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B 0030pe mpencTaBieH KpaTKWid aHANIW3 COBPEMEHHBIX 3HAHWH O TaKOi MOCTTpaHCI-
[IMOHHOI MonuduKanuu TUTHHA KaK (ocHOpUIHpPOBaHUE, C aKICHTOM Ha WU3MEHEHHUS,
TIPOUCXOJSIIIME TIPH Pa3BUTHH CepAEYHBIX 3aborneBaHuil. VcciemoBaHwus, IpOBECHHEIC
C HMCIOJIB30BaHMEM XUBOTHBIX Mozeliel 3a00/IeBaHUi cep/lia, a TAKXKe ¢ UCIOJIb30BAHHU-
cM 6I/IOMaTepl/Ia.rla Cepzle'-moﬁ TKaH!U MNALUCHTOB C Pa3JIMYHBIMHU [ATOJIOIUAMHU, IOKA3bI-
BAIOT M3MEHEHHsI YPOBHS (OCHOpUINpOBaHUs THUTHHA. [IpH pa3BUTHM MATOIOTHYECKHX
M3MEHEHUI Halmonaercs, Kak npaBmio, runepdocopunupoBanue caiita S11878 u ru-
nohochopunuposanue caiira S12022 8 PEVK-niociienoBaTeIbHOCTH TUTHHA, @ TAKKE U3-
MeHeHHs YpoBHs (ochoprmpoBanus calitoB B N2B-nocnenoBarensHOCTH 3TOTO Oerka.
DyHKIMOHAIBHBIM CyMMapHBIM 3()(GEKTOM ITHX U3MEHEHHH SBIISIETCS YBEIHYECHHE XKECT-
KOCTH KapIHOMHOLIMTOB M CEP/ICUHOM MBIIIIIBI B LIEJIOM, B OCHOBE KOTOPOH JIS)KAT BSI3KO-
yIpyTHe CBOHCTBA THTHHA, I3MEHEHHE KOTOPHIX, B CBOIO OYepe/lb, HAOMIONAeTCsI BCICACT-
BHE THUIO- WU TUTIEPPOCHOPIITHPOBAHIS ONPEIEIICHHBIX CaiiToB 3TOr0 Genka. B 0630pe
NPECTaBICHO OMMCAHUE PsJia TEPANeBTHICCKUX BO3JCHUCTBHUI, CIOCOOCTBYIOIINX H3Me-
HEHUIO YpoBHS (GochopHIpoBaHHs TUTHHA, KOTOPBIE PACCMATPHUBAIOTCS KaK CII0CO0 13-
MEHEHHS BA3KOYIIPYTHX CBOICTB MaTOJOTHYECKOTO MUOKAPAA C IIEIBI0 HOPMAIU3ALHH €T0
COKPATHUTENBHON CIIOCOOHOCTH.

Knrouesvie cnosa: ceppednast MBIIIA, THTHH, (HOCHOPIITHPOBAHUE, KAPJHOMHUOIIATHI
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BBEJIEHHE

HccrenoBanns MEXaHN3MOB a/IaNITAllN CePIICTHON TKaHU U CKOPOCTH N3MEHEHHUH (PyHK-
LIMOHMPOBAHUS CEepJla B MPOLecce MHANBUAYAIBHOTO PAa3BUTHSA, IIPU CTAPEHHUH, a TAKXKE
[IPY Pa3BUTHH TUCQYHKLUI OCTAIOTCS aKTyallbHBIMU U HAa CETOAHSIIHUN IeHb. B 9T0i 00a-
CTH HayKH MHOTHE HIOQHCBI OCTAIOTCS JI0 KOHIIA He M3ydeHHBbIMU. Hampumep, CI0XKHBI A7
M3y4eHUsI, 0COOCHHO in Vivo, MEXaHU3MbI CUTHAJIBHBIX ITyTeH CeplieYHOH MEXaHOTPAaHCIyK-
IIH, KOTOPBIE B3aMMOCBS3aHbI C POLIECCAMH yBEIWUIEHHS HAIIOIHEHUS U JaBJICHUS JKEIly-
no4KoB [1]. CurHamsl reMoAMHAMHUYECKON (MEXaHNYeCKOW) Harpy3KH, epejaBaeMble depes
CTEHKHU CEepALla, BOCHPUHUMAIOTCSI MHOLIUTAMH, KOTOPBIE PEarnpyroT U3MEHEHUSIMU COKpa-
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TUTEIBHON CHOCOOHOCTH M 3KCIpeccuy reHoB. HapymieHne xoporno cOanaHCHPOBAHHOTO
MEXaHU3Ma BOCIPHATHS TeMOJMHAMUYECKONH Harpy3KH BbI3bIBAET HAPYIICHHS PETyJILuH,
peMozeIMpOBaHUe CEpAIa U CepICUHYI0 HeOCTaTOYHOCTb. Y3JIOBBIC TOYKH MEXaHOUYBCT-
BUTEIHHOCTH B KapIHOMHOLUTAX MOTYT pacrojararscsi B o0nactsax Z-mucka, [-30a61 1 M-
JMHUM capkoMepoB. [IponosibHoe coennHenne/o0beiMHeHne ITHX obacteil obecrieunBaer-
Cs1 THTAaHTCKHUM 3JIaCTUYHBIM MEXaHOUYBCTBHUTEJIBHBIM OCJIIKOM THTHHOM (B PyCCKOSI3BITHON
Hay4YHOH JHMTepaType UCIIOIb3yeTCs TaKXKe Ha3BaHue Taituh) [2, 3] (puc. 1). Monekyna TH-
THHA BCIIEICTBUE I'MTAHTCKUX Pa3MEpOB U PACIIOIOKEHUS BO BCEX 30HAX capkoMepa (pHuc.
1) cTaHOBHTCS ysI3BMMa IPH PAa3BUTHU CEPAEYHO-COCYAMCTHIX 3a00JICBaHUM: CepIeYHON
HEJI0CTaTOYHOCTH, AUACTOIMYECKON TUCYHKIINH JIEBOTO JKENYI0UKa (B TOM YHCIIE BbI3BaH-
HOHN CaxapHbIM AHA0ETOM), aOpPTAIBHOTO CTCHO3a, MIIEMHIECKOTO MOBPEKACHHS, a TaKKe
HACJIe/ICTBEHHBIX KapJAMOMMOINATHH C MaTOreHHBIMU BapHaHTaMH reHa TUTHHA [4, 5]. Dna-
CTUYHBIE CBOMCTBA MOJIEKYJ] TUTHHA BHOCAT BKJIAJ B MOAYJSILUIO KECTKOCTH MHOKAap[a.
OnHUM U3 BXKHBIX MOJIEKYJISIPHBIX MEXaHU3MOB PETYIHMPOBAHHUS BSI3KOYIIPYTUX CBOMCTB TH-
THHA ¥ BCJIEICTBUE 3TOTO KECTKOCTH CApKOMEPOB U MBIIIIII B I[EJIOM ABJISIETCS H3MEHEHHE
n30()OpMHOTO cOcTaBa 3TOro Oernka, YTo 0OeCIIeYMBaeT HEOOXOIMMBIH YPOBEHb MTACCHBHON
JKECTKOCTH €T0 MOJIEKYJl B T€UeHHE AJTUTEIBHOIo mepuoaa. M3BecTHO, YTO U3MEHEHUS U30-
(OpMHOTO cocTaBa THTHHA HAOIIONAIOTCS MPU MATOJOTMYECKUX COCTOSHHUAX, HAIPUMED,
NIPU Pa3BUTHH TEPMHHAIBHON CTaJUH CEpACYHOW HEIOCTATOYHOCTH y uesoBeka. OqHako
CepAlLly Takxke HeoOXoauM Oosee ObICTPBIM M TOYHBINA KOHTPOJIb HAJ KECTKOCTHIO MOJIEKYII
TUTHHA ¥ MBIIIIEI B IIETIOM. DTOTO MOYKHO JOOUTHCS 32 CUET MOCTTPAHCISIIIMOHHBIX MO (H-
KalMii TUTUHA, B YaCTHOCTH, (POCHOPUIIMPOBAHHSI OTPEICIICHHBIX YUYaCTKOB €r0 MOJICKYJIbI.
Ilens Hamero 0630pa — MPOAHAIN3UPOBATh, KAK CBOWCTBA TUTHHA MOTYT OBITh M3MEHEHBI
MOCPEACTBOM ero (GochOpHINPOBAHUS C aKIEHTOM Ha U3MEHEHUS BSI3KOYNPYTHMX CBOMCTB
MOJIEKYJI 3TOTO OeNKa MPH Pa3BUTHH/ICUCHUH 3a00JIeBaHUH cepa.

Hcemopus ucenedosanust hocpopunuposanuss mumuna in vitro u in vivo

Hccnedosanus ocgopunuposarus nociedosamenbHOCmell MOLeKyibl MUmuHa,
pacnonodicentwvix 6 A-3one u M-1unuu capromepa

B 1987 1. BriepBbIe OBLIO MOKA3aHO, UYTO TUTHH (Gochopuaupyercs in vivo [6]. Tak, de-
pe3 Tpoe CyTOK I10CIie HHBEKIMN PaJlMOAKTUBHOTO HEOPraHHYECKoro ¢ocdara B gopcalib-
HbIC JIMM(GATUICCKUE MEIIKU TIIAJKOH IIMOPIEBON JIATYIIKY (Xenopus laevis) OuUICHHBIC
TpenapaTsl TATHHA UKPOHOXKHOHN MBI copepskann oT 0.92 mo 1.7 Mo pagnoakTHBHOTO
¢dochoceprna Ha 1 MOJIb TUTHHA. ABTOPBI TAK)KE MOKA3AJIH, YTO OUHMIIIEHHBIE IIPENapaThl TH-
THHA, BBIJICICHHBIE U3 CKEIETHBIX MBIIIII JIATYIIKH, COIEPKAIN OT 5 10 6 MOJNEH CBSI3aHHOTO
Heopranudeckoro ocdara Ha 1 Mons Oenka [6]. B 1988 1. ObUIH TONTYyYEHBI aHATOTHYHBIC
JIaHHBIE JUIS TUTUHA AuadparMaibHOi MbIIb! Mbimu [7]. [Tocne nstnyacoBoi MHKyOanuu
quadparMbel MBIIIM B PACcTBOpPE, COAEPXKAIIEM PAJHOaKTUBHBIM Heopranudeckuit docdar,
o0OHapyxeHo, 4To 1 MOJIb TUTHHA COAEpKaJl 2 MOJIsl panuoakTuBHOro hocdocepuna. [Ipu
3TOM OYHIIECHHBIE MIPEnaparsl THTHHA AHadparMaabHON MBIIIIBI MBI COAECPKAIN OKOJIO
12 moneii Heopraundeckoro ¢ocdara Ha 1 monb Oenka [7].

B 1992 r. 6u1a 0OHApy)eHa CIIOCOOHOCTh OeTa-KOHHEKTHHA (TpoTeonuTudeckoro T2-
(parmMeHTa TUTHHA C M. M. ~ 2.2 M/la, B3aUMOAEHUCTBYIOIIETO C MUO3WHOBEIMH HUTSMU B A-
30HE capkoMmepa, CM. pHC. 1), BBIICICHHOTO M3 CKEJICTHOW MBIIIIBI KYPHUIlbl, ayTohocdo-
PHIIMPOBAThCA in Vitro B mpucyTcTBUH [ramma->P]-AT® [8]. IIpu 3ToM Takue KHHA3bI, KaK
KHMHa3a JeTkoi nenu MuosuHa, TAM®-3aBucumas nporennkrnHasa A (PKA) u mpotennku-
Ha3a C (PKC), He pocdopummpoBanm OeTa-KOHHEKTHH i1 Vifro B BHIIIEYKa3aHHBIX YCIOBHSIX.
IMo3nuee Yamasaki ¥ coaBT. BBISBMJIM CIIOCOOHOCTh THTHHA K (DOCHOPHUIMPOBAHHIO TTOCIIE
24-9acoBoil HHKYOAIMy CKHHUPOBAHHBIX (JIMIIEHHBIX MEMOPaHbI) KapIUOMHOITUTOB KPBICHI
B pacTBoOpe, coneprkaiiem [ramma->>P]-AT® u nporeunkuHazy A [9]. ABTOpBI MOJCUYUTAITH,
gto 1 Mok TuTHHA comeprkait 0.85—0.89 Mot HEOpraHUYECKOTO pagrMoaKTHBHOTO ocdara.
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Takum 00pa3oM, 3TH aBTOPHI BIIEPBBIC TTOKA3allH, 4TO O€Ta-agpeHepruuecKas CTUMYIISAIMS
MOCPEACTBOM MPOTEMHKWHA3bI A MPUBOAUT K (OCHOPHIMPOBAHUIO TUTHHA B CEPIACYHOU
MBIIIIIE MJICKOITUTAOITUX [9].

