AHHOTALUSA

HAY4YHBIX TPYJAOB
npodeccopa A.I'. Mapkosa u npodeccopa N.U. Kpuoro kadeapsr oommeii Gpru3nonorum
6uonornyeckoro gaxymnprera CankT-IleTepOyprckoro rocyJapCTBEHHOTO YHUBEPCHUTETA,
BBIJIBUT'a€MBIX Ha KOHKYPC Ha MPUCYKICHHE IPEMHH 32 HayYHbIC TPYAbI, IpHCyxkaaemble CaHKT-
[TetepOyprckoM rocy1apCTBEHHBIM YHHBEPCHTETOM B KaTETOPUH «3a (yHIaMEHTAIbHBIC JOCTHIKCHUSI
B HayKe» Ha TeMY

«MouekyasipHoe pa3Hooopa3ue U PyHKIMOHAIbHOE B3aUMO/IeiiCTBHE
Na,K-AT®da3bl U KJIayIMHOB)»

Ycenexu — MONEKYNSpPHO-OMOJIOTUYECKUX ~ METOJIOB  MCCIEAOBaHUS, JIEMOHCTPUPYIOLINX
CYILIECTBOBAaHUE OJTHOTO M TOTO K€ OejKa B BUJE MHOXKECTBEHHBIX MOJICKYJISIPHBIX ()OPM, BO MHOTOM
OTepekaroT 3HaHMS O BBINOJHAEMbIX MU GyHKIUAX. MccnenoBanus B 3Toi 00JacTH OTHOCATCS K
HOBEHIIIMM W TICPCIIEKTUBHBIM HAIIPABJIICHUSM MOJICKYJISIPHOU (GU3NOJIIOTHHA ¥ OHOMEAWIIMHBI. VIMEeHHO
HA BBISBJICHUHM TaKWX HOBBIX MEXaHH3MOB (DU3HOJOTHYECKHX (PYHKIMIA OCHOBaHbI COBPEMEHHbBIE
cTpareru TOWCKa 3()(PEKTUBHBIX JICKAPCTBEHHBIX MPEMApaTOB M MyTEH KOPPEKIHH Pa3THYHBIX
MATOJIOTMYECKUX COCTOSIHUI. BBIsIBIIEHHE MOJIEKYISPHBIX MEXAaHU3MOB HAPYIIEHUI OTKPHIBAET HOBBIE
MEPCIEKTUBBI JIJISI TOMCKA METOJO0B MX MPOQUIAKTUKH U KOPPEKIUU — MPo0jIeM, BOCTPEOOBAHHBIX B
COBPEMEHHOMN MEAMIIMHE U 3KOJIOTHH YEJIOBEKA.

WNurterpasnibaple  O€NKM  TUIa3MaTHYECKOM  MeMOpaHbl, OOECIEYMBAIOIIME  MPOIECCHI
tpancmeMmOpanHoro (Na,K-AT®daza) u MexkIeTo4yHOro (KJIayAMHBI) TPAHCIOPTAa OTHOCITCS K
BUTAJbHBIM, HEOOXOAMMBIM Il JKM3HEOOECIIEUeHHMs uYejaoBeka U KMBOTHBIX. Na,K-AT®daza
MOJJEP)KUBAET HMOHHBIN OanaHc, AJEKTPOreHe3 M BO30OYAUMOCTb, a TakkKe P CONMPSKEHHBIX
TPAHCIIOPTHBIX CUCTEM KIJIETOK. belku cemeicTBa KJIayqMHOB BXOIST B COCTaB CTPYKTYPHI INIOTHBIX
KOHTAaKTOB M  SIBIISIFOTCSI OCHOBHBIMU  MOJIEKYJISIDHBIMH ~ JIETEPMUHAHTAMH,  ONPEAEISIOIMINMHI
napame/uTioJIIpHYI0  MPOHUIIAEMOCTh U OapeepHble  CBoOWcTBa  snurenus.  Hapymienus
(GYHKIIMOHUPOBAHUSI ATHUX OENKOB MPHUBOIAT K TSKEIBIM IOCIEICTBUSAM BIUIOTH JO JIETAIHHOTO
ucxona. IIpobOremMa u3ydeHUST MEXAaHU3MOB TOJOOHBIX HAPYIICHUH OCIOXHEHA MOJIEKYISIPHBIM
pa3HooOpa3ueM U TKaHe-CHEIU(PUIHOCTHIO IKCIIPECCUHU ITUX OETTKOB.

[Tpodeccop A.I''MapkoB u npodeccop U.N.Kpupoii - mpuzHaHHbIE TUIAEPHI B UCCIICIOBAHUH
MOJIEKYJISIPHOM H  (PYHKIIMOHAJIBHON TETEPOTeHHOCTH BBIIIEHA3BAHHBIX TPAHCIIOPTHBIX OENKOB,
npu4eM He ToJabko B Poccun, HO U 3a ee npenenamu. JlanHas mpoOiaema, COBMECTHO pa3padaTbiBaeMast
umH yxe 6osnee 10 ner, Oblia mojaep)kaHa Ha HadaiabHOM dTane rpantamu CIIGIY u POOU, yto
MTO3BOJIMJIO CO3/aTh CEPHhE3HBI TEOPETUUCCKUI U IKCIIEPUMEHTAIBHBIN 3a1en. B Teuenue 2015-2019
T. 9TU UCCIIEeIOBaHUS ObUTH MPOJIOJDKEHBI ¢ MPUMEHEHHEM IITUPOKOTO CIIEKTPa COBPEMEHHBIX METOJIOB,
KJIETOYHBIX KYJIBTYp, a TAaK)Ke JTUHUN JTaOOPATOPHBIX JKUBOTHBIX — IKCIIEPUMEHTAIBHBIX MOJIENIEH psiia
(GYHKIIMOHATIBHBIX HAPYIIEHUH, aKTYaIbHBIX JIJISI METUIIUHBI U DKOJIOTUHU YeTIOBEKa.

[Tony4yeHnsl HOBBIE TpPHOPUTETHBIE (yHIAMEHTAIbHBIC IaHHBIC, CBUIACTEIBCTBYIOIIUE, YTO
dbyHKIIMOHaNbHAs TeTeporeHHocTh Na,K-AT®a3pl u KiIaynuHOB OOYyCIOBJIEHA HE TOJBKO HX
MOJICKYJIIPHBIM ~ pazHooOOpasweM, HO TaKkke crhenuduueckold MeMOpaHHOW  JIOKalIHu3alueH,
OCOOCHHOCTSIMU PETYJSILIMA W B3aUMOJICHCTBHEM C OCIKOBBIM U JIMIHJIHBIM OKPY>KEHUEM,
CITOCOOHOCTBIO  00pa30BBIBATh MYJIBTUMOJICKYJISPHbIE (DYHKIIMOHATBHBIE KOMIUIEKCHI (TIPHHITUTI
KJIaCTEpHOM oOpranuszanuu). BaxHeHIIuM JOCTUKEHHEM KOJIJIEKTHBA aBTOPOB CTAjO BBIABICHHE B
yCJIOBHSX 1IN Vivo (pyHKIIMOHATBHOTO B3auMoaecTBusi Na,K-ATda3b1 u kiayanHOB, KOTOPOE MOKHO
paccMaTpuBaTh KaK HOBBI MEXaHHU3M pPEryjIsiiud  CTPYKTYpbl IUIOTHBIX KOHTakTOB U
Mapane/uIioJIIPHOTO  TPAHCTIOPTAa  DHJAOTCHHBIMH — [HUPKYIUPYIOIIMMHA  JTUTUTATHUCOTIOJ0OHBIMU
muranaamu Na,K-AT®a3zpl. Ha Mogensix 5SHIOTOKCEMHUM M MHUKpPOTPaBUTALUM YCTAHOBJIEH
MPOTEKTUPYIOUINI 3P PEKT 3TOro B3aUMOAECHCTBHUS.

[Ipenmonaraercs, 4TO MOMXYYSHHBIE PE3yIbTAaThl MOTYT OBITh B MEPCIEKTHUBE HCIOIb30BaHBI
npu pa3paboTKe HOBBIX CIIOCOO0B MPOGUIAKTUKUA U KOPPEKLUU JBUTATEIbHBIX PACCTPOICTB, OTEKOB



TOJIOBHOTO MO3Ta, BOCHAIMTEIBHBIX 3a00JCBAaHUIA KHUIIKH, a TAK)KE B aBHAIIMOHHOW M KOCMUYECKOU
MeauiHe (TpoOIeMBbI aanTallid K HEBECOMOCTH).

Bce uccnenosanus npoBeeHbI 0] HEOCPEACTBEHHBIM pykoBoAcTBOM A.I'. Mapkosa u N.H.
Kpuporo na 6aze CIIOI'Y, a Takke B TECHOM COTpPYIHUYECTBE ¢ JlabopartopusiMu MockBbl, Kazanu,
I'epmanun, Hanum, IIBemuum m CHIA u Yausepcuteramu-naptHepamu CIIOIY - CBoOoaHbIM
yHuBepcuteToM bepiuna u Yuauepcurerom r. Opxyc, lanus.

Pesynbrarel uccnenoanuii 3a mepuoa ¢ 2015 mo 2019 r. 6pu1H OMyOIUKOBaHBI B 23 CTAThAX B
BBICOKOPEUTHHTOBBIX JKypHaJIaX, HHICKCUPYEMBIX B pedepaTuBHO-OMONMHMoOrpaguyeckux 0Oazax
nanabix Web of Science Core Collection u Scopus, u3 Hux 16 crateif B xypHanax kBaptuist QI.

JlanHOe HayyHOE HallpaBJICHHE HEOJHOKPATHO MOJBEPrajoch TIIATENbHON HSKCIEepTHOM
OLIEHKE, YTO BBIPA3WJIOCh B €T0 MOAJEPKKE pasHbIMU HaydHbIMU (poHmamu — 1 rpant PH®, 5 rpantoB
PODU, 4 coBmectHbix rpanta CII6I'Y u Coboanoro ynusepcurera bepinuna.

B xone BBHIMOJIHEHHS] HAYYHO-MCCIEAOBATEIHCKON padOThI MO PYKOBOJCTBOM MPOQECCOPOB
A.I'' MapkoBa u WN.W. Kpuporo Obumm 3ammumiensl 3 BKP 6GakamaBpoB, 6 BKP wmaructpos, 3
KaHIuAATCKUE U | TOKTOpCKas AMCCEPTALMH.

AHHOTAIMHU CTATEH
NPEJICTABIIEHBI B COOTBETCTBUH C MOPSIKOM PacIoIoXKeHus craTeil B [lepeyne Hay4IHBIX TPYIOB
(anenutickuil u pycckuii eapuarnmo)
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Abstract

Claudins are tetraspan tight junction proteins which have been
attributed to primarily determine epithelial barrier function in
a wide variety of different organs and tissues. Among this pro-
tein family with currently 27 members, single claudins contrib-
ute in an organ- and tissue-specific manner to defined
properties such as cation-, anion- or water-selective pore func-
tions, sealing functions or ambiguous functions. As the size of
tight junction strand particles visualized by freeze-fracture
electron microscopy have a diameter of approximately 10 nm,
multimeric assembly of tight junction proteins appears to be a
basic principle for barrier formation. Moreover, expression

patterns of different tissues showed that single claudins
appear to specifically co-localize with other claudins, which
indicates a cluster formation within tight junction strand par-
ticles with a fixed stoichiometry. This review provides a critical
view on the current understanding of tight junction protein co-
localization within strands. We analyze how tissue specific dif-
ferences of claudin functions could be dependent on their spe-
cific partners for barrier formation. Furthermore, a model of
claudin clusters as structural and functional units within tight
junction strands is provided. © 2015 IUBMB Life, 00(00):000—
000, 2015

Annomayus
KJ'Iay,ZII/IHI)I Hpe)ICTaBJ'IS{IOT CO6OI71 6em<1/1 IIJIOTHBIX KOHTAKTOB, KOTOpI)Ie, KaK CUHTacTCsia, B HepBYIO
ouepellb OMpeNeNsiIoT (DYHKIUIO SIUTEIHATBLHOTO Oaphepa B OOJBIIOM KOJIHYECTBE Pa3TMUHBIX
opraHoB u TKaHel. Cpemu 3TOro cemelcTBa OENKOB, HACUHTHIBAIOIIETO B HACTOsIIee Bpemsi 27
YJIEHOB, OJMHOYHBIE KJIAYAWHBl BHOCIT CHENU(UYECKUI JIs oOpraHa W TKaHU XapakTep
pacrnpeneneHus ¥ UMEIOT OTpe/IeIICHHbIE CBOMCTBA, TAKHE KaK CEJIEKTUBHOCTh MO0 KaTHOHAM, aHHOHAM
Wi BojJe, (QDYHKIMH MOp, repMeTH3Mpyoue (QYHKIUM WIA €elle He ONpeAeeHHbIC ()YHKIHH.
[Tockonpky pa3Mep dYacTHI[ HUTEW IUIOTHBIX KOHTAKTOB, BHUJIWUMBIE C TOMOIIBIO AJICKTPOHHON



MHUKPOCKOIIMM TIPU 3aMOpPaXKMBAHUU-CKAIBIBAHUU, HMMEET AuaMeTp npubimsurensHo 10 HM,
MyJbTHUMEpHasi cOOpka O€NKOB ¢ IUIOTHBIM KOHTaKTOM, IO-BUJMMOMY, SBJISIETCS OCHOBHBIM
OPUHIUIOM s oOpazoBaHusi Oapbepa. bojee Toro, maTTepHBI 3KCHPECCHMHM B Pa3HBIX TKaHIX
IIOKa3aJld, YTO OJMHOYHbIE KJIAyJUHbI, I0-BUJUMOMY, CHELU(PHUECKH KO-JIOKAIN3YIOTCS C IPYTHMHU
KJIayJAMHAaMH, 4TO yKa3bIBaeT Ha (DOPMUPOBAHHE KJIACTEpa B YACTHIIAX IUIOTHO COCTUHEHHBIX LIENEH C
(bUKCUPOBaHHOM cTexuomeTpuei. DTOT 0030p aeT KPUTUYECKUH B3IV Ha TEKyllee MOHMMaHue
KOJIOKJIM3alMU  OEJKOB IUIOTHBIX COCAMHEHUH BHYTpH wneneil. Mbl  aHanu3upyeM, Kak
TKaHecneuupuyeckue pasnnuus QyHKIUE KiIayquHa MOTYT 3aBHCETh OT MUX KOHKPETHBIX NAapTHEPOB
s GopmupoBanust OGaprepa. Kpome TOoro, mpemocraBisieTcs MOAENb KiacTepa KIAyAWHOB Kak
CTPYKTYPHBIX M (DYHKIIMOHAJIBHBIX €IUHMIL B IIpeeIaxX CTPYKTYpPbI IJIOTHBIX KOHTAKTOB.
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Specialized Functional Diversity and
Interactions of the Na,K-ATPase
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Na,K-ATPase is a protein ubiguitously expressed in the plasma membrane of all animal
cells and vitally essential for their functions. A specialized functional diversity of the
Na,K-ATPase isozymes is provided by molecular heterogeneity, distinct subcellular
localizations, and functional interactions with molecular environment. Studies over
the last decades clearly demonstrated complex and isoform-specific reciprocal
functional interactions between the Na,K-ATPase and neighboring proteins and lipids.
These interactions are enabled by a spatially restricted ion homeostasis, direct
protein-protein/lipid interactions, and protein kinase signaling pathways. In addition to
its “classical” function in ion translocation, the Na,K-ATPase is now considered as
one of the most important signaling molecules in neuronal, epithelial, skeletal, cardiac
and vascular tissues. Accordingly, the Na,K-ATPase forms specialized sub-cellular
multimolecular microdomains which act as receptors to circulating endogenous
cardiotonic steroids (CTS) triggering a number of signaling pathways. Changes in these
endogenous cardiotonic steroid levels and initiated signaling responses have significant
adaptive values for tissues and whole organisms under numerous physiological and
pathophysiological conditions. This review discusses recent progress in the studies of
functional interactions between the Na,K-ATPase and molecular microenvironment, the
Na,K-ATPase-dependent signaling pathways and their significance for diversity of cell
function.

