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Pestome. Ha cerogHALWHNIA fleHb HAaKOMIEeHO JOCTaTOYHO CBEAEHMIN U MHPOPMALMK 06 M3MEHEHMAX YPOBHSA Kia-
YAMHOB MpPU PasfiyHbIX racTPO3HTEPONOrMYeckrx 3aboneBaHnax. OfHAKO JO CMX MOP OCTAETCA Manou3yyeH-
HbIM BOMPOC COAEPKAHMA KIAyAUHOB NMPU KULIEYHbIX NaTonorusx. B HacTosllee BpeMsa BeAeTcA akTVBHOE U3-
yuyeHune nocTiAMOIMO3HOro CUHAPOMa pasfpakeHHoro KuwedHuka (CPK). Mo gaHHbIM PocnoTpebHaa3opa, B
Poccuinckoinn OepepaLum nAmMOMO3 3aHMMaET BTOPOE MeCTO nocie aHTepobrosa. ExxerogHo nm 3abonesatoT go
70-75% peten B Bo3pacte Ao 17 net. Kpome TOro, MMerTCA AaHHble, YTO OT 5 Ao 10% feTen C BbIABIEHHbIM
CPK 6binu paHee uHduumpoBaHbl Lamblia intestinalis. J1ambnno3 nopakaeT KuLeyHbl 6apbep 1 cnocobcTByeT
Jerpagaunm 6enkoB NAOTHbIX KOHTAKTOB, TAaKUX Kak Zo-1, KnayavH-1 v KnayauH-4. YpoBeHb KayaMHOB Obin Mo-
HUXKEH B CBA3U C NOPaXKeHMEM KHLLIeYHOro 6bapbepa. Bonpoc o ponu n3bbITouHOro cogeprkaHnA KnayanHoB npwm
B3K octaeTca cnopHbIM. B nccnefoBaHmAx paccMaTprBaloTCA MONOXKUTENbHbIE U HEFaTUBHbIE BVSAHUA YPOBHSA
130¢hOopMbl KiayriHa Ha OpraHy3m YesioBeKa B 3aBUCMOCTM OT yCioBUiA. [omMrMo 3a6oneBaHuii, ypoBEHbD Kiiay-
[OVHOB 3aBVCUT TaKXKe OT COfleprKaHNsA LIUTOKMHOB.

KnioueBble cnoBa: k/1ayouH; IAM6J1U03; CUHOPOM pa3opakeHHo20 KuwedyHuka (CPK); ocnanumesnbHsle 3abosesa-
Hus KuweyHuka (B3K); kuwey4Hell 6apbep.
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Abstract. At present, sufficient data and information have been accumulated on changes in claudins levels in
various gastroenterological diseases. However, the issue of claudins content in intestinal pathologies remains
poorly studied. Currently, post-giardiasis inflammatory bowel disease (IBS) is being actively studied. According
to Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing (Rospotrebnadzor) in
the Russian Federation, giardiasis ranks second after enterobiosis. Every year, up to 70-75% of children under
the age of 17 fall ill with it. In addition, there is evidence that 5 to 10% of children diagnosed with IBS were
previously infected Lamblia intestinalis. Giardiasis attacks the intestinal barrier and promotes the degradation of
tight junction proteins such as Zo-1, claudin-1 and claudin-4. Claudins levels were decreased due to damage to
the intestinal barrier. The role of excess claudins in IBD remains controversial. The studies examine the positive
and negative effects of claudine-isoform levels on the human body depending on conditions. In addition to
diseases, the level of claudins also depends on the content of cytokines.

Key words: claudin; giardiasis; irritable bowel syndrome (IBS); inflammatory bowel disease (IBD); intestinal barrier.
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BBEAEHUE

CeMmeliCTBO KnayAUHOB BKIOYaeT B ceba pafg VH-
TerpanbHbIX MeMOpaHHbIX GeNKoB, KOTopble ABAAT-
CA OCHOBHbIMW KOMMOHEHTAMW MJIOTHbIX COEANHEHWNIA
SNUTENMANbHbIX KNEeTOK MO3BOHOYHbIX [1]. TNOTHbIe
coeiHeHNA (KOHTAKTbl) — 3TO MHOTOrpaHHble CTPYK-
Typbl, KOTopble obecneumBaloT nNapaLennonapHbIi
6apbep, AUKTYA n3bupaTenbHyl MPOHULAEMOCTb W
nopaepXnBas KNeTouHy NofAPHOCTb NyTeM pasrpa-
HUYEHWA anuKanbHOW 1 GasonaTepanbHoW obnacrten
nnasmaTuyeckom membpaHbl.