B 1992 r. Labeit u coast. Beigemmmm k/IHK, xonupyrompe 3MATOMBI YaCTH MOJICKYIIBI
TUTHHA, PACIOJIOKEHHOH B A-30HE capkoMepa, a Taroke onpenenmin 30 1. m. H. (1000 x/a)
nepBUYHOI cTpyKTyphl TUTHHA [ 10]. [lepBoe, Ha 4TO 0OpaTHII BHUMAHUE ATH aBTOPHI, OBLIO
HaJIMYUE KaTaJIUTHYECKOTO IOMEHA CEPHH/TPEOHMHOBOM MPOTEHMHKNHA3HI, PACIIONIOKEHHOTO
BOMM3M C-KOHITa MOJICKYITBI THTHHA B M-HUH capkoMepa [10]. @yHKINS KHHA3HOTO T0Me-
Ha TUTHHA HEKOTOpOE BpeMsl ObliIa He scHA. BriocneacTBuy ObLIO CIENAaHO MPEAIONOKEHHE
0 poJM KMHA3HOTOo JIoMeHa THTHHA [11], a Takxke criocoOHBIX K GocopuiupoBannio KSP-
MOCIIEI0BATENIEHOCTEH, PAaCIONOKEHHBIX B C-KOHIIEBOM YaCTH MOJIEKYNbI TUTUHA B M-30He
capkomepa [12], B Muopubpmmorenese. Pesynsrarsl, momyuennasie B 2006 . Musa 1 coaBT.
[13], moxTBepawIN MPAaBMIEHOCTH BRICKA3aHHOTO MpearnoiaokeHus. C NCTIONb30BaHUEM JIH-
HUH SMOPHOHAIBHBIX CTBOJIOBBIX KJIETOK MBIIIH OBUIO ITOKAa3aHO, YTO JEJNEIHs yuyacTKa reHa
tutnHa (TTN), kogupyromero M-o0acTs ero MoJIeKyIIbl, BKIFOYAIOUTYI0 M KHHA3HBIN JOMEH,
MIpeoTBpaIaeT GOpMHPOBaHNE CApKOMEPOB Ha PAaHHUX CTaANsIX MuopudpuioreHesa [13].
Ponb KMHA3HOTO JOMEHA TUTHHA B 3PEIBIX ITOTEPEYHOIOTIOCATHIX MBIIIIAX 3aKITI0YacTCs
B PETYJISALNHU SKCIPECCUH MBIIICUYHBIX TCHOB M OCIKOBOr0 0OMeHa B capkomepax [14, 15],
a TaKKe B PETYISIIMN COKPAaTUTENLHOM QyHKIMKM MBIIs! [ 16]. B yactHocTH, B cTatse [16]
aBTOPHI pa3paboTany HOKayT, C TOMOIIBI0 KOTOPOTO MOYKHO HHAYIIMPOBATH IKCIIPECCHIO TH-
THHA C Je(UIUTOM M-IMHUN Y B3pPOCIBIX MBIIIEH, U UCCIIEN0BAIH POJIb KUHA3HOTO JOMEHA
TUTHHA B QYHKIIMOHUPOBAHUH CEPJCYHON MBIIIIIBL. DKCIEPHUMEHTHI Ha H30JIMPOBAHHOM Cep-
JIIIe TIOKa3aJli, YTO Y HOKayTHBIX MBIIIEH COKPAaTHTEIbHBIH OTBET Ha OeTa-apeHepruiecKue
ArOHUCTHI M BHEKJICTOYHBIA KaJbIUI CHIDKaeTcs. B 4acTHOCTH, OBIIIO OOHAPY>KEHO CHIDKE-
HHUE CKOPOCTH MOTVIOIICHHUS KaJIbIHSI, YTO MOTJIO OBITh CBA3aHO C YMEHBIICHUEM COICPIKaHUS
KanbMoxayinHa, pocdonambana u SERCA2. B kOHEYHOM UTOTE Y HOKAyTHBIX MBIILIEH pa3BH-
BaJIach THIEPTPOGUs cep/ilia U cep/ieuHast HeZ0CTaTOYHOCTh, KOTOPasi, 0 MHEHHIO aBTOPOB,
ObuTa CcBf3aHA C AKTHBAIMEH CHTHAIBHOTO ITyTH MPOTEMHKHHAa3bl C, HO HE MHTOTECH-aKTH-
BUPYEMbBIX NPOTCHHKUHA3. ABTOPBI 3aKJIIOUMIN, YTO KWHA3HBIH JOMEH TUTHHA BBICTYINACT
B Ka4eCTBE PETYNISATOPA COKPATHUTENHHON (QYHKIIMU CEpACYHON MBIMIIBI 38 CYET W3MECHEHHMS
KaJbIIMEBOTO TOMEOCTA3a U aKTUBHOCTH MPOTEUHKUHA3.

Hccnedosanus gocgopunuposanus nocneoosamenvnocmeii N-KoHyegoul uacmu MoAeKyibl mumund,
PAcnonodceHHoll 8 Z-0ucke capromepa

[TepBbie maHHBIE O MOCIENOBATENILHOCTH N-KOHIIEBOH YaCTH MOJEKYJbl TUTUHA ObLIM
noyuenbl Sebestyén u coast. B 1995 1. [17]. ABropsl, ucnonb3ys ToransHyto MPHK, BbI-
JICTICHHYIO W3 CepAEYHON MBIIIBI Kponuka, nomyumnu kJHK ¢ nensio onpenenenus mo-
CJIEI0OBATEIbHOCTH, Koaupyromield N-KOHIEBYIO 4YacTh MOJIEKYNIbl THTHHA. [l WOeHTH-
(UKaIMK COOTBETCTBYIOIIMX KJIOHOB aBTOPHI HCIIOIB30BAJIM MOHOKIJIOHAJBHBIC aHTHUTEA
(T12), cea3biBaromyiecs ¢ 4acTbIO MOJIEKYJbl THTHHA, PACIIONOKEHHOW BONM3HM Z-TUCKa
capkoMepa. belta nomydeHa nociaenoBaTensHOCT pasMepoM 5.4 T. 1. H. [17]. Kogupyewmsiit
TOJIUIIETITH]T TIPOsIBIBTI criocoOHocTs k ERK1-3aBucuMomMy docdopunmpoBanuto in vitro.
Briocnencreuu B N-KOHIIEBOI 4acTH MOJIEKY/IbI TUTHHA ObUIM WACHTH(UIIMPOBAHBI CANTBHI,
Oorarsie CepUHOM/TIPOITMHOM, KOTOpbIe (pochopunupoBaiucs in vitro ¢ nomonsio ERK-ku-
Ha3bl ¥ OUKJINH-3aBUCHMON mpoTenHkrHa3bl-2 (CDC2) [18]. Ananu3 N-KoHIEBOH mocie-
JIOBaTeJIbHOCTH TUTHHA BBISBWJI HAIWUIHE «Z-TIOBTOPOBY», COAEpKamMX 45 aMHHOKHCIIOT-
HBIX OCTaTKOB. [I0CKONBKY KOMHMYECTBO «Z-TIOBTOPOB» TUTHHA BapbUPYET B Pa3HBIX THIIAX
MBIIIIII, aBTOPHI [ 1 7] BRICKa3aIH MpenonoKeHue o poiu GochoprirpoBanus cainToB N-KOH-
LIEBOIl YaCTH MOJIEKYJIbl THTHHA B cOOpKE Z-ANCKOB PA3IMIHON TONIIMHBI U MEXaHHYECKON
MIPOYHOCTH.
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Hccnedosanus gpocopunuposanus nociedosamenbhocmeli MOAEKYbl MUMUHA, PACNOTIONCEHHBIX
6 I-Oucke capxomepa

PacTspkumast yacTh MONEKyJbl TUTHHA, PacloiokeHHas B [-30He capkoMepa, UMeeT Mo-
neKyIsipHyto Maccy ot ~0.8 mo ~1.5 M/la B 3aBHCHMOCTH OT H30()OPM THTHHA M MX U30Ba-
puanToB [19]. OTa 9acTh MONEKYJIbl THTHHA COCTOMT M3 PACTSHDKUMBIX B Pa3sHOM CTEIICHH
ANIACTHYHBIX TOCIEIOBATEIBHOCTEH: MPOKCHMATBHON M TUCTaJbHON oOmacTeil MMMYyHO-
I00YIMH-TIOAO0HBIX JIOMEHOB, a TakKe YHHKAJBHBIX TochemoBaTenbHocTel N2A, N2B
n PEVK [20] (puc. 1). AnbTepHaTHBHBIN CILTaWCHHT [-001acTH TUTHHA, OTIPEEIISIOIIMN pa3-
Mmepsl PEVK-nocnienoBatenbHOCTH M MOCIEA0BATENBLHOCTEH MMMYHOIIO0YIMH-T10100HBIX
JIOMEHOB, SIBIISICTCSI OCHOBOW pazHO0Opa3us n30(opM TUTHHA U MX M30BapraHTOB. K HacTo-
AIIEMYy BPEMEHH M3BECTHO, YTO B PA3HBIX OTJENaxX CepAlla B3POCIBIX KUBOTHBIX M YEJIOBE-
Ka SKCIPECCUPYIOTCSA IBE OCHOBHBIE M30(OPMBI THTHHA: KopoTkas N2B-m3ohopma ¢ mMo-
nexynsapHoit Maccoit 2970 k/la m mnunHAs N2BA-u3odopma ¢ MONEKYISIpPHBIMA MaccaMu
ee BapuaHToB oT 3200 mo 3350 x/la [21, 22]. bonee nnunHas (MeHee xecTkas) N2BA-u30-
dopma comepkut N2A u N2B yHuKaNbHBIC TOCIEI0BATEIBHOCTH, TOTIA KaK OoJiee KOPOT-
Kas (6onee xectkast) N2B-n3zodopma conepkuT cOOTBETCTBEHHO TONBKO N2B-yHHUKaIbHYIO
mocnenoBarenbHOCTh [21-24]. M3oBapuanTel N2BA-m30opMBI THTHHA UMEIOT Takxke 00-
nee mmHHEYI0O PEVK-mocnenoBarenpbHOCTs B OOJbIIEe KOIUYECTBO PACTSDKUMBIX HMMY-
HOTJTIOOYAMH-TIOTOOHBIX JOMEHOB [21, 22]. OyHKIIMOHNPOBAHUE OIMMUCAHHBIX PACTSHKUMBIX
3JIEMEHTOB OIpeessieT TUTHH KaK MOJIEKY/ISIPHYIO NPYKHUHY, Pa3BUBAIOIIYIO BA3KOYNPYroe
HarpspKeHUE IPH PacTsDKEHNHU capKkoMepa («ITacCUBHOE HanpshkeHue») [25—-28] u pa3BuBaro-
IIyIO «BO3BPATHYIO CHIIYy» TIPH COKpaIIeHNH/CXaTHN capkomepa [29]. BriocienctBumn 06110
YCTaHOBIICHO, UTO cofepkaHue Oomnee amactuaHoi N2BA- u 6onee sxectkoit N2B-uzodopm
TUTHHA PA3IMYaETCs B pa3HBIX OTJENax CepAla y MICKONHUTAIOIINX, BKIIFOUas 4eoBeka [24,
30-34]. [TocTeneHHO CKIaILIBAIOCH TPEACTABIEHUE O TOM, YTO HEOJUHAKOBOE COIEPIKAHME
N2BA- u N2B-130¢0pM TUTHHA U BCIEICTBUE 3TOTO MX Pa3HOE COOTHOIIICHUE B MUOKap/Ie —
9TO Ba)KHAsl MOJIEKYJSIpHAs AETEPMUHAHTA, ONPEAEIAIOIas pasindus *KECTKOCTU Kapauo-
MHUOLIUTOB U CEPJICUHON MBIIIIEI B IIEIOM.

Hayunas mapamurma, CIOXXHBIIAsICSI B KOHIIE XX BEKa M CBS3BIBAIOLIasl BA3KOYNPYTHE
CBOMCTBAa THTHHOBBIX MOJIEKYJ C JKECTKOCTBIO CEPACYHOM MBIIIIBI, MMOTy4niIa Pa3BUTHE
B XXI Beke. Bbu1o BbicKa3zaHO MIPEONIOKEHUE, YTO U3MEHEHUS BSI3KOYIIPYTUX CBOHCTB MO-
JIEKyJ THTHHA MOT'YT IPOUCXOIUTH BeieacTBue dochopunpoBanus/nedochopunnpoanust
9TOro Oenka, 4To, B CBOIO Oouepelb, OyJAeT UMETh MOCIEICTBUS sl TUACTOIMYECKOTO Ha-
TIOJTHEHHMS ¥ TIOCIIEAYIONIEH CUCTONNYECKON (DYHKIIMU ceplia Yepe3 MeXaH!u3M, N3BECTHBIN
kak 3akoH @panka — Crapnurra [35]. B cBsi3u ¢ 3TMM nocineaoBan MUK padoT, CBSI3aHHBIX
¢ dochoprpoBaHHEM TUTHHA ¥ BIMSHUEM 3TOH MOCTTPAHCIALUOHHON MOIu(UKanuy Ha
JKECTKOCTh CEpACUHOMN TKaHU.

