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Mouekamennast 6onesus (MKB) — mHOrodakropHoe 3aboneBanue oOMeHa BELIECTB, 00YCIOBICHHOE B3aUMOACHCTBHEM I'eHe-
THYECKHUX U cpenoBbixX (aktopos. M3yuenne MKB B HacTosiiiee BpeMsi aKTyaabHO B CBSI3H C HEYKJIOHHBIM POCTOM 3a00JI€BaCMOCTH
1 PacnpOCTPaHEHHOCTH, A TAKXKE BBICOKOH YacTOTOH PenynBOB 3Toi maronorun. bompumucteo koHkpemenToB npu MKB dopmu-
pYyIOTCst Ha OcHOBe conielt Kanbuus. J{nst ymydmenus kontpoist Hag MKDB nepcriekTHBHBIM SIBJISeTCS HCCIIeJOBaHUE MOJIEKYJIAPHO-
TEHETHYECKUX aCIEKTOB MHIepKabLypun. B mponecce peabcopOuuy KaubLyst B OYKAX BKHYIO POJIb UTPAIOT KIIAYUHBL — OCIKH
IUIOTHBIX KOHTAKTOB [TOYEYHOTO SITHTEIIHS.

B 0630pe npeacTaBiaeHb! COBPEMEHHBIE MUPOBBIC JaHHBIE 00 SIHMICHETUYECKOM PEerysssii aKTUBHOCTHU ITOYEYHBIX KJIAyJHHOB
¢ momorpio Mansix Hekoaupyronmx PHK u mepcrekTuBax HCIONb30BaHHS KOMIIOHEHTOB CHCTEMBI «KiayauHbI-MHKpOPHK» mst
tapretHoi ¢apmakorepanuu MKB. CraTbsi conepkuT HHGOPMALUIO O CETMEHTHO-CIIENU(HUYECKOH IKCIIPECCUH KIIAYIUHOB B He-
(poHax, KIayIMHONATHAX, CBI3aHHBIX C HapyIICHHEM 00OMEHa KalblUs B MOYKAX, IUTOTHBIX KOHTAKTaX KaK IMHAMUYECKUX PaBHO-
BECHBIX CHCTEMax, OMoreHese W MpuHIMNAX AeicTBus MUKPOPHK, pasnudHbIX TepameBTHYECKUX CTPATETHSAX C MCIOIb30BAaHHEM
mukpoPHK.

Knwouesvie cnosa: mouexameHHast 60J1e3Hb, STUT€HETHKA, SKCIIPECCHS TEHOB, INIOTHBIE KOHTAKTHI, KiayuH, MukpoPHK.

S.V. Popov, A.S. Ulitina, R.G. Guseinov,
K.V. Sivak, V.V. Perepelitsa, K.A. Nadein, N.S. Bunenkov
THE ROLE OF EPIGENETIC FACTORS IN THE PATHOGENESIS
OF UROLITHIASIS: FOCUS ON THE “CLAUDINS - MICRORNA” SYSTEM

Urolithiasis is a multifactorial metabolic disease caused by the interaction of genetic and environmental factors. Today, the
study of urolithiasis is a hot topic due to the steady increase in both incidence and prevalence, as well as the high recurrence rate of
this disease. In urolithiasis, the majority of concrements are forming on the base of calcium salts. The study of the molecular and
genetic aspects of hypercalciuria is a promising way to improve urolithiasis control. Claudins are the proteins of renal epithelium
tight junctions that play an important role in the calcium reabsorption in kidney.

In this review, we describe actual worldwide data on the epigenetic regulation of kidney claudins activity via small noncoding
RNAs and the perspectives of using “claudins — microRNA” system components for the urolithiasis targeted pharmacotherapy. The
article contains information on the segment-specific expression of claudins in nephrons, claudinopathies associated with impaired
calcium metabolism in the kidneys, tight junctions as dynamic equilibrium systems, microRNA biogenesis and principles of action,
various therapeutic strategies using microRNAs.

Key words: urolithiasis, epigenetics, gene expression, tight junctions, claudin, microRNA.

MouekamenHnasi 6one3np (MKB) — mHOro-
(hakropHOE 3a00jIeBaHHE OOMEHA BEILECTB, MPO-
siBIIsIToIeecs: pOpMUPOBaHMEM B OpraHax ModYe-
BBIJICJINTENIBHON ~ CHCTEMBI  KOHKPEMEHTOB
IUIOTHBIX 00pa30BaHU Pa3IUYHOIO pa3sMepa, OT
IecKa 10 KaMHEH 3HAa4WTEIbHOM BEIMYMHBL. B
HacTosiee BpeMs pacnpocTtpaHeHHocTs MKDB B
9KOHOMHYECKH PA3BUTHIX CTPAHAX COCTABISET OT
4 no 20% [1]. B matorene3e MKb 3aneiicTBoBa-
Hbl MHOTOYMCIICHHBIE TE€HETHYECKHE (AaKTOPHI,
POJb KOTOPBIX OCTAaeTcs HE 10 KOHLA M3yYCHHOU

[2]. B Poccun oTmeuaercs HEYKJIOHHBIA pOCT
3aboneBaemMocTH U pacnpocTpanerHoctu MKb: ¢
2005 mo 2019 rr. 9T MOKa3aTeNu yBEIHYWINCH
Ha 16% u 35%, cootBercTBenHO [3]. [Ipu 06006-
meHuu ceepeHuit mo 204 crpanaM 3a Mepuoj C
1990 no 2019 rT. OBUIO BBISBICHO 3HAYUTEIILHOE
Bo3pactanue 3aboneBaemoctn MKbB Bo BceM mu-
pe, npudyeM Poccus BHeEcCa TpeTUil MO BEJIMYUHE
BKJIaJl B ATOT MpPOIIECC, YCTYNHB JHib MHanu u
Kurato [4]. MKb mpencraBnser coboii peruan-
BHpYIOIIee 3a00J€BaHUE C YACTOTON IMOBTOPHBIX
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snm3o010B 10 50% uepes 5-10 ner u mo 75% ue-
pe3 20 ner [1]. Ilopropsrommiics xapakrep MKb
00yCJIOBIMBAET Ba)XXHOCTh ITOWCKA METOMIOB IO
YAYYIICHUIO KOHTPOJIS HaJl 3TOW MATOJIOTHUEH.

VY 80% marmmentoB ¢ MKbB koHKpeMeHTHI
COCTOSIT M3 OKcanara win (ocdara KalbIus
[5,6]. ['unepkanbuypust SBIsSETCS TIAaBHBIM (ak-
TOPOM PHUCKa PEIUANBHOTO KaJIBIIMEBOTO YPOIIH-
traza [7]. Ilpu stom neuenne MKB numeroit c
HU3KHM COJICPKaHUEM KallblUs HE Tpeaymnpe-
XKIaeT KaMHeoOpazoBaHue [8].

Kanpumii — camblii  pacnpOCTpaHEHHBII
3NIEMEHT B OpraHM3Me 4eloBeKa; ero oolriee co-
nepkaHue cocrasisger okoio 1,4% (1000 r va 70
KT Maccel Tena) [8]. Oxomno 99% kanblius nerno-
HUPOBAaHO B KOCTAX M 3y0aX B BHUJAC KaJbIIHii-
(dbochaTHPIX KOMIUIEKCOB M TOJbKO MeHee 1%
LUPKYJIUPYET B KPOBU. B 1m1asme KpoBU KaJIbLIMN
MPUCYTCTBYET B TpeX (hopMax: HOHU3UPOBAHHBIN
Kanplmii (cBoGoHEIe MOHBI Ca’’) — mpHMepHO
51% o01mero Kanblius IUIa3MBl; KaJdbI[UH, CBS-
3aHHBIN ¢ Oenkamu — npumepHO 40%; KOMIUTEK-
CUPOBaHHBIN KaIBIUN, TO €CTh €r0 COII, 00pa3o-
BaHHBIC HU3KOMOJCKYIAPHBIMU aHnOHamu (oc-
(at, OmkapOoHaT, IIUTpPAT, OKCcajaT, JIAKTAaT) — B
cpemaeM 9% [9]. BHEKIETOUHBIA Ty KaJbIIHUS
obHoBisiercst 20-30 pa3 B CyTKH, a KOCTHBIH Tyl —
TOJIBKO KaxkJible 5-6 neT. KoHueHTpaius KaibLus
B IIa3M€ PETYAUPYETCS C BBICOKOW TOYHOCTBIO:
M3MEHEHHE ee Bcero Ha 1% mpuBOOUT B IEUCTBHE
FOMEOCTAaTUYECKUE MEXaHU3MbI, BOCCTaHABIIU-
BaroIIue paBHOBecHe [8].

VY B3pocCiOro yenoBeka yepes IIoMepyIsp-
HBIA GUIBTP B CYTKH MPOXOIUT oKouio 10 T noHu-
3UPOBAHHOTO W KOMIUIEKCHUPOBAHHOTO KaJIBITHS,
MIPU 3TOM CYTOUYHAsI IKCKPEIHS KAIBIHS ¢ MOYOM
B HopMe cocTaBisieT nuirb 100-200 mr 98-99%
MpOo(UIBTPOBABIIETOCS B KIyOOUYKaX KaJlbIUS
nojBepraeTcst peadcopOIMK B Pa3IUYHBIX OTHE-
nmax HeppoHa. MexaHH3MOB aKTHBHOU KaHAJIbIIe-
Boit cexpermy Ca®* He CyIIECTBYeT, OTCYTCTBYET
¥ obparHas yreuka Ca’’ w3 MHTEpCTHIMS B MPO-
ceer kaHaneia [10]. Takum oOpa3oM, m3ydeHHE
MOJICKYJISIPHBIX MEXaHH3MOB HapyIlIeHUs pead-
copOIUy Kanblus B HEPPOHAX SBISETCS BAKHOM
3a/laueil Ha IMyTH K YCOBEPIIEHCTBOBAHHUIO Tepa-
nuu MKB.

THapayennionapnviti  mpancnopm  uepes
NJIOMHble KOHMAKMbl — OCHOBHOU MEXAHUIM pe-
abcopoyuu Kanvyus 8 NOYKax

B Hedponax mpokcuMaibHBIE M UCTAIb-
HBIE TTOYEYHBIC KaHAJBIBI, TIETNIA | eHe u cobu-
parenbHble TPYOOUKHM BBICTIAHBI OJHOCIOWHBIM
SIUTENNEM, KIETKH KOTOPOTO CBS3aHBI APYr C
JIPYTOM HECKOJIBKUMH THIIAMH MEXKIIETOYHBIX
KOHTaKTOB, pa3IUYAIONINXCS CTPYKTypHO W
(hYHKIIMOHAIBHO: TUIOTHBIE, aAT€3UBHEIC U IIEIIe-

BbIC KOHTAaKThI, & Takke JaecMocoMbl [11]. Pead-
copOuusi KanbplMsl depe3 snurenud HedpoHa
NPOUCXOOUT IBYMS IIYTSMH: TPaHCLEIUTIONSPHBII
OyTh (TPaHCKJIETOUHBIH, TPaHCIMUTEIHAIbHBIN) —
TPAHCIOPT aKTUBEH (PHEPro3aBHCUM) H OCY-
HIECTBISETCS Yepe3 KIETOUHbIe MeMOpaHbI ¢ To-
MOLIbI0 MEMOpaHHBIX OETKOB-TIEPEHOCYHKOB H
MapalesuUIIoOSIPHBIA  MyTh  (apakIeTOuHbI) —
TPAHCHOPT MACCHBEH, OH MPOHMCXOJMT IO 3JIeK-
TPOXUMHUYECKOMY HJIM OCMOTHUYECKOMY TpalueH-
Ty 4epe3 MEeXKIECTOUHOe (MapaLeuIrosipHOe)
OPOCTPAHCTBO C TOMOLIBIO OEJKOB TUIOTHBIX
koHTakToB (I1K).

ITapauemmonspHbld  TPAHCIOPT —KaJIbLIMS
yepe3 [IK mpencrasmser O0oibIION Hay4dHO-
NpPaKkTUUECKUH HWHTEpeC, MOCKOIBKY UMEHHO Ta-
KOM MyTh BHOCUT OCHOBHOI BKJaJ B MOYEYHYIO
peaGeopbimio Ca®*, on oGecrieunBaer oGpaTHOE
BcachiBanue Oonee 80% MPOGUIBTPOBABIIETOCS
B KIIyOOUYKax KaJjbIlMs, B TO BpeMs Kak TpaHCLEI-
monspHo  peabcopbupyercst smmbs  10-20%
[10,12].

Knayouner — cmpyxmypno-gynxyuonans-
HAsl 0OCHOBA NJIOMHBIX KOHMAKMOS

[110THBIE KOHTAKTHI COCJHMHSIOT MeMOpa-
HBl COCEJHUX OIUTEIUAILHBIX KIETOK JIPyr C
JpyroM U o0pasyloT 0apbep, peryaupyrommin na-
paLEUTIONAPHBIA TPAHCIIOPT HOHOB M MOJIEKYI
4yepes3 dIUTENHi, a Takke 00ecredrBaloNui Me-
XaHUYECKYI0 MPOYHOCTb SMUTEIHS M €ro alu-
KanbHO-0a3anbpHyl0 nossipusanuio. [lo cpaBHe-
HUIO C APYTHMMH THUIIAMH MEKKIIETOYHBIX KOHTaK-
toB [IK pacrnonokeHbl Onmxke BCEro K anuKalib-
HBIM TIOBEPXHOCTSIM KJIETOK U (OPMHUPYIOT B
CJIO€ MUTEITUOIUTOB TaK Ha3bIBACMYIO TIpETPaxK-
maroryto 3ouy (matr. zonula occludens). Eme B
1963 romy mpu H3yYEHUH SKCIEPUMEHTAIBHOU
TreMOINIOOMHYPUH y KPbIC OBUIO BBISBIEHO, YTO
MOBBINICHHE KOHIIEHTPAIMH TeMOIIO0nHa B TIPO-
cBeTe HepOHA HE MPHUBOIUT K MPOHUKHOBEHHIO
3TOro COeAMHEHHs 3a mpenaensl 30HbI 11K mMexmy
KJIeTkamu modeyHoro snutenust [13]. Ha mukpo-
npenaparax co CHeUU(PUYHBIM OKpalluBaHUEM
[IK BBIMAOAT KaK MHOTOYMCIICHHBIE JICHTHI, KO-
TOpBIE OIMOSICHIBAIOT AMUKAIBHYIO 30HY KaKIOH
KJICTKH, TEPEIUICTAIOTC MEeXay co0oil u o0pa-
3yIOT TPEXMEPHYIO CETh, IIOTHO «CIIHBAs»
KIIETKH APYT ¢ ApyroM (puc. 1A).