Annomavusn
Na,K-AT®a3za - 310 0esoK, SKCHPECCHPYIOUUICS B IUIa3MaTHUECKOW MeMOpaHe BCeX KIETOK
JKUBOTHBIX M >KM3HEHHO HEOOXOIUMBIA JUIsl uX (QyHKkumid. Crenuanu3upoBaHHOE (YHKIMOHAJIbHOE
pasznooOpazue uzodpepmenToB Na,K-ATda3pl obecrieynBaeTCsl MOJEKYISIPHON T'€TepOTreHHOCTHIO,
Pa3IUYHOM CYOKJIETOYHOM JIOKaIu3aluued U GyHKIMOHATbHBIMU B3aUMOACHCTBUSIMU C MOJIEKYIISIPHBIM
OoKkpyxeHueM. lccrienoBanusi mocieqHUX AECATUIETHH SICHO HPOJAEMOHCTPUPOBAIIN CIIOKHBIE U
n3o0(popM-crerupuIHbIe PELUIPOKHbIE (QyHKIIMOHAIbHBIE B3auMoaencTBus Mexay Na,K-ATdazoi u
COCEJIHUMHU OenKaMu W JMNUAAMUA. DTH B3aMMOJEHCTBHSI BO3MOXHBI OJlarojapsi MpoCTPaHCTBEHHO
OrpaHMYCHHOMY HWOHHOMY TOMEOCTa3y, TMpPSIMBIM OEJIOK-OCIOK/TUIUI  B3aUMOJCHCTBUSAM U
CUTHAJIBHBIM IIyTSAM, pEaJn3yeMbIlM IPOTEMHKHMHA3aMU. B JONONHEHHE K CBOEH «KJIACCUYECKON»
byakuun TpaHcnokanuu noHOB, Na,K-AT®daza sBisieTcss oqHOW M3 HanboJsiee BaXXHBIX CUTHAIBHBIX
MOJIEKYJ B HEHpPOHAIbHBIX, SMUTETHAIBHBIX, CKEJIIETHBIX, CEPACYHBIX M COCYAUCTHIX TKaHsAX. Na,K-
AT®daza obpaszyer cHenMaIu3HMpOBaHHbIE CYOKJIETOYHBIE MYJbTH-MOJIEKYJISIPHbIE MHUKPOJIOMEHBI,
KOTOpBIE JIEHCTBYIOT Kak peUenTopbl Ui LUPKYIMPYIOIIMX SHAOTEHHBIX KapIUOTOHUYECKUX
crepounioB (KTC), 3amyckas psa CUTHaIbHBIX IyTed. VI3MeHeHHs YpOBHS SHIOTCHHBIX
KapAMOTOHUYECKUX CTEPOUJIOB M MHUIIMUPOBAHHBIE CUTHAIbHBIE PEAKIIMM UMEIOT BaKHOE aJallTUBHOE
3HaYeHWe Uil TKaHed ¥ oOpraHu3Ma B 1€JIOM B pa3HOOOpa3HBIX (U3UOJOTHUECKUX U
naTo(pU3NOIOTHYECKUX yCNoBUsX. B nmaHHOM 0030pe 00Cyxmaercs mNporpecc B HCCIEAOBAHUU
¢ynkunoHanbHbIX B3auMonercTBuil Mexny Na,K-AT®a3o0if 1 MoEKyISIpHBIM MHKPOOKPYXEHHUEM,
cBsa3aHHbIMU ¢ Na,K-AT®a30i1 curHanbHBIMU MYTAMU U UX 3HAUEHUS VIS pa3HOOOPA3HBIX KIETOYHBIX

GyHKIHIA.
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The Na,K-ATPase is essential for the contractile function of skeletal muscle, which expresses the al and a2 subunit
isoforms of Na,K-ATPase. The a2 isozyme is predominant in adult skeletal muscles and makes a greater contribu-
tion in working compared with noncontracting muscles. Hindlimb suspension (HS) is a widely used model of
muscle disuse that leads to progressive atrophy of postural skeletal muscles. This study examines the consequences
of acute (6-12 h) HS on the functioning of the Na,K-ATPase al and a2 isozymes in rat soleus (disused) and dia-
phragm (contracting) muscles. Acute disuse dynamically and isoform-specifically regulates the electrogenic activ-
ity, protein, and mRNA content of Na,K-ATPase o2 isozyme in rat soleus muscle. Earlier disuse-induced remodeling
events also include phospholemman phosphorylation as well as its increased abundance and association with «2
Na,K-ATPase. The loss of a2 Na,K-ATPase activity results in reduced electrogenic pump transport and depolarized
resting membrane potential. The decreased a2 Na,K-ATPase activity is caused by a decrease in enzyme activity
rather than by altered protein and mRNA content, localization in the sarcolemma, or functional interaction with
the nicotinic acetylcholine receptors. The loss of extrajunctional «2 Na,K-ATPase activity depends strongly on
muscle use, and even the increased protein and mRNA content as well as enhanced «2 Na,K-ATPase abundance at
this membrane region after 12 h of HS cannot counteract this sustained inhibition. In contrast, additional factors
may regulate the subset of junctional «2 Na,K-ATPase pool that is able to recover during HS. Notably, acute, low-
intensity muscle workload restores functioning of both a2 Na,K-ATPase pools. These results demonstrate that the
a2 Na K-ATPase in rat skeletal muscle is dynamically and acutely regulated by muscle use and provide the first evi-
dence that the junctional and extrajunctional pools of the a2 Na,K-ATPase are regulated differently.

Annomauus

Na,K-AT®da3a BaxkHa JUIsl COKpPATUTEIbHON (PYHKIIMM CKEJIETHBIX MBIIIL, KOTOPbIE IKCIpeccupyeT al-
u a2-uzopopmsl Na,K-AT®Pa3zel. M3odepmenT a2 mpeobianaeT B 3peibIX CKENETHBIX MBIIIAX U
BHOCUT OOJNBIIMH BKJIaJ B pabOTalOIMX [0 CPAaBHEHHIO C HECOKPAIIAOUMMUCS MBIIIIAMH.
BriBemmBanue 3aqaux koneynocteil (HS) - mmpoko ucnonpzyemasi MoJieb HEMCIIONb30BaHUS MBIIIII,
YTO BBI3BIBACT MPOIPECCHPYIONIYIO aTpo(UI0 MOCTYypalbHBIX MBI, B 3TOoM wuccinenoBaHun
paccmarpuBaroTcst  mocienctsusi octporo (6-12 1) HS Ha QyHkumonupoBanume ol- u  o2-
usodepmentor Na,K-ATda3bl B kaMOaI0BUAHOM (HEHCITIONb3yeMast) U auadparMaibHoi (ITOCTOSIHHO
COKpaIIaromiascsi) MbIIIax Kpeichl. B kamOamoBumHo# wmbimie HS nuHamuueckn u uzodopM-
creuu(UYHO peryaupyeT >JIeKTPOreHHYI0 aKTHMBHOCTb, ypoBeHb Oenka u MPHK a2-uzodepmenta
Na,K-AT®da3sl. BesBanHoe HS pemogenupoBaHue BiiIouyaeT Takke (ocopunupoBaHue
docdonemmana, a TakKe MOBBIIICHUE €r0 coJiepkaHus U accormanuu ¢ o.2-Na,K-ATda3oii. [Toteps
aktuBHOCTH  0.2-Na,K-AT®da3pl mpUBOAMT K CHUXKEHUIO DJIEKTPOr€HHOrO TpaHClopra H
JEeToNApU3ail  MeMOpaHHOTO moTeHuuana nokos. CHiwkeHue akTtuBHOCTH 02-Na,K-ATda3bl
BBI3BAaHO CHMXEHUEM (epMEHTATUBHON aKTUBHOCTH, a HE M3MEHEHUsIMH conepkaHust 0emka 1 MPHK,
JOKaJM3allMd B  capKoJeMMe WM  (YHKUMOHAJIBHOIO B3aUMOJEHCTBUS C  HHUKOTHHOBBIMU
xonmHOpenentopamu. [lotepst BHecuHanTHUeckol akTUBHOCTH 0.2-Na,K-AT®da3s! cHIBbHO 3aBUCHUT OT
JIBUTATEIFHOM AaKTUBHOCTH MBI W Ja)K€ TOBBINICHHBIM ypoBeHh Oenka u MPHK, a Taxke
noBbIeHHOEe coepkanue a2-Na, K-ATda3sl B 3T0i1 ob6nactu memOpansl nocne 12 v HS ne moryr
MPOTUBOACHCTBOBATh 3TOMY YCTOWYMBOMY MHrHOMpoBaHuio. HampoTus, AomoiHUTENbHBIE (HAaKTOPHI
MOTYT pEeryjaupoBaTh aKTHMBHOCTh cuHanTHuyeckoro mnyna a2-Na,K-ATda3pl, kotopas crnocoOHa
BOCccTaHaBnuBaThcs BO Bpems HS. IlpumMedarensHo, kpaTKOBpeMEHHasi HU3KOMHTEHCUBHASI MbIIIIEUHAs
aKTUBHOCTh BOCCTaHaBiIMBaeT pabory obOomx mymoB o2-Na,K-AT®a3el. DOTm  pe3ynbTaThl
nemoHcTpupytoT, 4to 02-Na,K-AT®a3za B CKeJIETHBIX MBIIIIAX KPHICHl AMHAMHUYECKH U OCTPO
pEryJupyercss MBIILIEYHOH aKTUBHOCTBIO M BIEPBBIE JIOKA3bIBAIOT, 4YTO CHHANTHYECKUH U
BHecuHanTH4ecKui mynbl o2-Na,K-AT®da3s! peryaupyroTcs mo-pazHoMy.
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Early endplate remodeling and skeletal muscle signaling
events following rat hindlimb suspension
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response to changes in neuromuscular activity. This study examines the consequences
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of acute (6-12 hr) disuse following hindlimb suspension on rat soleus muscle endplate

markers of protein kinase activation, AMPK phosphorylation and autophagy markers

which may play a role in endplate remodeling. Acute disuse does not change endplate

Correspondence fragmentation, however, it decreases both the individual fragments and the total
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Molecular Medicine and Surgery, Integrative endplate area. This decrease was accompanied by anincrease in the mean fluorescence
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Email: alexander.chibalin@ki.se area loss. Muscle disuse decreased phosphorylation of AMPK and its substrate ACC,

lgor |. Krivoi, Department of General
Physiclogy, St. Petersburg State University,
7/9 University emb., St. Petersburg 199034, Our findings provide evidence that changes in endplate stability are accompanied by
Russia.

Email: iikrivoi@gmail.com

and stimulated mTOR controlled protein synthesis pathway and stimulated autophagy.

reduced AMPK phosphorylation and an increase in autophagy markers, and these

changes are evident within hours of onset of skeletal muscle disuse.

Annomayus

JIBUraTenbHble KOHIIEBbIE MJIACTUHKU HPETEPIIEBAIOT MOCTOSHHBIE MOP(OJOTHYECKUE U3MEHEHUS B
OTBET Ha H3MEHEHHE HEPBHO-MBIIIEUYHOM aKTUBHOCTH. B 3TOM wHccienoBaHMM paccMaTpUBAIOTCS
nocneactBusi octporo (6-12 1) Heucronb30BaHMs (JABUTATENBHON Pa3rpy3KH) IyTEM BBIBEIIMBAHHS
3a/IHX KOHEYHOCTEH KpPbIC HA CTPYKTYPHYIO YCTOMUHMBOCTH KOHIIEBBIX IJIACTUHOK KaMOaJOBUIHBIX
MBI MBI BBISIBUJIM PAaHHUE U3MEHEHHS B HECKOJIBKMX KIIFOUEBBIX CHUTHAJIBHBIX COOBITUAX, BKIIOUAs
MapKepbl aKTUBAllMU MPOTEUHKHHA3, Mapkepsl (ochopunnpoBanus AMPK u ayrodaruu, kotopsie
MOTYT UTPaTh POJIb B PEMOJEIUPOBAHNH KOHLEBBIX IUIACTUHOK. OCTpOE HEUCIIOIB30BAHNE HE BIUSET
Ha (parMeHTaluI0 KOHIIEBBIX IUIACTUHOK, OJHAaKO, YMEHbINAET IUIOMAdb, KaK OTIEJbHBIX
(¢parMeHTOB, TaKk M OOLIYI0 00JAacCTh KOHIIEBBIX IUIACTMHOK. OTO CHHMXXKEHHME COIPOBOXKIAETCS
YBEJIMYEHUEM CpPEAHEH MHTEHCUBHOCTH (PIIYyOPECHEHIIMH OT HUKOTHHOBBIX XOJIMHOPELENTOPOB, UTO
KOMIICHCUPYIOT MOTEpI0 OOIIel IO KOHLEBBIX IIACTUHOK. Hencnoab30BaHME MBI CHUXKAET
ypoBeHb GochopunupoBanusi AMPK u ero cybctpata ACC, ctumyiaupyeT myTh CHHTe3a Oelka,
koHTpoaupyeMblid mTOR, a Taxxe ctumynupyer ayrodaruto. Hamm pe3ynbTaTbl CBUAETENBCTBYIOT O
TOM, 4YTO M3MEHEHHs CTAaOMJIBHOCTH KOHIEBBIX IUIACTUHOK COMPOBOXKIAIOTCS  CHUYKEHHEM
dochopunupoanuss AMPK u yBennueHueMm MmapkepoB ayTodaruu, U 3TH U3MEHEHHUS CTaHOBSTCS
OUYEBUHBIMHU YK€ B TEUEHHE HECKOJIbKMX YacOB MOCIIE Hayala HEMCIOJIb30BaHUs CKEJIETHBIX MBIIIII.
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Petrov AM, Kravtsova VV, Matchkov VV, Vasiliev AN, Zefirov
AL, Chibalin AV, Heiny JA, Krivoi II. Membrane lipid rafts are
disturbed in the response of rat skeletal muscle to short-term disuse.
Am J Physiol Cell Physiol 312: C627-C637, 2017. First published
March 8, 2017; doi:10.1152/ajpcell.00365.2016.—Marked loss of
skeletal muscle mass occurs under various conditions of disuse, but
the molecular and cellular mechanisms leading to atrophy are not
completely understood. We investigate early molecular events that
might play a role in skeletal muscle remodeling during mechanical
unloading (disuse). The effects of acute (6—12 h) hindlimb suspension
on the soleus muscles from adult rats were examined. The integrity of
plasma membrane lipid rafts was tested utilizing cholera toxin B
subunit or fluorescent sterols. In addition, resting intracellular CaZ+
level was analyzed. Acute disuse disturbed the plasma membrane
lipid-ordered phase throughout the sarcolemma and was more pro-
nounced in junctional membrane regions. Ouabain (1 pM), which
specifically inhibits the Na-K-ATPase a2 isozyme in rodent skeletal
muscles, produced similar lipid raft changes in control muscles but
was ineffective in suspended muscles, which showed an initial loss of
a2 Na-K-ATPase activity. Lipid rafts were able to recover with
cholesterol supplementation, suggesting that disturbance results from
cholesterol loss. Repetitive nerve stimulation also restores lipid rafts,
specifically in the junctional sarcolemma region. Disuse locally low-
ered the resting intracellular Ca®>* concentration only near the neu-
romuscular junction of muscle fibers. Our results provide evidence to
suggest that the ordering of lipid rafts strongly depends on motor
nerve input and may involve interactions with the a2 Na-K-ATPase.
Lipid raft disturbance, accompanied by intracellular Ca** dysregula-
tion, is among the earliest remodeling events induced by skeletal
muscle disuse.