Kak ynomunanocek Beie, B 2002 1. Yamasaki u coaBT. mokazanu, uto (Gochopuiupo-
BaHHE THUTHHA B CKUHHPOBAHHBIX KapIMOMHOLMTaX KPBICHI HAOMIONANoCh mocie Oera-
aJpeHEPrUYECKO CTUMYISAINH, aKTUBHpYIoeld nporenHkuHasy A [9]. IIpu 3Tom aBTOpPHI
oOHapy i (HochOopHITUPOBAHAE TONHKO MHTAKTHBIX Monekyn TutuHa-1 (T1), Torma xax
nporeonuTryeckue T2-pparMeHTsl THTHHA HE TOABEpraiuch pochopmmmpoBannto. 3Ha4N-
MOCTb 3TOH paboThI B TO BpeMs OblIa BENNKA, TOCKOJIBKY METOAMYECKH OBLIO OYEHb TPYI-
HO OLEeHHUTH (ochHOPHIMPOBAHNE TUTHHA BCJIECIACTBUE €r0 TMTAHTCKUX Pa3MEpOB, a TaKkKe
BCJIE/ICTBHE BBICOKOH jerpanaunu 3toro Oenka. Kpome toro, aBropamu ObUI IOJy4eH ele
OJIMH B)KHBIN PE3yNbTaT: OMOCPEAOBAaHHOE ITPOTEMHKNHA30H A (ochoprirpoBaHre THTHHA
3HAYUTENIFHO CHIKAJIO TACCUBHOE HAIIPSHKEHHE, PAa3BUBAEMOE H30JIMPOBAHHBIMHU KapANOMH-
OIIUTaMH B OTBET Ha WX pacTshkeHue [9]. DkcnepuMeHThl 1o (GoCPOPUINPOBAHUIO in Vitro
PEKOMOVHAHTHBIX (DPArMEHTOB TUTHHA COBMECTHO C IaHHBIMH, TIOJyYeHHBIMH METO/IOM HM-
MYHOJJIEKTPOHHOI MUKPOCKOIIHH, ITO3BOJIMIIM Yamasaki v COaBT. c/ienaTh 3aKkJIr04YeHue, 4To
nporenHkuHa3a A dochopmmupyer N2B-nocnenoBareIbHOCTh TUTHHA.
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B 2005 1. Fukuda u coasr. [35] nuccrnenoBanu BIMsSHAE OMOCPEIOBAHHOTO MPOTEHHKH-
Ha3oi A QochopunrupoBaHUs THTHHA HA M3MEHEHHE YPOBHS IMAcCHBHOTO HANPSHKECHHS
CKMHHMPOBAHHBIX IPETapaToB CEPACYHON TKaHH PAa3HBIX XMBOTHBIX, MMEIOIIUX Pa3InYHOE
N2BA/N2B cootHonienne. OGHapyXeHO, 4TO YBETHUSHNE YPOBHS (OCHOPMINPOBAHUS TH-
THHA CONMPOBOXKIAIOCH YMEHBIICHHEM YPOBHS ITACCUBHOTO HANPSDKEHHSL. DTO YMEHbBIICHHE
OBLTO OOJTee BBIPAKEHO B CEPAEYHON TKAHH C TOBBIMICHHBIM COAEpKaHHEeM OoJiee jKeCTKOM
(xopotkoit) N2B-m3odopmbl TutiHA [35]. ABTOPHI MPEAIIONIOKIIN, YTO OIOCPEAOBAHHOE
NIPOTEMHKNHAa30i A (ocdoprimpoBaHie THTHHA CIOCOOCTBYET YBEINYECHHIO JIaCTHYHOCTH
MOJIEKYJI TUTHHA, YTO, B CBOIO OY€PE/b, CIIOCOOCTBYET HAIIOJHEHHIO JKENYIOYKOB Cepila
3a CYeT CHMKCHHUS JKECTKOCTH MX CTCHOK. Ilo3fHee 3TH pe3ysisTaThl, MOTyUYeHHBIE Ha cep-
JIEYHON MBIIIIE KPBICH W KPYMHOTO POraToro ckota [9, 35], moxTBepamiInch U Ha cepaey-
HOW MbImIIe YenoBeka [36]. Apropsl [36] Takke MPEIIIOIOKIIN, YTO Oa3aNbHBI YPOBEHB
(dochopunpoBaHNsl TUTHHA B WHTAKTHBIX MBIIIIAX, MO-BUIMMOMY, UTPAeT HEKYIO pOJb
B OIIpe/ICNICHUH YPOBHS ITACCUBHOTO HanpsbkeHust B Hopme [36]. [lonoOHoe npenmnonoxeHue
OBbUIO BBICKa3aHO aBTOPAMHU Ha OCHOBAHHH ITOMYYCHHBIX MU JAHHBIX, CBUAETEIbCTBYIOIINX
0 TOM, YTO €cli 10 00pabOTKU MPOTEHHKUHA30W A TIPOBOIUTH AedochopmmpoBaHne Mu-
odrmamMenToB mpotenHpocdarazoit 1, To mocnemyromee GpochopuImpoBaHUE TUTHHA OBLIO
0oJiee 3HAYUTEIILHBIM.

Briocnencreun ObIIM OTKPBITHI CaiiThl pocopunupoBanus B yHuKansHoit N2B-mocie-
noBarenbHOoCcTH (N2BuUs) TutuHa. Tak, S4185 sBisieTcst epBBIM MOATBEPKICHHBIM CAHTOM
N2B-nocnenoBaTenTbHOCTH, (HOCPOPHINPOBAHNE KOTOPOTO OBUIO OIIOCPEAOBAaHO KaK MpO-
TEUHKUHA30M A, Tak U nporenHkuHa3oi G [37]. beuio u3yyeHo BIUSHHE NPOTEUHKUHA3BI
G (PKG) Ha u3MeHeHHe YPOBHS MMAacCHBHOTO HalpsHKEHHsS CKMHUPOBAHHBIX BOJIOKOH JI0-
HOPCKHX Cepliell M1 0OHAPYKEHO 3HAYHUTENbHOE CHIKEHHE 3TOTr0 YPOBHS Iociie 00paboTKu
BBIIIIEyKa3aHHBIX MBIIIEYHBIX 00pa3noB npotenHdocdaraszoit 1. Jlannsie in vitro, noxydeH-
HBIE Ha OTAEIHHBIX MOJIEKYIaX THTHHA, MTOKa3ald, 4To (HochoprmiinpoBaHHE MPOTCHHKH-
Ha3oi G yBennumBaeT M3rMOHYIO jkecTKocTh N2B-nocienoBarenbHOCTH, YTO COIIACyeTcs
C JIaHHBIMH 00 YMEHBIICHWH YPOBHS ITaCCHBHOTO HANpsDKEHHMS CKUHHPOBAHHBIX BOJIOKOH
[37]. Takum obpazom, Kriiger 1 coaBT. OKa3ajH, 4TO OMOCPEIOBAHHOE MPOTCHHKUHA30H G
dochopunpoBaHre THTHHA CONPOBOXKIAETCSI YMEHBIIEHUEM KECTKOCTH CKHHHUPOBAHHBIX
BOJIOKOH CEpJIEYHOM MBbIIIIIBI yenoBeka [37].

B 2013 r. Kétter n coaBT. co3nany peKoMOMHAHTHBIE KOHCTPYKIMK N2B-nocnexoBareis-
HOCTH THUTHHA 4YEJIOBEKa, KPhIChl U CO0AKH M MpPOaHAIM3UPOBAIN UX (hochopuiimpoBaHue
nporerHkrnHa3aMu A u G [38]. beuio naentuduimpoBano ceMpb caiiToB (ochopuupoBaHus
B N2B-nocrenoBarenbHOCTH TUTHHA deoBeka M KpbIckl [38]. IIpu sToM ObLTO MOKa3aHo,
4To 4acTh caiitoB (S4010, T4065, S4065) dochopunupyercst TONBKO IPOTEHHKUHA30H A,
caiir S4092/54099 — toneko nporennkuHazoil G. Caiitel S3744 u S4185 dochopunupyror-
cs1 o6enmu nporenHkuHazamu [38]. Caiit S4010 nmoasepraercsi pochOpHINPOBAHUIO TAKKE
u ERK2-kuna3oii [39]. Bbuto BhICKa3aHO HPEAITIOIOKEHHE, 4TO 3TO (HOCHOPHINPOBAHKE Ha
ocHoBe ERK?2 cHIDKaeT ypoBeHb MMaCCHBHOTO HAMIPSDKEHUS, Pa3BHBAEMOTO MOJICKYJIAMH TH-
THHA MIPH UX pacTsbkeHuu. IIpu 3ToM aBTOpHI MOKa3anu, uto kuHaza ERK2 moxer docdo-
pHIMpOBaTh U pyrue caitel B N2B-nocnenosarensnoctu tutrHa (S3873, S3915 u S3965).
W3BecTHBI Tarke naHHble 0 (ochopunrpoBanun caiita S4062 KajabLUil/KaabMOIYIHH-3a-
Brucumoit porenakuHazon I (CaMKIIS) [40]. docdoprmmpoBaHne BceX BBIICYKa3aHHBIX
caiitoB B N2B-nocienoBarenbHOCTH MOJIEKYJT TUTHMHA CONPOBOXKAAJIOCH YMEHBIIEHUEM
YPOBHSI NACCUBHOT'O HAMPSKEHUS! KAPAUOMUOLIUTOB MIPU UX pacTskeHuu [37, 41].

OnHOM M3 BaKHBIX KWHA3, y4acTBYIOIIMX B mpouecce (ochopunrpoBanus PEVK-mo-
crenoBarebHOCTH THTHHA, siBisiercst PKCa — npeobnanatoias u3odopma IpoOTEeHHKUHA3BI
C, sKcnpeccupyeMas B CEpALE KUBOTHBIX M UENIOBEKA, UTPAOIasi BXKHYIO POJb B (DYHKIIH-
OHHPOBaHUHM MHO(HMIAMEHTOB, a TAKKE B PA3BUTUH COKPATHUTEIBHONW NUCGHYHKLIUH W TIPO-
TPECCHPOBAHUY CepICYHON HemocTatouHocTH [42]. Beuto noka3ano, uro dochoprmnpoBanme
PEVK-nocnenoBarenbHOCTH THTHHA NPOTEMHKHHA30i C COMpPOBOXKAAETCS YBEIUUCHHEM
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YPOBHSI NACCHBHOTO HAINPSKEHMS, Pa3BUBAEMOTO KapIHOMHUOLMTAMHU TPH HX PACTSHKCHUH
[43]. ABTOpBI, HCHIONB3YST MACC-CIIEKTPOMETPHIO B COYETAHUM C CANT-HAIPaBICHHBIM MyTa-
TCHE30M, BBLIBIIIM JBa caiita B obnactu PEVK-mocnenosarensHoCTH cepredHoit N2B-u3o-
¢dopmer, koTopsie hochopumupyrores PKCo (S11878 u S12022, wu S26 u S170); npu 3T0M
MOKa3aHo, 4YTO, KOTJIa 3TH JIBa caiiTa MyTHPYIOT Ha anaHuH, GpocopunrpoBanie 3QPeKTHBHO
npekpamtaercs [43]. Ceasp mexay PKCoa, hocdoprmmposannem PEVK-niocenosarensHOCTH
TUTHHA ¥ TIACCHBHBIM HaIpsDKEHNEM ObLTa MCClleJJoBaHa M B paboTe Apyrux aBTopos [44]. OHu
nokazaiu, uto PKCa-onocpenoBannoe GpocdoprarpoBaHue He BIUSIO Ha YPOBEHb ITACCHUB-
HOTO HaIPsHKEHUSI B KAPAHOMHUOIIUTAX MBIIIEH, y KOTOPBIX ObLIIM TeHETUYECKU YAAJICHBI CAaliThI
PEVK-nocnenoBarensHocT THTHHA [44]. Takum 0Opa3oM, JaHHBIE, TOMyYeHHBIE B paboTax
[43, 44], yka3pIBaloT Ha TO, YTO OIOCpenoBaHHOE MpoTenHKHUHA30i C ¢ochopummupoBanme
PEVK-nocnenoBarenbHOCTH TUTHHA NPHBOIAWUT K YBEIMYEHHIO JKECTKOCTH MOJIEKYJ 3TOTO
0eka 1 BCJICNICTBUE 3TOTO K YBEJIMUECHHUIO KECTKOCTH KapAHOMHOLIUTOB.

B PEVK-nocnenoBarenbHOCTH TUTHHA OOHApyXKEHBI CalThl, KOTOpBIE MOJBEPTaloTCs
(boChOpPUIHPOBAHUIO KAIBLKI/KaIbMOLYINH-3aBHCUMON 1TpoTenHkuHazon 11 (CaMKIIS),
a Takxe nporenHknHA30i D [45, 46]. U ecnn BKIaa onocpejOBaHHOTO MPOTEHHKIUHA30i D
¢dochopunpoBaHnsl TUTHHA OOCYKAaeTCs B KOHTEKCTE YMEHBLICHUS YPOBHS MacCHBHOTO
HarpspkeHust, To ponb Gochopunupoanusi PEVK-niocienoBarenbHOCTH TUTHHA KaJIbIHIiA/
KaJIbMOJIYJIMH-3aBUCHMOM TipoTenHKuHa3oi 11 1o xonna He sicha. B 2013 . Hidalgo u coasr.
obuapyxwumu, uro B npucyrcrsun CaMKIIS, Ca?/kanmsmonynuua u [y-3*]-ATP HabGirona-
nock hochoprmmpoBaHie THTHHA B CKHHUPOBAaHHBIX BOJIOKHAX JIEBOTO JKEIyAOUKa cepaia
mblimm [45]. Beuto oOHapyskeHo, 4To 3Ta KnHaza Gocdopuimpyer kak N2B-, Tak 1 PEVK-
nocienoBarenbHocTH THTHHA [40, 45]. MeTonom mMacc-criekTpoMeTpu [45] ObLIO BBISIBICHO
mATh caitoB GochopunupoBanust B8 PEVK-1ociae1oBaTenbHOCTH TUTHHA, pacpeae/iCHHbIC
Ooree miTi MeHee paBHOMEPHO 110 Beeit ee mmne (S26, T70, T80, T117 u S170), u3 KOTOpBIX
Tonbko S26 m S170 ObuIM BBICOKOKOHCEpBATHBHBEL MHTEpecHO, yTo MyTamusi caiiToB S26
n S170 omHOBpeMeHHO ycTpaHsiia ~75% BKiIIO4eHHs HeopraHudeckoro ¢ocdara. FimenHo
9TH JIBa caliTa C BBHICOKOW CTENEHBIO JOCTOBEPHOCTH MOABEPTatoTcs (HochopHiIMpOBaHHIO
nporenaknHazod PKCa [43] m kanpumii/KanbMOTyNTHH-3aBUCUMOM NpOTeMHKHHa30i 1[I
[40, 45]. Bnonre BepositHO, uto 1 CaMKIIS, 1 PKCa moryT dochopunupoBars 31tu caii-
TBI TUTHHA. Teopermueckn coBMecTHOE (hochoprimpoBaHre 000MX ITUX CAaWTOB THUTHHA
MOXET HE BBI3BaThb M3MEHEHMs YpPOBHS MACCUBHOIO HANpPSKEHUs, ITOCKOJIBKY MEXaHu4de-
ckue 3 ¢eKThl crocoOHbl HeWTpaIu30BaTh Apyr Apyra. OnHako mokaszano, yro CaMKII-
orocpenoBaHHOE (pochopunnpoBaHNEe TUTHHA COMPOBOXKIAIOCH YMEHBIICHUEM YPOBHS
MTACCUBHOTO HAINpsDKEHUs! (B OCHOBE KOTOPOTO JIEXKAT BA3KOYIIPYTHE CBOWCTBA THTHHOBBIX
MOJIEKYIN) TIpH pacTspkeHuH Kapauomuouuros [40, 41]. Kpome Toro, M3BecTHBHI JaHHbBIE,
YTO YPOBEHb MACCUBHOTO HAIPSDKEHHs OBUT BBIIIE B KAPIUOMHOLUTAX MBIIIEH C JBOMHBIM
HokayToM CaMKII8/y u HMke — B cep/ile y TPAaHCT€HHBIX MBIIIEH CO CBEPXIKCIpecCUen
CaMKIId mo cpaBHEHHIO ¢ KapAMOMHOLMTAMH MEImel aukoro tuma. [IpuHMMas Bo BHHU-
MaHWFe BHIIIIECKa3aHHOE, MOXKHO Tonarats, uto CaMKII-onocpenosanHoe dpocdopmampoa-
Hue N2B- u PEVK-nocnenoBarensHOCTEN TUTHHA CONMPOBOXKIAETCS YMEHBIIEHUEM XKECT-
KOCTH MOJIEKYJI 3TOro OeJika U BHOCHT BKJIaJl B YMEHBIIEHHE JKECTKOCTH KapANOMHOLMTOB
U CEpJEYHOM TKAHU B LIEJIOM.