KnayavHbl cOCTOAT 13 YeTblpex TpaHCMeMOpaHHbIX
a-cnupanein, ABYX BHEKMETOYHbIX MeTefb C Bapua-
6efbHON aMUHOKUC/IOTHON NocCneaoBaTenbHOCTbIO 1
KOpOTKMX uyutonnasmatnyeckmx N- n C-koHuUOB. BHe-
KreTouHble neTnn, ocobeHHO nepBas, y4yacTBYIOT B
boOpPMUPOBaAHMM MOHOCENIEKTMBHbBIX KaHanoB 3a CyeT
roMoUIbHBIX U TreTepoduNibHbIX B3aUMOAENCTBUN
MeXAY KnayauHammn Ha COCeHMUX KNeTOYHbIX MeMbpa-
Hax [2]. B HacToswee BpemA onucaHo 27 BMAOB Kna-
YAVHOB. Becb cnekTp dyHKUMIA AaHHbIX 6efIkoB Heus-
BeCTeH U1 npoponmxaeT nsyvatbca. Lal-Nag n M. Morin
B OMbITax Ha Mbllax MOKa3anu, UYTO Y >KMBOTHbIX C
OTKJIIOUEHHbBIM KNayaAnHOM-1 BO3HUKIO 06e3BOXW-
BaHMe BCNEeACTBME TpPAHCAEPMANbHOW MoTepu BOAbI
[3, 4]. Mpwn peduunte knayguHa-11 n -14 B MbILUNHBIX
MOfenAxX pa3BuBasacb rnyxoTa K3-3a UCYE3HOBEHMA
MAOTHbIX KOHTAKTOB U3 6a3anbHbIX KNETOK COCYAUCTOMN
nonocku. feduunt KnayauHa-19 npmusoamn K nose-
[LEeHYECKNM HapyLIeHUAM K3-3a UCYe3HOBEHWA MNOoT-
HbIX KOHTaKTOB LUBAHHOBCKMX K/ETOK M HapylleHuA
HEPBHOW MPOBOAMMOCTM MO nepudepuyecknm mue-
NIMHN3MPOBAHHBLIM BOMOKHaM. [pyrue nccnegoBaHus
LEMOHCTPUPYIOT CHUXKEHUE 3KCnpeccumn 6enka Knay-
OVHa-1 y nauveHTOB C BOCManuTenbHbIMK 3aboneBa-
HuAaMKM KnweyHrka (B3K), uto KoppenupyeT ¢ 6onee
OJIUTENbHONW MPOAOIKMUTENIbHOCTbIO 3aboneBaHus [5,
6]. Pa3HoOGpa3ue KnayanHoB, Taknm obpa3om, No3Bo-
NAET NPefnonoXUTb NX KIIOYEBYIO POJib B GYHKLNOHN-
pPOBaHWK NAOTHbIX KOHTAaKTOB U perynaunv napauen-
nonAapHoro TpaHcnopTa. ccnegosaTtenbckne ycunua
BCE Yalle HarnpaBfieHbl Ha BblACHEHME B3aMMOCBA3N
CTPYKTYpPbl U GYHKLUN KNayaWHOB, MEXaHN3MOB pery-
NALMN SKCNPECCMMN U MaTOreHHbIX NOoCneacTBUA QUC-
perynaunm gaHHbIx 6enKoB NNOTHbIX KOHTAKTOB (BI1K).
OnpepeneHHbI MHTEpPeC COCTOUT U B onpeaeneHum
ypoBHs BIMK npu pasnunuHbix 3ab6oneBaHusix.

BOCNAJIUTENbHbIE
3ABOJIEBAHUA KUWLEYHUKA

OpHom 13 Hanbonee YacTblX NATONOTUNA KALLEYHN-
Ka ABMSOTCA BOCMANMTENbHble 3a00M1eBaHMA KuLlley-
HuKa (B3K) — 6one3Hb KpoHa (BK) n A3BeHHbIN KonuT
(AK). CywecTByeT MHEH/E O TOM, YTO U3MEHEH Ve YPOB-
HA KnayAuHa nrpaet posnb B natoreHese B3K [7]. en-
CTBUTENbHO, aHOManNun 60MbLINHCTBA N30OPM Knay-
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[OVIHOB MPUBOAAT K HapyLleHNo GYHKUNIA KMLLEYHOTO
6apbepa [8]. bbin NpoBedeH pafg UCCIefOBAHUN Ha
nauunenTax ¢ K n bK [9]. Ha ocHoBe usyuexna 6uon-
CUNHOro MaTepuana KULWeYyHoro anutenusa 6uinm Bbl-
ABNEHbl U3MEHeHMA YyPOBHA KnayauHa npu B3K. Mpwu
A3BEHHOM KOJNINTE MOBbIWANACh IKCNPeccusa Knayam-
Ha-1, -2 1 -18 1 NoHManacb perynauua KnayguHa-3,
-4 n -7. MNpun BK Takxe 6bI0 BbISBNIEHO MOBbILIEHHOE
cofepxaHue KnayanHa-1 n KnayamHa-2 v CHUXeHue
3KCNpeccnn KnayamHa-3 B asnutennumn KnwevHmka [10].

B cBoem wuccnegosaHum Preeti Raju un Nitesh
Shashikanth genatoT BbIBOA O maToreHHoW ponu no-
BbILUEHHOrO YPOBHA KNayAnHa-2 B Pa3BMTUN Konuta u
MbITAIOTCA PeWnTb JaHHyl Npobiemy nyTem Bo3fein-
CTBMA Ha Ka3euHKnHasy-2 [11]. ABTopbl yTBepXKAaloT,
YTO TaKoOe pelleHne Hy>KAaeTcA B AOMONHUTENIbHbIX
NCCNefoBaHUAX N B JalbHelWweM MOXeT UCMOoNb30-
BaTbCA B KauyecTBe Tepanuu npu B3K. OgHako cyule-
cTBYeT 1 npotmononoxHoe mHeHune. C.T. Capaldo n
Claudin Barriers BbIABUAN YCTOMUYMBOCTb K KONUTY NpU
BblpaboTKax BbICOKUX YPOBHeN KnayauHa [12]. 3Ta ru-
notesa 6blsla NPOLEMOHCTPMPOBaHa B OMbITe Ha Mbl-
Lax, NoABEPrHyTbIX TPAHCTEHHOW Moandukauum ana
MOBbILEHHON BbIpaboTKM KnayauHa-2. B nanbHelwem
OblI0 MOKa3aHo, UTO KayauH-2 oKasblBaeT 3alWnTHoe
OencTBMe Npu XMMUYeCKn MHAYLUMPOBAHHOM W NaTo-
reH-MHAYLMPOBAaHHOM KOIUTE. MecTe C TeM Mpu Takow
naTonoruu, Kak MMMyHOOMOCPEeOBaHHbIN KOMUT, Bbl-
COKME YPOBHU KnayamHa-2 ycyryonsiot 3abosneBaHue,
a yfaneHve gaHHoN n3odopmbl KnayarHa cKasblBaet-
csa GnaronpuATHO.