B cocraB IIK BxomsT Oeiku pasnu4HbBIX
rpynn (KJaayauHbl, OKKIIFOOUHBI, OEIKH CEMENCTB
JAM, ZO wu nip.), U3 KOTOPBIX KIAyIUHBI SBISIFOT-
CSl OCHOBHBIMU CTPYKTYPHBIMU KOMIIOHEHTaMH U
OCHOBHBIMH JIETEPMUHAHTAMH MapaleuTIOISpHO-
ro noHHoro tpancmnoprta [14,15]. IlepBeie mpen-
CTaBUTEINN 3TOTO CeMeWcTBa OeNKoB (KiIayIuHBI -
1 u -2) ObuIH OTKPHITHL B 1998 romy SAMOHCKUMHU
uccienoBaTeNsiMiu U3 yHuBepcuteta Kuorto [16];
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HpeUIOKEHHOe MMHU Ha3BaHHWE «KIAyJHH» (QHIVI.
claudin) mpomcxomuT OT JATHHCKOTO —CJIOBa
claudere (3akpeiBaTh, 3alIMPaTh), YTO XapaKTECPHU-
3yeT OapbepHYI0 POJib 3THX MOJEKyd. B renome
YeJI0BEeKa OMHMCAaHBI 23 TreHa, KOTUPYIONNX OCITKH
ceMelicTBa KiaynwHOB [17]; mpm sTOM BCIen-
CTBHE aJbTEPHATUBHOIO CIUIAWCHUHTa HEKOTOPHIM
TeHaM MOTYT COOTBETCTBOBAaTh HECKOJBKO pa3-
nuHbIX OenkoBbIX mpoxaykros: reH CLDNIO0,
00yCIIOBIUBAIOLINI CHHTE3 IBYX H30(opM, Kia-
yauH-10a u xinaynua-10b [18]. Knaynuner sBms-
IOTCSI UHTETPATBHBIMUA TPAaHCMEMOPaHHBIMU Oell-
kamu. M3rubasice momoOHO 3Mee, MOJIeKyla Kia-
yAMHA YeThIpe pa3a MPOHU3BIBACT LUTOIUIA3Ma-
TUYECKYI0 MeMOpaHy U (pOopMHUpYET CTPYKTypHO-
(YHKIIMOHANBHBIE YYaCTKU: YEThIpEe TPaHCMEM-
OpaHHBIX IOMEHA, JIBE SKCTPALEIUTIONISPHBIC MET-
JIM, OJIHY IMTOIUIa3Marnyeckyro nerito, N- u C-

[UTOTUIa3MAaTUYECKHE TOMEHHI (puc. 1b).

[IK mpencraBusitoT cob0i HEMPEPHIBHYIO
CeTh MOJIEKYN KJIAyIWHOB, B3aUMOJIEHCTBYIOIIIX
JIPYT C APYTOM 4Yepe3 CBOM BHEKJIETOYHBIE TETIIH
[15]. Lemouku KIayTuHOB OHOM KIETKH CBOUMH
METISAMHU CBSI3aHbI C aHAJIOTMYHBIMU CTPYKTypa-
MH COCEOHEW KIIeTKH, TOM0OHO 3aCTeXKe-
MOJIHUH; TPH 3TOM BHEKJICTOYHBIC IETIN KJla-
VIMHOB OrPaHWYMBAIOT COOOW MapareIrisp-
Heie Tiopsl (puc. 1B). CoennHeHBI IpyT C ApyroMm
HE TOJBHKO KJIAyAWHBI Pa3HBIX KIETOK (TpaHC-
B3aUMOJICHCTBUE), HO U COCEIHME KIIAyIWHBI HA
OIHOM W TOW ke KIIeTKe (I[MC-B3aNMOICHCTBUC)
[19]. 3apspkeHHBIE aMUHOKHCIIOTHBIE OCTaTKH B
COCTaBe METeNb KJIAyAWHOB CO3[al0T B MPOCBETE
MapaneUIOISIPHON  MOPhl  OOBEMHBIA  3apsij,
OTIPEAETISIONINA HOHHYIO MPOHUIIAEMOCTh U Ce-
JIEKTUBHOCTh JJAHHOM mopsl [20].

Bropas
BHEKNETOMHAR

Nepean
BHERNETONHAA
neTna nerna

4 LLWYDHHH!MHYH‘IEEKH’!
membpana

mMembpana KneTh 1

Monewyns KnayauHa

N

BryTprKneTouHan
nertaa

MapauennonapHan nopa

LuTonnaamaruyeckan

'(/ membpana knetkm 2
\\\ NapauennonapHoe

NpOCTRaHCTBE

Puc. 1. Mopdomnorus knayauHoB: A — TpeXMEpHas CeTh U3 IUIOTHBIX KOHTAKTOB MEX/y KJIECTKAMH B MpErapare SMUTEINs IPOKCUMATIbHOIO
M3BUTOrO KaHanbla modkd [19]; b — cxema cTpoeHHsI MOJNEKYNbl KAy HHA U ¢ PACIIONOKEHUS Ha MOBEPXHOCTH JMUTEIHAIBHON KICTKH
(amantupoBano u3 [21]); B — npuHuun o6pa3oBaHus napauesuIoISIPHBIX MOp B IUIOTHBIX KOHTAaKTaX (agantupoBaHo u3 [22 23]). YcenosHble
ob6o3Hauenus: 1,2,3,4 — TpaHCMeMOpaHHbIE JOMEHBI KIIay/IHHa, CTPEJIKU — HAMPaBJICHHE MapaleIUTI0IIPHOTO TPAHCIIOPTa

Ceemenmmuo-cneyugpuueckas
KIAYOUHO8 8 HeDpOHAX

Kaxnas snurenuanbHas KIETKa COACPKUT
HECKOJIBKO Pa3NMYHbIX KJIAYJUHOB, MPUYEM 3KC-
MIPECCUS TEHOB KJIAyAWHOB OPraHO- M TKAaHECTIC-
1uUYHa, TO €CTh KJIIETKU ONpPEACACHHBIX TKaHeH
SKCIIPECCUPYIOT 3T MOJIEKYJIbI B OMPEICICHHBIX
KOMOMHANUAX W Tmponopuusax [24]. Bzaumopei-
CTBHE KJIAYIWHOB JPYT C IPYroM OOYyCIIOBIMBACT
ocobennoctu mnponmnaemoctu [IK B kaxgom
Y4acTKe OpraHu3Ma, MOCKOJIbKY HAJIMYUE Pa3HBIX
M0 aMHHOKHCIOTHOMY COCTaBy BHEKJIETOUHBIX
METEJb Y KIIAYIMHOB OMpPeACsaeT pa3indus B 0a-

IKcnpeccus

PBEPHOI W MPOIYCKHON CIIOCOOHOCTH Taparien-
JMOTSIPHBIX TIOp. llapanemtronsipHbIii TpaHCTIOPT
MPOUCXOAUT B OCHOBHOM B IIPOKCHUMAJIBHOM OT-
nene He(poOHA; MPH 3TOM U3 BCETO KOJIUYECTBa
KaJIbIUs, pPeadCcopOMpPOBABIIETOCS —IapariesuIo-
JISIpHBIM IyTeM, okojio 80% oOpaTHO BcachIBaeT-
¢4 B IPOKCHUMAaJIbHOM KaHanblle, a 20% — B ToJ-
cToM BocxozsmieM otaene newiu [erne [10].
CermeHTHO-CrieIU(pUIecKas AKCTIPECCHS
KJIAY[IHOB M JPYTHX OEITKOB MEXKIIETOYHBIX KOH-
TakTOB  OOYCJIOBIMBAaeT  CETMEHTHO-CIe(hu-
YECKYI0 NPOHUIIAEMOCTh He()POHA: NOHOCEICKTHB-
HBIE CBOMCTBA SMUTEIHNS MOYEYHBIX KaHAJBIEB Ba-
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PBUPYIOT TI0 UIMHE HeppoHA, CHOCOOCTBYS WITH
MIPEMSITCTBYSl TPAHCIIOPTY OTPEAETEHHBIX MOJIEKYIT
B KaxzaoM ero otraene [21]. [loyeunsle kiaynuHbI
JIENSTCS. Ha JIBE TPYIIBI B COOTBETCTBUM C X TIpe-
VMMYIIECTBEHHBIM BKJIQJIOM B MPOIIECCHI TPAHCIIOP-
Ta: ymwiotHsonwe (0apbepoodpa3yromwe), KOTo-

pble CHIDKAIOT MPOHUIIAEMOCTD SIUTENHS, U TOPO-
oOpazyromue (KaHaI000pasyrolue), KOTOphIe IIo-
BBIIIAIOT MApane/UTIONSIPHYIO TPOHUIIAEMOCTD TS
MaJIbIX KaTMOHOB U MOJEKyn Boabl [25-27]. Ilpo-
(Wb SKCIPECCHH KIIAYAWHOB B PA3IMUYHBIX OTIE-
Jiax HedpoHa NPEJICTaBIEH Ha PuUC. 2.

1 2 3 4

CLDN16

CLDN18

CLDN10
CLDN14

CLDN18

CLDN18

Puc. 2. Dxcnpeccust KIIayANHOB B Pa3IMYHbIX OTAenax Hedpona [28].
VcnoBubie obozHadenus: CLDN — knaynumH; B BepxHeM psay ImbpaMu o0o3HaueHbl oTaensl Heppona: 1 — kamcyma boymeHna-
ITymnsHCKOTO; 2 — HPOKCUMAIIBHBIN M3BUTOI KaHANEI; 3 — TOHKHI CerMEHT HUCXOAIIEro KojleHa netiy ['erne; 4 — TOHKHIT CerMeHT BOC-
XOJISIIEro KojeHa meTiiu ['eHne; 5 — TOJCThI CerMEHT BOCXOASALIEr0 KOJeHa Metiu ['enne; 6 — MIOTHOE MATHO; 7 — OUCTaJbHBIA W3BUTOU

KaHauel, 8 — cooupaTesbHas TpyoouKka

Knayounonamuu, cesizannvie ¢ napyuienu-
eM 0OMeHa Kanbyusi 8 NOYKAX

Baxxnast pons knayauHOB B TIpoliecce pe-
a0CcopOIMK KaNblUs MOATBEPKAACTCA TeM (ak-
TOM, YTO MYyTallM{ B T'€HAX 3TOr0 ceMeicTBa OeJ-
KOB CITIOCOOHBI MTPUBOJUTH K TSDKEIIBIM PacCTPOi-

CTBaM MHHEpalbHOTO oOMeHa. OmnucaHbl He-
CKOJIBKO BPOXKICHHBIX CHHAPOMOB, KaXIbIi H3
KOTOPBIX OOYCIIOBJIEH MyTallMedl B TeHe Ompejie-
JICHHOTO KJIayJWHAa U TPOSBISETCS, B YaCTHOCTH
HapyIlIeHHEeM OOMEHAa KaJIbLIs Yy TalueHTa (CM.
TabmuIy).

Tabauma

KnaynuHonaTuu, CBsi3aHHBIEC C HapylIeHHEM 00MeHa Kaublus B roukax [14,18,27,29,30]

Bertok, hymKis Ortzen HedpoHa, B KOTO-
T'en, cogepxammii Tun ’ OM IKCIIPECCUPYETCSA
M Jepokart KOTOpOTo Hapy- % P PYeTes OMIM DeHoTHN
YTaLHIo HACJICI0BaHUS ena €JI0K C HapyLICHHON
¢dyHKIHMEH
X-cuerieHHoe Ipoxcmmanb bt n3BH- I'unepkanbiypus, HedponuTHas
CLDN2 1 Knaynun-2 TOW KaHaJIell, HUCXOIs- 301060 P Hypu, P ?
pelLeccHBHOE a300CIepMUst
1as 4acth neru I'exie
HELIX-cunapom: runepkanbuueMus,
AyTOCOMHO- Bocxopsmas toncras TUIIOKAIIBLIMYPHS; CHIDKCHHE QYHKIIUN
CLDN10 y Knaymn-10b AU 617671 HHYPHA; bymcut
peleccHBHOE 4acTh netu I'eHie MOTOBBIX, CITFOHHBIX, CJI€3HBIX XKeJIe3;
HXTHO3
AyTOCOMHO- Bocxozsmas Toncras
CLDN14 y Krnaynun-14 AU 614035 | HedpoxaibuHO3, OCTEONOPO3, IIIyX0Ta
pelLieCCHBHOE 4acTh netu I eHie
AyTocomHO- Bocxopsmas Toncras CemeiiHasi THIIOMAarHUEMUSI C THIIED-
CLDN16 Y Knayzuu-16 A 248250 . p
pelLieCCHBHOE 4acTh netu I eHie KaJIbLIMypHei ¥ He()pOKAIBIIHO30M
AVTOCOMHO- Bocxosmas ToncTas CemeiiHasi THIIOMAarHAEMUSI C THIIED-
CLDN19 Y Knaynun-19 AT 248190 KanbIuypHuell, He(pOKaIbIIHHO30M H
peleccHBHOE 4acTh netu I'eHie
HapyIICHUSMH 3pCHHUS

VYcnoeuoe cokpamierne: OMIM — unerTndukarop MexayHapoaHOH MeanuuHCKO# 6a3sr qanuHbx Online Mendelian Inheritance in Man.

Ilnomuvie Konmaxkmoel Kax OuHAMUYECKUE
PABHOBECHbLE CUCTNEMDL

IIK sBnsrOTCA CynmpamoJIeKYJISIpHBIMH aH-
caMOJIsIMHM, BKIIFOUAIOIIUMU B ce0sl TOMUMO KJla-
VIMHOB €Ile HECKOJBKO JICCATKOB OCIIKOB pas-
JUYHBIX TUIOB (MHTETPaIbHBIX, B TOM YHCIE
TpaHCMEMOpPaHHBIX;  MeMOPaHOACCOLMHUPOBAH-
HBIX TIepUEPUUECKUX; BOIOPACTBOPUMBIX IIUTO-
IJIa3MaTHIECKUX ), HAXOMSIINUXCS B HETIPEPHIBHOM
CTPYKTYPHO-(QYHKIIHOHAJILHOM B3aUMOJICHCTBUU.
B cocraBe kaxgoro IIK MOXXHO BBIIEIUTH

TpaHCMEMOpPaHHYIO 4acTh, KOTOpas oOecreynBa-
€T MEXaHHYECKYI0 HMPOYHOCTh KOHTAKTa KIIETOK
JPYT C APYTOM H TPUMBIKAIOIIYIO0 K HEW H3HYTPH
KJIETKH LUTOIIa3MaTHYECKYI0 YacTh M3 cKag-
¢onn-0enkoB 1 3PPEKTOPHBIX MOJIEKYII, KOTOPbIE
00eCreunBaroT CBsA3b TPAaHCMEMOPAHHOW YacTH C
nuTockenerom [11,24].