B cBsi3u ¢ BbImecKa3aHHBIM HEOOXOAMMO OOpaTHTh BHUMAHHUE Ha ciemyroniee. Hembss
UCKJIFOYHTB, 9T0 cpoactBo CaMKIIS moxker ObiTh pasabiM kK N2B- u PEVK-nocnemoa-
TENBHOCTAM TUTUHA. BrogHE BEpOSTHO, UTO B pacTIHYTOM capkomepe cailTel N2B-mocie-
JIOBaTEJIbHOCTH MOTYT OBbITh Oosiee noctynHbMU Ui pochopunupoBanus CaMKIIS, uem,
Harpumep, caiftel PEVK-niocnenosarensHocTi. B moaTrBepk/ieHHE 3TUX CJIOB MOXKHO IpHU-
BECTH clienyromue aanasle. HemaBHo mokaszano, yto CaMKIIS moxer docdopummpoBats
NMMYHOIJIOOYTHH-TI0Z00HBIC JTOMEHBI THTHHA, PACIIONIOKEHHBIE B [-4acTH €ro MOJIEKyJIbl,
pu 3ToM (oCcHOPHIIPYIOTCS OHU TOJIBKO TOCIIE MX Pa3BOPaYMBaHMUs BCIIEICTBUE OKHUCIICHHS
[47]. Takum 06pa3oM, MOAXOJUTH K MHTEPIIPETAIIMM OMMCAHHBIX BBIIIE PE3yJIBTATOB O POJIU
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dochopunpoBaHys THTHHA B U3MEHEHHH BA3KOYIIPYTHX CBOICTB €ro MOJIEKYNT HEOOXOANMO
C HEKOH 0CTOPOXHOCTHI0. HeoOXonuMo Takke yuuThIBaTh, YTO BOSMOXKHO CYIIIECTBOBAHHE
JIOCTaTO4HO OOJIBLIOTO KOJMYECTBA EIlle HE OTKPBITHIX NOTEHIMATIBHBIX caiToB hocdopuu-
poBaHus TUTHHA, (YHKIIMOHATIBHOE 3HAYEHHE KOTOPBIX €Ille MPEJACTOUT BBISICHUTD.

NCCIIEJOBAHUS ®OCOOPUIINPOBAHVSA TUTUHA ITP1 CEPJEUHBIX
TATOJIOTUAX

dochopunpoBaHre TUTUHA SBISETCS HanOojee H3y4YeHHON MOCTTPAHCISIIMOHHON MO-
mudurkanyeil THTHHA, PETYIHPYIOIIEH HE TOIBKO KECTKOCTh €r0 MOJIEKYJ, HO M BCIEIACTBHUE
9TOro 00beM (ppakuny cepieyHoro BeIOpoca (M3rHaHus) Kak [pyu HOpMaJIbHO# pabore cep-
JIla, TaK U MpH cepAedHoil narosnoruu. OcoOEHHO TO KacaeTcs TeX MalUeHTOB, Y KOTOPBIX
coxpansercs cucroinnyeckas QyHKnus M 00beM (PpakIuu BEIOPOCA JIEBOTO JKEIYI0YKa, HO
HaOJIIoIaeTcs AuacToiIndeckast AMCYHKIMS, a UMEHHO: 3aMeUICHHOE pacciabieHue H 110-
BBILIEHHOE JIMACTOJIMYECKOE JIABJIICHHE B JIEBOM JKEIyHOYKE. YCTaHOBJIEHO, YTO B OCHOBE
9TOTO SIBJICHUS JIOKUT (PEHOMEH 3JIaCTHYECKOW OTJaud, KOTOPhIH MOXKET ObITh OOBSICHEH
HaJIMYUEM TaK Ha3bIBAEMOH «BO3BPATHOM CHIIBI», KOTOPAs OTOABUIAET KOHI[BI MHO3HHOBBIX
HUTEH OT Z-muHnHU. TUTHH 1, B YaCTHOCTH, HanOoJIee BA3KOYIpyTrash 4acTh €ro MOJIEKYJIbI —
N2B-nocnenoBaTenbHOCTh HIPAIOT IIABHYIO POJIb KaK B CO3/1aHHHU MTACCHBHOTO HAIPSKEHHSI
B Mokoe (T. €. TpH HU3KOo# KoHIeHTparmu Ca’"), Tak ¥ B Pa3BUTHH «BO3BPATHOM CHIIBD) B CH-
CTOJIO-/INACTOINYECKOM IIEPEXOJIE, YTO HEOTHOKPATHO OBLIO MOATBEPKACHO B HCCIIE0BAHH-
X in Vvitro W in vivo Ha )XUBOTHBIX [29, 48, 49]. BriocneacTBun ObUM 0OHAPYKEHBI M KIIU-
HUUYECKHE KOPPENALHH, TOATBEPXKIAIOIIIE, YTO U3MEHEHNS N30()OPMHOTO cOCTaBa TUTHHA
(coorHomenust N2BA- n N2B-n30(opM) HMEIOT OTHOIICHNE KaK K JAWACTOINYECKOH, TakK
U K CHCTOJIMYECKOH AUCYHKINH JIEBOTO KEITyA0uKa y MAIlEeHTOB C CEpACUHON HE0CTaToq-
HOCTBIO, BOHUKIICH B Pe3y/IbTaTe HEMIIEMIYECKOH qIIaTallnOHHON Kapanomuomnatau [50].

Ilepgvie céedenus 0b yposHe NACCUBHO2O HANPANCEHUSL U POCHOPUTUPOBAHUU MUMUHA
NpOMeUHKUHa3ou A 6 KapoOuoOMuoOyumax NayueHmos ¢ cepoeyHol namono2uel

Hano ormeruts, uto Bmiots 10 2002 1. BccnenoBaTeIy NOIydaid IPOTHBOPEUUBBIC 1aH-
HBIE 0 JKECTKOCTH NAaTOJIOTNIECKOr0 MUOKap/a YeJIOBEKa 1 )KUBOTHBIX. B acTHOCTH, paboThI
TOTO BPEMEHHM Ha JKUBOTHBIX MOJICIISIX AMJIATAllMOHHOM KapanoMuonaTiy [51] u Ha Mozensx
neperpy3ku gaBieHueM [31] 1eMOHCTpUpoOBaIN yYBEIUYEHUE )KECTKOCTH MUOKapaa. B 1o xe
BpeM: ObLIO BBISBICHO CHIDKCHHE YPOBHS [TACCUBHOTO HANPSDKEHUS B CApKOMEpax cepred-
HOM MBIIIIBEI HAIMEHTOB C HIIEMUYECKOH OO0JIE3HBIO CepAla ¢ BBICOKUM KOHEYHO-THACTOIH-
YECKUM JaBlICHHEM JIeBOTO xenynouka [30]. [lemo ocmoxHsII0Ch elie pazHooopasuem hopm
KapZAMOMHUONATHIH W OTCYTCTBHEM OoJbIIOro KosmuectBa OuomntaroB. B 2004 r. Nagueh
W COAaBT. BIEPBBIC MONYYWIN JaHHBIC, CBHACTEIBCTBYIONINE O KOPPEISIMNA MEXIY COOT-
HomeHneM N2BA- u N2B-u3odopm TUTHHA W mapaMeTpaMy HaloJHEHHUs KaMephl JIEBOTO
JKeJly[04Ka CepLa MAllUEHTOB ¢ TEPMUHAIILHOM CTaAMEH CEPAEUHON HEOCTAaTOUHOCTH, BO3-
HUKIIEH B pe3yJbTaTe pa3BUTH HEUIIEMHYECKOW MUIATallMOHHOW Kapauomuomnaruu [50].
B gacTtHOCTH, aBTOPHI OOHAPYKIITH MIPSMYIO KOPPEISIHIO MKy yBEITHIEHHEM JI0IH Oojee
anactuuHOi N2BA-n30¢opmMbl THTHHA U yMEHBIIEHUEM KECTKOCTH ITpenaparoB MUOKapAa
JIEBOTO KEeJTy04Ka Cep/lia MAallMeHTOB. DTH U3MEHEHUS HaOMI0AaIUCh HAa ()OHE yBEINUIEHHS
KOHEYHOTO JAMACTOIMYECKOr0 00BbEMa M YMEHBIICHMS KOHEYHOTO CHCTOIMYECKOTO 00beMa
1 ¢dpaknuy BeIOpOCca CEpAEUHON MBIMIIBI MAIEHTOB. ABTOPBI CAENAIN 3aKII0OYEHHE, YTO
NoBbILIeHHAas dKcrpeccus N2BA-u30(popMbl THTHHA MOXKET OTPULATENIBHO BIHSTH HA CH-
CTONWYECKYIO0 (PYHKIIHIO, CIIOCOOCTBYS YMEHBIICHHIO KOHEYHOTO CHCTOJIMYECKOTO 00beMa
1 Qpaknuy BEIOpOCa, HO YIIyUIIaTh THACTOINYECKYIO (DYHKIIHIO, CTIOCOOCTBYS YBEIMUCHHIO
3NIaCTUYHOCTH MUOKAp/a.



POJIb ®OCOPOPUIMPOBAHUSA TUTUHA 383

ITepBbie paOOTHI IO HCCIIETOBAHHUIO B3aUMOCBSI3H KECTKOCTH MHOKap/a 1 €€ KOPPEKINH
C TIOMOIIIBI0 W3MEHEHHs1 YPOBHS (hOCOPUIUPOBAHHS TUTHHA Y MAIMEHTOB C CHUCTOJHYE-
CKOM ¥ TUACTOTUYCCKON TUCHYHKITUSIME ObLTH MpoBeaeHbI okoio 20 neT Hazax [S1-53]. Van
Heerebeek n coaBT. mpuIum K BBIBOY, YTO MACCUBHOE HAINPSHKEHUE, 00YCIIOBICHHOE BSI3KO-
YIPYTUMH CBOMCTBAMH MOJIEKYN TUTHHA, B KapAMOMHOLMTAX MAIIMEHTOB C CHCTOINYECKOM
JucyHKIMeH 3HaYUTETbHO MEHEee YyBCTBUTEIBHO K 00pabOTKEe MPOTEHMHKMHA30M A, UeM
B KapAMOMHOINTAX MAlMEHTOB C CEPJCYHON HEIOCTATOYHOCTBIO C COXPAaHEHHOH (hpaKiuent
BEIOpOCca u auactonmyeckoi auchynkmmeit [51]. B manprefimeMm, B padote [52] u3 obpas-
I[OB YHIOMHOKAPIUAIGHOW OMOIICHH ABEHAANATH MAMEHTOB C COXPAaHEHHOH (pakuneit
BeIOpoca (71 + 11%) u nuacronuueckoit aAucyHKIMEH ObUTM BBIIEICHBI OJJMHOYHBIC Kap-
JquomuonuThl. Kapauomuonutel, o0padoranubie TpuroHoM X-100 st ynaneHus MmemOpaH,
pacTsIruBaiM A0 JUIMHBI capkoMepa 2.2 MKM U aKTUBHPOBAJIM PacTBOPaMH, COIEPIKAIIUMHU
pasnu4Hble KOHIeHTpalu HoHoB Ca?'. [1o cpaBHEHHUIO ¢ KapAMOMUOLMTAMH KOHTPOJIBHOI
TPYIIBI KapIUOMHUOLIUTHI TAIEHTOB C JHACTOIMYECKOW ANCOHYHKIMEH pa3BUBaIN aHAJO-
THYHYIO OOIIYI0 W30METPHUYECKYIO CHIIYy NPH MakKCHMalbHOW KoHmeHTparmu Ca?’, HO uXx
nmaccuBHOE HampspkeHne B orcyrcTBre Ca’’ (ITacCHBHOE HAIPSDKCHUE TOKOsT) OBLTO MOYTH
B 1Ba pas3a BBIIIC. BBC]ICHI/IG MMPOTCUHKHNHA3bI A B KapaAUuOMUOIIUTEI MallUCHTOB CHUXKAJIO
YPOBCHB MACCHBHOTO HAMPSHKCHHSI/SKECTKOCTH JI0 KOHTPOJIBHBIX 3HaueHui. Takum o0pazom,
OBUTH BIIEPBBIE TIOJTYUYEHBI JIAHHBIE O BO3MOKHOCTH KOPPEKIIUH >KECTKOCTH MUOKapIHaIbHON
TKaHU ITyTeM BO3/ICHCTBHS Ha Hee MpoTenHKUHA3K A [52]. Borbely u coarr. [53, 54] okoH4a-
TEJIFHO YCTaHOBHIIN, YTO JKECTKOCTh KapJHOMUOLIMTOB 3aBUCHT HE TOJILKO OT COOTHOIIECHHS
Oonee smactuyHoit N2BA- u Gomee sxectkoit N2B-u3zodopm TUTHHA, HO U OT U3MCHEHUH
ypoBHS QochoprmmpoBaHust 3Toro Oenka. Tak, y TaMeHTOB C cepIedyHON HeI0CTaTOdHO-
CTBIO BIIEPBBIC OBLTO 0OHAPYKEHO YMEHBIIICHHE YPOBHS pochopunmpoBanus N2B-m3odop-
MbI THTHHA Ha ()OHE TIOBBIIICHHOM KECTKOCTH KapAHMOMHOIUTOB [53, 54].