Opyrue wnccnepoBaHua 1n30popMbl  CBUAETENb-
CTBYIOT O BaXHOW ponu KnayaunHos B B3K — yuactum
B nponvdepaumm n MUrpaunm KneTok Ha KneToyHoM
ypoBHe. OfHaKo KnayAnH-2 yBenMUymMBaeT NOTOK aHTU-
reHOB K pPa3HbIM TKaHAM. 3TO MOXeT ObITb CBA3aHO C
BMMAHMEM SKCMPECCUN KnayamHa-2 Ha feneHue Kne-
ToK. Ecnn noBpexpaeHue npowusowsno BCIeACTBUE
naToreHa, BbICOKME YPOBHMW KfayguHa-2 MOryT OKa-
3aTb MOJNIOXKUTENbHBIN 3bdeKT bnarofapsa YyCKOPeHMIo
npoueccos pereHepaumn. OgHaKo Npu XPOHNYECKMX
noBpeXAeHUAX MOBbILIEHHOe cofepKaHue n3odop-
Mbl HeceT AeCTPYKTUBHOe AeNcTBMe bnaropaps ycu-
NeHHOMY [eNCTBUIO aHTUreHOB. Takum obpasom, no-
BbIlWEHHOE CcofeprKaHue KnayaunHa MOXKEeT B pasHbIX
cnyyasax roBopuTb O OGNaronpuATHBIX U MATOreHHbIX
n3meHeHmax [13].

[nAa [marHoCTMKM BOCManUTENbHOro 3abonesa-
HUA KMLWEeYHNKA KpaHe Ba)KHO OnpeaenaTb YPOBeHb
KnayavHa. Hekotopble nccnegoBaHusa AeMOHCTPUPY-
0T CBA3b MeXAY NOpaKeHMeM MAOTHbIX KOHTaKTOB "
ypOBHeM KnayanHa-3 B moue y nauuneHTos ¢ B3K. MNpn
[aHHOW NaTONOrnn ypoBeHb KnayanHOB B MOYe pe3Kko
yBenuueH [14, 15].

Mommmo BocnanuTenbHbiX 3aboneBaHWii Kulleu-
HUKa, copepXKaHne KnayamuHa Takxke meHAeTcA 1 npu
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CUHAPOMe pa3fpaeHHoOro KuweyHuka. 1o HekoTo-
pbiM AaHHbIM, 3KCNpeccusa KnayauHa-1 cHukaetca y
naynentos c CPK [16].

CAHAPOM PA3APAXEHHOIO KAWWEYHUKA

CPK saBnsetcs KOMMIEKCOM  YHKLMOHANbHbIX
HapyLlleHWiA, BKNYalWwmm B cebs 6onn B XnBoTe,
yMeHblUawLmeca nocne akta gepekauum n otmeyvato-
LMeca He MeHee Tpex AiHEN B MeCAL, Ha NPOTAXKEHMNN
nocnefHMX Tpex MecaLes, Npu obLLeil NPOJONXKUTENb-
HOCTW »anob He MmeHee 6 mecsLeBs [17]. [lokasaHo, uTo
ypoBeHb KnayanHa-1 y naumentoB ¢ CPK ¢ gnapeen
CHUXeH [18, 19].

B n3meHeHunax yposHa knayanHa npu CPK BaxHyto
pOJib UrpaloT HeKOTOopble LMTOKMHbI. DakTop Hekpo3a
onyxonu anbda (PHOa) n nHTepdepoH-ramma crnocob-
CTBYIOT ierpagaLmim naoTHbIX KOHTAaKTOB NyTeM BO3Jei-
CTBWA Ha KNayAVHbl. DTN LIMTOKMHbI 3a4acTyo 0OHapyXu-
BaloTCA B aHanm3ax naymeHTos ¢ CPK. Takum obpasom,
LUTOKMHbI YYaCTBYIOT B M3MEHEHUAX SMUTENanbHOro
6apbepa nyTem BO3LeNCTBUA Ha KnayauH [20, 21]. Uc-
cnegosaHue V. lvashkin n Y. Poluektov gemoHcTpupyet
N3MEHeHNA LUTOKNHOB 1 KnayauHos npu CPK [22].