Juaamudeckas perymanus Qyakmmid 1K
JIGKUT B OCHOBE MHOTHX (PM3HOJIOTUYECKUX TPO-
reccoB [31]. TIK mocTosiHHO TTOABEPralOTCs peop-
TaHU3aluM, KOTOopas BKIIOYAeT B ce0sl MOOWIIb-
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HocTh OenkoB 1K, a Taxke M3MEHEHHE X COCTaBa
MyTeM BE3WKYISIPHOTO TpaHcmopra. MoOnibHas
¢pakuus GenkoB [IK konebnercs ot 25% (kina-
yauH-1) 10 90% (OKKIIFONWH), a IEPUOJ TOTypac-
nazia BappupyeT oT 70 CeKyHA IS OKKIIOAWHA J0
300 cexynn it npoaykra reHa MARVELDS.
[epemerienue 6enkoB 1K nmocpeacTsom sHA0IM-
TO3a CONPOBOXJIACTCS MHTEpPHAIM3AIMEH ydacT-
xoB IIK, B ToM umcie sumormTo3oM OenkoB 1K,
KOTOpBbIE BXOOWJIM B COCTaB COCEOHEH KIETKU.
OCHOBHOH MyTh PEryNIALUHA MYISTHKOMIIOHEHTHO-
ro komruiekca [1K ces3an ¢ GocopunupoanreMm
win 1eocHOopHIMPOBAHUEM DPA3IUYHBIX y4acT-
xoB OenxoB IIK. Ot mponeccel MOryT ocyiecTs-
JSTBCST pasHbIMH (pocdaTazaMu W KUHA3AMH U
NPUBOIUTH K COOpKE WM JAETpajialiid CTPYKTYD
IIK, moBbImeHnto winn yrpare OapbepHBIX (PyHK-
Ui, HapyIIeHHIO OeJIOK-OCIKOBOrO B3aWMOJICH-
CTBUS B Ipenenax JaHHOTO Komiuiekca [15]. Pas-
JYHBIE [UTOKWHBI CIIOCOOHBI OKAa3bIBaTh MOY-
Jpyrolee JeCTBIEe Ha CTPYKTYpY W (pyHKIHO-
HanpHYIO akTuBHOCTH [1IK [31]. 3mMenenue mapa-
HEIUTFONISIPHON TTPOBOAMMOCTH TI0J] BO3IEHCTBAEM
XUMHAYECKUX WU PU3UIECKAX (PAKTOPOB OMHCAHO
B MHOTOYHCIICHHBIX KCIIEpHUMeHTax N Vitro. Tak,
eme B 1993 rogy Ha KynbType KIJIETOK ITOYEYHOTO
SMUTENUsl OBIIO MMOKA3aHO TOBBIIIEHUE MMPOHUIIA-
emoctu 11K mox Bo3amelicTBueM KaHueporena 12-
O-rerpanexanowidopoon-13-arerara [32]. Cro-
cobHocth IIK k oOparnmMoMy peMoAeIHpPOBAHHIO
TIOATBEP)KAAETCSI U COBPEMEHHBIMHU JKCIIEPUMEH-
TaMH Ha KIJIETOYHBIX KYJIBTypaX, B KOTOPBIX IIOJ
BO3JICHCTBUEM HWCKYCCTBCHHBIX MAaTEpHaloB C
ofpeieNieHHo HaHoTomorpadueii Habmomaaoch
M3MEHEHHE TMapalesUTIoNIpHON MPOBOIUMOCTH, B
TOM YHCJIE 3a CUeT KiaynuHoB [33].

Takum 00pazoM, KIayOWHBI, SBISACH OC-
HOBHBIMM Oenkamu IIK, Haxomarcs B HOCTOSH-
HOM JIMHAMHUYECKOM paBHOBECHH: B HX IIyle
MIPOVCXOISAT W3MEHEHWS] KaK KOJMYIEeCTBEHHOTO
COCTaBa, TaKk W aKTUBHOCTH MoJeKyil. Kimayauabr
UTPAOT KIIIOYEBYIO POJb B (DYHKIMOHHUPOBAHUH
TUCTOTEeMAaTHYECKUX OapbepoB, PEryIUpPYIOLINX
0OMEeHHBIE TPOIIECCHl MEXAY KPOBBIO M TKaHAMHU
U HeoOXoAMMBIX I TomeocTasa [17]. Baxnoe
NpPaKkTHYECKoe 3HAaUYeHHE HMEeT TOT (DakT, 4TO
KJIAyAMHBI MOTYT OBITh SIKOPSIMH JISI CHTHAJIBHBIX
OCJIKOB U TaKUM 00pa3oM ydacTBOBaTh B MHOTO-
YUCIICHHBIX CUTHAIBHBIX MYTAX B HOPME U TPH
naronorun [34]. Ilostomy Oombiioit WHTEpeC
NPEACTABISIIOT UCCIE0BAaHUS O MEXaHU3Max pe-
TYISIAA aKTUBHOCTH KJIAyJUHOB B TIIOYKaX, B
NEepPBYI0 oyepenb 00 SMUTeHETUYECKOW perys-
uuu ¢ noMmouiso MukpoPHK.

MuxpoPHK — gadicublii knacc snuecenemu-
YeCKUX pezynamopos

B mnocnennue roapl Gnmaromapsi ycriexam B

W3yYEHUHN B3aUMOACHCTBHH MEXIy Te€HaMH, UX
OCTIKOBBIMH MPOAYKTaMH U (aKTOpaMH BHEILHEH
cpenpl cTaja OYEeBHAHOM 3HauMTeNbHas pOJb
SIUTCHETUYECKOH HM3MEHYMBOCTH — W3MEHEHHU
9KCIIPECCHU TE€HOB, CIIOCOOHBIX MEepenaBaThCsl U3
MOKOJICHHSI B TOKOJIEHHE, HO HE CBSI3aHHBIX C
HapylIeHHeM IMEepPBUYHON CTPYKTYpHl (TOcieno-
BaTE€JIbHOCTH HYKJICOTHJIOB) MOJEKYJ JI€30KCH-
pubonykienHoBo# kuciotsl (JJHK).

B opranusme 3m0poBOro 4yenoBeka ypo-
BEHb AKTHBHOCTH KaXX/IOTO T'€Ha HENOCTOSHEH:
W3MEHEHUS SKCIPECCHH MPOUCXOAST KaK BO Bpe-
MeHHU (B 3aBUCHMOCTH OT BO3pacTa U BO3JEH-
CTBHUI BHEIIHEW cpenpl), TaK U B MPOCTPAHCTBE
(TKaHe- W opraHocnenmpuyUecKas 3KCIPECCHS).
OmnucaHbl TPH YPOBHS 3MIUT€HETHYECKON PEryJis-
LIMU M, COOTBETCTBEHHO, TPU SIMUTECHETHYECKHUX
MEXaHU3Ma: FeHOMHBIN (METHIIMPOBAHUE U JieMe-
trmpoBarne JIHK), mporeomusiit (Momudrka-
LM THCTOHOB) M TPAaHCKPUIITOMHBIN (perynsuus
¢ nomomsto Hexkoaupyronux PHK, B mepsyro
ouepens mukpoPHK) [35].

B xozne BeimonHenus mpoekra «I'eHoM uye-
JoBeKa» OB CAeTaH PEBONIOLMOHHBIA BBIBOZ O
TOM, YTO TOJIBKO 2% reHoMa OTBEYaeT 3a CHHTE3
OcnkoB, a OonpmmHCTBO Moyiekyn PHK B opra-
HU3ME SIBJIAIOTCS HEKOAMPYIOUIUMHU, BBIIOIHSAIOT
perymaropusie ¢pynkuuu [36,37]. MukpoPHK —
OOWIMPHBIA KJTacC KOPOTKMX HEKOAUPYIOLINX
PHK (mnuua 18-25 HykJIeoTHIOB); NEpBBII
MpeACcTaBUTENb STOT0 THIAa OMOMOJIEKYN OBbLT OT-
KkpeIT B 1993 romy [38]. B mexxmyHapogHyto 6a3y
naHHBIX MIRBase B HacTosIee BpeMs: BKIFOUSHBI
cBefeHuda o 2675 3pensix mukpoPHK uenoseka,
OoJiblIas 4acTh U3 KOTOPBIX 3KCIEPUMEHTAIBHO
BanuaupoBansl [39]. Haszpanne mukpoPHK co-
JepXUT HHPOPMALMIO O €€ BHUIOBOH MNpHHAlI-
JISKHOCTHU (TPexOyKBEHHBIH mpeduke, st yeno-
Beka — hsa, or Human Sapiens), cremens 3pero-
CTH MOJIEKyIbl (Pri-mir u pre-mir — npemime-
cTBeHHUKH, MIR — 3penast mukpoPHK) u mopsia-
KOBBIIf HOMep B 0aze naHHbIX [40,41].

®opmupoBanue 3penoid MukpoPHK u3 mo-
JIeKyNbI-TIpeilieCTBeHHNKa (OroreHes3, mpolec-
cuar MukpoPHK) nmpowcxomut B HECKOJIBKO 3Ta-
[IOB C YYacCTHEM pa3jIn4HbIX OCJIKOB, HAUMHAETCS
B fAJpe KJIETKH W 3aBEpIIAeTCsl B IUTOIUIA3ME.
3penas mukpoPHK o0pasyer xommiekc ¢ Oenka-
MH ¥ CBSI3BIBAETCS C KOMIIEMEHTApHBIM y9acT-
koM MPHK-Mmumienu, B pesynsrare dero mpomuc-
XOUT MOAABICHUE TpaHCsuu ¢ JanHo MPHK,
a cama MPHK-mumens MoxxeT OBITh paspyleHa
3a cuet PHKa3HOl akTMBHOCTH KOMIUIEKca. Ta-
KUM oOpasoM, mpuHUUN AercTBust MuUKpoPHK
3aKJII0YaeTCs B TOM, YTO OHU CHIKAIOT 3KCIpec-
CHIO OIpENEeJeHHbIX T'€HOB, MOMAABISAIOT CHHTE3
omnpeneneHHblx OenkoB (puc. 3). MukpoPHK sB-
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JISIFOTCSL SHIOTEHHBIMH CYTIPECCOpPaMH aKTUBHO-
CTH T€HOB IIyTeM MOJABIICHUS TPAHCISAIUU U 3a
CUET ATOTO CIIOCOOHBI MOIYIHPOBATH (PHU3HOIO-
TUYECKHUE U MATOJOTMYECKUE MPOLIECCHl B opra-
HU3ME YeJOBeKa Ha IOCTPAHCKPUIIIHOHHOM
ypoBHe [42,43].

CesassiBanne  MukpoPHK ¢ MPHK-
MHIIEHBIO MPOUCXOANT TI0 TPHUHITUIY KOMILIE-
MEHTApHOCTH HX Aa30THCTHIX OCHOBAaHWUNA W B
OOJBIIMHCTBE CITy4aeB SIBISIETCS HE CTPOTO CIie-
nupuIHbIM, TO ecTh onHa MukpoPHK cnocoOna
CBSI3BIBATHCA C HECKOJIBKUMU MUIICHSIMHU W II0-

len muskpoPHK

5

lTpaH CHPMMLMA

. : npu-mukpoPHK : :

3‘.
lPacu.l,e nneHue
£

3" npe-mukpoPHK

-~

3

p
%, JKCnopT B UMTONAA3MY
’ -~ ’
E 5

JIABJISITH 3KCIIPECCHIO HECKOJIBKUX Pa3HBIX T€HOB;
B pe3yibTaTe JIo00i (PU3HUOIOrHUeCKUN WU Ta-
TOJIOTHUECKUHI MpPOLEeCcC MOXHO MNPEACTaBUTH B
BU/JIC CIIOKHOU CETH B3aUMOJCHCTBUN MHOTOYMC-
nenHbix MUKpOoPHK, MPHK u Genkos [44]. Bei-
sBJIEHHE TeHOB-muIeHel 1t MukpoPHK sBms-
€TCsl HeNpOCTOH 3amadei, TpeOyromeld mnpuBIIe-
yeHus OnomH(OpMaTHUECKUX MeTomoB [45,46].
AxktuBHocth MUKpOPHK Tkanecnenuduuna, To
€CTh B KaXKIOM YYacTKe OpraHu3Ma B KaXIbId
MOMEHT BpeMeHH (YHKIMOHHPYET OIpe/IeeH-
Heli myn MukpoPHK [47].

AAPO LUMUTONNAIMA
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MPHH (MuweHb ana mukpoPHK)

N

Aerpapauua mPHK

!

v

MopasnerHve TpaHCNALMK

MNOAABNEHME CUHTE3A BENKA

Puc. 3. buorenes u npunuun nericreust MukpoPHK [48, ¢ usmeHenusiMu]

Pezynayus peabcopbyuu xanvyus ¢ nomo-
wvio kaayounos u mukpoPHK

Bonpmiolt MaccuB Hay4HBIX HCCIEIOBaHUI
Kak In Vitro, Tak u in ViVO MOATBEpXIaeT Bax-
Hyto poinb MukpoPHK B maroreneze MKB [49-
52]. lloyeynas cucTeMa «KJIAyIUHBI — MUK-
poPHK» ceiiuac HaxomuTcs Ha 3Tane aKTUBHOTO
mydeHus. OTeHKa SMUTEHETHICCKON PEeryIISInN
KJIAyIMHOB SIBJISIETCSI CIIOXKHOM 3a1a4eil He TOJb-
KO H3-32 MHOTOKOMIIOHEHTHOCTH IaTOre€He3a
MKGE u cniocobnoctr kaxaoi mukpoPHK Bnusite
Ha Heckonbko MPHK-MumeHnei, Ho u BCICICTBHE
TEXHOJIOTUYECKUX TPYAHOCTEH aHalu3a 3KCIpec-
cun MukpoPHK B Ouonornueckux oOpasmax
[53,54].