Annomauus

3aMeTHas MOTeps] MAacChl CKEJIETHBIX MBIIII] BOZHUKAET B Pa3JIMYHBIX YCIOBUAX MX HEUCIOJIb30BAHUS,
HO MOJIEKYJISIPHbIE U KJIETOYHBIE MEXaHU3MbI aTpO(UU HE BIIOJIHE MOHATHBI. MBI UCCIIEIOBAJIN PaHHHE
MOJIEKYJISIpHBIE COOBITHSI, KOTOPbIE MOTYT UIpaTh POJb B PEMOJICIMPOBAHUM CKEJETHBIX MBIIII] BO
BpeMsl MEXaHMYECKO# pasrpy3ku. M3ydanum BnusiHue octporo (6—12 d) BbIBEIIMBaHHS 3aJHUX
KOHEYHOCTe Ha KaMmOaJIOBHJIHBIE MBIl B3POCHBIX KpbIC. LleTOoCTHOCTh NMIUAHBIX padToB
I1a3MaTHYecKo MeMOpaHbl TECTHPOBAIU C IMOMOIIBI0 CyOBbeAMHUIIBI B XO0JlepHOro TOKCHHA WM
(bITyopecIeHTHBIX ~CcTepuHOB. Kpome Toro, oleHHBAaIM YpOBEHb BHYTpUKiIeTouHOro Ca®',
BoiBemmBanue Hapymajnio JUIOHA-YIOPSIOYEHHYIO0 (a3y I1a3MaTH4ecKod MeMmOpaHbl 1O Bceil
capkojemMMe 1 ObLTO Ooliee BHIPAXKEHO B CHHANTHUECKOH oOmactu. Yabaun (1 MxM), cnenuduuecku
uHrHOUpyronwii - a2-n3opepmeHT Na,K-ATDa3el B CKENETHBIX MBIIIIAX T'PHI3YHOB, BBI3BIBAI
aHAJIOTUYHBIE M3MEHEHUS JIMIUIHBIX papTOB B KOHTPOJBHBIX MBIIIIAX, HO ObUl HEI(P(HEKTUBEH B
BBIBCIIICHHBIX MBIIIIAX, YTO YKa3blBaeT Ha moTepro akTuBHOCTH 02-Na,K-ATda3sl. JloOaBnenue
XOJIECTepUHA BOCCTaHABJIMBAJIO JUMHJAHBIE PA(Thl, 3TO MOKA3bIBAET, YTO WX HAPYIIEHHE SIBISETCS
pe3ysbTaToM MoTepu xosnectepuHa. CTUMYIALNS HEepBa TaKkKe BOCCTAHABIIMBAJA JIMIUIHBIE PAdTHI,
OCOOEHHO B CHHANTHU4YeCKOM oOnacTh. BeiBelIMBaHWE JIOKAJIbHO CHUXKAJIO KOHIEHTPALHUIO
BHYTpHKIeTouHoro Ca?* BOMM3M HEpBHO-MBIIIEYHOTO KOHTAKTa. Hallu pesymbTaThl Tpearonararor,
YTO YHOPSAOYEHHOCTh JUMUAHBIX padTOB 3aBUCUT OT MOTOPHOI'O HEPBHOT'O BXOJa M B3aUMOJEHCTBHS
¢ a2-Na,K-AT®a3o0ii. Hapymenne munuaHsx padToB, CONMPOBOXKIAIOIIEECS HApYILIEHHEM PEryIIsLuu
BHyTpuKiIeToyHoro Ca?’, sBnsercs ONHMM U3 CaMBIX pAaHHMX COOBITHH PEMOJETHPOBAHMUS
HEHUCIOJIb3YEMBIX CKEJIETHBIX MBIIILI.
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Abstract: Molecular mechanisms that trigger disuse-induced postural muscle atrophy as well as
myosin phenotype transformations are poorly studied. This review will summarize the impact
of 5" adenosine monophosphate -activated protein kinase (AMPK) activity on mammalian target
of rapamycin complex 1 (mTORC1)-signaling, nuclear-cytoplasmic traffic of class Ila histone
deacetylases (HDAC), and myosin heavy chain gene expression in mammalian postural muscles
(mainly, soleus muscle) under disuse conditions, i.e., withdrawal of weight-bearing from ankle
extensors. Based on the current literature and the authors” own experimental data, the present review
points out that AMPK plays a key role in the regulation of signaling pathways that determine
metabolic, structural, and functional alternations in skeletal muscle fibers under disuse.

Annomauus

MonekynsipHbIe MEXaHU3MBbI, KOTOPBIE 3aITyCKAIOT BEI3BAHHYIO HEUCIIONIBb30BaHNEM (()YHKIIMOHAIEHON
pasrpy3koi) aTpouio MOCTYpalbHBIX MBI, a TaKkkKe TpaHC(HOpPMAIMI0 MHUO3MHOBOTO (hEHOTHUIA,
U3y4eHbl HEJO0CTaTOYHO. DTOT 0030p CyMMMpYET NaHHble O BIMSHUM AaKTUBHOCTH 5’ aJIeHO3MH-
MoHOdochaT-akTUBUpYeMol npoTenHkuHa3zbl (AMPK) Ha mMuIIeHb panaMMIIMHA Y MIIEKOIMHUTAIOLINX
(xommuieke MTORCI-curnanuzanuu), saepHO-UUTOIUIa3MaTHUYeCKUN Tpaduk rucToHa kiacca lla
neanerunazsl (HDAC) u akcmpeccuio TEHOB TSDKENBIX IIeNe MUO3MHA B TOCTYPAJTbHBIX MBIIIIIAX
MJIEKOITUTAIONINX (B OCHOBHOM B KaMOAJIOBHIHOW MBIIIIE) B YCIOBUSIX MX HEHCITOIB30BaHHSA, T. €.
IPU CHATUU HAarpy3Kd C TOJEHOCTONHOIO cycTaBa pasruOareneid. Hacrosiuii 0630p ocHoBaH Ha
COBPEMEHHOW JIUTEPAType W COOCTBEHHBIX JKCIIEPUMEHTAIBHBIX JAHHBIX aBTOPOB M TOJYEPKUBAET,
yto AMPK wurpaer kioueByr0 pojib B PETyJIAlIMM CHUTHAIbHBIX IyTeH, KOTOpBIE OIpPEAEsSIOT
MeTa0OJIMUECKUE, CTPYKTYpHbIE U (YHKIIMOHAJIbHBIE U3MEHEHUS B BOJIOKHAX CKEJIETHBIX MBIIII] pU
UX HEHCIIOJIb30BaHHH.
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Abstract: A present review is devoted to the analysis of literature data and results of own research.
Skeletal muscle neuromuscular junction is specialized to trigger the striated muscle fiber contraction
in response to motor neuron activity. The safety factor at the neuromuscular junction strongly
depends on a variety of pre- and postsynaptic factors. The review focuses on the crucial role of
membrane cholesterol to maintain a high efficiency of neuromuscular transmission. Cholesterol
metabolism in the neuromuscular junction, its role in the synaptic vesicle cycle and neurotransmitter
release, endplate electrogenesis, as well as contribution of cholesterol to the synaptogenesis, synaptic
integrity, and motor disorders are discussed.

Annomayus

Hacrosimuit  0630p MNOCBAILIEH aHANU3y JHUTEPATypHBIX JaHHBIX M PE3YJIbTaTOB COOCTBEHHBIX
uccienoBanuii. HepBHO-MbIlIeYHOE COETMHEHNE CKEJIETHBIX MBIIII] OTBEYAET 3a 3allyCK COKpAallleHUs
MONEPEYHO-TI0JI0CAThIX MBIIIEYHBIX BOJIOKOH B OTBET Ha AaKTUBHOCTh JBHUTaTEIbHBIX HEMPOHOB.
lapanTuiineiii  QakTOp HEPBHO-MBIIIEYHOM MEpelayd CHJIBHO 3aBHCUT OT MHOXECTBA Ipe- U
MOCTCUHANTHYECKUX (PakTopoB. OO30p MOCBSIIECH PEMIAIICH PO MEMOPAHHOTO XOJIECTEpUHA B
HOJ/Iep>)KaHUM BBICOKOM 3(PPEKTUBHOCTH HEPBHO-MBIIIEYHOH nepenadn. OOCyXIat0Tcsi METaboIu3M
XOJIECTEpUHA B HEPBHO-MBIIIEYHOM COEAMHEHHH, €0 POJIb B IMKJIE CHHANTHUYECKHUX BE3UKYNI U
BBICBOOOXK/ICHUM HEUPOTPAHCMHUTTEPOB, MOIEP)KaHUH AJIEKTPOTeHe3a KOHIIEBOM TUIACTUHKH, a TaKKe
BKJIAJ] XOJIECTEPUHA B CUHAIITOI'€HE3, CHHAIITUYECKYIO LIEJIOCTHOCTD U JBUTATEIbHBIE HAPYILICHUS.
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Claudin expression in follicle-associated epithelium of rat
Peyer’s patches defines a major restriction of the
paracellular pathway

L. Falchulk,'* M. M. Kruglova,' J. Radloff® and S. Amasheh®™*

iloge Biologianl Faculy, S Peemt ey, 51 Petersburg, Russia

Abstract

Aimn: Members of the right juncrion prorein family of daudins have been
demonstrated to specifically derermine paracellular permeability of the intest-
nal epithelium. In small intestinal mucosa, which is generally considered to be
it o Veteeteary Popeciegy, A leaky epithelium, Peyer's patches are a primary part of the immune system.
Oermerwez 190, 14143 Berin The aim of this smdy was to analyse the right junctional barrier of folliclk-as-
Gerrrary. sociated epithelium covering Peyer’s patches (lymphoid follicles).

£-rmaii: mahamahchdis berinde  Mathads: Employing small intestinal rissue specimens of male Wistar rars,
elecwophysiological analyses including the Ussing chamber technique, mar-
ker flux measurements and one-path impedance spectroscopy were per-
formed. Morphomerry of HEsrained rissue secrions was taken into account
Claudin expression and localizadon was analysed by immunoblotting and
confocal laser scanning immunofluorescence microscopy.

Results: Almost twofold higher parameters of epithelial and ransepichelial

accepind 24 iy
Carresardence S Amazheh

*These antham camributed
iy 1o this wark:

tissue resistance and a markedly lower permeability for the paracellular
perry lity markers 4 and 20 kDa FITC-dextran were detected in folli-
dle- iated epirhelium compared m neighbouring willous epithelium.
Analysis of daudin expression and localization revealed a soonger expres-

sion of major sealing proteins in follicle-associated epithelium, including
daudin-1, claudin4, daudin-5 and clandin-8. Therefore, the specific
expression and localization of chudins is in accordance with barrier prop-
erties of follicle-associated epithelium vs. neighbouring villous epithelium.
Condlusion: We demonstrare thar follide-associated epithelium is special-
ized to ensure maximum restriction of the epithelial paracellular pathway in
Peyer's patches by selective sealing of tight junctions. This results in an exclu-
sive mranscellular pathway of epithelial cells as the limiting and mandatory
route for a controlled presentation of antigens to the underlying lymphocytes
under physiological conditions.

Keywards impedance specrroscopy, tighr juncrions, tissue barrier, willous
epithelium.

Annomayus

UneHsl cemeiicTBa O€IKOB IUIOTHBIX KOHTAaKTOB  KIAYIAWHBI  CHEHU(PHUECKH  OMPEACISIOT
NapakjeTOuHy0 MPOHULAEMOCTh KHUIIEYHOIO »MuTeNus. B ciam3ucroil 060104ke TOHKOW KHIIKH,
KOTOpass OOBIYHO CYMTAETCsl NMPOHUIAEMbIM smuTenueM, lleliepoBbl OJIALIKK SBISIOTCS OCHOBHOM
4yacTbl0 MMMYHHOM cuctembl. llenpio 3TOro wuccienoBaHusi ObUIO TMPOAHATU3UPOBATH IIJIOTHBIE
[lefiepoBbl Onsiiiku msATHA (IMM@OUTHBIE (POJUIMKYIBI). DIEKTPOPU3NOIOTUYECKUE TapaMeTphl
00pa31oB TKaHU TOHKOTO KMIIIEYHUKA caMIloB Kpblc Wistar ObUTH HCClIeIOBaHbl B KaMepbl Y CCUHTA, a
TaK)K€ U3MEPEHMS TIOTOKAa MapKEpOB U OJHOCTOPOHHSS MMIIEAAHCHAs CIIEKTPOCKOINA. YUYHUTHIBAJIAChH
MOppoOMeTpusi Cpe30B TKaHEW, OKPAIICHHBIX TI'€MAaTOKCHJIOHOM. OKCIPECCUI0 U JIOKATU3ALUI0
KJIayJJMHA aHAIM3UPOBAIM C MOMOUIbI0 HMMYHOOJIOTTHHIAa U KOHPOKAJIBHOM J1a3epHOI CKaHUpYyIolei
UMMYHO(DITyOpeclieHTHOM  MHKpockonmuu. B Qommukyn-accouMupoBaHHOM — SOUTENMM  ObUIH
oOHapykeHbl MOYTH B JBa pa3a Ooyee BHICOKHE MapaMeTpbl YCTOHYMBOCTH SHHUTEIHATBHONH U
TPaHCOMUTEINAIBLHOW TKaHU U 3aMETHO 0oJiee HU3Kasi MPOHUIAEMOCTh ISl MapKEpOB MapakiIeTOYHON
nponunaemoctu 4 u 20 x/la FITC-nekctpan mo CpaBHEHUIO C COCETHUM BOPCHHYATBHIM SIUTEIHEM.
AHau3 3KCIPEecCHd W JIOKAIM3allMU KIayJAWMHA BBIIBMII 00Jiee CHIBHYIO 3KCIIPECCHUI0 OCHOBHBIX
repMETU3HPYIONINX OETIKOB B (DOIITHKYI-aCCOLIMUPOBAHHOM SIIUTENNH, BKIIIOYas KJIayauH-1, KiayauH-
4, xnayauH-5 U knayaus-8. CienoBarenbHo, cienuduyeckas SKCIPeccs U JIOKaTU3alus KiIayJIuHOB
COOTBETCTBYIOT OapbepHBIM CBOMCTBaM (DOJITMKYJI-aCCOLUMUPOBAHHOIO JMUTENUS MO CPABHEHMIO C
COCETHUM BOPCHHYATBHIM 3mnuTenueM. CBA3aHHBIA € (QOJUIMKYJIOM SIUTENUHA CIeNHaTU3upyeTcsl Ha
o0ecreyeHn MaKCUMaJIbHOTO OTPaHUYEeHHS SIUTEINAIBLHOIO Napale/uTosipHoro myTH B IleiiepoBbix
OnmsmKkax TMyTeM M30UpaTeNbHOTO  YIJIOTHEHHMS IUIOTHBIX KOHTAKTOB. OTO MNPUBOAUT K
UCKIIIOYUTENIbHOMY  TPAHCHEJUTIOJISIPHOMY — MYTH  JSOUTENUAlbHBIX  KJIETOK B KadecTBe
OTPaHUYMBAIOLIETO M O00S3aTENBHOIO TMYTH [JJs KOHTPOJUPYEMOM Mpe3eHTAlM aHTUT€HOB
HIDKEJIEXKaIuM JTUMPOoLUTaM B (PU3NOJIOTHYECKUX YCIOBUSX.
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Abstract