/13 nonyyeHHbIx AaHHbIX OblN cAenaH pAaf BbIBOAOB.
MNpu CPK BbiABNAETCA CTAaTUCTUYECKM 3HAUYMMOe yBe-
NMYeHne SKCNpeccnin NPOBOCNANINTENIbHOIO LNTOKNHA
®HOa un yutokmHa IL-2. CofepxaHre NpoTNBOBOCNa-
NUTENbHOro UUToKMHa IL-10 B 6ronTaTe 6bI10 3HAUK-
TeNbHO MOHWMXEHO, KaK N coflepXxaHune KrnayamHa-3, -5
[23, 24]. ABTOpPbI MpeanonaratoT, YTO yPOBEHb Knayau-
HOB MOHWKAETCA M3-3a AerpaHynAaUnnN TyYHbIX KNeToK
3a cyeT BblCBOOGOXAeHMA TpunTasbl. Kpome Toro, ge-
rpaHynauMs Bbi3blBaeT BbICBOOOXAEHME MeAnaToOpPOB
BOCMasieHUs 1 akTUBUpyeT NMMGOLTDI, YTO MPUBOANT
K anucbanaHcy UMTOKMHOB [25].

NOCTNAMBJINO3HbIA CUHAPOM
PA3APAEHHOTO KULUEYHUKA

Jlambnno3 ABnAeTCcs OAHMM W3 Haumboree pac-
NPOCTPaHeHHbIX 3aboneBaHUn BO BCeM mupe. Bos-
6ygutenem ssndaetca Giardia lamblia, nepepatowas-
cA ¢deKanbHO-OpanbHbIM NyTEM uepe3 NpsAMoe Unu
onocpefoBaHHOe MoMnajaHve UUCT napasuta B Boay
1 nuwy [26, 27]. CMuMNTOMbI N1AM6GIMO3a MOFYT OTCYT-
CTBOBATb NIMO0 NPOABAATLCA OCTPON BOAAHUCTON Aina-
peen, TOWHOTON, anuracTpanbHom 6onbto [28-30].

3apaxeHue Lamblia intestinalis moxeT npoBouunpo-
BaTb pa3BuTMe NocTuHdekyoHHoro CPK, cnocobcTBys
LecTpyKLmMmn KulweyHoro 6apbepa. bbin npoBeseH psag
MccnefoBaHUn Ha HOBOPOXKAEHHbIX MbILLIAX C MTOMOLL b0
3K30reHHoro 3apaxeHua. CMHAPOM TMMepyyBCTBU-
TENIbHOCTM TOLWEN 1 NMPAMOW KUK BbISIBASACA Y Mbl-
wen uepes 50 gHen nocsie MHGULMPOBAHMSA, UTO BbIIO
CBSI3aHO C aTpoduelrt BOPCUHOK, runepniasnen Kpunt
1 yBenMUYeHneM KonmyecTsa MMMYHHbIX KNeTok. B xone
paboTbl Takke Oblfla O6HaPY>KeHA MEXKNIeTOUHas Hak-
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TepuanbHada TpPaHCIOKaUmMa Yepes snuTenmanbHbli 6a-
pbep, KoTopas MOXeT HabnogaTbCa npu Nambnnose
[31]. Kpome TOrO, aBTOPbI CAAENANM BbIBOS, YTO NAMONN-
03 BbI3bIBaeT CTONKOE NOBPEXAEHNE MIOTHbIX KOHTaK-
TOB, 0COBEHHO KnayauHa. bakTepranbHaa TpaHcoKa-
ums Obina CBA3aHA C MOBLIWEHHOW HENTPOGUSIbHOM
UHPUnNbTpaumen. Knrouesyto posb B JlaHHOM npoLecce
Urpanu TakKe NpoBOCManNUTENbHbIE LUTOKMHbI, YNCIIO
KOTOpPbIX 6bI10 MOBbIWEHO. Hanprmep, y Mblwwein 06Ha-
PYXM1BaNCA NOBbIWEHHbIN YPOBEHb MHTepdepOoHa-a n
uHtepdepoHa-y, ®HO, a Takxe IL-1 [32]. Takum obpa-
30M, 6aKTeprianbHoe BoCnaneHne MoXKeT COXPaHATbCA
nocne nNMKBUZaUMv NAMONWIA B TeYeHue OAUTENbHOro
BPEMEHM, UTO MOXKET CNOCOBCTBOBATb Pa3BUTUIO MOCT-
NHPEKLMOHHBIX KMLLEYHbIX paccTpoincTs [33].

B ppyrux nccnepgoBaHuAx Obina BbiABAEHA BbICO-
Kaf pacnpocTpaHeHHOCTb NAMONMO3HON nHbeKUUn y
nayneHToB ¢ CPK npu 6uoncumn aseHaguatMnepcTHom
KWLLKM U CCefoBaHnmM CTyna. ABTOpbI AenatoT BbIBOA,
yTO 3apaxkeHune Lamblia intestinalis MoXeT GbITb OHOW
13 BO3MOXHbIX MPUYMH CUMATOMOB Y NauneHToB ¢ CPK
[34, 35]. CyuwlecTBytoT Takke paboTbl, AEMOHCTPUPYIO-
wmre obpaTHyl B3aMMOCBA3b. MHOXeCTBO NauueH-
TOB C gmarHosom CPK nopsep»keHbl MHGNLMPOBAHMIO
Lamblia intestinalis [36]. BmecTte ¢ 3TUM M3MeHeHue
YPOBHSA KnayamMHoB npu noctnambnunosHom CPK ocrta-
eTcA ANCKyTabenbHbIM BOMPOCOM.