Ha puc. 4 cxemMarn4HO MpEACTABICHBI IBE

KJIETKH TIOYEYHOTO SMUTEIHS U MapaueuIoisp-
Has [opa MeX]ly HUMH.

JIByXBaJleHTHBIE KaTHOHBI KAJIBLHS CeJIeK-
THUBHO peadcopOUpyIOTCs yepe3 KaTHOHHYIO TOpY,
o0OpazoBaHHYIO ABYMs KiayauHamu, -16 u -19.
Knaynun-14 uarnbupyer paboTy KoMIUIeKkca Kia-
ynuHOB-16/19 myTeM HemoCpenCTBEHHOTO B3au-
mozeiicTBust ¢ HUM. MukpoPHK miR-9 u miR-
374 momaBIAIOT SKCIpEecCHi0 KiayauHa-14, mo-
CKOJIbKY MUILIEHBIO AJis1 HUX siBisieTcst ero MPHK.
B oTtBer Ha moBbIICHWE KOHLEHTPALUN HOHOB
Kanblysg B IUIa3Me KPOBH aKTUBHPYIOTCS TpaHC-
MeMOpaHHbIE KaJIbLMH-1yBCTBUTEIbHBIE peLel-
topel (CaSR, anri. calcium-sensing receptor) Ha
0azonarepaibHON MOBEPXHOCTH TOYEYHOTO JIIH-
Tenust. [loBBILICHHOE CBS3bIBAaHME KalblMs Ha

MeAanumMHCKNM BecTHUK BalwKopTtocTaHa. Tom 18, Ne 1 (103), 2023



85

BHEKJIETOYHOI CTOpPOHE MPUBOJAUT K KOH(pOpMa-
1MoHHOMY u3MeHeHuro CaSR, koTophliii mepeaaer
CUTHaJ BHYTpPb SMUTEIHAILHON KJIETKH U CTUMY-
JHUpyeT JAealleTHIMPOBAaHUE OMNPENCIICHHBIX TH-
CTOHOB — OEIIKOB, HEOOXOAMMBIX JUIS YIIaKOBKH
uutreii THK B sape. Moauduiupyst THCTOHBI U
M3MEHSST KOH(POPMAIMIO XPOMAaTHHA, JlealeTua-
36l THCTOHOB (THICTOHZEAIETHIIa3bl) UTPAIOT BaXK-
HYIO pOJIb B PETYIALUHN JKCIpeccuu TeHoB. Jle-
aleTHIa3bl THCTOHOB BBI3BIBAIOT I'MIIOALIETHIIMPO-
BaHME U, COOTBETCTBEHHO, PENPECCUIO IeHOB. ['H-
MOAICTHIMPOBAHNE TIPHUBOJUT K YMCHBIICHHIO
NPOMEKYTKA MEXy HyKJICOCOMON M HAMOTaHHOM

Ha wee J[HK. bonee mmortnas ymakoska JIHK
YMEHBIIIAET €€ JOCTYIMHOCTh MJsl TPaHCKPHIILHU-
OHHBIX (DaKTOPOB, YTO NPUBOAUT K YTHETCHHIO
TPAHCKPHIILIUK — B JAHHOM CIIy4ae 3TO OTHOCUTCA
K yyactkam [IHK, komupyrommm cTpyKTypy MHUK-
poPHK miR-9 u miR-374. BaxHas ponb Momu-
(uKanuii THCTOHOB AJ1s1 QYHKIIMOHUPOBAHMS ITHX
MukpoPHK monrBep)kaeHa skcnepuMeHTaMH Ha
KMBOTHBIX: BBEJCHWE MBIIIaM WHTHOUTOpa TH-
CTOHJICALETUIIa3  CyOepaHMIOTHIPOKCAMHUHOBOM
kuciotel  (SAHA, amrm.  suberanilohydroxamic
acid) mpUBOAMIIO K CHIDKCHHIO DKCIIPECCHU Kila-
yauHa-14 B moukax [55].

MPOCBET HE®GPOHA Caz+
AnvkansHas ’/_ /
NoEEepXHOCTE @ KnayauH-14
anuTenua —
~
x KnayauHel
miR-9 16/19
BB miR-374

EazonarepansHan
NoBEpXHOCTL
INuTenua

[leaueTunasbl
TUCTOHOB

MNAASMA KPOBH

Ca 2+

Puc. 4. Peryisiius mapanesuIroisipHOi peabcopOrmn Kanbiust B He(h)pOHE € IIOMOIIBI0 CHCTEMBI «KiIayauHbl — MukpoPHK» [57, 61-63, ¢
n3MeHeHusiMu |. YcioBHble 0003HaueHns: CaSR — kasbluii-4yBCTBUTENBHBIN penerntop (calcium-sensing receptor); NFAT — sinepHbiit daxk-
Top aktuBupoBanHbIXx T-mumdormros (nuclear factor of activated T cells); CsA — uuknocniopus A (cyclosporine A); SAHA — cyGepanuiio-
THAPOKCaMUHOBas KucioTa (suberanilohydroxamic acid); ocTpoKOHEUHBIE CTPEIKH — AKTHBALHS; TYIIOKOHEYHbIE CTPEIKU — HHTHOUPOBaHHE

KomnuectBo monekyn miR-9 u miR-374
(To ectp akcmupeccus 3tux MukpoPHK, akrus-
HOCTb TPAHCKPHUIIIMU C UX T'€HOB) PETYIUpPYETCs,
IIOMHMO CTEIECHU J€alUTWINPOBAHUS TMCTOHOB,
TaKXKe TpPaHCKpUNUIMOHHBIM (pakropom NFAT
(smepHBI  (hakTOp aKTUBUPOBaHHbIX  T-
aumdorntos, anrt. nuclear factor of activated T
cells). C momMoupio MeTOIa UMMYHOIIPELUITUTA-
UM XpOMaTruHa ObUIO BHU3YaJM3MPOBAHO CBSI3bI-
BaHue NFAT ¢ mpomMoTropaMu T€HOB, KOIHUPYIO-
mux MiR-9 u MiR-374 [56]. DK30reHHBIM WHTH-
outopom NFAT sBngercs wnumkiocnopun A
[57,58].

TakuM 00pa3oM, THIEpKaIbIIUEMHs Yepe3
aktuBaiio CaSR um jeanetwinpoBaHHe THUCTO-
HOB YMEHBIIIAeT MHTHOUpYIOIee BIUSHUE MUK-
poPHK miR-9 u miR-374 na xnaymun-14, 6m0-
KHpYeT paboTy KOMITIeKca KiaynuHOB-16/19 u B
UTOTE€ TPUBOAWUT K CHIDKEHHIO peabcopOummn
Kajbius B Hedpoue [59, 60]. Cnenyer OTMETUTD,
YTO Takasl CXeMa BKJIIOYaeT B ceOs cpasy ABa Me-
XaHW3Ma SNHUTCHETUYECKOH perymanuu: pabora
MukpoPHK u moandukanus rucronos. [Jns o6o-

3HA4YCHUSI NaHHOTO MeXaHW3Ma Pa3NHYHBIMH HC-
CJIETOBATEIISIMUA  TIPEIIOKEHBI TEPMUHBI «CHT-
HaJIBHBIM KackKaJ KalbUUK-4YyBCTBUTEJIBHOTO pe-
nenrtopa» [57], «ocs CaSR — knayaun-14» [29]
i «och MUKpoPHK — kmaymun-14» [55].
Knayounvt u muxpoPHK — nepcnekmugHvle
obvexmul mapeemuou mepanuu MKH
CymectByeT TpPUHIMITAAIBHAS — BO3MOXK-
HOCTBH KOPPEKIIMU SMUTEHETHIECKIX HAPYIIICHHUH C
nomolneio (apmakotepanuu [35, 64]. MukpoPHK
BmsatoT Ha (yHKimonuposanue I1K kak Hemo-
CPEICTBEHHO, MHIHOUPYS SKCIPECCHIO MX OENKOB,
B TOM YHCJIE KJIAyJUHOB, TaK U OIMOCPEIOBAHHO,
WUHTHOUPYsI SKCIPECCHIO OENKOB CUTHAIBHBIX MYy-
Tel WM TPaHCKPHITITHOHHBIX (akTopoB s [1K.
INoatomy MukpoPHK, 3anelicTBoBaHHBIE B pery-
msiumn padotsl 1K, ABsIOTCS MepcreKTUBHBIMU
MUIIICHSIMH IS TapreTHOM Tepamuu [65]. B or-
HOIIICHWW TapTreTHBIX JIEKAPCTBEHHBIX BO3ICH-
CTBUH Ha MaJlble HEKOAUPYIOLINE MOJEKYIbl U3y-
YalOTCS JBA BO3MOXKHBIX TOAXOMA: CTHMYIIALIUS
WM TIOJABJICHUE SKCIPECCHH OMPEAETICHHOTO Te-
Ha [66]. Pa3paboTraHO HECKONBKO TepareBTHYC-
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CKHMX cTpareruii ¢ ucrnoib3oBaHueM MUKpoPHK,
OCHOBAHHBIX Ha BBEIEHHH B OPraHM3M CHHTETH-
YECKHUX ITOJMMEPOB (KaK MPaBUIIO, HYKICHHOBBIX

MuKpoPHK-
B B
murpoPHK-
MHMWK

U

KHCJIOT VI WX TPOW3BOAHBIX), CIIOCOOHBIX KOM-
MJIEMEHTApHO CBs3bIBaThCA ¢ MUKpOPHK wmmm nx
MPHK-mummensmu (puc. 5).

weHKLLLLLLLLL

J

Kcnpeccua

JKcnpeccua |

kcnpeccua T

O
D

«lybra» ana mukpoPHK

mPHK LI LI 1 DI 1L

kcnpeccua T

A

3Kcnpeccua

Puc. 5. Bo3aMoskHBIe TeparieBTH4ecKue crpateriu Ha ocHoBe MUKpoPHK [67—69, ¢ usmenenusivu]: A — HOpMasbHOE (hyHKIIMOHMPOBAHHE SH/IOTCH-
Hoii MukpoPHK (mprBeneno s cpaBHenus); b — muxpoPHK-mumuk; B — anraromup; I' — mukpoPHK-ry0ka; /| — 6moxmup (MuxpoPHK-Macka)

MukpoPHK-mumuk (anr. miRNA mimic)
MIPEAICTABIIICT COOOW CHHTETHYCCKHM aHaJIor
onpenenenno MukpoPHK, ee onuronykmneorua-
HBI «HMHUTAaToOp», 3aMECTUTENb. AHTaroMup
(ammn. antagomiR wmm antimiR) sensercs an-
THCMBICIIOBBIM OJIUTOHYKJIEOTHIOM [UISI OIpere-
neaHor MuUkpoPHK, 4ro mo3BonsieTr emy oOpaszo-
BBIBaTh C HEH CTAOMIBHYIO JBYXIIETIOUYEYHYIO
CTPYKTYpPY ¥ TakuM o0Opa3oM IpensiTCTBOBAThH
cea3n  MukpoPHK ¢ suporennoit MPHK-
mutieHblo.  MukpoPHK-ryoka (ammi. mMiRNA
SPONge) — OTHOCUTEIBHO KPYIHAash CHHTETHYC-
ckas monekyna PHK, comepsamas Gonpiioe ko-
JIMYECTBO CANTOB CBA3BIBAHUSA AJISA ONpEACIICH-
Hoii MukpoPHK; 3a cuet 3Toro oHa kak Obl «BOU-
paet» B cebst MHOXKecTBO MoJieKyll MUKpoPHK n
yIepKUBaeT X Ha cele, JIUIIasi UX CIoCOOHOCTH
cBs3bIBaTbca C dHmoreHHod MPHK-muiiensro.
braokmup (anrn. blockmiR) wmm muxpoPHK-
macka (annt. mMIRNA mask) npencrasnsier coboit
OJIUTOHYKJICOTH/I, KOTOPBI COEAMHSAETCS C OIpe-
neneHHpIM yyacTkoM MPHK-Mumienu u «macku-
pyeT» €€, He JaBas COOTBETCTBYIOLEH MUK-
poPHK cBs3atbcs ¢ Hell, ofHAKO MpPU 3TOM HE
MIPETSITCTBYET HOPMAJILHOMY TIpOLiecCy TPaHCIsA-

[IUU, TO €CTh CHIDKCHHS SKCIPECCUU MHUIICHU HE
IIPOUCXOIHUT.