Epithelial cell layers are interconnected by a meshwork of tight
junction (TJ) protein strands, which are localized within apicolat-
eral membranes. The proteins that form TJs are regarded to
provide a static barrier, determining epithelial properties. How-
ever, recent findings in the field of barriology suggest that TJs
contribute to more physiological aspects than indicated by the
sum of the qualities of the single TJ proteins. Generally, TJs
exhibit four major functions: (i) a “gate function,” defining trans-

review presents a critical view on how the efficacy of physiologi-
cal processes in epithelia and thus organ function might be
improved by changes in the expression of claudins, the latter
representing the largest and most variable family of TJ proteins.
Major focus is set on (i) the coordinated regulation of transport
and barrier in the intestine, (ii] the role of TJs in defining the
route for antigen uptake and presentation in intestinal Peyer's
patches, and (iii) the TJ function in mammary glands in

epithelial permeability (i.e., barrier) properties, (ii) a “fence
function” determining epithelial cell polarity, (i) a “signaling
function,” affecting regulatory pathways, and (iv) a “stabilizing
function,” maintaining the integrity of the epithelium. This

response to milk accumulation, which represent impressive
examples to highlight the amplification of epithelial functions by
TJ proteins. © 2017 IUBMB Life, 69(5):290-296, 2017

Annomayus
Cron SUHTENHANTbHBIX KIETOK CBSI3aHBI MEXKAy COOOH CeTKoW MIOTHBIX OenkoBbix Huteit (TJ),
KOTOpbIE JIOKAJIM3YIOTCS B aluKoyaTepanbHOil MemOpane. Cunrtaercs, urto Oenku, obpasyromue TJ,
o0ecreunBarOT CTaTUYeCKHi O6apbep, onpeAesstomnil SnuTenuanbHble cBoicTBa. OHAKO HEeJaBHUE
OTKpBITUSL B 00J1aCTH OaphepoSIOTUH TpearnoaraT, yTo TJ BHOCAT BkJaa B OoJblee KOIMYECTBO
(U3HOIOrMYECKUX aCleKTOB, UeM yKa3aHO CYMMOM KauecTB oTnaeabHbIX O0enkoB TJ. Kak npasuino, TJs
00J1a/1at0T YETHIPbMSI OCHOBHBIMU (YHKIMSAMU: (1) «BOpOTHasl (PyHKUMs», ONpeestonas CBOMCTBa
(T.e. Oapeepubie), (il) «orpaxknaromas QYHKIHSI,
ONpeeNsonas MoJIPHOCTh SMUTENNATIbHBIX KIETOK, (111) «CUTHajdbHas (QYHKUMS», BIUSIOLIAS HA

TPAHCAMHUTEIHATBHON  MPOHUIIAEMOCTH
perynaropuble nytd U (1v) «cTabuiusupyoomas QyHKIUS,
aMUTeNHA. OTOT 0030p TpeAcTaBIsgeT KPUTUYECKUHA B3I Ha TO,
(U3UOTIOTMUECKUX MPOLECCOB B DJMUTEIUU M, TaKUM 00pa3oM, (PYHKUMH OpPraHoB MOTYT OBITh
yAyYIIEHBl 32 CYET M3MEHEHHH B SKCIIPECCHUH KIIAayIWHOB, MOCIEIHUI MpencTaBiseT coOoi camoe
Oonpiioe W HambOosee BapuabenbHOe cemeiicTBo OenkoB TJ. OcHOBHOe BHUMaHUWe ynaensercs (i)

MOJICPXKUBAIOMIAs  [[EIOCTHOCTD
Kak 3(p(}HEeKTUBHOCTh

KOOPJMHUPOBAHHOW PETYJISUU TpaHcHopTa U Oapbepa B KulleyHHKe, (i1) ponu TJ B ompeneireHun
MyTH MOTJIOLIEHHUS U Ipe3eHTaluu aHTureHa B IleilepoBrix Onsmikax kumeynuka u (iii) ¢pyaknuu TJ B
MOJIOUHBIX >Kele3aX. B OTBET Ha HAKOIUJICHHE MOJIOKA, YTO MpPEeJCTaBiIseT coOON BleYaTSIOMUN
IpUMep YCUJICHUS SIIUTENUaIbHBIX QyHKIMM 6enkamu TJ.
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Abstract: (1) Background: Many food components influence intestinal epithelial barrier properties
and might therefore also affect susceptibility to the development of food allergies. Such allergies
are triggered by increased antibody production initiated in Peyer’s patches (PF). Usually, the
presentation of antigens in the lumen of the gut to the immune cells of the PP is strongly regulated
by the follicle-associated epithelium (FAE) that covers the PP. As the food component caprate has
been shown to impede barrier properties in villous epithelium, we hypothesized that caprate also
affects the barrier function of the PP FAE, thereby possibly contributing a risk factor for the
development of food allergies. (2) Methods: In this study, we have focused on the effects of caprate
on the barrier function of PP, employing in vitro and ex vivo experimental setups to investigate
functional and molecular barrier properties. (3) Incubation with caprate induced an increase of
transepithelial resistance, and a marked increase of permeability for the paracellular marker
fluorescein in porcine PP to 180% of control values. These effects are in accordance with changes in
the expression levels of the barrier-forming tight junction proteins tricellulin and claudin-5. (4)
Conclusions: This barrier-affecting mechanism could be involved in the initial steps of a food
allergy, since it might trigger unregulated contact of the gut lumen with antigens.

Annomauus

MHorue nuieBble KOMIOHEHTHl BIMSIOT Ha CBOICTBAa KHUIIEYHOIO SIMUTENHAIBHOrO Oapbepa H,
CJIEIOBATENIbHO, MOTYT TaK)K€ BIUATh HAa BOCHPUUMYMBOCTH K PAa3BUTHIO NMUIIEBON amiepruu. Takas
aJIeprusi BbI3bIBAIOTCS MOBBIIIEHHBIM MPOIYLIHPOBAHUEM AHTUTEN, HHULIUUPOBAHHBIM B [leliepoBbix
omsmkax (PP). OObIuHO Tpe3eHTAIlMsl aHTHIEHOB B MPOCBETE KUIICUHHKAa MMMYHHBIM KieTkam PP
cTporo perymupyercsi (osumkyn-accormupoBanubiM snutenuem (FAE), koropsiii mokpsiBaer PP.
[Tockonbky OBLIO MMOKa3aHO, YTO KampaT HPEnATCTBYeT OapbepHbIM CBONCTBAM BOPCHHYATOTO
SOUTENHSI, MBI MPEINOI0KHUIN, YTO KampaT Takke BiIMseT Ha OapbepHylo ¢yHkuuto PP FAE, tem
caMbIM, BO3MOXKHO, BHOCSI CBOM BKJaJ B (PaKTOPHI pUCKa pa3BUTHs MHILEBOW ajuiepruu. B stom
UCCIICIOBAHUM MBI COCPEJOTOUMJIM BHHMMAaHHE Ha BIMSHUM KampaTa Ha OapbepHyIO (yHKIHIO,
UCTIONB3Ys DKCIICPUMEHTAJIbHBIC YCTAHOBKH IN VItro u €X VIVO is ucciienoBaHusi QyHKIIMOHAIBHBIX U
MOJIEKYJISIpPHBIX ~ OapbepHBIX  cBoiicTB. MHKyOamumss ¢  KkampaToM  BbI3BaJla  YBEJIMUYEHUE
TPAHCAMUTEINATILHOTO COPOTUBIICHUS U 3aMETHOE YBEJIIMYEHUE POHUIIAEMOCTH ISl TapaKiIeTOYHOrO
Mapkepa ¢ayopeciienHa B PP cBunbn 10 180% OT KOHTpOJBHBIX 3HaYeHUH. OTH 3(DPeKThI
COIJIaCyIOTCS C M3MEHEHHUSMHM YPOBHEH OHKCIIpecCHM O€NKOB IUIOTHBIX KOHTAKTOB, OOpa3yOLIMX
Oapbep, TPULEIUIIOIMHA M KJIayIuHa-5. DTOT MeXaHU3M BO3ACUCTBUS Ha Oapbep MOXKET OBITh
3a[eiiCTBOBaH HA HayallbHBIX OJTalax IMUIIeBON aepruy, IOCKOJIBKY OH MOXET BBI3BATh
HEperyJupyeMblii KOHTAKT MPOCBETA KUIIEYHUKA C aHTUT€HAMH.
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Molecular Characterization of Barrier
Properties in Follicle-Associated
Epithelium of Porcine Peyer’s
Patches Reveals Major Sealing
Function of Claudin-4

Judith Radloff', Evgeny L. Falchuk®, Alexander G. Markov?® and Salah Amasheh'*

" Instifute of Vetsninary Prysioiogy, Free Universiiat Sentn, Sertin, Germany; * Dapartment of Genaral Phyaioiogy, Saint
Petersoung Stale Unversty, St Petersburg, Russiz

The pig represents a preferred model for the analysis of intestinal immunology. However,
OPEN ACCESS . . . . .
the barrier of the follicle-associated epithelium (FAE) covering porcine Peyer's paiches
[PP) has not wet been charactenzed in detal. This study amed to perform this

characterization in order to pave the way towsard an understanding of the functional

Johns Hopkins Schoal of Madicine, B R N R . R | ) )
Uinited! Siatas contribution of epithelial barrier properties in gut immunclogy. Porcine tissue specimens

were taken from the distal small intestine in order to obtain electrophysiclogical data of PP
FAE and neighboring villous epithelium (VE), employing the Ussing chamber technigue.

Transepithelial resistance (TEF) and paracelular fluorescein flux were measured,
and fissues were morphomefrically compared. In self tissues, expression and
localization of major tight junction (TJ) proteins (claudin-1, -2, -3, -4, -5, and -8) were
analyzed. PP FAE specimens showed a higher TER and a lower apparent permesability for
sodium fluorescein than VE. Immunoblotting rewealed an expression of all clauding within
both epithelia, with markedly stronger expression of the sealing TJ protein claudin-4 in PP

cganamznenanoange  TAE compared with the neighbaring VE. Immunchistochemistry confirmed the expressian
and localization of all clauding in both PP FAE and VE, with stronger claudin-4 abundance

Specialty sectfon:  in PP FAE. The results ars in accordance with the physiclogical function of the FAE, which
This arficle wias submiltad o

Mamians Prysiciogy and Membrans strongly regulates and limits antigen uptake determining a mandatory transcellular route

for antigen presentation, highlighting the importance of this structure for the first steps
of the intestinal immune response. Thus, this study provides detailed insights into the
specific bamier properties of the porcine FAE covering intestinal PP, at the interface of
intestinal immunology and barriology.

Keywords: clauin, tissue arer, gt funcion, i testine, gut-sssocieted Hmphold tissue
Annomayusn

CBUHBS TpeJCTaBIsAeT COOOM MPEANOYTUTENBHYIO MOJENb Ul aHAIW3a KHUIIEYHOW MMMYHOJIOTHH.
OpnHnako Gapbep ¢omnukyi-accoruupoannoro snurenus (FAE), nokpeiatomero IleiiepoBsl Omsiku
(PP) cBuHbH, emie He ObUI MOJAPOOHO OXapaKTEPHU30BaH. ITO UCCIEIOBAaHHE OBLIO HAMPABICHO Ha
BBIMIOJTHEHUE 3TOM XapaKTEpUCTUKH, YTOOBI MPOJIOKHUTH MYTh K MOHMUMAHHUIO (PYHKIIMOHAIBHOIO
BKJIa/la CBOMCTB 3MUTENHANBHOTO Oaphepa B MMMYHOJOTHMIO KuileyHHKa. OOpas3ipl TKaHW CBUHBU
ObUIM B3STHl U3 JUCTAJIBHOIO OTJIENla TOHKOM KHIIKH, YTOOBI MOJYYUTh 3JIEKTPOPU3NOIOTHUECKUE
nanubie PP FAE u cocegnero Bopcunuaroro snutenust (VE), ucrnons3ys meTon kamepsl YCCHHTA.
Wamepsimn TpancanutenuanbHoe conpotuBiienne (TER) u mapaknerounsiit motok (iyopeciienHa, a
TakXke MOP(POMETPUUYECKH CPAaBHUBAIM TKAaHU. B OJJHUX M TeX e TKaHsIX SKCIPECCUs U JIOKAIU3aIus
6enkoB IOTHBIX KOHTAakTOB (TJ) (knmaynun-1, -2, -3, -4, -5 u -8) ObTH MpoaHanu3upoBaHbl. OOpasIbI
PP FAE noxkazanu 6omnee Boicokuii TER u Gonee HU3KyI0 NpoHHUIIAeMOCTh A5 (hIyopeclienHa HaTpus,
yeM VE. MMMyHOONOTTHHI BBISIBUJI SKCIPECCHIO BCEX KJIAyAMHOB BHYTPU OOEHMX OJIHUTEIHEB C
3aMeTHO OoJiee CHIIBHOM 3Kcmpeccuelt ymnTHsoulero 6enka kinaynuHa-4 B PP FAE no cpaBhenuto ¢
cocequuM VE. IMMyHOrHCTOXMMUS TIOATBEPANIIA IKCIIPECCUIO U JIOKATU3ALUIO BCEX KIIAYyIUHOB KaK
B PP FAE, Tak u B VE, ¢ Oonee cwibHbIM cojepxanueM kiayauHa-4 B PP FAE. PesynbraThi
COOTBETCTBYIOT ¢uznonorunueckor ¢ynkuuu FAE, koropas cTporo peryiaupyer M OrpaHHUYMBaET
3axBaT AaHTWUI€Ha, Ompefenss oO0A3aTeNbHbI TPAHCKIETOUHBIM MyTh MPE3EHTAlM AaHTUIEHA,
NOYEPKHUBAsi BAXKHOCTb 3TOW CTPYKTYpPHI Ul MEPBBIX IIAroB KUIIEYHOTO UMMYHHOTO OTBeTa. Takum
o0pa3oM, 3TO HCCIEeIOBaHME O0ECHEeuMBACT JETAIbHOE MOHHUMAaHUE CHeUU(PUIEecKuXx OapbepHBIX
cBoiicte FAE cBuHbHM, mokpsiBaromero lleilepoBbl ONAIIKM KHUIIEYHHKA, HA CTHIKE KHUIIEYHON
WMMYHOJIOTHH ¥ OapPHUOJIOTHH.
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Porcine milk induces a strengthening of barrier function
in porcine jejunal epithelium in vitro

Judith Radloff,? Silke 5. Zakrzewski,” Robert Pieper,® Alexander G. Markov,?

and Salah Amasheh’

{Insfituie of Vieterinary Physiclogy, Freie Universitat Berlin, Berlin, Germany. ZInstitute of Animal Mutrition, Frese Universitat
Berfin, Berlin, Germany. IDepartment of General Physiology, St. Petersburg State University, St. Petersbung, Russia

Address for comeepondence: Salah Amasheh, Institute of Vieterinary Physiology, Freie Universitat Berlin, Oertzenweg 10b,
14163 Berlin, Germany. salah_amashshi@fu-berfin.d=

Milk contains a variety of components that have been shown to affect the expression and localization of epithelial
tight junction proteins and therefore the intestinal barrier. Thus, we hypothesized that milk would have an effect on
intestinal barrier properties, owing to effects on the tight junction in an intraspecies porcine intestinal in vitro model.
Jejunal samples of piglets derived from different age groups were anabyred. Transepithelial electrical resistance was
recorded employing the Ussing chamber technique. Porcine milk or predigested milk in buffer solution was added
to the apical side, and effects were compared to untreated controls. Unidirectional paracellular flux measurements
were performed using sedium fluorescein. Tight junction protein expression and localization were analyzed by
immunoblotting and immunofluerescence microscopy. Incubation with milk or predigested milk led to an increase
in transepithelial electrical resistance, while paracellular permeability for sodium fluorescein did not result in
significant changes. Densitometric analysis of immunoblot signals did not show significant alterations in claudin
expression, but a reduction of clandin signals in apicolateral membrane compartments in both approaches became
apparent via immunchistology. The fonctional effect might reflect a physiological protective mechanism, when
offspring exchosively rely on their mother’s milk and are exposed to a plethora of potentially barrier-perturbing
factors.