I/ITaK, MPUBCIACHHBIC HCCICAOBaHUA ITOKa3aJil, YTO CYIIECTBYIOT JBa OTACJIBHBIX (be-
HOTHIIA CEPJCYHON HEIOCTATOYHOCTH C Pa3HbIM PEMOJICIIUPOBAHHEM JIEBOTO JKENTyTOYKa:
KOHIIEHTPUYECKUM — C HOPMAJIBHBIM Pa3MepOM MOJIOCTH JIEBOTO XKEITyJA0uKa, YBEITHUCHHON
TOJIIMHOW CTEHKH W IOBBIMICHHBIM COOTHOIICHHEM MAacChl U 00bEMa JIEBOTO JKEITyI0UKa;
M 9KCIEHTPHUYECKUM — C JWJIATAINEH JIEBOTO JKENyI04YKa, HOPMAIGHON MIM YMEHBIICHHON
TOJIIMHON CTCHKH W HU3KOU (hpakmmeii BeIOpoca [52—55]. Dti paboThI TIO3BONMIN CACTAThH
MPEATON0KEHUE, YTO MEXaHU3MBbI, OTBETCTBEHHBIC 3a MTOBBIIICHHYIO JHACTOIMUYECKYIO XKECT-
KOCTb CEepJILa MPH TUACTOIHMUCCKON TUCHYHKIIUH, MOTYT pa3inyarhcsi. B 4acTHOCTH, BaXKHO
6I)IJ'IO HU3Yy4YUTH, YTO SABJIACTCA HpH‘IHHOﬁ 00JIE3HM: HeMus, COpoBOXKAAOIIAACA YBEINYC-
HHUEM pacTsHKUMOCTH MHOKap/ia, JIN0O aopTajIbHBIA CTEHO3, THIIEPTOHUS U META00IMYECKHe
HapyIIeHHs, TPeOYIOIIIe YBEINICHHSI CHIIBI COKPAICHHH.

Hccnedosanus calim-cneyuguueckoeo gpocghopuruposanus mumuna 8 Muoxkapoe
YeN0BEKA U HCUBOMHBIX NPU CEPOSUHOU NAMONOSUY, BbI36AHHOU ULUeMUell

[ToHnMaHue MeXaHW3MOB, NOIJCPKUBAIOIINX CEPACYHYIO (DYHKIHMIO HA PaHHEH CTaauu
rocJie UIeMUH 1 MH(papKTa MUOKapAa, U BBISBICHHE TPOLECCOB, HHUIIUAPYIOLIHUX MEPEX0.
K /Ie3aJaTHBHOMY PEMOJICIIMPOBAHHUIO JIEBOTO JKEIYI0UKa, ITPEACTABISIOT OONBIION KIMHU-
yecknil nHTepec. MHpapKT MHOKap/a yBeTHINBACT HANPsDKEHUE CTEHKH XU3HECTIOCOOHOTO
MHOKap/ia ¥ MHAILUHAPYET paHHEee aJalTHBHOE PEMOICIMPOBAHUE B JIEBOM JKEIYJOYKE JUIS
MOAJEPKaHNsl CepAeYHOro BbIOpoca. bonee mo3mHmMe mporecchl peMOASTHPOBaHNS BKIFO-
qalT GUOPO3HYIO PEOPraHU3ANNI0, KOTOPAs B KOHEYHOM UTOTE IPUBOIUT K CEPACUHON He-
noctarouHocTH. B muonepckoit pabote Neagoe u coabrT., omyonukoBanHoi B 2002 1. [30],
OBUIO MOKa3aHO, YTO B JIEBOM JKENTyJOYKE MAIMEHTOB C OOLIMPHOM HIIEMHUYECKOH 0oJe3-
HBIO cepjilia HaOIroAaeTcs yBelrnueHue goiau oomuee anactnaHoid N2BA-n3odopmbl THTHHA
U yMEHbIIEHHE 10au Oosee xecTkoil N2B-n3zodopmbl 3Toro 6enka, 4To CONMpoBOXKIAIOCH
CHIDKEHHEM 00yCIIOBIEHHOH THTHHOM ITACCUBHOM )KE€CTKOCTH OIMHOYHBIX MHO(GHOPHILT TpH
UX PacTsHKECHHU.
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HccnenoBanust ocdopunmuposannsi TUTHHA TPH HIIEMHUH TPOBOJWIM, KaK MHPaBUIIO,
B yCIOBHSX 20-MHHYTHOI I106abHON HIIEMUH ¢ TIOCIEAYIOIEeH penepdy3neit, KoTopas, Kak
n3BecTHO, aktuBupyet kuHazy CaMKIIS [45]. B uccnenoBannn Hidalgo u coasr. [45] Ha u30-
JIMPOBaHHOM CEp/ILIE MBIIIEH, TOABEPIIINXCS MPOTOKOITY HIlleMHU-penepdy3nu, Ob110 0OHapY-
JKeHo, uto knHaza CaMKIIS nocTuraer niuka cBoei akTHBHOCTH B TEUEHHUE TPEX MUHYT TIOCIIE
Hayvasa periep¢ysun. [Ipu 3Tom He 66110 00HAPYKEHO KaKUX-THO0 M3MEHEHUH ypoBHs pocdo-
puiupoBanust caiitoB S26 u S170 B PEVK-nocnenoBarenbHOCTH TUTHHA. ABTOPBI PEATIONO-
JKHJIM, 9TO OOHApYKEHHOE MMH TUrephochOpmINpOBaHUE TUTHHA ifl Vivo TIPH NIIEMUH MOXKET
OBITH CBSI3aHO C YBeNMUYeHHEM YpoBHS (ochoprnmpoBanns N2B-nocinenoBaTeTbHOCTH 3TOTO
Oenka. [To3nuee Ha Mozienu UH(MAPKTa MUOKAp/ia Y MBIIIEH, BRI3BAHHOTO MIIIEMHEH C TTIOCIIEY-
1o1Iei periepdysueii, ObUTH TOMyYeHbI JaHHBIE, YKa3bIBAIOIME Ha YBEIMYCHHE YPOBHS (oc-
¢dopummuposanuss CaMKIId-3aBucumoro u PKCoa-3aBucumoro caiita S12022, pacroyioxeH-
Horo B PEVK-nocnenoBarensHoct THTHHA [56]. OOHapy»KEHHYIO TIPH 3TOM IOBBIIICHHYIO
JKECTKOCTh KapIMOMUOIITOB MBIIIEH aBTOPHI OOBSICHIIIN KaK clieficTBHeM runepdochopum-
poBanus PEVK-nocrnenoBarenbHOCTH THTHHA, TaK M CIEACTBHEM T'MIOGOCHOPHINPOBAHUS
N2B-mocnenoBaTebHOCTH 3TOr0 Oenka. PaboTH MOCIeqyIOMHX JIeT TIOKa3aJi, YTO WIIEMHS
1 KapIHOMHOIIATHH HMEIOT OOIIIHE ITATOMEXaHU3MBbI, TAKHE KaK MOBBIIICHUE JTACTHIHOCTH TH-
THHA, OJIHAKO NPHU MIIEMHUH HE ObLIO OOHApyKEHO M3MEHEHUH ypoBHs (HOCHOPUITUPOBAHUS
caiita S4010 B N2B-nocienoBarensHOCTH TUTHHA [57, 58].

Hccnedosanus caiim-cneyuguueckoeo gocghopuruposanus mumuna 8 MUOKapoe
YENOBEKA U JCUBOMHBLX NPU HEUUEMUHECKOU OUAAMAYUOHHOU KAPOUOMUONAMUU

Junaranmonnas kapauomuomnatus (JJIKMII) siBnsieTcsi OCHOBHON NMPUYMHON HEUIIEMH-
YEeCKOH CepAeYHOM HEeJOCTAaTOYHOCTH. DTO 3a00JeBaHHE XapaKTEepPHU3yeTCs YBEIUYCHHEM
KOHEYHO-JIMaCTOJIMYECKOTO pa3Mepa JIEBOTO JKeNyJIo4Ka, CHIXKEeHHeM (pakuuu BeIOpoca
JICBOTO JKEYJ0YKa W HAIH4YMeM cuctonmueckor mucynkiumu. JKMII takke MOXeET BO3-
HHUKAaTh BCJIE/ICTBHE COIYTCTBYIOIIMX 3a00JI€BaHUM, TAKMX KaK I1Ua0eT, HH(PEKINH, TOKCHHBI
(a;mKOTOITB M XMMHOTEPANICBTUICCKIE TIPEMapaThl) U BEICOKOE KPOBSHOE AaBlicHue. [Ipumep-
HO B monoBuHE cirydaeB pazsutue JJKMII oO0ycnoBnero myTtanusaMu B 6onee ueM 50 reHax,
B OCHOBHOM KOJHMPYIOIINX CapKOMEpPHBIE U ITUTOCKeNeTHEIe Oenkn [59]. B pabore Makarenko
W COaBT. OBUT MPOAHATM3UPOBAaH M30(OPMHBIN COCTaB TUTHHA B JICBOM JKEIIyAOUKE Ceparia
30POBBIX JOHOPOB-JTIOACH U B ceprie 9 Tsokesro 00abHbIX manueHToB ¢ JIKMIT Heuremuye-
ckoit mpupossl [33]. OOHapyxeHo yBenudenue 1011 N2BA-130(popMbl 1 yMEHBLIEHHE TOIN
N2B-u30(hopMbI THTHHA, a TAK)KE YMEHBLIEHHE O0LIETO COAEPIKAHUS ITOr0 OejIKa B MHOKap-
nie nanueHToB ¢ JJIKMII. D1y u3mMeHeHus conpoBOXKIANNCh CHUKEHUEM YPOBHSI TACCUBHON
JKECTKOCTH TYYKOB BOJIOKOH CEPACYHON MBIIIIBI y MAIMEHTOB. ABTOPHI 3aKIIFOUMIH, YTO
oOHapy>KCHHbIC M3MEHEHHS B TUTHHE W, B YACTHOCTH, YBEIIMYCHHE HONU OOJee 3ITacTHd-
HOM N2BA-m30Qopmer 3Toro 0ernka MOTYT BHOCHUTH BKJIAJ] B YAyUIIEHHE THACTOIHYECKOM
¢yukmn Muokapaa nanueHToB ¢ JIKMII, onHako 3TH U3MEHEHHS, B CBOIO OY€peb, MOTYT
CHOCOOCTBOBATh YXYIIICHHIO COKPATHTENILHOM CIOCOOHOCTHU Cep/iiia BO BPEMsI CUCTOJBI.

HccnenoBanusi maliMeHTOB C TEPMUHAJIBHOM CTaaueld NUaTAallMOHHOM KapAuOMHOIa-
TUH BBISIBUIM JIe(UIUT 6a3anbHOTro ypoBHS (GocoprmpoBaHist TATHHA B caiiTax, KOTOPbIE
dochopunmpyrores nporennkuHazamu A u G [54, 60], mo cpaBHEHHIO ¢ JOHOPCKUMH Cep-
JIIIAMH, YTO MOXKET CITIOCOOCTBOBATH AHACTONNICCKON TUCHYHKIINHU IPU CEPICIHON HETOCTa-
ToYHOCTH. BaskHO oT™MeTuTh, uto HH PKA-3aBHCcHMOe, Hu PKG-3aBuciMoe docdopummpo-
BaHHE HE ITOMOTAJIO CHU3UTH JO KOHTPOJIBHBIX 3HAUYCHUI TIOBBIIICHHBIA YPOBEHB ITACCHBHOM
KECTKOCTH KapAMOMHONINTOB y manueHToB [54]. Bosmoxno, usamenenne PKC-3aBucumoro
ypoBHs dochopunrpoBanus caiitoB B PEVK-nocnenoBarenbHOCTH TUTHHA CIOCOOCTBOBA-
JI0 TIOJIACP>KaHUIO MOBBIIIEHHOTO YPOBHS MACCUBHOM JKECTKOCTH KapAMOMUOLIUTOB Y MaIly-
€HTOB C CEpJICYHON MaToJOTUEH.