BrlimeniepeunciieHHble  TepaneBTHUECKUE
crpareruu Ha ocHoBe MUKpoPHK nprmMenuTensHO
k MKB noka HaxomsTcst Ha 3Tarne SKCIIEpUMEHTOB
in Vitro u panHux paspaborok. Taxxke mpencras-
JSIeT MHTEPEC W3y4YeHHe BO3MOXKHOCTEH PEero3u-
IUOHHUPOBAHUA JICKAPCTBCHHBLIX IIperiaparoB, TO
€CTb aJanTallH CYNIECTBYIOIINX JIEKAPCTBEHHBIX
TIPenapaToB JJIsi HOBBIX TEPANleBTUUECKUX IIETICH.
Hanpumep, panee yxe ynomuHaiocs (puc. 4), 9ro
OUKJIOCHIOPUH A (TIPUMEHSIEMBId TIOJl Ha3BaHHUEM
IIUKJIOCTIOPHH KaKk MIMMYHOJIETIPECCAHT) U Cybepa-
HUJIOTHIPOKCAMHUHOBAsT KHUCIIOTa (MIpUMeHseMast
MO/l Ha3BaHHUEM BOPHHOCTAT Kak MPOTHBOOITYXO-
JICBOE CPEJICTBO) CIIOCOOHBI BO3JICHCTBOBAThH Ha
cuctemy «kiaynuabl — MUKpoPHK», perynupyro-
IIyI0 peadcopOImmio KajubIwisl B TOYKaX. Tarke
HeJaBHO OBLIO OOHAPYXKEHO, YTO THIOITUKEMHUYe-
CKMI1 mpenapar NMUONIUTAa30H, UCTIONIb3YEMBIN Mpu
JICUEHUH CaxXxapHOTo AuadeTa 2-To THIIA, CIIOCOOCH
OIIOCPEZIOBAHHO HHrUOMpoBaTh 00pa3oBaHHE B
MOYKaX KOHKPEMEHTOB M3 OKcajlaTa KajbLus de-
pe3 Kackag OMOXUMHUYECKUX PEaKITHil, B KOTOPBIi
BoBiiedyeHa mukpoPHK miR-23 [70].
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Knaynuael B mocienHue rofabsl aKTHBHO
U3Y4aloTCsl KaK NEPCIEKTUBHBIE IUarHOCTUYECKUE
OunoMapkepsl 1 MHUILIEHU IS Tepamuu 3aboJieBa-
HU. bonbmoi npakTrdeckuii MHTEpeC NMpeaCcTaB-
JSIIOT HOBEHWINIME HAINPABICHUS HCCIEIOBaHUN
KJIayJMHOB: M3MEHEHHME IIPOHUIAEMOCTH Iapa-
LEJUTIOJISIPHBIX TIOP 1O BO3AEHCTBUEM Pa3INUHBIX
9K30T€HHBIX MOAYASATOPOB [71]; MOHOKIIOHAIbHBIE
aHTUTENA K ONpENeNICHHBIM KIayJnHaM, CIioco0-
HblE CIeUM(HUYHO CBSA3BIBATHCS C MX BHEKJIETOU-
HbIMU TieTisiMU [72,73]. [Ipu 5TOM 3HAYUTENbHBIE
yCIeXW JOCTUTHYTHI B OONACTH OHKOJIOTHH, TIIE
LETBI PS MOJEKYN YK€ HaXOIUTCS Ha CTaluH
KJIMHUYECKUX HcObITaHui, B ToM uucie |l ¢azpr
[74]. Tak, Ha 0OCHOBE MOHOKJIOHAJTLHBIX aHTHUTEN K
KJIayuHaM simoHcKasi komnanust Astellas Pharma
paspaborana npenapar 30160etykcumad (zolbetux-
imab, IMAB362), koTopblii sBISETCS CENEKTUB-
HBIM MHTHOUTOpPOM KiaynuHa-18.2 (u3zohopmer 2
KiIayauHa-18) um B HacTosliee BpeMs YCIEIIHO
NPOXOANUT KIMHUYECKUE MWCIBITAHUA Kak JeKap-
CTBEHHOE CPE/ICTBO TPH PaKe >KEIyNKa ¥ HEKOTO-
PBIX JPYTrUX 3J0Ka4E€CTBEHHBIX omyxoisix [75]. B
He(pOIOruy TapreTHas Teparus ¢ UCIOIb30BaHuU-
€M KJIayJJMHOB TIOKa HaXOIUTCSl HA YPOBHE JKCIIe-
PUMEHTOB IN Vitro u paHHux pa3pabotok. B uact-
HOCTH, B Ka4eCTBE MMOTCHLUAIBHOM MHIIEHH IS
nedennst MKB paccmarpuBaercs knaymua-2 [30].

3akiIroueHne H BLIBOIBI

MouekameHHass 001€3Hb — MHOTO(AKTOP-
Hoe 3aboneBaHre OOMEHa BEIIECTB, OOYCIIOBJICH-
HOE B3aUMOJCHICTBHEM MHOTOYHCIICHHBIX BPOXK-
JICHHBIX U CPEIOBBIX (haKTOPOB, CBS3aHHOE C 00-
Pa3oM JKM3HM TaleHTa M 3aTparuBarolliee pas-
JMYHBIE CUCTEMBI €r0 OpraHu3Ma. BeisBiieHBI ac-

cormariui MKB ¢ MeTa0onn4eckuM CHUHIPOMOM
[76,77], matonorusiMu MUIICBAPUTEILHOU CHCTE-
MBI [78], SHIOKPUHHBIMI ¥ IMMYHHBIMH HapyIIe-
mussmMu  [79,80]. JImarHoctnka u jeuenne MKDB
TpeOyIOT CIKEHHOTO MYJABTHAUCHUILTMHAPHOTO
MOAX0Ja C YYacTHEM HE TOJIBKO YpOJIOTOB, HO M
Bpaueil oOmmel MPaKTHKH, TEPAIeBTOB, YHIOKPH-
HOJIOTOB, KapAMOJIOrOB, AHWETOJIOrOB, UMMYHOJO-
TOB, CHELUHUAJIMCTOB B OOJACTH KIMHUYECKOW Ja-
0OOpaToOpHON TUATHOCTHKH, JTyYeBOW TUATHOCTH-
KH, TCHETHKH, (PH3H0- 1 OaIbHEOTEPaITHH.

JanHbIN 0030p TUTEpaTyphl BHOCUT BKJIAJ
B MOHMMaHWE poiin KjaynuHoB U MUKpoPHK B
MaToreHe3e ypoJIMTHa3a, CBA3AHHOTO C Hapylle-
HUeM peaOcopOuuu Kajbpuusi B HeppoHax. 3Ha-
HUS B 9TOH 00JIAaCTH MOKa HAXOIATCS MpEeUMYyILe-
CTBEHHO Ha ypoBHE (DyHIaMEHTAIbHBIX HCCIIEIO0-
BaHWHU W paHHHUX Pa3padOTOK, OJHAKO CUTYaIUs C
BHEJIPCHUEM HAy4YHBIX JOCTIKEHUH B IMPAKTHKY
nedeOHO-TIPOQUITAKTUIECKUX YUPEKICHUH BHY-
[IaeT ONTHUMH3M: 32 MOCIIEAHNE TOIBI TPON3OIIEN
3HAUUTEJIbHBIA MPOrpecc B BBISICHEHWH MOAPOO-
HOCTEH TIpollecca SMUTeHETUYECKON pPeryisiuy,
OOYCIIOBIICHHBII OBICTPBIM Pa3BUTHEM TIPHOOP-
HO-TEXHOJIOTUYECKOW 0a3bl, TMOSBIECHHEM Ha
PBIHKE HOBBIX PEAKTHBOB ]ISl TEHETHUECKHUX HC-
CJICZIOBAHMH W TIOBBIICHUEM JOCTYITHOCTH Tepe-
JIOBBIX BBICOKOTIPOU3BOAMTENLHBIX METO/IOB aHAa-
nu3a MukpoPHK [43,81]. JlanbHelimee u3yueHue
MOJIEKYJISIPHBIX MEXaHU3MOB DErYIsIUH TyOy-
JISIPHOTO TPAHCIIOPTA KaJbLUS OTKPOET MepCrek-
TUBBI JJI CO3J]aHMsI HOBBIX TOAXOAOB K MPodu-
JIAKTUKE M JICYCHUIO KaIIIUYPHUH, KOTOphIe OyIIyT
BO3/IEHCTBOBATh Ha JMUTEHETHYECKHE (aKTOphI
naroreHeza MKb.

Ceedenusn 06 agmopax cmamou:
IonoB Cepreii BagepbeBnu — 1.M.H., rnaBHbiid Bpay CI16 ['BY3 «Knununueckas Oonpauna Cesiturens Jlyku». Axpec: 194044, r.
Cankrt-TletepOypr, yn. Uyrynnas, 46; npodeccop xadenpsr ypororun GI'EBOY BO «BoeHHO-MeauIMHCKas aKaAeMHUs HMCHHU
C.M. Kuposa». Anpec: 194044, r. Canxr-IlerepOypr, yi1. Axamemuka Jlebenesa, 6JK. ORCID: 0000-0003-2767-7153. E-mail:

doc.popov@gmail.com.

Yaunruna Anna CepreeBHa — K.M.H., cTapmuil HayaHsii corpyauuk CI16 I'BY3 «Knuandeckas 6ompanna Ceatutens Jlyku». An-
pec: 194044, r. Cankr-IletepOypr, yn. UyryHHas, 46»; CTaplIMii HAYYHBIH COTPYIHHUK OTAENA MOJIEKYJISIPHO-TEHETUYECKUX M HAHO-
ouonornueckux texHonornit ®PI'BOY BO «Ilepsriit Cankt-TleTepOyprekuii rocyapcTBeHHBINH MEAUIIMHCKUN YHUBEPCUTET HMEHU
akamemuka W.II. [TaBmoBa» MunsapaBa Poccun. Ampec: 197022, r. Canxrt-IlerepGypr, yu. JIsa Toxctoro, 6-8. ORCID: 0000-

0003-3011-1812. E-mail: anna.s.ulitina@yandex.ru.

I'yceiinoB Pycaan I'yceifHOBHY — K.M.H., 3aMECTHTENb IJIABHOIO Bpaya o HaywHo# nesrensHoctH CII6 I'BY3 «Knunudeckas
6onpaua Catutens Jlyku». Aapec: 194044, r. Cankr-IlerepOypr, yn. UyryHnas, 46; accucTeHT Kadeapbl TOCHIUTAILHOR XUPYP-
run Cankt-IlerepOyprekoro rocynapctBeHHoro yHusepcurera. Anpec: 199034, r. Cankr-IlerepOypr, YHuBepcuterckas Hao., 7/9.

ORCID: 0000-0001-9935-0243. E-mail: rusfa@yandex.ru.

Cusak Koncrantun BinapumupoBuy — 1.0.H., Benymmii Hayunblid cotrpyanuk CII6 I'BY3 «Knunudeckas GonpHuia CBATHTENS
Jlykw». Anpec: 194044, r. Cankr-IlerepOypr, yn. UyryHHas, 46; 3aBeAyroLUIMidi OTIENIOM JIOKIMHUYECKUX uccienoBanuiit OI'BY
«Hayuno-uccnenosatenbckuii MHCTUTYT rpunmna uM. A.A. Cmopoxunnesa Munsiapasa Poccum». Anpec: 197022, r. Cankr-
[erepbypr, yi. npod. [Tonosa, 15/17. ORCID: 0000-0003-4064-5033. E-mail: kvsivak@gmail.com.

Hepenenuua Buraauii BiragjumupoBuy — x.M.H., Bpad-yposor CI16 I'BY3 «Knununueckas 6onpHuna Cesaturens Jlyku». Anpec:
194044, r. Cankr-IlerepOypr, yi. Uyrynnas, 46. ORCID: 0000-0002-7656-4473. E-mail: perepelitsa_vit@mail.ru.

Hagenn KoHcTaHTHH AjleKCaHIPOBUY — K.M.H., HayuHbId corpyauuk CII6 I'bY3 «Kimnuueckas 6onpanmna Ceatutens Jlykn».
Anpec: 194044, r. Canxr-IlerepOypr, yn. Uyrynnas, 46; HaydHBII COTPYAHHK OTAena HelpohapMaKOIOTHH MMEHH aKaJeMHKa
PAMH C.B. AnnukoBa ®I'BHY «HCTUTYT SKcHepuMeHTaIbHOH MemuuuHb». Anpec: 197376, r. Cankr-IletepOypr, yi1. Akane-
muka [lasnosa, 12. ORCID: 0000-0003-4453-2204. E-mail: vnivip@yandex.ru.

Bynenkos Huxonaii Cepreesnu — Hayunsiii corpyauuk CII6 I'BY3 «Knunnueckast 6onpauma Cesturens JIykm». Anpec: 194044,
r. Cankr-IlerepOypr, yi. Uyrynnas, 46; Bpau-xupypr HUW nerckoii OHKONOrHH, FeMaTOJOTHH U TPAHCILIAHTOJIOTUH UMeHH P.M.
T'op6aueBoiit ®I'BOY BO «Ilepsbiit CankT-IleTepOyprekuii rocyaapCcTBEHHbII METUIIMHCKUI YHUBEPCUTET UMEHH akagemuka M.I1.
INaBnoBa» Munsnpasa Poccun. Anpec: 197022, r. Cankrt-IlerepOypr, yi. JIsBa Toncroro, 6-8. ORCID: 0000-0003-4331-028X. E-

mail: bunenkov2006@gmail.com.

MeanumMHCcKnin BecTHMK balwkopTtocTtaHa. Tom 18, Ne 1 (103), 2023



88

10.

11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21.

22.

23.

24.
25.

26.

27.

28.
29.

30.

31

32.

33.

34.

35.

37.

38.

JUTEPATYPA

Zubkov L.V. [et al.] Epidemiology of urolithiasis and pilot study results concerning the use of extracorporeal shock wave lithotripsy.
RMZh. 2021;29(8):7-10. (In Russ.) (3yoxos WU.B. [u ap.]. DnuaemMuonorus MOYEKaMEHHOM GOJIE3HH M PE3YJbTAThl MHJIOTHOTO HCCIe-
JIOBaHUsI MCTIONIb30BaHus hudpokaymkomnrorpuricun // PMIK. — 2021, 29(8):7-10).

Vasudevan V. [et al.] The genetic framework for development of nephrolithiasis. Asian J Urol. 2017;4(1):18-26. doi:
10.1016/j.ajur.2016.11.003.

Gadzhiev N. [et al.] Urolithiasis prevalence in the Russian Federation: analysis of trends over a 15-year period. World J Urol.
2021;39(10):3939-3944. doi: 10.1007/s00345-021-03729-y.

Lang J. [et al.] Global trends in incidence and burden of urolithiasis from 1990 to 2019: an analysis of global burden of disease study
data. Eur Urol Open Sci. 2022;35:37-46. doi: 10.1016/j.eur0s.2021.10.008.

Kalabekov A.A., Kazachenko A.V., lvashchenko V.V. Risk factors of calcium and urate nephrolithiasis. Role of the canalicular dysfunc-
tion in stone formation. Jeksperimental'naja i klinicheskaja urologija. 2016;1:8-15. (In Russ.) (Kana6ekos A.A., Kazauenko A.B., MBa-
menko B.B. dakTopsl pricka KanbIHEeBOro U ypaTHOro HeponnuTrasa. Poib KaHANBIEBBIX JUCHYHKINHA B KAMHEOOpa30BaHNH. DKCIIe-
PHMEHTAIBHAS ¥ KinHU4YecKast yposorust. — 2016. — Nel. — C. 8-15.

Spivacow F.R. [et al.] Kidney stones: composition, frequency and relation to metabolic diagnosis. Medicina (B Aires). 2016;76(6):343-348.
Tostivint I.N. [et al.] How useful is an oral calcium load test for diagnosing recurrent calcium stone formers? Urolithiasis.
2022;50(5):577-587. doi: 10.1007/s00240-022-01355-w.

Iskenderov B.G. Arterial hypertension and calcium metabolism. Penza.: NPO “Professional”. 2010; 224 p. (In Russ.) (Uckeunepos b. I
AprepuanbHas runepTeHsus 1 Merabonusm Kanbius. — [ensa: HITO «IIpodeccuonan». —2010. — 224 ¢.)

Zverev Ja.F. [et al.] Role of kidney in maintaining calcium and magnesium homeostasis and its disorders (Part I). Nefrologija i dializ.
2018;20(2):150-169. (In Russ.) (3sepes S1.®. [u ap.]. Poib novex B MoAepKaHUy KAIBLEEBOrO U MATHUEBOTO TOMEOCTA3a U [PU €T0
Hapymenusx (4. 1). Hedposornst u quanus. — 2018. — Ne20(2). — C.150-169). doi: 10.28996/2618-9801-2018-2-150-169.