3AKJTIOMEHUE

Taknm 06pa3om, Npu JaHHbIX NATONOrNAX o6Hapy-
XKMBaAETCA pa3Hoe cofepKaHue KnayamHa, uyto, ofjHa-
KO, MOKeT paBHbIM 06pa3oM Kak MPUHOCKTL Bpes, Tak
1 obneryaTb TeyeHue 3aboneBaHus. Bonpoc aBnsetca
He[0CTaTOUYHO M3YUYeHHbIM 1 TpebyeT 6onee geTanb-
Horo paccmoTpeHua. OgHako AnMarHoCTMYeckas ponb
KNnayouHOB B MaTONIOMUAX KeNyLOUYHO-KMLLIEYHOro
TpaKTa BeNvKa, U CreumannucTam cliefyet KoppekTnpo-
BaTb sieyeHune naymeHToB ¢ B3K n CPK B 3aBUCcKMMOCTH
OT YPOBHS KnayAyvHa.

AONOJIHUTENbHAA UHOOPMALINA

Bknapg aBTOpoOB. Bce aBTOpbI BHECNM CYyLeCTBEH-
HbI1 BKNAZ, B pa3paboTKy KOHLEeNLMm, NpoBefeHre 1c-
CflefoBaHMA 1 NOATOTOBKY CTaTbM, MPOYNY 1 ofobpu-
nn GrHanbHyo Bepcuio nepes nyonukayunen.

KoH$nuKT nHtepecoB. ABTOpbI IeKNnapupyoT OT-
CYTCTBME ABHbIX 1 MOTEHLUMNANbHbBIX KOHGNNKTOB MHTE-
PEeCcoB, CBAI3aHHbIX C MyOnMKaLen HacToALEeN CTAaTbN.

UctouHnk ¢uHaHcmpoBaHUA. ABTOpbI 3asiBNAIOT
06 OTCYTCTBMY BHelHero GrHaHCMPOBaHMA Npu Npo-
Be[eHMN NCCefoBaHuA.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made
a substantial contribution to the conception of the
study, acquisition, analysis, interpretation of data for

OB30PbI



Children’s medicine of the North-West
2024/Vol. 12 N2 1

the work, drafting and revising the article, final ap-
proval of the version to be published and agree to be
accountable for all aspects of the study.

Competing interests. The authors declare that
they have no competing interests.

Funding source. This study was not supported by
any external sources of funding.

JINTEPATYPA

1. Tsukita S., Furuse M. Pores in the wall: claudins con-
stitute tight junction strands containing aqueous
pores. J Cell Biol. 2000; 149(1): 13-6. DOI: 10.1083/
jcb.149.1.13.

2. Lal-Nag M., Morin P.J. The claudins. Genome Biol.
2009; 10(8): 235. DOI: 10.1186/gb-2009-10-8-235.

3. Lal-Nag M., Morin P.J. The claudins. Genome Biol.
2009; 10(8): 235. DOI: 10.1186/gb-2009-10-8-235.

4. Sugawara T, lwamoto N., Akashi M. et al. Tight junc-
tion dysfunction in the stratum granulosum leads
to aberrant stratum corneum barrier function in
claudin-1-deficient mice. J Dermatol Sci. 2013; 70(1):
12-8. DOI: 10.1016/j.jdermsci.2013.01.002.

5. Furuse M., Hata M., Furuse K. Claudin-based tight
junctions are crucial for the mammalian epider-
mal barrier: a lesson from claudin-1-deficient mice.
J Cell Biol. 2002; 156(6): 1099-111. DOI: 10.1083/
jcb.200110122.

6. Ivanov A.l, Nusrat A., Parkos C.A. The epithelium
in inflammatory bowel disease: potential role of
endocytosis of junctional proteins in barrier disrup-
tion. Novartis Found Symp. 2004; 263: 115-24; dis-
cussion 124-32, 211-8.

7. Barrett K.E. Claudin-2 pore causes leak that brea-
ches the dam in intestinal inflammation. J Clin In-
vest. 2020; 130(10): 5100-1. DOI: 10.1172/JCI140528.

8. Suzuki T. Regulation of the intestinal barrier by nu-
trients: The role of tight junctions. Anim Sci J. 2020;
91(1): €13357. DOI: 10.1111/asj.13357.

9. Garcia-Hernandez V., Quiros M., Nusrat A. Intestinal
epithelial claudins: expression and regulation in
homeostasis and inflammation. Ann N Y AcadSci.
2017; 1397(1): 66-79. DOI: 10.1111/nyas.13360.

10. Zhu L., Han J,, Li L. et al. Claudin Family Partici-
pates in the Pathogenesis of Inflammatory Bowel
Diseases and Colitis-Associated Colorectal Cancer.
Frontimmunol. 2019; 10: 1441. DOI: 10.3389/fim-
mu.2019.01441.

11. Raju P, Shashikanth N., Tsai PY. et al. Inactivation
of paracellular cation-selective claudin-2 channels
attenuates immune-mediated experimental colitis
in mice. J Clin Invest. 2020; 130(10): 5197-5208. DOI:
10.1172/JCI138697.