Kétter n coasr. [38] B 2013 . mpoananu3upoBain BiusHEE (HOCcHOPHINPOBAHUS CAHTOB
B N2B- u PEVK-nocnenoBarenbHOCTAX TUTHHA HA )KECTKOCTh MUOKapAa NalMeHTOB C AuJia-
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TaIMOHHON Kapauomuonarueil. B atoif pabore 1eHHO TO, 4TO B MCCIEIyeMBIX 00pasiax He
OpUTH BBIIBICHE M3MeHeHUsI B N2BA/N2B cooTtHOmeHnn n30¢opM TUTHHA, TOTJa Kak ObLTH
oOHapy>xeHbl n3MeHeHHs1 ypoBHs pocopunuposanust N2B- u PEVK-niocnenosarensHocTel
TUTHHA. B 4acTHOCTH, Ha (hOHE MOBBIIIEHHOW KECTKOCTH TpENnapaToB MUOKap/a y IalieH-
TOB ObLIO BbIsIBICHO runodochopumupoanue S4185, S4010 u S4099 caiitor B N2B-mo-
cienoBaTeIbHOCTH U runiepdochopmmuposanne caiita S11878 8 PEVK-nocnenosarensHo-
CTH TUTHHA. ABTODPBI C/ICNAN CIEAYIOIINE BBIBOABI: BO-TIEPBHIX, THIIO(oCchOpHIInpoBaHIe
N2B-nocnenosarensHoctn u runepdocopunupoBanne PEVK-nocnenosarensHocTn TH-
THHA YBEJIMYHUBAIOT KECTKOCTh CEPJEYHOMN MBI IPU Pa3BUTHH MATOJOTHH; BO-BTOPBIX,
M3MEHEHHs1 YPOBHS (hOCHOPUIMPOBaHHS TOMEHOB TUTHHA MOTYT OBITh Ba)KHBI JUISI TOYHOU
HACTPOMKH MaCCHBHOH )KECTKOCTH MHOKAp/ia M THacTOINIeCcKoi GpyHKumu cepama. CxomHbre
pe3ynbTaThl ObUH TONTy4YeHsl B pabote Bollen 1 coaBT., KOTOpBIE IPOAEMOHCTPHPOBAIIN TH-
nopocdopuuporanne PKA/ERK2-3aBucumoro caiira S4010 y narmentos ¢ JJKMII [57].

Hccnenosanus ¢pochopuiiipoBanust THTHHA B MUoKapye nanueHTos ¢ JJKMII B uenom co-
INIACYIOTCA C JAaHHBIMU, ITOTyYEHHBIMHU HA KUBOTHBIX MOZIENAX, B TOM CMBICTIE, UTO B CpaBHE-
HUH C CepIaMHy 3I0POBHIX JIFONISH Y TAMeHTOB HAOMIonaeTcsl yMeHbIIeHne YpoBHA Gochopu-
JMPOBaHMS KaK TUTHHA B LIEJIOM, Tak 1 N2B-mocnenoBarebHOCTH 3TOT0 Oenka, Toraa Kak I1mo
caiity S11878 B PEVK-nocnenoBarensHocTH THTHHA HaOmonaercs: runepdochopunmposa-
Hue. B wacTHocTH, cepeunsiii THTHH ObLT runodochopummposas 1o caidty S4010 B N2B-mo-
CJICIOBATEIbHOCTH TUTHHA B 00pa3Iiax JICBOTO KEMyI04Ka Cep/IIia MAIUEHTOB C THKENOH (op-
MOH AMTaTallMOHHOM KapauoMuomnaTud [57] n unuonarmdeckon kapauomuonarun [58]. Calt
S4185 B N2B-nocnenoBarelbHOCTH THTHHA OBIIT TUITO(POCHOPHIMPOBAH y THKENO OONBHBIX
nanuenToB ¢ JIKMII u nuacronnueckoit nucdyHnkuueii [61, 62]. B 6oapmHCTBE ONMCaHHBIX
Clly4aeB 3TH M3MEHEHUsl CBSI3aHBI C TOBBIIICHHEM JKECTKOCTH KapauoMuonuToB. Lakomkin
u coasT. B 2020 1. [63] Ha TOKCOPYOHUIIMHOBOH MOJAENH KapJHOMHOIIATHH TTOKAa3aJH, YTO TIPU
JIMACTOINYECKON TUC(YHKIINHU TPOUCXONT 3aMEJICHUE PaccIabIeH s, COUSTaIOMEecs ¢ Mo-
BBIIICHUEM AMACTOIMYECKOTO JIaBIeHHsT 1 MOOMIH3aIueil ana’spoOHoro mmkonusa. [Ipu stom
BBISIBIICHO YBEJIWYEHHE OOIIEro YpoBHS (POCHOPUIMPOBAHHS THTHHA, YTO KOPPEIUPOBAIIO
C MOYTH JIBYKPATHBIM YBEJIHUYCHHEM A0IH Oosiee mauHHON N2BA-m3odopmbr TuTHHA [63].
Caiit-ciermnduaeckoe runepdochopmwmponanue caiira S11878 8 PEVK-nocnenoparensHo-
CTH TUTHHA HaOIFOIaIochk B 00pa3nax MUOKapa marueHToB ¢ Tsokenoit JJKMII u nuacronmde-
ckoii pucdynkuumeit [40, 61, 64]. DT U3MEHEHNS CONPOBOXKIATIMCH YBEINYECHUEM KECTKOCTH
cepreyHoil MbIIpl. Harportus, ypoBeHs ¢ocopuipoBanus caiira S12022, Takxke pacroso-
xeHHoro B PEVK-niocienoBaTelbHOCTH TUTHHA, HE MEHSUIICS TIPH THACTONNYECKON (QyHKINU
MIPaBOTO XeTyAouka CepAla y MAIMEeHTOB C JITOYHOH apTepraIbHON THHepTeHs3uei [65].

BeimeykazaHHbIE OTHOCHTENBHO MOCTOSIHHBIE M3MEHEHUS YPOBHS (ochOopHInpoBaHus
TUTHHA Ha Pa3HbIX CTAAMAX PA3JIHMYHBIX CEPIEUHO-COCYANCTHIX 3a00I€BaHUH MOTYT Ka3aTh-
Csl HECKOJIBKO HEOXXMJIAaHHBIMH, OJJHAKO MOXKHO IPEIMOJIOKHUTh, YTO 3TH U3MEHEHUS SBIIS-
I0TCS TTOKa3aTeeM afalTaluy cepla K HOBBIM YCIOBUSIM IPH pa3BUTHU maronoruu. [Ipu
3TOM (paKTOPOB, MOTYIUPYIOMINX ITACCUBHYIO KECTKOCTh MHODHOPHIIT, TOMUMO N3MEHEHHS
n30()OpPMHOTO COCTaBa TUTHHA WJIM YPOBHS €ro ochOpHINPOBAHNUS, MOXKET OBITH OOJIBIIIE.
B yacTHOCTH, HEZJABHO MOKA3aHO, YTO Pa3BUTHE AWIATALMOHHON KapJUOMHOIATUH, AETep-
MUHHPOBAHHON MyTallUIMHU B T€HE TUTHHA, TPUBOASIIMMHU K 3KCIIPECCUU YKOPOUEHHBIX MO-
JIEKYJ 3TOTO OejKa, COMPOBOKAAETCS YMEHBIIEHHUEM JKECTKOCTH MHOGHOPHIUT cepaedHon
MBIIIIE YenoBeka [66]. B memom tutnH y mamumentoB ¢ JJKMII ygactByer B MeXaHU3ME
®panka — CTapnuHra He CTOJBKO KaK MaCCUBHBIN 2MaCTHYHBINA KOMIIOHEHT, CKOJIBKO KaK aK-
TUBHBIN PETyNSATOpP aKTUH-MUO3MHOBOTO B3auMozielcTBus. Bo3moxkHo, uTo MexaHu3m Dpan-
ka — CrapiuHra MoXeT ObITh OJHUM M3 HauOojee BaxxHbIX (pakropos maroreHesa JIKMII,
MOCKONIBKY YMEHBIIEHHE )KECTKOCTH CEPACYHON MBIMIIBI (T. €. YBEJINYECHHUE €€ 3TaCTHIHO-
CTH, CIIOCOOHOCTH K OOJBIIEMY PACTSIKEHHIO) ITPUBOANUT K HAPYIICHUIO aKTHBALIMN COKpa-
LICHUS B 3aBUCUMOCTH OT JUIMHBI PACTSKEHUS] CAPKOMEPOB U MBIIIIIBI B 1IEJIOM, T. €. IPUBO-
JIUT K HapyIIECHHIO BBIIIEYKAa3aHHOTO MEXaHU3Ma.
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Hccnedosanus calim-cneyuguueckoeo gocghopunruposanua mumuna 8 MUokapoe
4en06eKa U JHCUGOMHBIX NPU 2UNEPMpPoPuueckoll KapouoMuonamuu

luneprpoduyeckas KapAHMOMHONATHS XapaKTEpU3yeTCs COXpaHEHHEM (pPaKIMH BbI-
Opoca NeBOTO JKEMy/I04Ka, HAMYUEM IUACTOINYECKOH ANCOYHKINU U OOCTPYKIHEH BbI-
XOAHBIX mmyTel. [Ipu 3T0i maronornu GpopmMupyeTcs )KeCcTKask HeloAaTINBas KaMmepa JIEBOTo
KEJTyI04YKa, KOTopasi MPEMsTCTBYeT AUACTOIINIESCKOMY HAITOJHEHUIO U MOBBIIACT KOHEYHOE
TUACTONIMYECKOe NaBieHue [67]. B koHeWHOM cueTe 3TO 3a00JeBaHUE MOXET IPUBOAHTH
K XpPOHMYECKOI MIIIeMHUH MHOIIUTOB M UX THOENH U MOCTENIEHHOMY Pa3BUTHUIO CHUCTOJIHYE-
ckoil mucoyHKmu. BenencTeue rumeprpodun Muokapza, Kak U3BECTHO, SKCIIPECCHS MPO-
tenHknHa3 A u G cHmwkeHa, Toraa kak skcrpeccusi PKCa, ERK2- u CaMKII-kuHa3, kak
paBuiIo, mosbimeHa. Raskin n coast. [39] B 2012 1. B 3KCIIepUMEHTAX i Vitro, HCTIOIB3YS
pexoMOnHaHTHYI0 N2B-1i0cietoBarensHOCTs TUTHHA YenoBeka (¢ 3750 o 4019 amuHoKwMC-
JIOTHBIX OCTATKOB), OOHAPYXHJIM, YTO OHa sBJsieTcst MulleHbto 1t ERK2-kuHa3el. ABTOpEI
TaKKe 3asBWIH, YTO y YEJIOBEKA MyTanys B 17N, KOAMPYIOLIEM BBIIICYKa3aHHYIO 001acTh
MOJIEKYJbI TATHHA, COITPOBOKAAETCS Pa3BUTHEM IHIIEPTPO(OUIECKOI KapANOMHUONATHH, ITPH
KOTOpOH HaOomaeTcs yBenudeHne ypoBHs (ochopmmupoBanns N2B-nocnemoBaTensHO-
ctu in vitro [39]. U3BectHsl ganHbIe [46] 00 YBETHYCHHUU KECTKOCTU CEPICYHON MBIIIIIBI
MAIMEHTOB C Pa3BUTHEM THIEPTPOGUUECKOH KapAHMOMUONaTHH. [I0BBIILICHHYIO KECTKOCTh
CEepACYHON MBIIIIBI TAIIIEHTOB aBTOPHI OOBSCHSIIOT YBEIHMUSHUEM YPOBHS (oCchHOpHINPOBa-
Hus caiita S4062 N2B-nocnenosarensHocTH U caiita S12022 PEVK-nocnenosatensHOCTH
TUTHHA, YTO BBIBICHO Ha ()OHE YBEIMUYCHUS COACP)KAHWSA M AKTUBHOCTH IPOTEHHKUHA3EI
CaMKII [46]. ABTopbl BIEpBbIE NMPOIEMOHCTPUPOBAJIH, YTO KIIIOUEBOI KHHA30M, pocdo-
PUIMPYIOIIEH THUTHUH MPHU THNEpTPOo(GUIecKoil KapJHOMUOIIATHH, SIBISIETCS] TPOTEHHKUHA3A
D (PKD) — cepuH-TpeoHHHOBasI KMHa3a, KoTopas oTHocuTcs K cemelictBy CaMKII-kuna3
[46]. B uactHOCTH, aBTOpBI 00HApYXHIH runeppochopunrposanre PKD-3aBucumoro caii-
Ta S916 THTHHA B MHOKap/ie MAIICHTOB C THIEPTPOPHISCKON KapauoMHuonaTueii. ABTOpHI
Takke MOJIY4YMIIM BECKHE JI0Ka3aTeNbCTBa TOTO, YTO BBEACHUE MPOTEUHKUHA3bl D B Kapau-
OMHOIIMTHI MBIIIEH ¢ HOKAyTOM 3TOW NMPOTEHHKHHA3bl IPUBOANIO K CHIDKCHHUIO ITACCHBHON
JKECTKOCTH KapJHOMHOLIUTOB, KOTOpasi Oblila BBIIIE Y HOKAyTHBIX XMBOTHBIX [46]. Takum
00pa3oM, aBTOPHI BIIEPBBIE BRISIBUIM paHee HEM3BECTHYIO POJIb IPOTEMHKUHA3H! D B perymnu-
POBaHMH BA3KOYIPYT'HX CBOIMCTB TUTHHA M BCIEACTBUE HTOTO KECTKOCTH KapIHOMHOIIITOB
U Cep/ICYHOM MBIIIIIBI B LIETIOM.