Parshina E.V. Renal tubular calcium transport, physiology and clinical significance: terra «cognita». Nefrologija i dializ.
2020;22(2):170-180. (In Russ.) (ITapmuna E.B. TyOyaspHbIA TPaHCIOPT KAIbLKS B TI0YKaX, (PU3UOJIOTHSA U KIMHUYECKOE 3HAYEHHE!
terra «cognita». Hedponorus u quamms. — 2020. — Ne22(2). — C. 170-180). doi: 10.28996/2618-9801-2020-2-170-180.

Eftekhari A. [et al.] Cell junction proteins: crossing the glomerular filtration barrier in diabetic nephropathy. Int J Biol Macromol.
2020;148:475-482. doi: 10.1016/j.ijbiomac.2020.01.168.

Moor M.B., Bonny O. Ways of calcium reabsorption in the kidney. Am J Physiol Renal Physiol. 2016;310(11):F1337-F1350. doi:
10.1152/ajprenal.00273.2015.

Farquhar M.G., Palade G.E. Junctional complexes in various epithelia. J Cell Biol. 1963;17(2):375-412. doi: 10.1083/jch.17.2.375.
Prot-Bertoye C., Houillier P. Claudins in renal physiology and pathology. Genes (Basel). 2020;11(3):290. doi: 10.3390/genes11030290.
Markov A.G. Claudins as tight junction proteins: the molecular element of paracellular transport. Rossijskij fiziologicheskij zhurnal im.
.M. Sechenova. 2013;99(2):175-195. (In Russ.) (MapkoB A.I'. Beiku MIOTHBIX KOHTAKTOB KIIAY/AMHbBI: MOJIEKYJSIPHOE 3BEHO Mapareli-
JIFOJSIPHOTO TpaHcnopra. Poccuiickuii ¢pusunonoruyeckuii sxyprai um. .M. Ceuernosa. — 2013. — Ne99(2). — C. 175-195).

Furuse M. [et al.] Claudin-1 and -2: novel integral membrane proteins localizing at tight junctions with no sequence similarity to occlud-
in. J Cell Biol. 1998;141(7):1539-1550. doi: 10.1083/jcbh.141.7.1539.

Taylor A. [et al.] Chimeric claudins: a new tool to study tight junction structure and function. Int J Mol Sci. 2021;22(9):4947. doi:
10.3390/ijms22094947.

Milatz S. A novel claudinopathy based on claudin-10 mutations. Int J Mol Sci. 2019;20(21):5396. doi: 10.3390/ijms20215396.

Fromm M. [et al.] Tight junctions of the proximal tubule and their channel proteins. Pflugers Arch. 2017;469(7-8):877-887. doi:
10.1007/s00424-017-2001-3.

Rubashkin A.A. [et al.] A theory of charge selectivity reversal in cation- or anion-selective tight junctions between epithelial cells: a
nonlocal electrostatic approach. Biophysics. 2021;66(1):84-90. doi: 10.1134/S0006350921010127.

Muto S. Physiological roles of claudins in kidney tubule paracellular transport. Am J Physiol Renal Physiol. 2017;312(1):F9-F24. doi:
10.1152/ajprenal.00204.2016.

Van lItallie C.M., Anderson J.M. The molecular physiology of tight junction pores. Physiology (Bethesda). 2004;19:331-338. doi:
10.1152/physiol.00027.2004.

Suzuki H. [et al.] Model for the architecture of claudin-based paracellular ion channels through tight junctions. J Mol Biol.
2015;427(2):291-297. doi: 10.1016/j.jmb.2014.10.020.

Heinemann U., Schuetz A. Structural Features of Tight-Junction Proteins. Int J Mol Sci. 2019;20(23):6020. doi: 10.3390/ijms20236020.
Tsukita S., Tanaka H., Tamura A. The claudins: from tight junctions to biological systems. Trends Biochem Sci. 2019;44(2):141-152.
doi: 10.1016/j.tibs.2018.09.008.

Pyatchenkov M.O., Markov A.G., Rumyantsev A.Sh. Structural and functional intestinal barrier abnormalities and chronic kidney dis-
ease. Literature review. Part I. Nefrologija. 2022;26(1):10-26. (In Russ.) (Ilstaerxos M.O., Mapkos A.T'., Pymsanes A.LLL. Ctpyktyp-
HO-()yHKIIMOHAIBHBIC HApYIIEHHsI KUIIEYHOro Oapbepa H XpoHudeckas 6oie3Hp nouek. O63op smreparypst. Y. |. Hedponorus. — 2022.
— Ne26(1). — C. 10-26). doi: 10.36485/1561-6274-2022-26-1-10-26.

Jo C.H, Kim S., Kim G.H. Claudins in kidney health and disease. Kidney Res Clin Pract. 2022;41(3):275-287. doi:
10.23876/j.krcp.21.279.

Yu A.S. Claudins and the kidney. J Am Soc Nephrol. 2015;26(1):11-19. doi: 10.1681/ASN.2014030284.

Plain A., Alexander R.T. Claudins and nephrolithiasis. Curr Opin Nephrol Hypertens. 2018;27(4):268-276. doi:
10.1097/MNH.0000000000000426.

Curry J.N. [et al.] Claudin-2 deficiency associates with hypercalciuria in mice and human kidney stone disease. J Clin Invest.
2020;130(4):1948-1960. doi: 10.1172/JCI1127750.

Walsh S.V., Hopkins A.M., Nusrat A. Modulation of tight junction structure and function by cytokines. Adv Drug Deliv Rev.
2000;41(3):303-313. doi: 10.1016/s0169-409x(00)00048-x.

Soler A.P., Laughlin K.V., Mullin J.M. Effects of epidermal growth factor versus phorbol ester on kidney epithelial (LLC-PK1) tight
junction permeability and cell division. Exp Cell Res. 1993;207(2):398-406. doi: 10.1006/excr.1993.1207.

Huang X. [et al.] Nanotopography enhances dynamic remodeling of tight junction proteins through cytosolic liquid complexes. ACS
Nano. 2020;14(10):13192-13202. doi: 10.1021/acsnano.0c04866.

Sugimoto K., Chiba H. The claudin-transcription factor signaling pathway. Tissue Barriers. 2021;9(3):1908109. doi:
10.1080/21688370.2021.1908109.

Zhang L., Lu Q., Chang C. Epigenetics in Health and Disease. Adv Exp Med Biol. 2020;1253:3-55. doi: 10.1007/978-981-15-3449-2_1.

. Lander E.S. [et al.] Initial sequencing and analysis of the human genome. Nature. 2001;409(6822):860-921. doi: 10.1038/35057062.

Xue Y., Chen R., Qu L., Cao X. Noncoding RNA: from dark matter to bright star. Sci China Life Sci. 2020;63(4):463-468. doi:
10.1007/s11427-020-1676-5.

Lee R.C., Feinbaum R.L., Ambros V. The C. elegans heterochronic gene lin-4 encodes small RNAs with antisense complementarity to
lin-14. Cell. 1993;75(5):843-854. doi: 10.1016/0092-8674(93)90529-y.

MeAanumMHCKNM BecTHUK BalwKopTtocTaHa. Tom 18, Ne 1 (103), 2023



89

39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.

57.
58.

59.
60.

61.
. Negri AL Role of claudins in renal calcium handling. Nefrologia. 2015;35(4):347-352. English, Spanish. doi:

63.
64.

65.
66.

67.
68.
69.
70.
71.
72.
73.

74.
75.

76.

77.

78.

79.

Alles J. [et al.] An estimate of the total number of true human miRNAs. Nucleic Acids Res. 2019;47(7):3353-3364. doi:
10.1093/nar/gkz097.

Pritchard C.C., Cheng H.H., Tewari M. MicroRNA profiling: approaches and considerations. Nat Rev Genet. 2012;13(5):358-369. doi:
10.1038/nrg3198.

Desvignes T. [et al.] miRNA nomenclature: a view incorporating genetic origins, biosynthetic pathways, and sequence variants. Trends
Genet. 2015;31(11):613-626. doi: 10.1016/j.tig.2015.09.002.

Matsuyama H., Suzuki H.l. Systems and synthetic microRNA biology: from biogenesis to disease pathogenesis. Int J Mol Sci.
2019;21(1):132. doi: 10.3390/ijms21010132.

Saliminejad K. [et al.] An overview of microRNAs: biology, functions, therapeutics, and analysis methods. J Cell Physiol.
2019;234(5):5451-5465. doi: 10.1002/jcp.27486.

Lee C.H. [et al.] MicroRNA-regulated protein-protein interaction networks and their functions in breast cancer. Int J Mol Sci.
2013;14(6):11560-11606. doi: 10.3390/ijms140611560.

Riffo-Campos A.L., Riguelme 1., Brebi-Mieville P. Tools for sequence-based miRNA target prediction: what to choose? Int J Mol Sci.
2016;17(12):1987. doi: 10.3390/ijms17121987.

Tafrihi M., Hasheminasab E. MiRNAs: biology, biogenesis, their web-based tools, and databases. Microrna. 2019;8(1):4-27. doi:
10.2174/2211536607666180827111633.

Baker M.A. [et al.] Tissue-specific microRNA expression patterns in four types of kidney disease. J Am Soc Nephrol.
2017;28(10):2985-2992. doi: 10.1681/ASN.2016121280.

Winter J. [et al.] Many roads to maturity: microRNA biogenesis pathways and their regulation. Nat Cell Biol. 2009;11(3):228-234. doi:
10.1038/nchb0309-228.

Liang X. [et al.] LncRNA-miRNA-mRNA expression variation profile in the urine of calcium oxalate stone patients. BMC Med Ge-
nomics. 2019;12(1):57. doi: 10.1186/s12920-019-0502-y.

Wang B. [et al.] Analysis of altered microRNA expression profiles in proximal renal tubular cells in response to calcium oxalate mono-
hydrate crystal adhesion: implications for kidney stone disease. PLoS One. 2014;9(7):e101306. doi: 10.1371/journal.pone.0101306.

Lu Y. [et al.] Integrative microRNA-gene expression network analysis in genetic hypercalciuric stone-forming rat kidney. PeerJ.
2016;4:e1884. doi: 10.7717/peerj.1884.

Lan C. [et al.] Integrative analysis of miRNA and mRNA expression profiles in calcium oxalate nephrolithiasis rat model. Biomed Res
Int. 2017;2017:8306736. doi: 10.1155/2017/8306736.

Kriegel A.J., Mladinov D., Liang M. Translational study of microRNAs and its application in kidney disease and hypertension research.
Clin Sci (Lond). 2012;122(10):439-447. doi: 10.1042/CS20110159.

D'Agata R., Spoto G. Advanced methods for microRNA biosensing: a problem-solving perspective. Anal Bioanal Chem.
2019;411(19):4425-4444. doi: 10.1007/s00216-019-01621-8.

Gong Y. [et al.] Epigenetic regulation of microRNAs controlling CLDN14 expression as a mechanism for renal calcium handling. J Am
Soc Nephrol. 2015;26(3):663-676. doi: 10.1681/ASN.2014020129.

Gong Y., Hou J. Claudin-14 underlies Ca*-sensing receptor-mediated Ca™ metabolism via NFAT-microRNA-based mechanisms. J Am
Soc Nephrol. 2014;25(4):745-760. doi: 10.1681/ASN.2013050553.

Hou J. Claudins and mineral metabolism. Curr Opin Nephrol Hypertens. 2016;25(4):308-313. doi: 10.1097/MNH.0000000000000239.
Hawkshaw N.J., Paus R. Beyond the NFAT Horizon: from cyclosporine A-induced adverse skin effects to novel therapeutics. Trends
Pharmacol Sci. 2021;42(5):316-328. doi: 10.1016/j.tips.2021.02.001.

Gong Y. [et al.] Claudin-14 regulates renal Ca** transport in response to CaSR signalling via a novel microRNA pathway. EMBO J.
2012;31(8):1999-2012. doi: 10.1038/emboj.2012.49.

Dimke H. [et al.] Activation of the Ca(2+)-sensing receptor increases renal claudin-14 expression and urinary Ca(2+) excretion. Am J
Physiol Renal Physiol. 2013;304(6):F761-F769. doi: 10.1152/ajprenal.00263.2012.

Hou J. Lecture: new light on the role of claudins in the kidney. Organogenesis. 2012;8(1):1-9. doi: 10.4161/0rg.19808.

10.1016/j.nefro.2015.06.011.

Negri A.L., Del Valle E.E. Role of claudins in idiopathic hypercalciuria and renal lithiasis. Int Urol Nephrol. 2022;54(9):2197-2204.
doi: 10.1007/s11255-022-03119-2.

McDermott A.M. [et al.] The therapeutic potential of microRNAs: disease modulators and drug targets. Pharm Res. 2011;28(12):3016—
3029. doi: 10.1007/s11095-011-0550-2.

Zhao X. [et al.] Tight junctions and their regulation by non-coding RNAs. Int J Biol Sci. 2021;17(3):712—727. doi: 10.7150/ijbs.45885.
Beermann J. [et al.] Non-coding RNAs in development and disease: background, mechanisms, and therapeutic approaches. Physiol Rev.
2016;96(4):1297-1325. doi: 10.1152/physrev.00041.2015.

Bernardo B.C. [et al.] miRNA therapeutics: a new class of drugs with potential therapeutic applications in the heart. Future Med Chem.
2015;7(13):1771-1792. doi: 10.4155/fmc.15.107.

George J., Patel T. Noncoding RNA as therapeutic targets for hepatocellular carcinoma. Semin Liver Dis. 2015;35(1):63-74. doi:
10.1055/s-0034-1397350.

Beyer S., Fleming J., Meng W. [et al.] The role of miRNAs in angiogenesis, invasion and metabolism and their therapeutic implications
in gliomas. Cancers (Basel). 2017;9(7):85. doi: 10.3390/cancers9070085.

Chen Z. [et al.] Pioglitazone decreased renal calcium oxalate crystal formation by suppressing M1 macrophage polarization via the
PPAR-y-miR-23 axis. Am J Physiol Renal Physiol. 2019;317(1):F137-F151. doi: 10.1152/ajprenal.00047.2019.

Brunner J., Ragupathy S., Borchard G. Target specific tight junction modulators. Adv Drug Deliv Rev. 2021;171:266-288. doi:
10.1016/j.addr.2021.02.008.