Annomauus

MOJIOKO COEPKHUT MHOKECTBO KOMIIOHEHTOB, KOTOpPBIE, KaK ObLIO IMMOKa3aHO, BIHIIOT HAa SKCIIPECCHIO
U JIOKIHM3ANUI0 OCNKOB IUIOTHBIX KOHTAKTOB SMHTEIHS W, CJIEJOBATEIIbHO, HA KUIICYHBIA Oaphep.
TakuM 00pazoM, Mbl HPEAIOJIOKUIN, YTO MOJIOKO MOKET BIHUSATh HAa CBOMCTBA KHMILEYHOIO Oapbepa
u3-3a2 BO3JICHCTBUS HA IUIOTHBIE KOHTAKThI B MOJEIM KHUIICYHUKA CBUHEW IN Vitro. Beuin
NpOaHAJIM3UPOBaHbl  00paslbl  TOWIEH  KHUIIKM  TOPOCAT  pa3HbIX  BO3PACTHBIX  TpyHI.
Tpa"conuTeNHaIbHOE dIEKTPUYECKOE CONPOTUBIICHUE PETUCTPUPOBAIM C MCIIOJIb30BAHUEM TEXHUKHU
Kamepbl YccuHra. CBHHOE MOJIOKO WJIM TPEABApUTENFHO MAacTePH30BAHHOE MOJIOKO B OydepHOM
pacTBope J00aBISUIM K aNHUKAJIBHOW CTOpOHE, M A(PQEKThl CpaBHUBAIM € HEOOpaOOTaHHBIMHU
KOHTpossiMU.  OJHOHAIIpaBJIIEHHbIE M3MEPEHUs  MApAaKJIETOYHOIO TIOTOKA  BBIMOJIHSUIACHE  C
UCIOJIb30BaHUEM (hIyopeclienHa HaTpusl. DKCIPECCHIO U JIOKATU3AIHI0 OelIKa INIOTHOTO COSANHEHUS
AQHWIM3UPOBAIM C I[OMOLIBI0 HMMYHOOJIOTTMHTa U HMMYHOQIYOPECUEHTHOM MMKPOCKOIUH.
WNukybanust ¢ MOJIOKOM WM NAacTepU30BAaHHBIM  MOJIOKOM HPHUBOAMIA K  YBEIMUYEHHUIO
TPAHCANUTEINAIBHOTO  JJIEKTPUYECKOIO  CONPOTHUBIICHMS, B TO BpeMs KaK IapakjIeTO4YHas
NPOHHUIIAEMOCTh JUId (QUIyOpecleMHa HaTpus He TMPHUBOAMIA K 3HAUYUTENbHBIM H3MEHEHUSIM.
JleHcuTOMEeTpUYEeCKUH aHaJIN3 CUTHAJIOB UMMYHOOJIOTTUHTA HE MOKa3all 3HAUYUTENbHBIX N3MEHEHUN B
HKCHPECCHM KJay/AWHA, HO CHIDKEHHE CHTHAJIOB KIJAyJUHAa B aluKOJaTepalbHBIX MeMOpaHHbIX
KOMITAPTMEHTaX B 00OMX MOAXO0JaX CTAJI0 OYEBHIHBIM. OYEBUIHO C MOMOILIBI0O UMMYHOTHUCTOJOTHH.
OYHKIMOHANBHBIA 3PPEKT MOXKET OTpakaThb (UINOJIOTMYECKUN 3alllUTHBI MEXaHU3M, Korja
IIOTOMCTBO II0JIaTaeTCsl HMCKIIOYUTENBHO HAa MATEPHMHCKOE MOJIOKO M IOJBEPraercsl BO3IEHCTBHIO
MHOX€eCTBa ()aKTOPOB, IOTEHIIMATIBHO HAPYIIAIOIIUX Oapbep.
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Is Homoarginine a Protective Cardiovascular Risk Factor?

Ekaterina S. Karetnikova, Matalia Jarzebska, Alexander G. Markov, Norbert Weiss,
Steven R. Lentz, Roman N. Rodionov

Abstract—A serics of recent epidemiological studies have implicated the endogenous nonproteinogenic amino acid 1-
homoarginine as a novel candidate cardiovascular risk factor. The association bebareen homoarginine levels and the risk of
adverse cardiovascular outcomes is inverse (ie, high cardiovascular risk is predicted by low rather than high homoargining
levels), which makes it plausible to normalize systemic homoarginine levels via oral supplementation. The emergence of
homoarginine as a potentially treatable protective cardiovascular risk factor has generated a wave of hope in the field of
cardiovascular prevention. Herein, we review the biochemistry, physiology, and metabolism of homoargining, summarize
the strengths and weaknesses of the epidemiological evidence linking homoarginine to cardiovascular disease and its
potential protective cardiovascular effects, and identify priorities for future research needed to define the clinical atility
of homoarginine as a prognostic factor and therapeutic target in cardiovascular discase. (Arfenioscler Thromb Vasc Biol.

2009 39:00-00, DO 10116 1/ATVBAHATIS.312218.)

Key Words: cardiovascolar disease ™ epidemiological studies = hnmnargjniné:#ri_sk_fa:mr
m single nucleotide polymonphizm

aspite significant progress over the last 3 decades, car-

diovascular disease (CVI) continues (o be the leading
cause of morbidity and mortality worldwide." Implementation
of guideline-based risk stratification and management based
on astablished CVD risk factors such as hypertension, choles-
terol, diabetes mellitus, and smoking led to declining cardio-
vascular mortality trends from 1980 to 20152 However, more
recent data indicate that the age-adijnsted deathorate from heart
disease is no longer continuing to decline. which suggesis &
need for the identification of novel nisk factors and prevention
strategies.? Dhscovery of novel risk factors may eanble early
recognition of a subset of cwrrently unidentified patients at
high risk. allowing for subsequent initiation of early and more
aggressive interventions:

Recently, a sares of intriguing epidemiclogical papers
have implicated the endogenons non-proteinogenic Amino
acid 1-homoarginine (hArg) as a novel candidate cardiovas-
cular risk factor. Unlike many other risk factors, increased car-
diovascular risk is associated not with elevated blood levels
but rather with low levels of hArg, indicating that hArg may
be protective and suggesting the possibility that risk might be
mitigated through hArg supplementation.

Homoarginine Metabolism

Dietary Consumption and Synthesis
haArg is present in some foods and is readily absorbed in the
gastrointestinal tract” but the main dietary sources of hArg are

still not entirely clear and it remains to be determined how
much endogenous hAre is decived from food intake versus
enzymatic production. The mitochondrial enryme AGAT
{arginine:glycine amidinotransferase) catalyzes the synthesis
of hArg from arginine and lysine (Figore 1)*' Two large
cenome-wide association stodies have demonstrated  that
single mucleotide polymorphisms (SNPs) in the AGAT gene
correlate with plasma hArg concentration.®'™ An alternative
source of hAre by enzymes of the urea oycle has been sug-
gested,"™ ! but the importance or even the very existence of
this pathway of hAsg production in vivo has been questioned
and requires further investigation &

Cataboelism and Excretion

Early in vitro studies suggestad that hArp might serve os an
alternative substrate for NOS (nitric oxide synthases and ei-
ther a weak substrate or inhibitor of arginases ™' We recently
demonstrated that metabolism of hArg by NOS and arginase
also takes place in vivo in mice.'” Interestingly, the genome-
wide association studies performed by Kleber et al'™ identified
1 sugeestive association of semum hArg concentration with an
SNP in an infron within the mediator complex subunit 23/argi-
mase | (MED2SARGT) locus. However, no associations were
detected between serum hArg and several pathogenic SMPs in
the ARGT pene that are known to canse arginase deficiency.
Similarly. no associations with NS genes were observed, so
the relative contribution of MOS and arginase-mediated path-
ways to hArg catabolism in humans is still undefined '™ We
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Annomauus
Pﬂ}l HEAaBHUX SMUACMUOJIOTNYCCKUX I/ICCJ'Ie)IOBaHI/Iﬁ BBISABUII ydacTtue SHHOFGHHOfI
HEMPOTEMHOTEHHOW aMUHOKHCIOTHI TOMOAPTHHUH. KaK HOBOTO KaHuaaTa B akTOp pUCKa CepAeUHO-
cocyaHucThIX 3aboneBaHuii. CBSI3b MEXAY YpPOBHSIMH TOMOAPTHMHMHA U PUCKOM HEOIArompHsITHBIX
CEPJICTHO-COCYIUCTHIC MCXOJIOB SBJISIOTCS OOPATHBIMH (T. €. BBICOKHI CEPJICYHO-COCYAMCTHIN PUCK
IPOTHO3UPYETCS HHU3KUM, a HE BBICOKMM YPOBHEM TIOMOAprMHKHA), 4YTO JIeJaeT BO3MOXKHBIM
HOPMAJIM30BaTh CHCTEMHBIE YPOBHHM TOMOApPTHHUHA C TTOMOIIBIO MepopalbHbIX 100aBoK. [losiBieHue
TOMOApTUHUHA KaK MOTEHIIMAIFHOTO 3alIUTHOTO (aKTOpa pUCKa CEPICYHO-COCYAUCTHIX 3a00IeBaHUI
MOPOJAMI  BOJIHY HajexXJ B 00JIaCTU  CepleyHO-cocyaucTod mpodunaktukd. B o03ope
paccmatpuBaeTcsi OMOXUMHUS, PU3NOIOTUA U METab0IM3M TOMOAPTMHHUHA, PE3IOMUPYETCS CHIIbHBIE U
cnadble CTOPOHBI AMHUAEMHUOJIOTUYECKUX JIaHHBIX, CBS3BIBAIONIMX TOMOAPTHHHH C CEpJIeYHO-
COCYAHMCTHIMU 3200JICBaHUSIMA U WX MOTEHIHUATbHBIE 3aIIUTHBIE CEPAECYHO-COCYAUCThIE I(P(DEKTHI, a
TaK)Ke OIpe/ieJIeHue NPUOPUTETOB OyIyIIUX HCCIeI0BaHUM, HEOOXOMUMBIX JUIsl ONpPEENICHUS
KJIMHUYECKOH NMPUMEHUMOCTH TOMOApPTrMHUHA KaK MPOTHOCTUYECKOro (akTopa U TepaneBTHUYECKOU
MUIIIEHH MIPH CEPACYHO-COCYIUCTHIX 3a00ICBaHUSIX.
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ORIGINAL ARTICLE

Increased paracellular permeability of tumor-adjacent areas
in 1,2-dimethylhydrazine-induced colon carcinogenesis
in rats

Viktoria V. Bekusoval, Evgeny L. Falchuk®, Larisa 5. Okorokova®, Matalia M. Kruglova®, Alexander D. Mozdrachewl-,
Alexander G. Markow!

!Department of Physiclogy, 5t Petersburg State University, St. Petersburg 197183, Russia; “LP_Paviow [nstitute of Physiology,
Russian Academy of Scences, 5t Petersburg 199034, Russia

ABSTRACT Obgecttve: The marpheology and fonctions of the praxirmal and distal karge intestine are nod the same. The incidence of calonectal
ancer in thess regions is also different, as tamars more often appear in the descending colon than in the ascending colon.
Inflammatory bowel disease and colorectal cancer can increase transepithelial permeability, which is a sign of reduced intestinal
barrier function. However, there is mot enough evidence to establish 2 connection between the difference in colorectal cancer
incidence in the proximal and distal colon and intestinal permeability or the effects of @rdnogenesis on the barmier properties in
various areas of the colon. The aim of the study was o assess the permeability of different segments of the large intestine according
1o a developed mapping methodelegy in healthy rats and rats with 1.2-dimethylhydrazine (DMH)-induced colon
adenocarcinoma.

Methods The short drcuit carrent, the transepithelial dectrical resistance and the paracellalar permeability rescein of large
intestine wall of mals Wistar rats were examined in the Ussing chambers. The optical density of the soluti the serosa side
to assess the concentration of the diffused fluorescein from mucosa to serosa was analyzed by spectropho
miarphometric and histological studies were performed by optical micrasoopy.

Results: Rats with DMH-induced colon adenocarcinomas showed elevated transepithelial decirical resistance in the areas of
neaplasm development. I comtrast, there was no change in the eectrophysinlogicl properties of mmor adjacent areas, however,
the paracellular permeabifity of these areas o fluoresoein was increased compared to the contrel rats and was characterized by
sharply reduced barrier fumction.

tometry. The

Conclasions: The barrier properties of the colon vary depending on tumor location. The tumors were kess permeabde than the
intact imestinal wall and probably have 2 negative infleence on tumor-adjacent tissues by dismapting their barrier fanction.

