KMLWKa-NeviHKa» Ta CNpUAOTb CUCTEMHOMY 3anasieH-

HIO, XPOHIYHOMY OKCMAATMBHOMY CTpecy Ta mporpecy-
BaHHH 3aXBOPHOBAHHA.

IHTerpoBaHWn Nigxis [0 AiarHOCTUKM Ta BeAEeHHSA
NALEHTIB i3 MY/IBTUCUCTEMHMMM NMPOABAMM, LLO BK/KO-
Ya€e OUiHKY bap’epHOI PYHKLIT, MapKepiB KMLWKOBOI Npo-
HUKHOCTI Ta MyNbTUAMCUMNAIHAPHY KOOPAMHALi0, MaE
NOTEeHLiaN NOAINWMUTM PO3YMIHHA MEXAHI3MiB 3aXBOpPHO-
BaHHA Ta CNpUATK Po3pobLyi NepcoHani3oBaHMX cTpaTte-
T NiKyBaHHA.

MepcnekTUBM NOAANbLUUX AOCNIAMKEHD.

Moganbwi AoCAigXKeHHs MatoTb OyTWM cnpsimoBaHi
Ha nornmMbneHe BWMBYEHHA MONEKYNSPHUX MeXaHi3miB
NnopyLeHHs eniTenianbHOro 6ap’epa B mexax oci «KuL-
Ka-/71ereHi-neviHka», 30Kpema poni enireHeTUYHMX 3MiH,
perynauji 6inKiB WiNbHUX KOHTAKTIB (KNayauHiB, OKAtO-
AMHY, 30HYANiHY) Ta CUTHANbHUX WAAXIB. [lepCnekTUBHUM
€ NnowwyK cneumdiyHnx biomapkepis bap’epHOi AUCHYHK-
Lii, AKi [03BONATb PaHHIO CTpaTUdIKaLito PU3MKY Npo-
rpecyBaHHA AK GPOHXONEreHeBMX 3aXBOPHOBAHb, TaK i
MeTaboNivHO-acoLiMoBaHNX YPaXKeHb NeYiHKM.

HeobxigHMMM € NPOCMNeKTUBHI KNiHIYHI AoChigKeH-
HAA, CNPAMOBaHi Ha OUiHKY B3aEMO3B’A3KYy 3MiH MiKpoO-
6i0TM KULIEYHMKA | NIereHb i3 CUCTEMHUM 3amnaseHHAM
Ta meTaboniyHMmM nopyweHHAMU. OKpemy yBary chig,
NPUAIANTY BUBYEHHIO TEPANEBTUYHOIO NOTEHLiany Npo-
6ioTMKiB, CMHBIOTKKIB, NOCTOIOTUKIB, a TaKoX 3acobis,
LLLO BiZLHOBAOIOTH LiNiCHICTb eniTenianbHoro 6ap’epa.

MepcnekTMBHUM HanpAMOM € po3pobka nepcoHani-
30BaHMX NiKyBa/IbHUX CTPATErii 3 ypaxyBaHHAM GeHOTH-
ny 3aXBOPHOBAHHA, CTaHY MiKpPOBIOTH, NOKA3HUKIB KUL-
KOBOI MPOHMKHOCTI Ta KapAioMmeTaboniuyHOro pusnKy, Lo
MOXKe CNpUATU NiABULLEHHIO ePeKTUBHOCTI NpodinaKkTu-
KM 1 NikyBaHHA KOoMopbiaHoi naTonorii.
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MOPYLLEHHA ENITENIAIBHOTO BAP’EPA AIK CNIJIbHUA NATOTEHETUYHUA MEXAHI3M XPOHIYHUX BPOH-
XONEFEHEBUX 3AXBOPIOBAHb TA METABO/TIYHO-ACOLLIMOBAHOT CTEATOTUYHOI XBOPOBW NEYIHKK

NisTopak K. B., LLleBuyk T. B.

Pestome. Y cTaTTi po3rnaHyTO NOpPyLIEHHA eniTenianbHoro 6ap’epa AK yHiBepcanbHUA MeXaHi3M PO3BUTKY XpoO-
HiYHMX BPOHXONEreHeBUX 3aXBOPIOBaHb i MeTaboiYHO-acoL,iioBaHOi cTeaTOTUUYHOI XBOpobu neyviHkm (MACXNM). Eni-
TeNin AUXaNbHUX WAAXIB i KUWEYHUKA BUKOHYE K/OYOBY 3aXWCHY Ta iMyHOPErynaTopHy ¢oyHKLii. MolwKoaKeHHs
WiNbHMUX KOHTAKTIB (KNayauHW, OKAOAUH, 30HYNIH) 3yMOB/IIOE NiABULLEHY NPOHUKHICTb, TPAHC/I0KALLiIO MIKPOBHMX
NPOAYKTIB i pOpMyBaHHA CUCTEMHOTO 3ananeHHA. 3pOCTae 3HAYEHHA KOHLLeNL,i OCi «KMLIKa-NnereHi-neyviHka» Ak iH-
TerpaTMBHOI MoAeni naTtoreHesy.

MeTa — y3arasibHUTU Cy4yacHi HayKOBI AaHi WoA0 poi enitenianbHoi 6ap’epHOT ANCPYHKLTY PO3BUTKY XPOHIYHO-
ro 06CTPYKTMBHOIO 3aXBOPIOBAHHA siereHb, 6poHxianbHOT actMm Ta MACXI 3 ypaxyBaHHAM MiXKOpraHHOiI B3aemodji.