Hashimoto Y. [et al.] Anti-claudin antibodies as a concept for development of claudin-directed drugs. J Pharmacol Exp Ther.
2019;368(2):179-186. doi: 10.1124/jpet.118.252361.

Singh P., Toom S., Huang Y. Anti-claudin 18.2 antibody as new targeted therapy for advanced gastric cancer. J Hematol Oncol.
2017;10(1):105. doi: 10.1186/s13045-017-0473-4.

Li J. Targeting claudins in cancer: diagnosis, prognosis and therapy. Am J Cancer Res. 2021;11(7):3406-3424.

Wang X. [et al.] Claudin 18.2 is a potential therapeutic target for zolbetuximab in pancreatic ductal adenocarcinoma. World J Gastroin-
test Oncol. 2022;14(7):1252-1264. doi: 10.4251/wjgo.v14.i7.1252.

Wong Y. [et al.] Metabolic syndrome and kidney stone disease: a systematic review of literature. J Endourol. 2016;30(3):246-253. doi:
10.1089/end.2015.0567.

Gajiyev N.K. [et al.] Urolithiasis and metabolic syndrome. Pathophysiology of stone formation. Jeksperimental'naja i klinicheskaja
urologija. 2018;1:66—75. (In Russ.) (l'amxues H.K. [u np.]. MouekamenHast 6ose3Hb U MeTabosmdeckuii cuHapoM. [Tatopusuomnorus
KaMHeoOpa3oBaHus. DKCIIepUMEHTaNIbHAs U KiIMHIYecKast yposorust. —2018. — Nel. — C. 66-75).

Derkach I.A. The role of intestines in the development of urolithiasis. Novosti mediciny i farmacii. 2015;1(527):33-37. (In Russ.) (dep-
ka4 M. A. 3HaueHHe KHIIeYHNKA B Pa3BUTHHU ypoiutHasza. HoBoctn MeauuuHs! u papmarmu. — 2015. — Ne1(527). — C. 33-37).
Kazmirchuk A.V. [et al.] Role of immune status and redox potential in the pathogenesis of secondary pyelonephritis on the background
of urolithiasis. Sovremennye problemy nauki i obrazovanija. 2016;3:65. (In Russ.) (Kasmupuyk A.B. [u ap.] Pons umMmyHHOTO cTaTyca u

MeanumMHCcKnin BecTHMK balwkopTtocTtaHa. Tom 18, Ne 1 (103), 2023



90

80.

81.

10.

11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21.

22.

23.

24.
25.

26.

27.

28.
29.

30.

31

32.

33.

PEAOKC-IOTCHIIMAJIA B MTATOI'€HE3€ BTOPUIHOT'O HI/ICJIOHe(pr/ITa npu MOYEKaMEHHON OOJIE3HMU. COBpeMeHHbIe HpO6JIeMI)I HayKu U 06pa-
3oBanus. — 2016. — Ne3. — C. 65).

Saenko V.S., Pesegov S.V. Interdisciplinary approach for prevention of recurrent urinary stone disease. Urologija. 2020;5:87-92. (In
Russ.) (Caenko B.C., [TeceroB C.B. MexaucuuuimHapHbIil oaxo K Mpo(uiIaKTHKE pelrANBOB MOYEKaMEHHOW OOJIE3HU. YPOJIOTHs. —
2020. — Ne5. — C. 87-92). doi: 10.18565/urology.2020.5.87-92.

Fu X., Dong D. Bioinformatic analysis of microRNA sequencing data. Methods Mol Biol. 2018;1751:109-125. doi: 10.1007/978-1-
4939-7710-9_8.

REFERENCES

Zubkov 1.V. [et al] Epidemiology of urolithiasis and results of a pilot study on the use of extracorporeal shock wave lithotripsy. RMJ.
2021;29(8):7-10. (In Russ.) (Zubkov I.V. [et al] Epidemiology of urolithiasis and results of a pilot study on the use of fibrocalicolitho-
tripsy. RMJ. 2021;29(8):7-10).

Vasudevan V. [et al] Genetic basis for the development of nephrolithiasis. Asian J Urol. 2017;4(1):18-26. doi:
10.1016/j.ajur.2016.11.003.

Gadzhiev N. [et al] Prevalence of urolithiasis in the Russian Federation: an analysis of trends over a 15-year period. World J Urol.
2021;39(10):3939-3944. doi: 10.1007/s00345-021-03729-y.

Lang J. [et al.] Global trends in the incidence and burden of urolithiasis from 1990 to 2019: an analysis of data from the Global Burden
of Disease Study. Eur Urol Open Sci. 2022;35:37-46. doi: 10.1016/j.eur0s.2021.10.008.

Kalabekov AA, Kazachenko AV, Ivashchenko VV. Risk factors of calcium and urate nephrolithiasis. The role of tubular dysfunction in
stone formation. Jeksperimental'naja i klinicheskaja urologija. 2016;1:8-15. (In Russ.) (Kalabekov A.A., Kazachenko A.V., Ivashchenko
V.V. Calcium and urate nephrolithiasis risk factors. The role of tubular dysfunction in stone formation. Experimental and Clinical Urol-
ogy. 2016;1:8-15).

Spivacow F.R. [et al.] Kidney stones: composition, frequency, and relationship to metabolic diagnosis. Medicina (B Aires).
2016;76(6):343-348.

Tostivint I.N. [et al] How useful is the oral calcium load test for the diagnosis of recurrent calcium stone formation? Urolithiasis.
2022;50(5):577-587. doi: 10.1007/s00240-022-01355-w.

Iskenderov B.G. Arterial hypertension and calcium metabolism. Penza: NPO «Professional». 2010; 224 c. (In Russian) (Iskenderov B.G.
Arterial hypertension and calcium metabolism. Penza : NPO Professional. 2010; 224 c.).

Zverev Y.F. [et al] The role of kidneys in maintaining calcium and magnesium homeostasis and its disorders (Part I). Nefrologija i dial-
iz. 2018;20(2):150-169. (In Russ.) (Zverev Y.F. [et al] The role of the kidneys in maintaining calcium and magnesium homeostasis and
in its disorders (Part I). Nephrology and dialysis. 2018;20(2):150-169). doi: 10.28996/2618-9801-2018-2-150-169.

Parshina E.V. Renal tubular calcium transport, physiology and clinical significance: terra «cognita». Nefrologija i dializ.
2020;22(2):170-180. (In Russ.) (Parshina E.V. Tubular calcium transport in the kidneys, physiology and clinical significance: terra
«cognita». Nephrology and dialysis. 2020;22(2):170-180). doi: 10.28996/2618-9801-2020-2-170-180.

Eftekhari A. [et al.] Cell junction proteins: crossing the glomerular filtration barrier in diabetic nephropathy. Int J Biol Macromol.
2020;148:475-482. doi: 10.1016/j.ijbiomac.2020.01.168.

Moor M.B., Bonny O. Ways of calcium reabsorption in the kidney. Am J Physiol Renal Physiol. 2016;310(11):F1337-F1350. doi:
10.1152/ajprenal.00273.2015.

Farquhar M.G., Palade G.E. Junctional complexes in various epithelia. J Cell Biol. 1963;17(2):375-412. doi: 10.1083/jch.17.2.375.
Prot-Bertoye C., Houillier P. Claudins in renal physiology and pathology. Genes (Basel). 2020;11(3):290. doi: 10.3390/genes11030290.
Markov A.G. Claudins as tight junction proteins: the molecular element of paracellular transport. Rossijskij fiziologicheskij zhurnal im.
.M. Sechenova. 2013;99(2):175-195.(In Russ.) (Markov A.G. Claudin tight junction proteins: a molecular element of paracellular
transport. I. M. Sechenov Russian Journal of Physiology. I.M. Sechenov. 2013;99(2):175-195).

Furuse M. [et al.] Claudin-1 and -2: novel integral membrane proteins localizing at tight junctions with no sequence similarity to occlud-
in. J Cell Biol. 1998;141(7):1539-1550. doi: 10.1083/jch.141.7.1539.

Taylor A. [et al.] Chimeric claudins: a new tool to study tight junction structure and function. Int J Mol Sci. 2021;22(9):4947. doi:
10.3390/ijms22094947.

Milatz S. A novel claudinopathy based on claudin-10 mutations. Int J Mol Sci. 2019;20(21):5396. doi: 10.3390/ijms20215396.

Fromm M. [et al.] Tight junctions of the proximal tubule and their channel proteins. Pflugers Arch. 2017;469(7-8):877-887. doi:
10.1007/s00424-017-2001-3.

Rubashkin A.A. [et al.] A theory of charge selectivity reversal in cation- or anion-selective tight junctions between epithelial cells: a
nonlocal electrostatic approach. Biophysics. 2021;66(1):84-90. doi: 10.1134/S0006350921010127.

Muto S. Physiological roles of claudins in kidney tubule paracellular transport. Am J Physiol Renal Physiol. 2017;312(1):F9-F24. doi:
10.1152/ajprenal.00204.2016.

Van ltallie C.M., Anderson J.M. The molecular physiology of tight junction pores. Physiology (Bethesda). 2004;19:331-338. doi:
10.1152/physiol.00027.2004.

Suzuki H. [et al.] Model for the architecture of claudin-based paracellular ion channels through tight junctions. J Mol Biol.
2015;427(2):291-297. doi: 10.1016/j.jmb.2014.10.020.

Heinemann U., Schuetz A. Structural Features of Tight-Junction Proteins. Int J Mol Sci. 2019;20(23):6020. doi: 10.3390/ijms20236020.
Tsukita S., Tanaka H., Tamura A. The claudins: from tight junctions to biological systems. Trends Biochem Sci. 2019;44(2):141-152.
doi: 10.1016/j.tibs.2018.09.008.

Pyatchenkov M.O., Markov A.G., Rumyantsev A.Sh. Structural and functional intestinal barrier abnormalities and chronic kidney dis-
ease. Literature review. Part I. Nefrologija. 2022;26(1):10-26. (In Russ.) (Pyatchenkov M.O., Markov A.G., Rumyantsev A.Sh. Structur-
al and functional disorders of intestinal barrier and chronic kidney disease. A review of the literature. Part I. Nephrology. 2022;26(1):10-
26). doi: 10.36485/1561-6274-2022-26-1-10-26.

Jo C.H, Kim S., Kim G.H. Claudins in kidney health and disease. Kidney Res Clin Pract. 2022;41(3):275-287. doi:
10.23876/j.krcp.21.279.

Yu A.S. Claudins and the kidney. J Am Soc Nephrol. 2015;26(1):11-19. doi: 10.1681/ASN.2014030284.

Plain A., Alexander R.T. Claudins and nephrolithiasis. Curr Opin Nephrol Hypertens. 2018;27(4):268-276. doi:
10.1097/MNH.0000000000000426.

Curry J.N. [et al.] Claudin-2 deficiency associates with hypercalciuria in mice and human kidney stone disease. J Clin Invest.
2020;130(4):1948-1960. doi: 10.1172/JCI1127750.

Walsh S.V., Hopkins A.M., Nusrat A. Modulation of tight junction structure and function by cytokines. Adv Drug Deliv Rev.
2000;41(3):303-313. doi: 10.1016/s0169-409x(00)00048-X.

Soler A.P., Laughlin K.VV., Mullin J.M. Effects of epidermal growth factor versus phorbol ester on kidney epithelial (LLC-PK1) tight
junction permeability and cell division. Exp Cell Res. 1993;207(2):398-406. doi: 10.1006/excr.1993.1207.

Huang X. [et al.] Nanotopography enhances dynamic remodeling of tight junction proteins through cytosolic liquid complexes. ACS
Nano. 2020;14(10):13192-13202. doi: 10.1021/acsnano.0c04866.

MeAanumMHCKNM BecTHUK BalwKopTtocTaHa. Tom 18, Ne 1 (103), 2023



91

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.

57.
58.

59.
60.

61.
. Negri A.L. Role of claudins in renal calcium handling. Nefrologia. 2015;35(4):347-352. English, Spanish. doi:

63.
64.

65.
66.

67.
68.
69.
70.
71.
72.
73.

74.
75.

. Sugimoto K., Chiba H. The claudin-transcription factor signaling pathway. Tissue Barriers. 2021;9(3):1908109. doi:

10.1080/21688370.2021.1908109.

. Zhang L., Lu Q., Chang C. Epigenetics in Health and Disease. Adv Exp Med Biol. 2020;1253:3-55. doi: 10.1007/978-981-15-3449-2_1.
. Lander E.S. [et al.] Initial sequencing and analysis of the human genome. Nature. 2001;409(6822):860-921. doi: 10.1038/35057062.
. Xue Y., Chen R., Qu L., Cao X. Noncoding RNA: from dark matter to bright star. Sci China Life Sci. 2020;63(4):463-468. doi:

10.1007/s11427-020-1676-5.

Lee R.C., Feinbaum R.L., Ambros V. The C. elegans heterochronic gene lin-4 encodes small RNAs with antisense complementarity to
lin-14. Cell. 1993;75(5):843-854. doi: 10.1016/0092-8674(93)90529-y.

Alles J. [et al.] An estimate of the total number of true human miRNAs. Nucleic Acids Res. 2019;47(7):3353-3364. doi:
10.1093/nar/gkz097.

Pritchard C.C., Cheng H.H., Tewari M. MicroRNA profiling: approaches and considerations. Nat Rev Genet. 2012;13(5):358-369. doi:
10.1038/nrg3198.

Desvignes T. [et al.] miRNA nomenclature: a view incorporating genetic origins, biosynthetic pathways, and sequence variants. Trends
Genet. 2015;31(11):613-626. doi: 10.1016/j.tig.2015.09.002.

Matsuyama H., Suzuki H.l. Systems and synthetic microRNA biology: from biogenesis to disease pathogenesis. Int J Mol Sci.
2019;21(1):132. doi: 10.3390/ijms21010132.

Saliminejad K. [et al.] An overview of microRNAs: biology, functions, therapeutics, and analysis methods. J Cell Physiol.
2019;234(5):5451-5465. doi: 10.1002/jcp.27486.

Lee C.H. [et al.] MicroRNA-regulated protein-protein interaction networks and their functions in breast cancer. Int J Mol Sci.
2013;14(6):11560-11606. doi: 10.3390/ijms140611560.

Riffo-Campos A.L., Riquelme I., Brebi-Mieville P. Tools for sequence-based miRNA target prediction: what to choose? Int J Mol Sci.
2016;17(12):1987. doi: 10.3390/ijms17121987.