Annomayus

Mopdonorus 1 GyHKIMHU NPOKCUMAIBHOTO M JAUCTAIBHOTO OTIETOB TOJICTOM KHUIIKH HE COBMAAAOT.
3a0051€Ba€MOCTh KOJIOPEKTAIHHBIM PAKOM B 3THUX PETHOHAX TAKXKE OTJIMYAETCS, MOCKOJIBKY OIMYyXOJH
yalie IOSBISIIOTCS B HHCXOMAIIEH O00O0JOYHOM KHINKE, 4YeM B BocXoisdiied. BocnamureabHoe
3a00JIeBaHHE KHUIIEYHWKA M KOJOPEKTaJIbHBIH pak MOTYT YBEIUYHUTh TPAHCOMUTEIUATHHYIO
MPOHMUIIAEMOCTh, YTO SIBJISIETCS TPU3HAKOM CHIDKEHMSI KHIIEYHOM mpoHumaeMoctu. OaHaKo
HEJOCTAaTOYHO JI0KA3aTeIbCTB, YTOOBI YCTAHOBUTH CBSI3b MEXKAY PA3NUYMSIMU B KOJOPEKTATHHOM pake
B MPOKCUMAJIbHBIM U AUCTAIBHBIM OTAEIOM TOJCTOW KHMIIKHM M KHUIIEYHON MPOHULAEMOCTBIO WU
BIIMSIHUE KaHIIEpOoreHe3a Ha OapbepHBbIE CBOMCTBA B PA3IMYHBIX 00JIACTAX TOJICTOM KHIIKH. llenbro
UCCJIeIOBaHMsI OBUIO OIIEHUTh MPOHUIIAEMOCTh PA3TUYHBIX CETMEHTOB TOJCTON KUIIKU B 3aBUCUMOCTHU
OT K pa3paboTaHHOI METOI0JOTUU KaPTUPOBAHUS 3I0POBBIX KPBIC U KPBIC C 1,2-AMMETHITUIPA3UHOM
(DMH)-un1yniupoBaHHON aICHOKAPIIMHOMOM TOJICTOM KHUIIKU. VI3MEpsTH TOK KOPOTKOTO 3aMBIKaHHS,
TPAHCAMUTENNAIBHOE BJEKTPUUYECKOE COMPOTUBICEHHE M TApakiIeTOYHas MPOHULAEMOCTh IS
dayopectienna 6onpinoro pasmepa. CTeHKY KHMIIEYHUKA CaMIIOB KpbIC TUHUU Bucrtap uccienoBaiu B
KaMmepax YccuHra. Ontudeckas MIOTHOCTh PAacTBOpPA CO CTOPOHBI CEPO3HOM OOONOYKH IJis OLIEHKH
KOHIeHTpanuu  auddysHoro d¢uyopecienHa OT CIU3UCTOW 10 CEpO3HOW  aHAU3MPOBAIU
criektpodoTomeTpuein. MopdoMeTpruiyeckue ¢ THUCTOJIOTHYECKUE WCCICIOBAHUS BBIMOJHEHBI C
MOMOIIIbI0 ONTHYECKON MUKpOCKONUU. KpBICHI ¢ aleHOKapIuHOMaMHU TOJICTOM KHUIIKH, BbI3BAHHBIMHU
DMH, noxka3anu MOBBILIEHHOE TPAHCAMHUTEIUAIBHOE 3JIEKTPUUYECKOE COMPOTHUBIEHHE B 00JaCTIX
pa3BuTHe HOBOOOpaszoBaHus. HampoTuB, He OBLIO M3MEHEHUH SIEKTPO(PHU3NOIOTHISCKUX CBONCTB
MPUIETalOIIUX K OMyXONIW 00JacTei, oOAHaKOo, MapakiIeTOoYHas MPOHUIAEMOCTh ATHX oOyacTeit A
dayopeciienHa Oblsla yYBEIWYEHA 1O CPABHEHHIO C KOHTPOJIBHBIMH KpPBICAMH U XapaKTepHU30BaJlach
pe3Ko CHWXKEeHHas OapbepHas (yHKIUsA. bapbepHble CBOWCTBA TOJCTON KHIIKKA BapbUPYIOTCS B
3aBUCHUMOCTH OT JIOKaNu3aluu omyxonu. Omyxonu ObUTH MEHee MPOHUIAeMbl, YeM HEMOBPEKICHHAs
CTEHKAa KWIIEYHUKA M, BEPOATHO, OKA3bIBAET HETaTHMBHOE BIUSHHEC HA TKAHH, TMPUJIETAIONINE K
OITYXOJIH, HapyIasi X OapbepHyIO (YHKIIUIO.
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During lactation, accumulation of milk in mammary glands (MG) causes hydrostatic pressure (HP) and
concentration of bioactive compounds. Previously, a changed expression of tight junction (T]) proteins
was observed in mice MGs by accumulation of milk, in vivo. The T] primarily determines the integrity of
the MG epithelium. The present study questioned whether HP alone can affect the T] in a mammary
epithelial cell model, in vitro. Therefore, monolayers of HC11, a mammary epithelial cell line, were
mounted into modified Ussing chambers and incubated with 10 kPa bilateral HP for 4 h. Short circuit
current and transepithelial resistance were recorded and compared to controls, and T] proteins were
analyzed by Western blotting and immunofluorescent staining. In our first approach HC11 cells could
withstand the pressure incubation and a downregulation of occludin was cbserved. In a second
approach, using prolactin- and dexamethasone-induced cells, a decrease of short circuit current was
observed, beginning after 2 h of incubation. With the addition of 1 mM barium chloride to the bathing

solution the decrease could be blocked tempaorarily. On molecular level an upregulation of Z0-1 could be
observed in hormone-induced cells, which was downregulated after the incubation with barium chlo-
ride. In conclusion, bilateral HP incubation affects mammary epithelial monolayers, in vitro. Both, the
reduction of short circuit current and the change in T] proteins may be interpreted as physiological re-
quirements for lactation.

@ 2017 Elsevier Inc. All rights reserved.

Annomauus

Bo Bpems nakTainuu HakomjieHHE MOJIOKa B MOJIOUHBIX kene3ax (MG) BbI3bIBa€T T'MIPOCTaTHUYECKOE
nanenue (HP) w yBenmnueHme KOHIEHTpanuu OWOJIOTMYECKHM aKTHBHBIX coeAuHeHui. Panee
W3MEHEHHas JKcmpeccus OenkoB TUIOTHBIX KOHTakToB (TJ) nHabmomamace y MGs wmbimedt 1o
HaKOIJICHUIO MOJIOKa in vivo. TJ B mepByro oudepenpb ompeaesser LeIoCTHOCTh snureanii MG. B
HACTOSAIIEM HCCIIEIOBAHUM CTAaBHUTCS MOJ BONPOC, MOXKET Jin ToJibko HP BiusaTe Ha TJ B mMomouHOiM
J)Kene3e B MOJIENIH SIUTEIHAIbLHBIX KIeToK in vitro. Muocnoun HC11, nuuum snuTeananbHBIX KIETOK
MOJIOUHOM jKeJie3bl, ObLIIN YCTaHABIMBAIN B MOIU(DUIIMPOBAHHBIE KAMEPHI Y CCUHTa U UHKYOHPOBAIH C
nsyctopoHHuM HP 10 kIla B Teuenne 4 yacoB. TOK KOpPOTKOTO 3aMBIKaHMS, TPAHCAMHTEINAIbHAS
PE3UCTEHTHOCTh PErMCTPUPOBAINCH U CPAaBHUBAIKUCH C KOHTpoJieM, a Oenku TJ Obutn aHanmu3upoBanu
BECTEPH-OJIOTTUHIOM U UMMYHO(DIyOPECLIEHTHBIM OKpallliBaHUeM. B HalieMm nepBoM Moaxojie KJIETKU
HC11 wmornu BeiAepKHBaTh HHKYOAIMIO TIOJ JaBIIEHHEM, M HaONIONaIoCh CHUXKCHHE YpPOBHS
okkmroauHa. [loaxond, MCIOAb3yIOMUNA KIETKA, WHAYLUPOBAHHBIE ITPOJAKTUHOM U JEKCAMETA30HOM,
MO3BOJIUJI CHU3UTh TOK KOPOTKOTO 3aMbIKaHUs, HAUYnMHas ¢ 2 4 uHKkyOauuu. [Ipu no6asinenuu B BaHHy 1
MM xsmopuna G6apusi CHHKEHHE MOXKET OBITh BpeMEHHO 3a0iokupoBaHo. Ha mosekynsipHOM ypoBHE
aktuBanus ZO-1 MoxxeT ObITh HaOMIOMAETCS B HHAYIMPOBAHHBIX TOPMOHAMHU KJETKaX, YPOBEHb
KOTOPBIX CHI)KAETCs TTOCIe MHKYOAIu ¢ XJIopuaAoM Oapusi. B 3akimrodeHue, AByCTOPOHHSS HHKYOAIHs
HP Bruser Ha MOHOCTION 3MUTENHSI MOJIOYHOM 3keje3bl in vitro. O0a, yMeHbIIEHHe TOKa KOPOTKOIO
3aMbIKaHUs U U3MeHeHHe OenkoB TJ MOXHO MHTepHpeTUpoBaTh Kak (pusmosornyeckne noTpedHoCTH
JUI. KOPMJICHUS TPYIBIO.
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Abstract

(heolera towin is commonly known to indwce chloride socretion of the inbestine. In rocent years, effects on epithelial barricr
function have boen roporied, indicating synergistic co-regulation of tramspones and tight junction proteins. Our curment study
focused on the analysis of cholera toxin effects on ransepithelial rosisance and on tight junction proteins, the latier known as
structural correlaies of barrier function. Ligaied segments of the raf jejmum wene injocted with buffered solution containing
choleratoxin {1 we'ml) and incubated for 4 h. Subsoquently, selfsame tsae spocimens were mounted in U ssing chambers, and
choleratoxin | | pg/ml) was added on the apical side. Transepithelial resistance and permeability of sodium fluorescein {376 Dia)
wore analyzed Subscquently, tisswes wene removed, exproession and localization of ¢ budins were analyzed, and momphological
studics were porformaed enploying traremission electron microscopy and confeal laser scanning microscopy. Cholera toxin
inducod a marked decrease in transepithelial resistance in the rat jejunal epithelivm and an increase in parace lular permeabil ity
for sodivm flusresce in. Immunobloting of tight junction proteins revealed an increase ineludin-2 signals, whichw as verified by
confocal laser scanning immunofluorescence microscopy, and a decrease in tricellulin, whereas other tight junction proicins
remained wnehanged. Transmission eloctron microscopy showed a roduction in e number of microvilli after incubation with
cholera ioxin. Moreower, cholera ioxin led & a widening of the interce llular space between enierocyies I accordance with the
commonly known prosecretory effect of cholera toadin, our study revealed a complementary effect on small inkestinal barrier
functiomn and inte grity, which might constitute a pathome chanism with high relevance for pre vention and therapeutic approaches

Annomauus

TOKCUH XOnepbl BbI3bIBAET CEKPELMIO XN0PUAOB B KULEYHUKe. B nocnegHue rogpl nNpu BO3LENCTBUWM Ha
anuTennanbHbli Gapbep coobLANoCb 0 CUHEPreTUYECKO COBMECTHOM perynaumm TpaHcnoptepos M 6enkos
NJIOTHbIX KOHTAKTOB. Halle Tekyllee uccnesoBaHne COCPefOTOYEHbI HA aHANN3e BAUSAHUA XOJIEPHOrO TOKCUHA
Ha TPaHCINUTENWANbHYIO PE3UCTEHTHOCTb M Ha OesIKM MAOTHbIX KOHTAKTOB, MOCNeAHWE, WM3BECTHble KaK
CTPYKTYpPHble KoppenaTbl OapbepHON ¢yHKUMK. [lepeBA3aHHble CErmeHTbl TOLWEMW KULWKKM  KpbICbl
MHbeLMPOoBannN 3abydepeHHbIM PacTBOPOM, COAEPHKALLMM XONEPHbIN TOKCUH (1 MKF/mMA) 1 MHKYBUpyIoT 4 u,
Bnocneactsuu Te ke 06pasupbl TKaHEW BbIANM NOMELLEHbI B KaMepbl YCCUHIA, M XONePHbIN TOKCUH (1 mKr/mn)
£06aBAANM HA aNMKa/bHYHO CTOPOHY. TpaHCaNUTeNMaNbHaA PE3UCTEHTHOCTb M NPOHULAEMOCTb GiyopecLerHa
HaTpwua (376 [a) 6binM npoaHann3nposaHbl. BnocneacTsmnm TKaHM 6bliv yaaneHbl, 3KCNpPeccus U NoKaaM3auma
KNayAMHOB 6blM NPOaHaNN3nPoBaHbl, 3 MOPGONOrMYECKNE NCCAeA0BAHMA NPOBOAMINCDE C UCMONb30BAHUEM
NMPOCBEYMBAIOLLEN 3/TEKTPOHHON MWKPOCKOMMM M KOHGPOKANIbHOM /1a3epHOM CKAHUPYHOLLEN MMKPOCKOMMUU.
XonepHbIN TOKCUH MHAYLMPOBas 3aMETHOE CHUMEHWE TPaHCINUTENNANbHOIO COMPOTUBAEHUA B 3NUTENUU
TOWEN KUIIKM KPpbIC W yBeAMYEHME MapaKAeTOYHOMW MPOHMLAEeMOCT ana  ayopecuenHa HaTpus.
UMMYHOBNOTTUHT 6enKkoB NAOTHbIX KOHTAKTOB BbIABMA YCU/JEHME CWUFHAN0B KnayAuHa-2, 4to 6blio
noATBEPKAEHO KOHOOKANbHAA 1a3epHasn CKaHUPYOLWAs MMMYHOGYOPECLEHTHAA MUKPOCKONUA U CHUXKEHME
YPOBHA TPULENIIONNHA, B TO BpemA KaK Apyrne 6esku MNIOTHbIX KOHTAaKTOB OCTaNMCb 6e3 U3meHeHUM.
MpocBeunBatoWan 3NeKTPOHHAA MUKPOCKOMWUA MOKasana yMeHblUeHWE KONMYecTBa MWKPOBOPCUMHOK nocne
MHKYbaUMN C XOJIepHbIM TOKCMHOM. Bonee Toro, TOKCMH XoJsiepbl MPUBEN K PACLUIMPEHUID MEMKKNETOYHOTO
NPOCTPaAHCTBA MeXAay 3SHTepouuTamu. B cooTBeTCTBMM C 06LLEM3BECTHBIM MPOCEKPETOPHbIM 3ddeKToM
XONEepPHOro TOKCMHA, Halle UccneoBaHMe BbIBUIO AONONHUTENbHbIN 3PPeKT Ha Bapbep TOHKOTO KULLIEYHUKA
OYHKUMM M LEeNOCTHOCTM, KOTOpble MOFYT COCTaB/ATb MAaTOMEXaHWM3M, UMELWMN 6o/bluoe 3HayeHue ans
NpodUAAKTUYECKMX N TepaneBTUYECKUX NOAXOA0B.
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Isoform-Specific Na,K-ATPase Alterations Precede
Disuse-Induced Atrophy of Rat Soleus Muscle
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Alexander N. Vasiliev,' Irina A. Razgovorova,' Judith A. Heiny,’ and Igor I. Krivoi'
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This study examines the isoform-specific effects of short-term hindlimb suspension (HS) on the Na,K-ATPase in rat soleus muscle.
Rats were exposed to 24-72h of HS and we analyzed the consequences on soleus muscle mass and contractile parameters;
excitability and the resting membrane potential (RMP) of muscle fibers; the electrogenic activity, protein, and mRNA content of
the arl and a2 Na,K-ATPase; the functional activity and plasma membrane localization of the a2 Na,K-ATPase. Our results indicate
that 24-72h of HS specifically decreases the electrogenic activity of the Na,K-ATPase a2 isozyme and the RMP of soleus muscle
fibers. This decrease occurs prior to muscle atrophy or any change in contractile parameters. The ®2 mRNA and protein content
increased after 24 h of HS and returned to initial levels at 72 h; however, even the increased content was not able to restore a2
enzyme activity in the disused soleus muscle. There was no change in the membrane localization of «2 Na,K-ATPase. The ol Na,K-
ATPase electrogenic activity, protein and mRNA content did not change. Our findings suggest that skeletal muscle use is absolutely
required for a2 Na,K-ATPase transport activity and provide the first evidence that Na,K-ATPase alterations precede HS-induced
muscle atrophy.