12. Capaldo C.T. Claudin Barriers on the Brink: How
Conflicting Tissue and Cellular Priorities Drive IBD
Pathogenesis. Int J Mol Sci. 2023; 24(10): 8562. DOI:
10.3390/ijms24108562.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ISSN 2221-2582

Capaldo CT. Claudin Barriers on the Brink: How
Conflicting Tissue and Cellular Priorities Drive IBD
Pathogenesis. Int J Mol Sci. 2023; 24(10): 8562. DOI:
10.3390/ijms24108562.

fikynoBa A.A., Abpynxakos C.P, 3ananos PK. u gp.
MeToapbl OLEHKM KULWEYHOW NPOHMLAEMOCTU: 0630p
nuTepaTtypbl. POCCUNCKNIA »KypHan racTpo3HTEpPO-
noruw, renatonoruy, Kononpokronoruu. 2021; 31(1):
20-30. DOI: 10.22416/1382-4376-2021-31-1-20-30.
Thuijls G., Derikx J.P., de Haan J.J. et al. Urine-based
detection of intestinal tight junction loss. J Clin
Gastroenterol. 2010; 44(1): e14-9. DOI: 10.1097/
MCG.0b013e31819f5652.

Kucharzik T., Walsh S.V., Chen J. et al. Neutro-
phil transmigration in inflammatory bowel di-
sease is associated with differential expression
of epithelial intercellular junction proteins. Am J
Pathol. 2001; 159(6): 2001-9. DOI: 10.1016/S0002-
9440(10)63051-9.

Gazouli M., Wouters M.M., Kapur-Pojski¢ L. et al.
Lessons learned — resolving the enigma of genetic
factors in IBS. Nat Rev Gastroenterol Hepatol. 2016;
13(2): 77-87. DOI: 10.1038/nrgastro.2015.206.
Bertiaux-Vandaéle N., Youmba S.B., Belmonte L.
et al. The expression and the cellular distribution
of the tight junction proteins are altered in irritable
bowel syndrome patients with differences accor-
ding to the disease subtype. Am J Gastroenterol.
2011; 106(12): 2165-73. DOI: 10.1038/ajg.2011.257.
Kong W.M., Gong J., Dong L., Xu J.R. Changes of
tight junction claudin-1,-3,-4 protein expression
in the intestinal mucosa in patients with irritable
bowel syndrome. Nan Fang Yi Ke Da XueXue Bao.
2007; 27(9): 1345-7. Chinese. PMID: 17884774.
Bertiaux-Vandaéle N., Youmba S.B., Belmonte L.
et al. The expression and the cellular distribution
of the tight junction proteins are altered in irrita-
ble bowel syndrome patients with differences ac-
cording to the disease subtype. Am J Gastroenterol.
2011; 106(12): 2165-73. DOI: 10.1038/ajg.2011.257.
Scheurlen C., Kruis W., Spengler U. et al. Crohn'’s
disease is frequently complicated by giardiasis.
Scand J Gastroenterol. 1988; 23(7): 833-9. DOI:
10.3109/00365528809090769.

Ivashkin V., Poluektov Y., Kogan E. et al. Disrup-
tion of the pro-inflammatory, anti-inflammatory
cytokines and tight junction proteins expression,
associated with changes of the composition of
the gut microbiota in patients with irritable bowel
syndrome. PLoSOne. 2021; 16(6): €0252930. DOI:
10.1371/journal.pone.0252930.

Barbalho S.M., Goulart R.A., Aradjo A.C. et al. Ir-
ritable bowel syndrome: a review of the general
aspects and the potential role of vitamin D. Expert
Rev Gastroenterol Hepatol. 2019; 13(4): 345-59. DOI:
10.1080/17474124.2019.1570137.

REVIEWS



ISSN 2221-2582

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Choghakhori R., Abbasnezhad A., Hasanvand A.,
Amani R. Inflammatory cytokines and oxidative
stress biomarkers in irritable bowel syndrome:
Association with digestive symptoms and quali-
ty of life. Cytokine. 2017; 93: 34-43. DOI: 10.1016/j.
cyt0.2017.05.005.

Wouters M.M., Vicario M., Santos J. The role of mast
cells in functional GI disorders. Gut. 2016; 65(1):
155-68. DOI: 10.1136/gutjnl-2015-309151.

Feng Y., Xiao L. Zoonotic potential and molecular
epidemiology of Giardia species and giardiasis.
ClinMicrobiolRev. 2011; 24(1): 110-40. DOI: 10.1128/
CMR.00033-10.

Hosukosa B.M., benosa A.A. Jlam6nunos y peteil.
AKTyanbHble npobnembl neuveHus. Jetckaa menu-
umHa Cesepo-3anaga. 2022; 10 (1): 49-61.

Muhsen K., Levine M.M. A systematic review and
meta-analysis of the association between Giardia
lamblia and endemic pediatric diarrhea in deve-
loping countries. Clin Infect Dis. 2012; 55(Suppl 4):
$271-93. DOI: 10.1093/cid/cis762.

Hosukosa B.M., KanunHnHa E.lO., Lab6anos A.M.,
OcmanoBckas E.A. Jlambnunos. YuebHoe nocobue
ans Bpaueii. Cr6.; 2010.

Halliez M.C., Buret A.G. Extra-intestinal and long
term consequences of Giardia duodenalis infec-
tions. World J Gastroenterol. 2013; 19(47): 8974-85.
DOI: 10.3748/wjg.v19.i47.8974.

Chen T.L., Chen S., Wu HW. et al. Persistent gut
barrier damage and commensal bacterial influx fol-
lowing eradication of Giardia infection in mice. Gut
Pathog. 2013; 5(1): 26. DOI: 10.1186/1757-4749-5-26.
Singer S.M., Fink M.Y., Angelova VV. Recent in-
sights into innate and adaptive immune responses
to Giardia. AdvParasitol. 2019; 106: 171-208. DOI:
10.1016/bs.apar.2019.07.004.