Tafrihi M., Hasheminasab E. MiRNAs: biology, biogenesis, their web-based tools, and databases. Microrna. 2019;8(1):4-27. doi:
10.2174/2211536607666180827111633.

Baker M.A. [et al.] Tissue-specific microRNA expression patterns in four types of kidney disease. J Am Soc Nephrol.
2017;28(10):2985-2992. doi: 10.1681/ASN.2016121280.

Winter J. [et al.] Many roads to maturity: microRNA biogenesis pathways and their regulation. Nat Cell Biol. 2009;11(3):228-234. doi:
10.1038/nch0309-228.

Liang X. [et al.] LhcRNA-miRNA-mRNA expression variation profile in the urine of calcium oxalate stone patients. BMC Med Ge-
nomics. 2019;12(1):57. doi: 10.1186/s12920-019-0502-y.

Wang B. [et al.] Analysis of altered microRNA expression profiles in proximal renal tubular cells in response to calcium oxalate mono-
hydrate crystal adhesion: implications for kidney stone disease. PL0oS One. 2014;9(7):e101306. doi: 10.1371/journal.pone.0101306.

Lu Y. [et al.] Integrative microRNA-gene expression network analysis in genetic hypercalciuric stone-forming rat kidney. PeerJ.
2016;4:€1884. doi: 10.7717/peerj.1884.

Lan C. [et al.] Integrative analysis of miRNA and mRNA expression profiles in calcium oxalate nephrolithiasis rat model. Biomed Res
Int. 2017;2017:8306736. doi: 10.1155/2017/8306736.

Kriegel AJ., Mladinov D., Liang M. Translational study of microRNAs and its application in kidney disease and hypertension research.
Clin Sci (Lond). 2012;122(10):439-447. doi: 10.1042/CS20110159.

D'Agata R., Spoto G. Advanced methods for microRNA biosensing: a problem-solving perspective. Anal Bioanal Chem.
2019;411(19):4425-4444. doi: 10.1007/s00216-019-01621-8.

Gong Y. [et al.] Epigenetic regulation of microRNAs controlling CLDN14 expression as a mechanism for renal calcium handling. J Am
Soc Nephrol. 2015;26(3):663-676. doi: 10.1681/ASN.2014020129.

Gong Y., Hou J. Claudin-14 underlies Ca**-sensing receptor-mediated Ca** metabolism via NFAT-microRNA-based mechanisms. J Am
Soc Nephrol. 2014;25(4):745-760. doi: 10.1681/ASN.2013050553.

Hou J. Claudins and mineral metabolism. Curr Opin Nephrol Hypertens. 2016;25(4):308-313. doi: 10.1097/MNH.0000000000000239.
Hawkshaw N.J., Paus R. Beyond the NFAT Horizon: from cyclosporine A-induced adverse skin effects to novel therapeutics. Trends
Pharmacol Sci. 2021;42(5):316-328. doi: 10.1016/j.tips.2021.02.001.

Gong Y. [et al.] Claudin-14 regulates renal Ca*" transport in response to CaSR signalling via a novel microRNA pathway. EMBO J.
2012;31(8):1999-2012. doi: 10.1038/emboj.2012.49.

Dimke H. [et al.] Activation of the Ca(2+)-sensing receptor increases renal claudin-14 expression and urinary Ca(2+) excretion. Am J
Physiol Renal Physiol. 2013;304(6):F761-F769. doi: 10.1152/ajprenal.00263.2012.

Hou J. Lecture: new light on the role of claudins in the kidney. Organogenesis. 2012;8(1):1-9. doi: 10.4161/0rg.19808.

10.1016/j.nefro.2015.06.011.

Negri A.L., Del Valle E.E. Role of claudins in idiopathic hypercalciuria and renal lithiasis. Int Urol Nephrol. 2022;54(9):2197-2204.
doi: 10.1007/s11255-022-03119-2.

McDermott A.M. [et al.] The therapeutic potential of microRNAs: disease modulators and drug targets. Pharm Res. 2011;28(12):3016—
3029. doi: 10.1007/s11095-011-0550-2.

Zhao X. [et al.] Tight junctions and their regulation by non-coding RNAs. Int J Biol Sci. 2021;17(3):712-727. doi: 10.7150/ijbs.45885.
Beermann J. [et al.] Non-coding RNAs in development and disease: background, mechanisms, and therapeutic approaches. Physiol Rev.
2016;96(4):1297-1325. doi: 10.1152/physrev.00041.2015.

Bernardo B.C. [et al.] miRNA therapeutics: a new class of drugs with potential therapeutic applications in the heart. Future Med Chem.
2015;7(13):1771-1792. doi: 10.4155/fmc.15.107.

George J., Patel T. Noncoding RNA as therapeutic targets for hepatocellular carcinoma. Semin Liver Dis. 2015;35(1):63-74. doi:
10.1055/5-0034-1397350.

Beyer S., Fleming J., Meng W. et al. The role of miRNAs in angiogenesis, invasion and metabolism and their therapeutic implications in
gliomas. Cancers (Basel). 2017;9(7):85. doi: 10.3390/cancers9070085.

Chen Z. [et al.] Pioglitazone decreased renal calcium oxalate crystal formation by suppressing M1 macrophage polarization via the
PPAR-y-miR-23 axis. Am J Physiol Renal Physiol. 2019;317(1):F137-F151. doi: 10.1152/ajprenal.00047.2019.

Brunner J., Ragupathy S., Borchard G. Target specific tight junction modulators. Adv Drug Deliv Rev. 2021;171:266-288. doi:
10.1016/j.addr.2021.02.008.

Hashimoto Y. [et al.] Anti-claudin antibodies as a concept for development of claudin-directed drugs. J Pharmacol Exp Ther.
2019;368(2):179-186. doi: 10.1124/jpet.118.252361.

Singh P., Toom S., Huang Y. Anti-claudin 18.2 antibody as new targeted therapy for advanced gastric cancer. J Hematol Oncol.
2017;10(1):105. doi: 10.1186/s13045-017-0473-4.

Li J. Targeting claudins in cancer: diagnosis, prognosis and therapy. Am J Cancer Res. 2021;11(7):3406-3424.

Wang X. [et al.] Claudin 18.2 is a potential therapeutic target for zolbetuximab in pancreatic ductal adenocarcinoma. World J Gastroin-
test Oncol. 2022;14(7):1252-1264. doi: 10.4251/wjgo.v14.i7.1252.

MeanumMHCcKnin BecTHMK balwkopTtocTtaHa. Tom 18, Ne 1 (103), 2023



92

76.

77.

78.

79.

80.

81.

Wong Y. [et al.] Metabolic syndrome and kidney stone disease: a systematic review of literature. J Endourol. 2016;30(3):246—253. doi:
10.1089/end.2015.0567.

Gajiyev N.K. [et al] Urolithiasis and metabolic syndrome. Pathophysiology of stone formation. Jeksperimental'naja i klinicheskaja
urologija. 2018;1:66-75. (In Russ.) (Gadzhiev N.K. [et al] Urolithiasis and metabolic syndrome. Pathophysiology of stone formation.
Experimental and clinical urology. 2018;1:66-75).

Derkach I.A. The role of the intestine in the development of urolithiasis. Novosti mediciny i farmacii. 2015;1(527):33-37. (In Russ.)
(Derkach I.A. Significance of the intestine in the development of urolithiasis. Novosti medicina i farmacii [News of medicine and phar-
macy]. 2015;1(527):33-37).

Kazmirchuk A.V. [et al] The role of immune status and redox potential in the pathogenesis of secondary pyelonephritis against urolithia-
sis. Sovremennye problemy nauki i obrazovanija. 2016;3:65. (In Russ.) (Kazmirchuk A.V. [et al] The role of immune status and redox
potential in the pathogenesis of secondary pyelonephritis at urolithiasis. Modern problems of science and education. 2016;3:65).

Saenko VS, Pesegov SV Interdisciplinary approach for the prevention of recurrent urolithiasis. Urologija. 2020;5:87-92. (In Russ.)
(Sayenko V.S., Pesegov S.V. Interdisciplinary approach to the prevention of recurrent urolithiasis. Urology. 2020;5:87-92). doi:
10.18565/urology.2020.5.87-92.

Fu X., Dong D. Bioinformatic analysis of microRNA sequencing data. Methods Mol Biol. 2018;1751:109-125. doi: 10.1007/978-1-
4939-7710-9_8.

VK 616.699
© Komnektus aBTopos, 2023

II.H. raJII/IMOBl, n.J. FpOMeHKol, K.1LI. Tanumos’,

P.N. FpOMeHKol, . FpOMeHKol, 2.M. MypaTOBS, [1.®. JIuTBHLKNAI
KOMITBIOTEPHBIN AHAJIN3 ISKYJISITA CASA:
NPEMMYUIECTBA U HEPCIIEKTUBBI
Y\®IBOY BO «Bawkupckuii 20cydapemeeniblii MeOuyuHCKuU yHuBepcumem»
Munszopasa Poccuu, e. Ya
2@ AOY BO «Ilepeuiii MockoscKuii 20¢y0apcmeenHblii MeOUYUHCKULL YHUBEDCUMem
umenu U.M. Ceuenosa» Munzopasa Poccuu (Ceuenosckuii ynusepcumem), e. Mockea
3Mockoeckuii nayunwlil ucciedosamensckuii onkonoeuueckuii unemumym um. I1L.A. Fepyena —
Gunuan @I'BY «HMUI] paduonocuu» Munzopasa Poccuu, 2. Mockea

KommbrotepHslii anamu3 3skyaata (CASA) — 3To oJuH U3 CHOCOOOB OLICHKH MOP(OKHHETHYECKHUX MapaMeTPOB CIIEPMaTO30H-
JI0B, KOTODBIH TPU3BAH YIPOCTHTH KJIACCHYECKUH MeTos oueHkn dsikyisita. s CASA xapakTepHbI: BBICOKash OOBEKTUBHOCTD U
PEIpe3eHTaTHBHOCTh HCCICAOBAHMS, OOJIBIIOE YHUCIO HCCICAYEMBIX apaMeTPOB, BBHICOKAsi CKOPOCTh MCCICAOBAHMS, aBTOMATHYC-
ckast UKcaIms JaHHbIX, KOPOTKOE BpeMsi 00ydeHHs IIepCoHa a 1 BO3MOJKHOCTh OLICHKH I'MIIEpaKTHUBALUK criepMaTo3onaos. Ha ce-
TOIHSIIHUIL ICHb COXPAHSCTCS Psi IIPOOJIeM B MCIOIb30BAHUU JAHHON METOAMKH, TAKUX KaK 3aBHCHMOCTB OT allllapaToB M IPO-
IPaMMHOr0 0becredeHust, He0OXOUMOCTh BHYTPEHHETO KOHTPOJISI KaueCTBA M BO3MOXKHOCTH ITOJIYYCHHS JIOXKHOIIOIOXHTEIBHBIX
WM JIOKHOOTPULIATENBHBIX pe3yiibTaToB. OIHAKO ¢ Pa3BUTHEM TEXHOJOTMH BO3MOXKHO MPEOJOJICHUE THX TpyAHOCTed. B mep-
CIIEKTHBE OXKHJACTCS MIEPEXO0/ C pacuyeTa M3MEHEHHS TTOI0XKEHHS TOJIOBKH CIIEPMATO30M/1a Ha OLEHKY JKI'YTHKOBOI BOJIHBI, YTO 103~
BOJIUT M30€KaTh OMIMOOK U ONpPEIENUTh KHHETHIECKHE XapaKTePUCTHKH KiIeTOK. Bo3moxHbIM pa3suteM CASA MOryT cTaTh HO-
BEIC ITyTH NPUMEHEHHUs] METOMUKH: OICHKAa KOJIMYECTBAa aHTHCIEPMAJBHBIX aHTHTeNd, onpenenenne ypoBus JJHK dparmenranmm,
MOBBILIIEHUE KayecTBa 0TOOpa CIIepMaTo30Ha ISl TPOrpaMMbl HHTPALUTOIIA3MaTHYECKON HHBEKIMHU criepmaTo3onnoB (MKCH).

Knroueevie cnosa: myxckoe 6eCIuioie, KOMIIBIOTEPHbIN aHamu3 dsKyssaTa, CASA.

Sh.N. Galimov, I.D Gromenko, K.Sh. Galimov,
R.1. Gromenko, D.D. Gromenko, E.M. Muratov, P.F. Litvitskiy
COMPUTER ANALYSIS OF CASA EJACULATE:
ADVANTAGES AND PROSPECTS

Computer-assisted ejaculate analysis (CASA) is one of the ways to assess morphokinetic parameters of spermatozoa and is in-
tended to simplify manual assessment of ejaculate by a specialist. CASA is characterized by high objectivity and representativeness
of the study, a large number of investigated parameters, high study speed, automatic data capturing, short staff training time, and
possibility of sperm hyperactivation assessment. To date, a number of problems remain in the use of this technique, such as depend-
ence on hardware and software, the need for internal quality control and the possibility of false-positive or false-negative results.
However, with the development of technology there are plans to overcome these difficulties. In the future, the transition from calcu-
lating changes in the position of the sperm cell head to the evaluation of the flagellar wave is expected, which will help to avoid er-
rors, and better characterize the kinetic characteristics of the cells. Possible development of CASA could be new ways of using the
technique, such as evaluation of the number of antisperm antibodies, determination of DNA fragmentation level, improving the
quality of sperm selection for intracytoplasmic sperm injection (ICSI) program.

Key words: male infertility, computer analysis of ejaculate, CASA.

JIMarHocTHKa MY>KCKOIo OecIlIonusi Haduu-
HaeTcs C aHajau3a JSKYIsITa (CHepMOTpPaMMBI),
0COOEHHOCTBIO KOTOPOTO SBISICTCS OLIGHKA HE
TOJIBKO MOP(OJIOrMYECKUX, HO U KMHETHYECKUX
[apaMeTpoB CIEPMaTo30ua0B. B cBs3M ¢ 3TuUM
CYIIECTBYIOT OTpaHHYCHHSI B BO3MOXKHOCTAX 00-

CIICIOBAHMS, CBS3aHHbIE ¢ HEOOXOIXMMOCTHIO IO-
Jy4eHUs KUBBIX, HE(UKCUPOBAHHBIX KieTOK. Ha
CETOAHALIHUN NIeHb OIICHKA JSKYIATa B PYYHOM
peXHMe SBISIETCS «30JI0THIM cTangapTom» BO3.
OnHako Tepexo] Ha KOMITBIOTEPHBIA aHaju3
asikynsata (CASA) 1 KIMHUK, 3aHUMAIOMINXCS
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