Annomauus

B 1ol pabGore wusydenol wuzopopm-crenuduueckue 3¢PEGEKTsl KpPAaTKOCPOUYHOTO BBIBEHIMBAHUS
koHeuHocTel (HS) nHa Na,K-AT®da3y B kambanoBuaHoll Mblmie Kpbichl. Kpbic mojsepraim
Bo3zaelcTBUI0 HS B Teuenune 24—72 4 1 Mbl aHAJTU3UPOBAIN €0 BIMSHUE HAa Maccy KaMOaJIOBUIHOMN
MBILIIBI U COKPAaTUTEIbHBIE MapaMeTpbl; BO30YAMMOCTh U MeMOpaHHbIH moreHnMan nokost (MIIIT)
MBILIEYHBIX BOJOKOH; 3JEKTPOTCHHYIO aKTHBHOCTb, YpOBeHb Oenka u conepxkanune MPHK al- n a2-
Na,K-AT®a3pr; QpyHKIIMOHANBHYIO aKTHBHOCTh M JIOKAIM3AIMIO B IIa3MAaTHYECKOH MeMOpaHe o2-
Na,K-AT®da3p1. Hamm pe3ynbraTsl MOKa3bIBAIOT, YTO Tocie 24—72 1 HS crenuduueckun CHUXKAIOTCS
anekTporeHHass akTuBHOCTH 02-Na,K-AT®dazer u MIIII BoNMOKOH KaMOATOBHUAHONW MBIIIIBL. ITO
CHIDKEHHE TPEAIIECTBYET aTpPO(PHUHU MBI U HW3MEHEHHMIO COKPATHTEIbHBIX MapaMeTpoB. YPOBEHb
MPHK u Oenmka a2-Na,K-AT®a3e1 yBenmuumBaetcs uepe3 24 1 HS m Bo3Bpamaercss kK HCXOJIHOMY
YPOBHIO 4epe3 72 4, 4TO, OJHAKO HE CIMOCOOHO BOCCTaHOBHUTH akTHBHOCTH a2-Na,K-ATdaswl B
MEXaHUYECKH pa3rpyXeHHOH Mbiie. MemOpaHHas nokanuzanus a2-Na,K-ATda3e1 He n3MeHsITach.
He u3meHsuch 3MeKTpOTreHHasi akTUBHOCTH, coniepxkanue O6enka u MPHK al-Na,K-AT®a3sl. Hamm
pe3yNbTaThl MOKAa3bIBAIOT, YTO (YHKIIMOHUPOBAHUE CKEJETHBIX MBI aOCONIOTHO HEOOXOAMMO IS
noJyiep>kaHusl  TpaHcrmopTHOH aktuBHOCTH 02-Na,K-AT®a3er u BHepBbIe JIEMOHCTPUPYIOT, YTO
Hapymenus Na,K-AT®da3sl npeamiectBytoT Bbi3biBaeMoit HS Mbieunoit arpogumn.



18)

DOI 10.1007/s10517-015-2745-8
298 Bulletin of Experimental Biology and Medicine, Vol. 158, No. 3, January, 2015 PHYSIOLOGY

Role of Cholesterol in the Maintenance of Endplate

Electrogenesis in Rat Diaphragm
V. V. Kravtsova, A. M. Petrov*, A. N. Vasil’ev, A. L. Zefirov*, and I. I. Krivoi

Methyl-pB-cyclodextrin (0.1 mM) reduced resting potential of muscle fibers and abolished local
endplate membrane hyperpolarization in rat diaphragm. This effect was associated with selec-
tive reduction of electrogenic activity of u2-isoform of Na.K-ATPase without changes in the
level of intracellular acetylcholine. Experiments with cholesterol marker filipin showed that
methyl-p-cyclodextrin in this dose induced cholesterol translocation from lipid rafts to liquid
phase of the membrane without its release into extracellular space. This modification of lipid
rafts by methyl-p-cyclodextrin presumably impaired the mechanism maintaining electrogen-
esis in endplates mediated by modulation of Na.K-ATPase by non-quantum acetylcholine.
Cholesterol can serve as a molecular component of this mechanism.

Annomauus

Metun-B-uuknonexkctpud (0.1 MM) CHIKaeT MOTEHIMAN MOKOS MBIIICYHBIX BOJOKOH M YCTpPAaHSET
JIOKQJIbHYIO THIEPIOJIIPU3ALUI0 MEMOPAaHbl KOHIIEBOW IJIACTUHKYU B uadparMe KpbIChl. ITOT 3PPeKT
CBsI3aH C U30MpaTENbHBIM CHH)KEHUEM 3JIEKTPOreHHOM akTUBHOCTH 02-u30¢opmbl Na,K-ATda3s1 0e3
U3MEHEHHUs YPOBHS BHEKJIETOYHOTO AalleTUIXOIMHA. OKCIEPUMEHTHI C MapKepoM XOJIeCTEepHUHA
(GWIMOUHOM MOKa3bIBAlOT, YTO METHJI-B-IUKIOAEKCTPUH B 3TOH KOHLEHTPALUH HWHAYLHUPYET
TPAHCIIOKAIMIO XOJIECTepUHA U3 JUMUIHBIX padTOB B *KHUJKYIO (hazy MeMOpaHbl 06€3 BBIXOJa €ro BO
BHEKJIETOUHOE MPOCTPAaHCTBO. [IpennonokuTenbHo, 3Ta MOJUPHUKAIMS JIUIUAHBIX padTOB METHI-f3-
IUKJIOAEKCTPUHOM HapyllaeT MEXaHU3M IMOJJEep)KaHUs JJIEKTPOreHe3a MeMOpaHbl KOHIEBOH
IUIACTUHKH, onocpenoBaHHbld  Moaymsauued Na,K-AT®da3pl HEKBaHTOBBIM  alETHIIXOJIUHOM.
XoJieCTEpUH MOXKET CILYKHUTh MOJIEKYISIPHBIM KOMIIOHEHTOM 3TOT0 MEXaHU3Ma.
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Abnormal Membrane Localization of a2 Isoform

of Na,K-ATPase in m. soleus of Dysferlin-Deficient Mice

V. V. Kravtsova!, E. V. Bouzinova? V. V. Machkovzl, N. A. Timonina',
G. F. Zakyrjanova*, A. L. Zeﬁrovf, and I. I. Krivoi

Dysferlin protein plays a key role in the multimolecular complex responsible for the mainte-
nance of sarcolemma integrity and skeletal muscle cell functioning. We studied the membrane
distribution of nicotinic acetylcholine receptors and o2 isoform of Na.K-ATPase in motor
endplates of m. soleus in dysferlin-deficient Bla/T mice (a dysferlinopathy model). Endplates
of Bla/J mice were characterized by increased area (without changes in fragmentation degree)
and reduced density of the membrane distribution of nicotinic acetylcholine receptors in
comparison with the corresponding parameters in control C57Bl/6 mice. The density of the
membrane distribution of a2 isoform of Na,K-ATPase was also reduced, but the level of the
corresponding mRNA remained unchanged. It can be hypothesized that abnormal membrane
localization of o2 isoform of Na.K-ATPase results from adaptive skeletal muscle remodeling
under conditions of chronic motor dysfunction.

Annomauus

Juchepnun sBisieTcs KIOYEBBIM OE€IKOM MYJIBTUMOJIEKYISIPHOTO KOMILIEKCa, OTBETCTBEHHOIO 3a
NoJJepKaHUE LETOCTHOCTU CapKOJIEMMbl U HOPMaJIbHOE (YHKIIMOHUPOBAHHUE CKEJIETHBIX MBIIIEUHBIX
KJIeTOK. B paboTe ncciieoBaHo pachpenesieHue HUKOTHHOBBIX XOJIMHOPELENTOPOB U a2-n30(OpMbI
Na,K-AT®a3b1 B MeMOpaHe MOTOPHBIX KOHIIEBBIX IJIaCTHHOK M. Soleus mebimeit Bla/J ¢ neduiurom
muchepnrHa (ogHa U3 Mojened aAuchepIuHONaTHH) MO CPAaBHEHHIO C KOHTPOJIBHBIMU MBbIIIAMHU
C57Bl/6. Konuesble muiactTuHku Mbliel Bla/J xapakrepuzoBaivch yBelnnyeHHEM IUIOMIAIU (CTENIEHb
(dparMeHTalMM He HW3MEHsUIach), a TAaK)K€ CHUKEHHEM IUIOTHOCTH MEMOpaHHOTO paclpeesieHus
HUKOTWHOBBIX  XOJHHOpENeNnTopoB # o2-u30ohpopmel 06e3 wu3MeHenus ypoBHs e€ MPHK.
[IpenmonoxutensHo, HApYIMIEHUE MEMOPaHHOM Tokamu3anuu o2-u30popmel Na,K-ATda3er sBaseTcst
pe3yJbTaTOM aJalTAllMOHHBIX TIEPECTPOEK B CKEJIETHOM MBIIIIE B YCIOBUSAX XPOHUYECKOMN
JIBUTATENIbHON AUCHYHKIIMH.
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The Structural and Functional Characteristics
of the Motor End Plates of Dysferlin-Deficient Mice

V. V. Kravtsova?, N. A. Timonina?, G. F. Zakir’yanova®, A. V. Sokolova¢,
V. M. Mikhailov¢, A. L. Zefirov?, and I. I. Krivoi*'

45t. Petersburg State University, St. Petersburg, Russia
b Kazan Institute of Biochemistry and Biophysics, Federal Research Center Kazan Scientific Center,
Russian Academy of Sciences, Kazan, Russia

¢ Institute of Cytology, Russian Academy of Sciences, St. Petersburg, Russia
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Received April 9, 2018

Abstract—The molecular mechanisms that underlie neuromuscular junction plasticity are complex and
remain to be fully elucidated. Experimental models of various forms of impaired motor activity may be prom-
ising for their study. The dysferlin protein plays a key role in the multimolecular complex, which maintains
sarcolemma integrity and the functioning of skeletal muscle cells. We studied the structural and functional
characteristics of the diaphragm muscle motor end plates of dysferlin-deficient Bla/J mice (a model of dys-
ferlinopathy), dystrophin-deficient mdx mice (a model of Duchenne muscular dystrophy), and control
C57BIl/6 mice. Increased end plate fragmentation and a decrease in the area of individual fragments were
observed in mdx mice and absent in Bla/J mice, which indicates a difference in these models of myodystrophy
from these characteristics. However, end plates of both mice lines were characterized by a decrease in the den-
sity of distribution of nicotinic acetylcholine receptors, as well as by membrane depolarization, presumably,
due to altered functional interaction between the 02 isoform of Na,K-ATPase and the nicotinic acetylcholine
receptors.

Annomauus

MoutekynsipHblE MEXAaHHU3MBI, JIEKALIUE B OCHOBE IUIACTUYHOCTU HEPBHO-MBILIEYHOIO COEIUHEHUS,
OUYEHb CJIO)KHBI M1 BO MHOTOM OCTAlOTCSI HEM3BECTHBIMH. lIepCcrieKTUBHBIMU ISl UX U3YYEHUS MOTYT
ObITh DSKCIIEPUMEHTAIbHBIE MOJENIN PA3JIUYHbIX (OpPM HaApyLIICHUH JBUTATENIbHOW aKTUBHOCTH.
Juchepnun sBisieTcs KIOUYEBBIM OE€IKOM MYJIBTHUMOJIEKYISIPHOIO KOMIUIEKCA, OTBETCTBEHHOI'O 3a
HoJ/Iep)KaHue IeIOCTHOCTH CapKOJIEMMbl U HOPMajibHOE ()YHKIIMOHUPOBAHHE CKEJIETHBIX MbIIIEYHBIX
KieTok. B pabGore wuccnenoBaHbl CTPYKTYpHO-(YHKIIMOHAJIBHBIE XapaKTEPUCTHUKU MOTOPHBIX
KOHIIEBBIX IUIACTUHOK JuadparMaibHbIX MbImn mbimed Bla/J ¢ nepuuurom nucdepnunna (Moaenb
nucdepauHonaTtun), Mbime mdx ¢ nepunutoM auctpoduHa (Moaens Muoauctpodpuu JlromeHHa) u
KOHTpOJbHBIX Mbllie C57Bl/6. VYcuneHnue ¢parMeHTanMyM KOHLEBBIX IJIACTUHOK U CHUXKEHUE
IUTOMIA/ICH OT/AENBHBIX (PAarMEHTOB OBUTH BBIPAKECHBI y Mblmiedd MAX U He HAOMIOJATUCH Y MBbIIICH
Bla/J, 9to cBUETENBCTBYET O PA3IMUUH ITUX MOJeNell MUOAUCTPO(PHH MO JaHHBIM XapaKTEePUCTHKAM.
B 10 Xe BpeMs, KOHIEBbIE IJIACTHHKU MbIIIEH OOeuX JWHUN XapaKTepU30BaJIUCh CHI)KEHHEM
IUIOTHOCTH pacIpe/ieieHnusi HUKOTUHOBBIX XOJIMHOPELENTOPOB; HA0I0Jalach TaKKe JEHOpU3aIiis
MeMOpaHbl KOHIIEBOW IIACTHHKH, MPEINOJIOKUTEIbHO, BCIEACTBHE HapylIeHUs (PYHKIHOHAIBHOIO
B3auMoJieiicTBus o.2-u3opopmbl Na,K-ATda3bl ¢ HUKOTHHOBBIMU XOJIMHOPELIETITOPAMHU.
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Low Ouabain Doses and AMP-Activated Protein Kinase
as Factors Supporting Electrogenesis in Skeletal Muscle

V. V. Kravtsova', N. A. Vilchinskaya?, V. L. Rozlomii', B. S. Shenkman?, and I. I. Krivoi'-**
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2Institute of Biomedical Problems, Laboratory of Myology, Russian Academy of Sciences, 123007 Moscow, Russia
“e-mail: iikrivoi@gmail.com
Received February 11, 2019
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Abstract—Many motor disorders are associated with depolarization of the membrane of skeletal muscle fibers due to the
impaired functioning of Na, K-ATPase. Here, we studied the role of ouabain (specific Na,K-AT Pase ligand) and AM P-acti-
vated protein kinase (key regulator of muscle metabolism) in the maintenance of muscle electrogenesis; the levels of these
endogenous factors are directly related to the motor activity. After 4-day intraperitoneal administration ol ouabain (1 pg/kg
daily), a hyperpolarization of sarcolemma was registered in isolated rat diaphragm muscles due to an increase in the elec-
trogenic activity of Na,K-ATPase. In acute experiments, addition of nanomolar ouabain concentrations to the bathing solu-
tion resulted in the muscle membrane hyperpolarization within 15 min. The effect of ouabain reversed to membrane depo-
larization with the increase in the external potassium concentration. It is possible that Na,K-ATPase activation by ouabain
may be regulated by such factors as specific subcellular location, interaction with molecular partners, and changes in the
ionic balance. Preventive administration of the AMP-activated protein kinase activator AICAR (5-aminoimidazole-4-car-
boxamide- | -p- D-riboturanoside: 400 mg/kg body weight daily for 7 days) in chronic experiments resulted in the stabiliza-
tion of the endplate structure and abolishment of depolarization of the rat soleus muscle membrane caused by the motor
activity cessation. The obtained data can be useful for creating approaches for correction of muscle dysfunction, especially
at the early stages, prior to the development of muscle atrophy.