Hccnedosanus caiim-cneyuguueckoeo gochopuruposanus mumuna 8 MUOKapoe
4eno8eKa U HCUBOMHBIX NPU OUACMOIUYECKOU OUCHYHKYUU HeULUEMUYECKOU dMUONI02UU

B nccnenoBannu van Heerebeek u coaBT. [55] Ha KapJHOMHOIINTAX TAIMEHTOB C caxap-
HBIM T1abeToM OBbLIO MMOKa3aHO, YTO MEXaHU3MBbI, OTBETCTBEHHBIE 32 MOBBIILICHHYIO JTHACTO-
JUYECKYIO J)KECTKOCTh AMAa0ETHIECKOTO CepAla, Pa3IndaroTcs MPHU CHCTONNYECKOW W JHa-
cronuueckoi nucdyHkuun: Gudpo3 M BO3pacTHBIE M3MEHEHHsI BHOCSAT BKJIAJ B Pa3BUTHE
CHUCTOJINYECKOH I[I/IC(byHKLII/II/I, TOTZla KaK IMOBBIIICHHOC IMAaCCUBHOC HAIPsKCHUE KapAuo-
MHOIIMTOB B TIOKOE€ BHOCHUT BKIIAJ B COXpaHeHHE (pakiuu BeIOpoca [55]. Dra pabora BHo-
CJIE/ICTBHU Jajla Pa3BUTHE UCCIICOBAHUSIM ANACTOINYECKON AUCHYHKIIMN HEUIIIEMHUYECKOTO
npoucxokaeHus. 3a nocieqaue 20 et HapacTaeT 00beM CBHICTEIBCTB, UTO ATOMY 3a00Ie-
BAHMIO COIYTCTBYET BBICOKAsl paCIpOCTPAaHEHHOCTD APYTHUX 3a00JICBaHUM, TAKMX KaK N30bI-
TOYHBIA BEC/OKUPEHHE, CaXapHbI AHa0eT, XpOHUYECKasi 0OCTPYKTUBHAsI OOJIE3Hb JIETKUX
U COJICUYBCTBUTEIbHAS TUIICPTCH3M. BBUIN CO3MaHbB MHOTOUHNCIICHHBIC MOJICTH Ha JKUBOT-
HBIX (MBIIIb, KpbIca, co0aKa, CBUHbBsI), KOTOPbIE UMUTHPYIOT 3a00JIEBaHUsI CEpALIA YeJIOBEKa.
Taxue Mozmeny, Kak MHOKapauT [68], merodnas aprepuaibHas THIIEPTEH3MS, CY)KEHUE A0PTHI
W caxapHbIi nuadeT 2-ro Tumna [69] Mo3BOIIIN NOHATh, B KAKOM HAIPABICHUU MPOUCXOISAT
M3MEHEHUs N30(OPMHOTO COCTaBa TUTHHA M YPOBHS (HOCHOPHIUPOBAHUS ITOTO OENIKa IpU
MIaTOJIOTUYECKUX COCTOSHUSX.
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ITpu MonenupoBaHUN CTEHO3a A0PTHI Y MBIIIEH HaOMI0aI0Ch KaK YMEHBIIEHHE O0IIETO
ypoBHS (ochopHINpOBaHNS TUTHHA B CEPALE MO CPABHEHHUIO CO 3M0POBBIMU KOHTPOJIEHBI-
MU rpynnamu [70], Tak ¥ yBenuueHne ypoBHs GocdopuiaupoBanus 3toro oenka [71, 72].
OueBUTHO, MTPOTUBOPEUMBBIC PE3YJbTaThl OTHOCHTENILHO 00mIero ypoBHs (ocdopunupo-
BaHMsl TUTHHA, HAONIONaeMble Ha JXMBOTHBIX MOJIEISIX, MOT'YT OBITh CBSI3aHBI CO CTaauel
CEpIEeYHON HEJOCTAaTOYHOCTH, UHAYLMPOBAHHOW B COOTBETCTBYIOLIEH Monenu. Hanpumep,
TSOKECTh CePIIeYHON HEZOCTAaTOYHOCTH MOXKET OBITh pa3HoH y Mermei [71] u kpeic [73], moa-
BEPIIIMXCS CYKEHHIO a0PTHI, B 3aBUCMOCTH OT YPOBHS ee cyxeHus. CyKeHUe KOpHS aOpThl
WIIN TIEpEeBsI3bIBAHNE A0PThI KAK MOJENH JUIsl UCCIIEOBaHHS JNACTOINYECKON NUCHYHKIMN
OOBIYHO MPHUBOIMT K IKCLHEHTPUIECKON TUIIEPTPOGHH JICBOTO KENyI04YKa U3-32 BHYTpUCEP-
JIe9HOH OOBEMHOM Teperpy3Ku ¢ Upe3MepHBIM OTeKoM Jierkux [74]. Ilpu cTeHose aopTsl
3HAYUTEJIFHO MOBBIIIACTCS KOHEUHO-IUACTOIINIECKast )KECTKOCTh JIEBOTO JKEJIy0UYKa U J1aB-
JICHWE B HEM, OJIHAaKO (hpakIusi BIOpOCa JIEBOTO Kelylaouka He cHibkaercs. [lokasaHo, 4To
MPOJOJKUTENBHBIH CTEHO3 a0PThI Y MBIILIEH YCYyTyOssisl CHCTONIMYECKYIO AUCHYHKIIMIO, YTO
B KOHEYHOM HMTOTE MPUBOANIIO K CEPIICYHON HEOCTATOYHOCTH C HU3KOH (paKIuei BEIOpoca
[74]. BaxxHO OTMETHTB, 9YTO OOOHBIC U3MEHEHHUS PEAKO HAOMIONAIOTCA y JIIONCH, a pesyib-
TaThl MOZICIIMPOBAHUS JUTUTEIEHOTO CTEHO3a a0PTHI HA MBIIIaX HE COOTBETCTBYIOT KIIMHUYE-
cKuM pesyibraraM. ClieoBaTenbHO, Hy)KHO OBITh OCTOPOXKHEE, HHTEPIIPETHPYS PE3YIBTaThI
MOJICTIMPOBAHUS TUACTONIMUECKOH (DYHKIMK Ha puMepe cteHo3a aopthl [75]. Hecmotpst Ha
3TO, MOZIEIMPOBAHHE CTEHO3a A0PTHI BRIIBUIIO HEKOTOpBIE o0mmue TeHaeHnnu. Tak, Borbely
1 coaBT. [54] B 2009 1., UCTIONB3ys OMOIICHH JIEBOTO JKEITyIOYKa CEep/Ila MalueHTOB CO CTe-
HO30M aopThI (0e3 nmeMnudeckoit 001e3Hn cepalia), oOHapy WK runodochoprInpoBaHme
N2B-nocnenoBaTeabHOCTH TUTHHA, KOTOPOE COIMPOBOXKAAIOCH YBEIMYEHUEM >KECTKOCTH
KapZMOMHOLMTOB TIPH MX PAaCTsDKEHUH B rokoe. [Ipu 3ToM MHKyOalusi KapAnOMHOLMTOB
B pacTBOpE, COAEpIKAaIleM MPOTEHMHKHMHA3y A, BOCCTaHABIMBAJIa YPOBEHb MX MACCHBHOTO
Hanpspkenust. [locnenyronie padotsl nokazanu runogocdopunmmposanue PKG-3aBucnmbIx
caiitoB N2B-nocnenoBarensHocTr TUTHHA: S4099 vy cobak ¢ quacTonmyecKoi auc@yHKuei
[76] u S4080 y kpric, moaBeprimuxcs creHo3y aopts [73], a Takke PKA/ERK?2-3aBucuMbIx
caiitoB S4010 y cobak ¢ nuactomudeckor nuchynkiuer [76] u S991 y KpbIC CO CTEHO30M
aoptel [73]. B obmactn PEVK-mocnenoBarensHOCTH Habmromanoch rumepdochopummpo-
BaHme caiita S12884 y kpric co creHO30M aoptel [73]. I'mmodocdopunmpoBanue caifToB
S4099, S4185 u S4010 B N2B-nocnenoBarenbHOCTH TUTHHA U runepdochopuiinpoBaHme
caiita S11878 8 PEVK-nocnienoBarenbHOCTH 3TOr0 0eika ObUTIO 00HAPYKEHO TAKKE U B CEP-
JeyHoit Tkanu nanueHToB ¢ JIKMIT u runeprpoduueckoii kapauomuonarueii [38]. [Ipu atom
MTACCUBHOE HANPSDKEHHUE, PA3BUBAEMOE CKHHIPOBAHHBIMH BOJIOKHAMH MUOKap/a MaIleHTOB,
ObUIO BBIIIE, YeM B KOHTpOJE. ABTOPHI NPHUIUIM K 3aKIIOYEHHUIO, YTO runodocdopunmpo-
Banue caitoB N2B-mocnenoBarensHoct u runepgochopunuposanne PEVK-nocnenosa-
TEJILHOCTH TUTHHA MOTYT JICHCTBOBATh OIHOHAIIPABIECHHO, MOBBIIIAS TACCHBHOE Hampshke-
HHE/’)KECTKOCTh CEePAEYHOM MBIIIIEI YeIOBeKa MPH Pa3BUTHH IATOJIOTHYECKHX M3MEHEHUH
[38]. Takum 0OpazoMm, psiI UCCIIEAOBAHUN YKa3bIBAIOT HA TO, YTO M3MEHEHHS yPOBHA (oc-
¢dopumupoBanus B caiitax N2B- u PEVK-mocnenoBarenbHOCTAX THTHHA COMPOBOXKIAIOTCS
YBEJIMYCHUEM JKECTKOCTH KapauomuouuToB [38, 40, 73, 76, 77]. Ilpu 3ToM uHKyOarus in
Vitro BBIJICTICHHBIX KapIUOMHOLIUTOB B PaCTBOPE, COAEPIKAIIEM TPOTEUHKHHA3y A, COIIPOBO-
K/ajgach yMEHBIIEHHEM BBIIIEyKa3aHHOM kecTkocTH [77].

[Ipu MomenmMpoBaHWU CTEHO3a AOPTHI Y MBIIIEH OBUTO MOKA3aHO, YTO CAalWTHl THTHHA,
¢dochopunpyemble npoTreMHKHHa30i C, Takke MOTYT WIpaTh BaXKHYIO pPOJIb B M3MEHE-
HUM BSI3KOYNPYTUX CBOWCTB cepaedHoM Mpimips! [71]. Tak, npu M3MepeHUU MacCUBHOTO
HAaIpsHKEHUs] MUOKapaa ObUIO IT0Ka3aHO, YTO YBEJIHYECHUE JKECTKOCTH CEPICYHOW MBIIILIBI
Y MBIIIEH C cepAeIHON HEIOCTATOYHOCTHIO CBSI3aHO Kak ¢ (GHOPO30M, TaK U C U3MEHCHHUEM
BSI3KOYIPYTHX CBOMCTB MOJICKYJ] THTHHA. [IpH 3TOM aBTOpBI 0OHAPYKMIIM IIPOTHBOpEUaIiee
BBIIIEyKa3aHHBIM JaHHBIM YBEJIMUYEHHE coepkaHus Oomnee pacTspkuMoi N2BA-u30hopmsbl
TUTHHA ¥ YMEHBIIICHHUE CoNlepkanus Ooee xkectkorr N2B-m3o0hopmsl 3toro 6enka [71]. Uro-
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05! BBISICHUTH BKJIaJ (hoc(hOPHIMPOBAHNS TUTHHA B U3MEHEHUE BSI3KOYNPYTUX CBOWCTB €TO
MOJIEKYJI, aBTOPBI IPOBENN BECTEPH-OJOTTHHT C MCIIONBb30BAHUEM aHTHUTEIN, CIICIH(UIHBIX
K HEKOTOpbIM (hocdocaiitam TUTHHA. B MHOKap/e MBIIIeH ¢ cep/ieuHON He0CTaTOYHOCTHIO
oOHapysxeHo runeppochoprIMpoOBaHne CAaHTOB TUTHHA, (OCHOPHITUPYEMBIX TPOTEHHKUHA-
30# A, a Taxxke caiita S11878 (S26) B PEVK-nocnenoarensHocTd TUTHHA, HOCHOPHIUPY-
emoro nporenaknHazoii C. [Ipu stom caiit S12022 (S170) B8 PEVK-nocnenoBarensHOCTH
TUTHHA, Takke Qochoprmmpyemsrii mpotenHknHa30i C, 061 Tunodochopumuposan [71].
ABTOpBI crenany BBIBOJ, YTO JUACTOJIMYECKast AUCOHYHKIHNS, WHIYIUPOBAHHAS CTCHO30M
A0pThI, IPUBOJIUT K YBEJIMYEHHIO MTACCUBHOM JKECTKOCTH MHOKapJa MBIIIEH KaK BCIIEACT-
Bue (prbpo3a, TaK U BCIEICTBHE U3MEHEHHUS BI3KOYNPYTHX CBOMCTB MOJIEKYN TUTHHA M3-32
ranepdochopummpoBanms caiira S11878 8 PEVK-nocnenoarensHocTH 3TOTO OenKa. [Ipu
sToM yBenmdenne N2BA/N2B-cooTHOIEHNsT n30OpM TUTHHA HE HOPMAaTH30BAJIO TACCHB-
HYIO )KECTKOCTb KapJHOMHUOLIMTOB MbIlIeH. [Io MHEHHIO aBTOPOB, N3MEHEHHS BSI3KOYTIPYTHX
CBOMCTB MOJIEKYJI TUTHHA BcieacTBUE (OoChOpUITUPOBaHHS SIBISIOTCS OCHOBHBIM (pakTopoM
MOBBIIIEHUS TACCUBHOM KECTKOCTU MUOKAP/a Y MbIIIEH C CEPJIEYHON HEIOCTaTOYHOCTHIO.