Grazioli B., Matera G., Laratta C. et al. Giardia lam-
blia infection in patients with irritable bowel syn-
drome and dyspepsia: a prospective study. World
J Gastroenterol. 2006; 12(12): 1941-4. DOI: 10.3748/
wjg.v12.i12.1941.

Ibarra C., Herrera V., Pérez de Arce E. et al. Parasi-
tosis and irritable bowel syndrome. Rev Chilena
Infectol. 2016; 33(3): 268-74. Spanish. DOI: 10.4067/
S0716-10182016000300003.

Bujanda L., Gutiérrez-Stampa M.A., Caballeros C.H.,
Alkiza M.E. Gastrointestinal disorders in Guatemala
and their relation with parasitic infections. An Med
Interna. 2002; 19(4): 179-82.

Sanchez R.C., Navarro Cano G. Diagnostic value of
limited research in patients with irritable bowel syn-
drome. Rev Gastroenterol Mex. 2004; 69(1): 24-9.

REFERNCES

1.

Tsukita S., Furuse M. Pores in the wall: claudins con-
stitute tight junction strands containing aqueous

10.

11.

12.

13.

Children’s medicine of the North-West
2024/Vol. 12 N2 1

pores. J CellBiol. 2000; 149(1): 13-6. DOI: 10.1083/
jcb.149.1.13.

Lal-Nag M., Morin P.J. The claudins. Genome Biol.
2009; 10(8): 235. DOI: 10.1186/gb-2009-10-8-235.
Lal-Nag M., Morin P.J. The claudins. Genome Biol.
2009; 10(8): 235. DOI: 10.1186/gb-2009-10-8-235.
SugawaraT., Iwamoto N., Akashi M. et al. Tight junc-
tion dysfunction in the stratum granulosum leads
to aberrant stratum corneum barrier function in
claudin-1-deficient mice. J Dermatol Sci. 2013; 70(1):
12-8. DOI: 10.1016/j.jdermsci.2013.01.002.

Furuse M., Hata M., Furuse K. Claudin-based tight
junctions are crucial for the mammalian epider-
mal barrier: a lesson from claudin-1-deficient mice.
J Cell Biol. 2002; 156(6): 1099-111. DOI: 10.1083/
jcb.200110122.

Ivanov A.l, Nusrat A., Parkos C.A. The epithelium
in inflammatory bowel disease: potential role of
endocytosis of junctional proteins in barrier disrup-
tion. Novartis Found Symp. 2004; 263: 115-24; dis-
cussion 124-32, 211-8.

Barrett K.E. Claudin-2 pore causes leak that brea-
ches the dam in intestinal inflammation. J Clin In-
vest. 2020; 130(10): 5100-1. DOI: 10.1172/JCI140528.
Suzuki T. Regulation of the intestinal barrier by nu-
trients: The role of tight junctions. Anim Sci J. 2020;
91(1): €13357. DOI: 10.1111/asj.13357.
Garcia-Hernandez V., Quiros M., Nusrat A. Intestinal
epithelial claudins: expression and regulation in
homeostasis and inflammation. Ann N Y AcadSci.
2017; 1397(1): 66-79. DOI: 10.1111/nyas.13360.

Zhu L., Han J, Li L. et al. Claudin Family Partici-
pates in the Pathogenesis of Inflammatory Bowel
Diseases and Colitis-Associated Colorectal Cancer.
Frontimmunol. 2019; 10: 1441. DOI: 10.3389/fim-
mu.2019.01441.

Raju P., Shashikanth N., Tsai PY. et al. Inactivation
of paracellular cation-selective claudin-2 channels
attenuates immune-mediated experimental colitis
in mice. J Clin Invest. 2020; 130(10): 5197-5208. DOI:
10.1172/JC1138697.

Capaldo CT. Claudin Barriers on the Brink: How
Conflicting Tissue and Cellular Priorities Drive IBD
Pathogenesis. Int J Mol Sci. 2023; 24(10): 8562. DOI:
10.3390/ijms24108562.

Capaldo C.T. Claudin Barriers on the Brink: How
Conflicting Tissue and Cellular Priorities Drive IBD
Pathogenesis. Int J Mol Sci. 2023; 24(10): 8562. DOI:
10.3390/ijms24108562.

. Yakupova A.A., Abdulkhakov S.R., Zalyalov R.K. i dr.

Metody otsenki kishechnoy pronitsayemosti: obzor
literatury. [Methods for assessing intestinal perme-
ability: a review of the literature]. Rossiyskiy zhur-
nal gastroenterologii, gepatologii, koloproktologii.
2021; 31(1): 20-30. DOI: 10.22416/1382-4376-2021-
31-1-20-30. (in Russian).



Children’s medicine of the North-West
2024/Vol. 12 N2 1

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Thuijls G., Derikx J.P., de Haan J.J. et al. Urine-based
detection of intestinal tight junction loss. J Clin
Gastroenterol. 2010; 44(1): e14-9. DOI: 10.1097/
MCG.0b013e31819f5652.