Mpw XO3/1 i BpoHxiaNbHilh aCTMi BCTAHOBNEHO 3HUMKEHHA eKcrpecii 6iNKiB LWiNIbHUX KOHTAKTIB, YLUKOAKEHHA Bili-
yacToro enitenito, rinepnaasito KeANXONoAibHMX KNITUH Ta akTMBaLito NF-KB-3anexKHOro 3ananeHHs nig, BnavMBom
TIOTIOHOBOIO AMMY I IHLWKWX YNHHUMKIB eKcnocomu. bap’epHa ANCOYHKLIA CNpUAE NPOHUKHEHHIO afepreHis i naTo-
reHiB Ta niaTpumye Th2-onocepeakoBaHy iMmyHHY Bianosiab. NMpu MACXI goBeaeHO NiABULLEHY KULWIKOBY MPOHMUK-
HicTb, ANC6iO3 | eHAO0TOKCEMIID, WO aKTUBYOTb TLRA-CUrHANIHT y NeYiHLi, CTUMYoYM 3ananeHHA Ta ¢ibporeHes.
CninbHMMKM MexaHi3MaMM € OKMCHIOBaIbHUIA CTPEC, LMTOKIH-onocepeaKoBaHe 3ananeHHa (IL-6, TNF-a), nopyLleHHA
Mikpob6ioTu Ta AediLMT KOPOTKONAHLLIOTOBUX KUPHUX KUCNOT. B3aemosina B MexKax OCi «KMLLKA-NereHi-nedviHka» 3y-
MOBJIHOE B3aEMHE MOTEHLLiFOBaHHA MNATONOrYHMUX NPOLECIB.

EnitenianbHa 6ap’epHa gMcPyYHKLIA € CNiNbHOK NAaTOreHeTUYHO NaHKOI BpOHXoNereHeBux i meTabonivuHmx
3aXBOPIOBaHb. IHTerpoBaHuUiA Nigxiag, 40 AiarHOCTUKKM Ta /liKyBaHHA, CIPAMOBaHMI Ha BigHOBAEHHA 6ap’epHOT Linic-
HOCTi Ta MoaudiKauito MikpobioTu, BiAKPMBAE NEPCNEKTMBIU NEPCOHaNi30BaHOI Tepanii.

KnrouoBgi cnosa: enitenianbHa NpoHUKHicTb, XO3/1, MACXI, 6poHxianbHa acTma, MikpobioTa.

EPITHELIAL BARRIER DISORDERS AS A COMMON PATHOGENETIC MECHANISM OF CHRONIC
BRONCHOPULMONARY DISEASES AND METABOLIC-ASSOCIATED STEATOTIC LIVER DISEASE
Pivtorak K. V., Shevchuk T. V.
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Abstract. The article examines epithelial barrier disruption as a universal mechanism underlying the development
of chronic bronchopulmonary diseases and metabolic dysfunction—associated steatotic liver disease (MASLD). The
airway and intestinal epithelium perform key protective and immunoregulatory functions. Damage to tight junction
proteins (claudins, occludin, zonulin) leads to increased permeability, translocation of microbial products, and
the development of systemic inflammation. The concept of the “gut-lung-liver axis” is gaining importance as an
integrative model of pathogenesis.

Aim is to summarize current scientific evidence regarding the role of epithelial barrier dysfunction in the
development of chronic obstructive pulmonary disease, bronchial asthma, and MASLD, taking into account
interorgan interactions.

In chronic obstructive pulmonary disease (COPD) and bronchial asthma, decreased expression of tight junction
proteins, damage to ciliated epithelium, goblet cell hyperplasia, and activation of NF-kB—dependent inflammation
under the influence of tobacco smoke and other exposome factors have been established. Barrier dysfunction
facilitates the penetration of allergens and pathogens and sustains a Th2-mediated immune response. In MASLD,
increased intestinal permeability, dysbiosis, and endotoxemia have been demonstrated, activating hepatic TLR4
signaling and promoting inflammation and fibrogenesis. Common mechanisms include oxidative stress, cytokine-
mediated inflammation (IL-6, TNF-a), microbiota imbalance, and deficiency of short-chain fatty acids. Interactions
within the “gut-lung-liver axis” contribute to mutual potentiation of pathological processes.

Epithelial barrier dysfunction represents a shared pathogenetic link between bronchopulmonary and metabolic
diseases. An integrated diagnostic and therapeutic approach aimed at restoring barrier integrity and modulating the
microbiota opens new prospects for personalized therapy.

Key words: epithelial permeability, COPD, MASLD, bronchial asthma, microbiota.
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A systematic analysis of modern scientific data on the role of dopamine as a key neuromodulator in maintaining
human postural stability, as well as the mechanisms by which the dopaminergic system influences motor coordi-
nation in normal and pathological conditions, particularly under chronic stress, has been conducted. It has been
established that dopamine plays a critical role in the functioning of the basal ganglia "motor loop", where it provides
movement initiation and automatic postural reflexes through direct (D1-receptors) and indirect (D2-receptors) path-
ways. It has been found that dopamine deficiency (in Parkinson's disease, Segawa syndrome, etc.) leads to the loss
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