Annomayus

Paznuunble BUABI JBUTATENbHOW AUCHYHKLIMU COMPOBOXKIAIOTCS YCTOMUYMBOHM Jenosisipu3anueit
MeMOpaHbI CKEJIETHBIX MBIIIEYHBIX BOJIOKOH 3a cueT HapyueHus pyHkinuonupoBanus Na,K-AT®da3bl.
Hamu BnepBele HccieoBaHa BO3MOXKHOCTh y4YacTUs B IMOJJEPKaHWHM MBILIEYHOIO 3JIEKTPOTEHE3a
9H/IOTEHHBIX (aKTOPOB, YPOBEHb KOTOPHIX HEMOCPEICTBEHHO CBS3aH C JABHUraTeIbHON aKTHBHOCTBIO:
yabanHa (cnemuduueckoro iuranna Na,K-ATdazel)) u AM®-akTuBUpyeMOil NpPOTEMHKUHA3BI
(KJIFOUEBOT'O PETyATOpa MBIIIEYHOTO MeTaboiau3ma). B n30aupoBaHHBIX AMadparMalbHBIX MBIIIIAX
KpbIC TOcie BBeAeHHS YyaOawmHa (1 MKr/Kr/meHp B TeueHHe 4-X CYTOK) 3aperucTpupoBaHa
TUIEPIIOJIAPU3aLUs CapKOJIEMMBl 3a CYET YBEIWYEHHUs DJIEKTPOreHHOM akThBHOCTH Na,K-ATda3bl.
I'mnepnonspusanms, pa3BUBarOIiasics yke dYepe3 15 MHMH, IOKa3aHa M B OCTPBIX OIBITaX C
no0aBlieHHeM HaHOMOJISIPHBIX KOHIIEHTpauuid yabamHa B pacTBop. llpu yBenMueHMM KOHLIEHTpAIUH
Hapy)KHOTO KaJiusi MEHsSJICS 3HaK JeicTBUs yabanHa M HaOmogansach TOJBKO JIETOJIApU3aLus
meMmOpanbl. Crnennduyeckas cyOKJIeTOYHAs JOKaTU3alUsl, HAJMYUE OIpPENIEIEHHBIX MOJEKYISPHBIX
MapTHEPOB, a TakXK€ H3MEHEHHE HOHHOTo OajlaHca paccMaTpUBalOTCSd B KadyeCTBE BO3MOXKHBIX
¢dakTopoB peanuszauuu aktuBupytomiero Na,K-AT®dazy neiictBus yabaumna. B skcmepumenTtax c
npeseHTUBHBIM BBefeHHEeM AICAR (aktuBatop AMD-akTuBuUpyemoil mnporenHkuHassl, 400
MI/KI/JIeHb B T€UEHHE 7 CYT) MMOKa3aHa CTa0MIN3aIUs CTPYKTYPhl KOHLEBBIX TUIACTHHOK U OTCYTCTBUE
JNEenoaspu3auyl  MeMOpaHbl KaMOaJOBHUIAHOW MBIIIIBI  KPBICHI, BBI3BIBAEMOW MpeKpalieHHeM
JIBUTATENIbHOW aKTUBHOCTHU. [lomydeHHble HOBBIE (DaKThl MOTYT OBITH IOJIE3HBIMH C TOYKH 3PEHUS
noucka NyTell KOPpPeKUWH MBIIMIEYHOH JUCPYHKIMHM, B TOM 4YHCIE Ha €€ paHHUX JTamnax,
MPEIIECTBYIOLIUX PA3BUTHIO BBIPAKEHHOU aTpoduu.
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Na,K-ATPase is an integral protein that main-
tains Na™ and K* ion gradients across the plasma
membrane by active transport, thus providing
membrane potential, excitability and the driv-
ing force for numerous transmembrane transport
mechanisms. Besides, owing to a series of struc-
tural domains, the Na,K-ATPase is able to form
multimolecular complexes and participate as a
scaffold in the formation of functional cell mi-
crodomains, intercellular interactions, regulatory
and signaling functions [1]. In epithelial cells, the
Na,K-ATPasc is not only involved in the realiza-
tion of transport properties of these cells but also
functions as an important regulator of the epithe-
lial phenotype. This ability is ensured by the fact
that the Na,K-ATPase participates both in the
formation of tight junctions and the regulation
of their molecular organization and permeability
[2, 3]. Ouabain, a Na,K-ATPase inhibitor whose
o-subunit serves as its specific receptor, is the
main tool in such investigations. At present, the
existence of an endogenous ouabain analogue has

been evidenced. Being synthesized in the adrenal
cortex and hypothalamus, it circulates in nano-
molar concentrations and is considered as an im-
portant physiological regulator [1].

Micromolar concentrations of ouabain, which
block the activity of the Na,K-ATPase, have been
shown to disrupt the molecular organization of
tight junctions in epithelial cells and to decrease
transepithelial resistance (TER) [2]. By contrast.
at nanomolar concentrations comparable to the
endogenous ouabain level, it has an opposite effect
accompanied by an increase in TER. Such cffects
of ouabain are shown in the Madin-Darby canine
kidney (MDCK TI) cell line [2] and Sertoli cells
[3], supporting thereby the involvement of endog-
enous ouabain in the regulation of epithelial cell
phenotype. In the present work, we investigated
for the first time the effect of nanomolar ouabain
concentrations on TER using the porcine jejunal
cell line IPEC-J2. These cells are considered as
a promising model for studying various events in
human gastrointestinal tract [4].
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Na, K-ATMam — uuTerpankHeil Genox, nommep-
snpaounei TpancsemOpansse rpagnenTa Na® u K
33 CHCT AXTHEHOND TRAHCTIOPTA FTHX HOHOB, w10 ofcc-

il o BOUFYAMMOCTE,
# TRCKCE A1 APY THX TPAHCTIOPTHEX MEXAHMIMOR KJICT-
kH. KpoMe Toro, Granogaps psuy cTpyKTyPHELX 10Mc-
noB Na, K- AT®ama cnocofsa 06pasonsBaTs MYIETH-
MOUIEKYIAPHEC KOMILICKCE M YHaCTROBATE B KE4CCTBE
ckafwponaa B HOPMHPORAHAN  VHEITHOHATBHEX
MUEPOIOMCHOB BIICTEH, MCKKTCTOMHEY BransMonci-
CTBMAX, @ TAKKC BENOIHSTE PCIYISITOPHYID M CHE-
HwTeHy 0 dryssce [1]. B soemenmansaey oeTeax
Na,K-ATMa3a He TOOBKD YHACTHYCT B OCYHICCTRIC-
HHH TREHCHOPTHEIX CBOMCTE JTHX KICTOK, HO SRISIET-
CH TRIOKE BAXHEIM PETYIATOPOM (e HOTHIE SITHTCARS.
312 cnocofnocTe oficonetnsacTen ToM, wro Na K-
AT@a3a yHacTRYeT B HOPMEPOBEAHHN TAOTHEIX KOH-
TAKTOR, B PETYIRLMN HX MOSICKYISPHOR OpTaHamm
W npoHAnacsocTd [2, 3], B kmccTRe OCHOBHOTD HE-
CTPYMEHTA B TAKHX W T
GuTop Na, K-ATMaiu yabany, cncusdurcckns pe-
UENTOPOM U KOTOPONS AEseTen f-cyonemmmnma
Na, K- ATMa3n. B HacTosmes BpeMa A0KA3AHO CyIe-
CTROBAHHME IHIOMCHHOTD aHAnor yabauHa, KoTopuii

T MHTH-

HHTE B KOPE H B IHO0TANE-
MYCT, UMPEYIHPYCT B HAHOMOTADHOM IHATAIOHT
KO H paccMmaTty B EAYCCTBC Bak-

HoT diIMororrtecKoro peryastmopa [ 1]

Vabans B MUKPOMOIAPHEY KOHICHTPaWNSD, Gno-
ENPYA aKTHEHOCTE Ma K-ATdau, HapymacT sone-
KYJUPHYK OPTaHHIIIHED IUIOTHEX KOHTAKTOR B 30H-
TENHATEHEI KICTRAN W BEIEIBACT CHHMCHHC TPIHC-
SNMTENMANEHOMD  conpoTuanenas  (T3C) 2]
Hanpotus, yaGany B HAHOMOASPHEDN KOHICHTPAMR-
X, CONOCTABMMEIX C YPOBHCM IHIOMCHHOID yabanHa,
OKAILBICT NPOTHBONOIORHOE TeflcTRHE, COMpoBoX-
mammccea yeeanacHnes TC, Taxne adupexra yaba-
HHE NOKAMHE B KICToMHOE auuun nowxn cofakn
(MDCK 11} [2] n xaeTxax Ceproawm [3], wro nogreep-

HIACT BOIMOKHOCTE YHACTHS SHIOTCHHOO yabanua B
peryasumni dexoTina snureans. B sacrosmelt pabore
Ml BICPEE HECICIORUTH RTHAHES yabanHa B HaHo-
MOMAPHEIX KOHUE HTpaumax Ha THC ¢ HenoasiosaHl-
e auHuk Kietok Tomeli ks cannen (IPEC-12),
KOTOPHIC PACCMOTPMBAKT KIK NEPCOCKTHBHYE M-
ACAE LT MIYHCHIA MPOUECCOR B KTy 109 HO- KHINCS-
HOM TPAKTE YeaoBcka [4].

Knerkn IPEC-12 Guinn KyIETHEHPOBIHE B CPEIE
DMEM/FI2 (1:1), cogepamedi crafmnseuil roya-
s (Biochrom, Germany), a Takse nomonHeHHLER
198 pacTeopoM aHTHEHOTHEOR MCHMLMIUTHEA M CTPET-
ToMuunEL B 10%-of cHBEOPOTEDR EPOBH CEMHEM
(Biochrom). Kynetypa sneTox Guma BHpameHa mp
Temnepatype 37°C B atmochepe 3% CO, Knetsw
(3 10° keTok/nocen) GLTN BLICCTHE HA CIETHATH-
M MeMOpRHHEE g T T 12 nam,
passepom nop 0.4 mxs (Merck Millipore Lid., Darm-
stadt, Germany). Knerkn xynstuasposanmy s cpeac Ges
yafanHa {KOHTPOIL), & TAKAES B CPCEX, CONTPAIIINX
yaGans (1, 10w 100 wM). Jamesa cpeis NPOBOIHIICE
HANCIRIE AHa-TPH THE. TOC WaMepsis npH mosMonm
yowmteas EVOM  (Wordd Precision  Instruments,
USA). Bee npreM B paBoTh COOTRCTCTBOBLTH HOPMIM
MEEIYHAPOTHOND ¥ POCCHICKOTD 3KOHOIITCBCTH.
CrarucTisecknii aHATHS NPOBOINICH ¢ HETOIL30RA-
HHCM MHOKCCTBCHHOID L-TCCTA B IPOIPEMMHOM 06ec-
neacHun ‘GraphPad Prism sepems 6.01 (Graphpad
Software Inc., SanDiego, CA, USA). Maa ofpaforim
AAHHEX BCC 3HTECHNA TIC GLUTH HOPMATHI0BAHEL 0
TUIOIIATH SPHIETP, BEAHHHHE CONPOTHRICHEH pacTeo-
pa i dhsTpa 3 AP THCTPH] M-
qecHmil. B TCKCTE B HAa PHCYHEZX MPHBCICHE CPCAHHE
IHAYCHHA BOTHMHH ¢ W onssiass (m + SEM). ¥po-
BCHE i p < 0.05 o Kl CTATHCTH-
HECKH IHAYMMEG. YobamH M BOC MPOSHE TPHMEHIC-
MEIT BemecTs Gemn nponssoneTea Sigma-Aldrich.

B xouTpone HafnOIanocs MOCTENCHEGE YREIHHSE-
e anaesndt THC o1 570 1 260 a0 1790 + 220 Ou - cs?
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Abstract Mammary gland epithelium is physiolog-
ically exposed to varistions of hydmstatic pressune
due to accurmulation of milk and removal by suckling
and mechanical milking. Integrity of the mammary
gland epithelium primarily relies on the tight junction,
To analyze pressume-induced effects on the tight
junction, we established a modified Ussing chamber
and tested the hypothesis it hydrostatic pressure on the
hazal =ide of the epithelium iz able to affect bamier
propertics in a mammary cpithelial cell model,
in vitro, Therefore, a conventional Ussing chamber
was modified by an additional tube system to apply
hydmstatic pressune. Monolayers of the mammary
epithelial cell line HCT 1 were mounted in the modified
Uzsing chambers and incubated with increasing hasal
hydmstatic pressune. Transepithelial resistance and
shont circuit cumrent were mecorded and comparad to
controls. Hydmstatic pressure was stably applied and
incubation steps of 30 min were technically feasible,

leading to a decrease of tmnsepithelial resistance and
an increase of short circuit coment in all monolayers.
In a series of experiments simulating the physiological
exposure time by short intervals of 5 min, these
electmphysiological findings were also obzerved, and
maonolayer integrity was not significantly perturbed as
analyzed by fuomscence  immunohistochemistry
selectively staining tight junction proteins. Moreover,
electmphysiology  demonstrated meversibility  of
effects. In conclusion, the modified Ussing chamber
iz an adeguate method to analyze the effects of
hydrostatic pressure on epithelial cell monolayers,
in witro. Both, the reduction of transepithelial resis-
tance and the increase of short cincuit cument may be
interpreted as protective reactions,

Keywords Barrier function - Tight junction - Ussing
chamber - Hydmstatic pressume - Mammary gland -
HC11

Annomauus

OnuTennii MOJIOYHOM Kene3bl (PU3MOIIOTUYECKH TIOJBEPKEH KONEOAHUSIM THIPOCTATHYECKOTO
JABJICHUs W3-32 HAKOIUICHHS MOJIOKAa M €r0 YAAJICHHsS NMPU KOPMIICHHH TPYIbI0O M MEXaHUYECKOM
noeHuu. LlenocTHOCTh 3MUTENHsT MOJIOYHOM Keje3bl B MEPBYIO OYEpEeb 3aBUCUT OT IUIOTHBIX
KOHTakTOB. Jlyis aHaim3a BO3JECUCTBHUS [JaBJIEHHWS HA TEPMETUYHOCTh CTHIKA, MBI YCTAaHOBUJIU
MOIU(DUIIMPOBAHHYIO KaMepy YCCHUHTa U MPOBEPHI THUIOTE3Y, €CIU THIPOCTAaTHYECKOE JaBICHHUE Ha
OazanbHasi CTOpPOHA »SHUTENHA CclIocoOHAa BO3JEHCTBOBaTh Ha OapbepHbIE CBOWCTBA B MOJEIH
SMUTENNATBHBIX KJIETOK MOJOYHOW Kenesbl, in vitro. [losromy oObruHas kamepa YccuHra Obuia
MoAuUIIMPOBAHA TOTIOJHUTEIFHON CUCTEMOM TPYOOK /Jisi HAHECEHUSI THIPOCTATUUECKOTO JaBJICHUSI.
MoHocion MOJOYHOM Xene3bl 3nuTenvanbHol kiaetouyHod maumHuuM HCI1  cMmoHTHpoBanu B
MOAU(UIIMPOBAHHBIX KaMepax M HHKYOMpPOBAIM C YBEIMYCHHBIM Oa3aJIbHBIM THAPOCTATHYECKUM
naBieHueM. TpaHCAMHUTeNuaNnbHass COMPOTHBICHUE M TOK KOPOTKOTO 3aMbIKaHHs OBbLTH 3alucaHbl U
cpaBHEHbI ¢ KOHTposieMm. CTaOuUibHO TPUKIAIBIBAIOCH THUIPOCTATUUECKOE JaBJIICHUE W KpaTKue
WHKYOAllUd TPOJOJDKUTENHHOCThI0 30 MUH OBUIM TMPOBEACHBI, UYTO MPUBOAWT K CHIDKEHUIO
TPAHCAMUTEINAIIBHOTO COTMPOTUBIICHWS W YBEJIMYEHHWE TOKAa KOPOTKOTO 3aMBIKaHHS BO BCEX
MOHOCIOSX. B cepuu IKCIEpPUMEHTOB MO MOAECTUPOBAHUIO (PU3UOIOTUYECKOTO BPEMsI BO3ACUCTBUS
KOPOTKMMH HHTEpPBAJIaMU IO 5 MHUH, Tak)Ke HaOIIOJAIH DJIEKTPO(OU3UOIOTHUECKUE W3MEHEHUS W
I[EJIOCTHOCTh MOHOCJIOSI CYIIIECTBEHHO HE Hapymianack. KpoMe Toro, 3neKTpou3noNiorus mokazana
obpatumocTs 3¢ dekToB. B 3akmouenue, mopaboTaHHas Kamepa YCCHHTa SIBISETCS aJeKBAaTHBIM
METOJIOM JJisi aHau3a 3(h(HEeKTOB THUAPOCTATHUECKOE JaBICHUE Ha MOHOCIION AIUTEIUANBHBIX KIETOK,
in vitro. CHIKEHUE TPAHCOMUTETHAIBHOTO COMPOTUBIICHHS U YBEIMUCHHE TOKA KOPOTKOTO 3aMbIKaAHHSI
MOET OBITh MHTEPIPETUPOBAHO KaK 3AIUTHBIC PEAKIIUH.