Kucharzik T., Walsh S.V., Chen J. et al. Neutrophil
transmigration in inflammatory bowel disease is
associated with differential expression of epithelial
intercellular junction proteins. Am J Pathol. 20071;
159(6): 2001-9. DOI: 10.1016/50002-9440(10)63051-9.
Gazouli M., Wouters M.M., Kapur-Pojski¢ L. et al.
Lessons learned — resolving the enigma of genetic
factors in IBS. Nat Rev Gastroenterol Hepatol. 2016;
13(2): 77-87. DOI: 10.1038/nrgastro.2015.206.
Bertiaux-Vandaéle N., Youmba S.B., Belmonte L.
et al. The expression and the cellular distribution
of the tight junction proteins are altered in irrita-
ble bowel syndrome patients with differences ac-
cording to the disease subtype. Am J Gastroenterol.
2011; 106(12): 2165-73. DOI: 10.1038/ajg.2011.257.
Kong W.M., Gong J., Dong L., Xu J.R. Changes of
tight junction claudin-1,-3,-4 protein expression in
the intestinal mucosa in patients with irritable bow-
el syndrome. Nan Fang Yi Ke Da XueXue Bao. 2007;
27(9): 1345-7. Chinese. PMID: 17884774.
Bertiaux-Vandaéle N., Youmba S.B., Belmonte L.
et al. The expression and the cellular distribution
of the tight junction proteins are altered in irrita-
ble bowel syndrome patients with differences ac-
cording to the disease subtype. Am J Gastroenterol.
2011; 106(12): 2165-73. DOI: 10.1038/ajg.2011.257.
Scheurlen C., Kruis W., Spengler U. et al. Crohn's
disease is frequently complicated by giardiasis.
Scand J Gastroenterol. 1988; 23(7): 833-9. DOI:
10.3109/00365528809090769.

Ivashkin V., Poluektov Y., Kogan E. et al. Disrup-
tion of the pro-inflammatory, anti-inflammatory
cytokines and tight junction proteins expression,
associated with changes of the composition of
the gut microbiota in patients with irritable bow-
el syndrome. PLoSOne. 2021; 16(6): €0252930. DOI:
10.1371/journal.pone.0252930.

Barbalho S.M., Goulart R.A., Aradjo A.C. et al.
Irritable bowel syndrome: a review of the general
aspects and the potential role of vitamin D. Expert
Rev Gastroenterol Hepatol. 2019; 13(4): 345-59. DOI:
10.1080/17474124.2019.1570137.

Choghakhori R., Abbasnezhad A., Hasanvand A.,
Amani R. Inflammatory cytokines and oxidative
stress biomarkers in irritable bowel syndrome:
Association with digestive symptoms and quali-

25.

26.

27.

28.

29.

30.

3.

32.

33.

34,

35.

36.

ISSN 2221-2582

ty of life. Cytokine. 2017; 93: 34-43. DOI: 10.1016/j.
cyt0.2017.05.005.

Wouters M.M., Vicario M., Santos J. The role of mast
cells in functional Gl disorders. Gut. 2016; 65(1):
155-68. DOI: 10.1136/gutjnl-2015-309151.

Feng Y., Xiao L. Zoonotic potential and molecular
epidemiology of Giardia species and giardiasis.
Clin Microbiol Rev. 2011; 24(1): 110-40. DOI: 10.1128/
CMR.00033-10.

Novikova V.P,, Belova A.A. Lyamblioz u detey. Aktu-
al'nyye problemy lecheniya. [Giardiasis in children.
Current problems of treatment]. Detskaya meditsi-
na Severo-Zapada. 2022; 10 (1): 49-61. (in Russian).

Muhsen K., Levine M.M. A systematic review and
meta-analysis of the association between Giardia
lamblia and endemic pediatric diarrhea in deve-
loping countries. Clin Infect Dis. 2012; 55(Suppl 4):
$271-93. DOI: 10.1093/cid/cis762.

Novikova V.P,, Kalinina Ye.Yu., Shabalov A.M., Osma-
lovskaya Ye.A. Lyamblioz. [Giardiasis]. Uchebnoye
posobiye dlya vrachey. Sankt-Peterburg; 2010.
(in Russian).

Halliez M.C., Buret A.G. Extra-intestinal and long
term consequences of Giardia duodenalis infec-
tions. World J Gastroenterol. 2013; 19(47): 8974-85.
DOI: 10.3748/wjg.v19.i47.8974.

Chen T.L., Chen S., Wu HW. et al. Persistent gut
barrier damage and commensal bacterial influx fol-
lowing eradication of Giardia infection in mice. Gut
Pathog. 2013; 5(1): 26. DOI: 10.1186/1757-4749-5-26.

Singer S.M., Fink M.Y., Angelova V.V. Recent in-
sights into innate and adaptive immune responses
to Giardia. Adv Parasitol. 2019; 106: 171-208. DOI:
10.1016/bs.apar.2019.07.004.

Grazioli B., Matera G., Laratta C. et al. Giardia lam-
blia infection in patients with irritable bowel syn-
drome and dyspepsia: a prospective study. World
J Gastroenterol. 2006; 12(12): 1941-4. DOI: 10.3748/
wjg.v12.i12.1941.

Ibarra C., Herrera V., Pérez de Arce E. et al. Parasi-
tosis and irritable bowel syndrome. Rev Chilena
Infectol. 2016; 33(3): 268-74. Spanish. DOI: 10.4067/
S0716-10182016000300003.

Bujanda L., Gutiérrez-Stampa M.A., Caballeros C.H.,
Alkiza M.E. Gastrointestinal disorders in Guatemala
and their relation with parasitic infections. An Med
Interna. 2002; 19(4): 179-82.

Sanchez R.C., Navarro Cano G. Diagnostic value of
limited research in patients with irritable bowel syn-
drome. Rev Gastroenterol Mex. 2004; 69(1): 24-9.

REVIEWS