JmacTtonmmuaeckas AMCYHKINS y MAIMEHTOB YacTO BBIABISIETCS Ha (DOHE APYTHX 3a0osre-
BaHMH, TaKMX KaK W30BITOYHBIA BEeC/OKHPEHUE, CaxapHbIH AnabeT, XpoHH4YecKas 00CTpyK-
TUBHAs1 OOJIE3HB JIETKUX U COJIEYyBCTBHUTENIbHAS THIIEPTEH3Us. B yacTHOCTH, N3BECTHO, YTO
NIPU CTEHO3€ a0PThl JHACTONMYECKass NUCHYHKIHS JICBOTO XKEITyAouKa SIBJSETCS 4yBCTBH-
TEJIBHBIM MapKepoM JUCQYHKIIMH MUOKap/a, BEI3BaHHOH caxapHbIM nuabdetom Il tuma. Tak,
y TAIMEHTOB C IUACTOJIMYECKON MUC(YHKIMEH M MOBBILICHHON KECTKOCTBIO KapANOMHO-
UTOB Ha (oHe caxapHoro nuabera Il Thma oOHapykeHO runogochopunupoBanue caiira
S4099 N2B-nocnenoBaTeIbHOCTU TUTHHA M3-32 CHUXKEHUS aKTUBHOCTHU MPOTEUHKUHA3bl G
u runepdocopunuponanue caiita S11878 B PEVK-nocnenosarensHocTH 3100 Oenka u3-
3a MMOBBIIICHHOW akTUBHOCTH TpoTernHKIHA3E PKCol [64]. OqHaxo BaKHO TOAYEPKHYTh, UTO
MAIMEHTHI ¢ A1a0eTOM MPUHIMAJH JIeKapcTBa (MHCYIHH, MeTHOpMUH, B-OI0KaTOPHI), KOTO-
pble MOIVIM TIOBJIUSTH Ha U3MEHEHUS YPOBHS (OCHOPHIMPOBAHUS TUTHHA.

l'unepTeH3us Takke COMyTCTBYET qUACTOIMUYSCKOl qucdyHkimu. B padore [65] oOHapy-
JKEHO, 4TO Y [IALMEHTOB C JIETOYHON apTepHaIbHOM TUIIEPTEH3UEN HapyLIEHUE TUacTONn4e-
CKOH (DYHKIIMH TIPaBOTO >KEITyI0YKA BCICICTBUE MOBBIMIECHHOMN KECTKOCTH KapANOMHOLIMTOB
COIIPOBOXKAATOCH THHO(GOCHOPHITNPOBAHUEM CIIENYIOMNX caiToB THUTHHA: PKA-3aBucu-
Moro caiita S469 B N2B-nocienoBarensrocti 1 PKCo-3aBucumoro caiira S12022 (S170)
B PEVK-nocnenoparensHocT. [Ipy 3TOM HE OBUIO BBISBICHO M3MEHEHUH ypoBHS (ocdo-
punrpoBanusi B PKCa-3aBucumom caiite S11878 (S26), pacnonoxxennom B PEVK-nocie-
noBaTensHOCTH THTHHA [65]. B paborte [78] mokazaHO, YTO y MAllMEHTOB C JICTOYHOH ap-
TepUaIbHOM TMIIEPTEH3MeH pa3BUTHE IUACTOINYECKOH MUCHYHKIMM IPaBOTO JKEIyZouKa
pa3BHBaIOCh Ha (POHE YMEHBIIEHHSI O0LIETO YPOBHS (OChHOPHIMPOBAHUS TUTHHA, HO TIPH
orcytcTBuH m3MeHeHui B N2BA/N2B-cooTHOIIEHHH H30(hOpM 3TOT0 OeiKa.

B cBsI3u ¢ TeM, 4TO JHacToIMUECKast TUCHYHKINS Y AlMEHTOB YacTO BBIABISAETCS Ha (oHe
JIpyTuX 3a00JI€BaHNH, yKa3aHHBIX BBIIIE, aJICKBaTHOH MOZCIBIO ANACTONMIECKOH THUCHYHKINH
MOXKHO CUHTATh MOJENb TMIIEPTOHMYECKON KapANOMHOIIATHN ¥ TMIEPIMIHICMIN Y CBHHEH
[79]. C nomorpto 3TOM MOZENN aBTOPHI BBISIBUIIM Pa3BUTHE THIIEPTPO(GUH JIEBOTO KETYI0UKa
W IMJIATAIMIO JIEBOTO IIPEICEPHs Y CBUHEH. DTH H3MEHEHHUS CONPOBOXKIAIUCH YMEHBIIICHUEM
o0mrero ypoBHS GochoprIHpoBaHNS TUTHHA U YBEIWYECHHEM J10H Ooree xecTkoil N2B-u3o0-
(hopMbI 3TOTO OEIIKa, YTO MOYKET BHOCHTD BKJIA]] B YBEIIMUIECHHE KECTKOCTH MHOKap/a.

HWrak, *ecTKoCTh MHOKap/a, OCHOBaHHAsI HA BS3KOYNPYTHX CBOMCTBAaX MOJEKY THTHHA,
OIIpeneNnsieTcsl COOTHOIICHHEM ero M30(opM, a TakKe ypoBHEM (GocqopHIHpoBaHHs caiiToB
B anacTH4YHOM [-4acTu Mosekysibl atoro 6esika. [IpoBeneHHbIe nccie10BaHus! IOKa3bIBAIOT, YTO
B CUTyallusX, Korga TpedyeTcss MOOMIM3aus pacTsDKEHHsS MHOKap/a, COOTHOIICHHE JKECT-
KOCTB/371aCTUYHOCTh C/IBUTAeTCS B CTOPOHY YBEIHMUEHMS 3IACTUYHOCTH, a KOrma TpedyeTcs
YCHIJICHHE COKpALIeHUH CeplIeYHON MBIIIIIBI, TO YBEIMYMBAECTCS )KECTKOCTh MOJIEKYJI TUTHHA.
[Tpu >ToM M3MeHeHust ypoBHST (GOCHOPHIMPOBAHHST TUTHHA BCE YaIle MPH3HAIOTCSI BAYKHBIM
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MOJIEKYISIPHBIM HHCTPYMEHTOM, BHOCSIIIIM BKJIaJ B MaTO(H3HOIOTHIO 3a00IeBaHNi cepana.
OTH IaHHBIE O TUTHHE OTKPBIBAIOT HOBBIE TEPAIIEBTUYIECKHE BOSMOKHOCTH TSI HOPMATU3aIuU
COKpPAaTUTENBHOM (PYHKIMK MUOKap/ia y TAl[MEHTOB C CEPACUYHBIMHU 3a00JICBAaHUSIMH.

Docgopunuposanie mumuna Kak Mulensb 0Jis mepanuu

TutnH Gnarogapst H3MEHEHHIO SKCIPECCHH €0 N30(POpM H/HITH YPOBHS ero (HoCchOopHiTH-
pOBaHUS BCe Jalle MPU3HACTCA B KaYeCTBE KIIIOYEBOTO MOJICKYISIPHOTO WHCTPYMEHTA B Ta-
TO(U3UONOTUH HEKOTOPBIX 3a00JeBaHuil cepaia. B CBS3M ¢ 3TUM THTHH SIBISETCS MOTEH-
LUaJbHOW MHUIIEHBIO JUTs (papMaKoJIOrHYecKUX MaHHUITYISLUHA, COCTaBIsA, TAKUM 00pa3oMm,
HOBYIO TEpareBTHYECKyI0 MHIIEHb. TeparneBTHiyeckue BO3JCHCTBHS B 3TOM HalpaBICHUU
MOT'YT OBITh HalpaBJIeHbI Kak Ha n3MeHeHHne cooTHoueHust N2BA- n N2B-uzohopm tutHHa,
TaK U Ha U3MCHEHUE YPOBHS PochoprinpoBaHus 3TOTO OeTKa.

WHaTepecHpIM 1 MHOTOOOCIIAOIINM TTOIX0JI0M, IPEAIOKEHHBIM HEIABHO, SIBISIETCS UC-
MTOJIb30BaHUE TOIMMEPOB JAMUHUHA B U3MEHEHHUH KECTKOCTH CEPICYHON MBIIIIBI yTEeM
n3Menenus skcnpeccurn N2BA- u N2B-uzodopm tutrna [80]. JlaMuHMHBI — 3TO OSNKH
BHEKJICTOYHOI'0 MaTpHKca 0a3albHOW MEeMOpaHbl KapaIuOMHOIUTOB. ABTopsl [80] mokasa-
JIM, 9YTO BHYTPUMHOKapAUAIIbHASL X Vivo WHBEKIHs MOJUJIaMUHMHA B CEPIIe KPBICHI BbI-
3pIBaJia yBenuucHuUE B 1.9 pasa skcripeccun Oonee smactudroil N2BA-u3odhopMbl THTHHA
n yMeHblleHHe B 3.9 pasa skcnpeccun Oosee xectkoil N2B-nzodopmsl 3Toro Genmka mo
MIPOLIECTBUU 4 Y.

Uro kxacaeTrcsi mapaIurMbl JICUCHUS] CEPACYHBIX 3a00JCBaHUI IMyTeM H3MEHEHHS YPOB-
H (GocoprIrpoBaHUS THUTHHA, TO CIEAYeT IMOTOBOPUTH O TUACTOIMYCCKON IUCOHYHK-
UM HEHIIEMHYECKOTO MPOMCXOXKACHUSI U €€ COIyTCTBYIOIINX 3a00JIeBaHHUAX, YKa3aHHBIX
BBIIIE, CIIOCOOHBIX BBI3BIBATh CUCTEMHOE BOCIIAJIHUTEIHHOE COCTOSHHE. XPOHUYECKOE BOC-
NaJIcHWe Pa3BHBAETCS MPU XPOHUYECKOH OOCTPYKTHBHOHM OOJIE3HH JIETKHX, YTO SIBIISETCS
OHOBPEMEHHO MPEMOPOUIHBIM MPH3HAKOM JuacToiuueckor mucynkiuu [81] u dakro-
POM CMEPTHOCTH OT CEPACYHOMN HETOCTATOYHOCTH C COXpaHEHHOU (pakuueii Beropoca [82].
[pu BHCLIEpaTbHOM OXHPCHHUHU KUPOBasi TKAHb HHOWIBTPUPYETCS MakpodaramMu, KOTOPBIE
BEI3BIBAIOT CHCTEMHOE BOCIIAJHTEIBHOE COCTOSHHE M3-32 CEKPEIUH IPOBOCIIATHTEIBHBIX
uToKUHOB [83]. HemaBHO OBITO TIOKA3aHO, YTO COIyTCTBYIOIIHE 3a00I€BaHUS COTPOBOXK /1A~
10TCS1 O0JIee 3HAYUTEIBHBIM YXyAIIeHHEeM (QYHKINH M CTPYKTYPBI MHOKap/a Ipu JUACTONH-
4eCcKoil AMC(YHKINHU, YeM IpU apTepuaibHOil runepreHsuu [84]. DTo moaTBepkaaeT 1o-
TIOJIHUTENBHOE YXYIILICHUE JUAaCTONMYECKO TUC(YHKIUH 32 CYET TAaKUX MEXaHM3MOB, KaK
HEHPOIHIOKPUHHAS aKTHBALUsA [85] U HEIOCTaTOK BBICOKOAHEpreTHueckux (ocdaror [86].
Bb110 Takke mokasaHo, 4TO CHCTEMHOE BOCTIAINTEIBHOE COCTOSTHUE, BBI3BAHHOE ITHMH CO-
Ty TCTBYIOIIMMH 3a00JICBAaHUSIMU, OUYCBUIHO, TIPOSIBIISICTCS B CBSI3U C BEICOKUMH ITUPKYIHPY-
IOIINMHA YpOBHSIMHE HHTepieiknHa-6 (IL-6) u dpakropa Hekposa omyxonu o (TNF-a). YpoBHU
9THX K€ IUTOKWHOB OBLTH MOBHIMICHBI U y TTAIIMEHTOB C AHACTONHICCKOH auchynkuueit [87].
Taxoe oOmnre HOBBIX NAaHHBIX O CTPYKType, PYHKIMAX M Iepefade CUTHAJIOB B MHOKapIe
MO3BOJISIET CO3/IaTh HOBYIO MapajurMy JICYSHUs TUACTOINYECKOM TUCYHKIUH C TOMOIIBIO
dbochopurpoBaHus TUTHHA. B 4aCTHOCTH, €CTh pabOThI, MOKA3aBIIKE, YTO HHTHOMPOBAHHE
pelenTopa HHTepIeHKHHA-6 MOIYIUPYET UMMYHHYIO PEaKIHIO U BOCCTaHABIMBAET yPOBEHb
(dochopunpoBaHnsl TUTUHA MIPU IKCIIEPUMEHTaIbHOM MHOKapauTe. Tak, Hirota m coast.
[88] mponeMoHCcTpUpOBaIM, YTO OAHOBpEMEHHAs cBepxakcnpeccus 1L-6 u peuentopa IL-6
Y MBIIIEH BBI3BIBACT KOHIICHTPUICCKYIO THIEPTPOGUIO, THIIMIHYIO JJIST THIICPTOHUIECKON
CepaeyHol HeIOCTaTOYHOCTH. B nmpyrom mccrnenoBannu [68] aBTOpPBI IpUMEHIIIN aHTUTENA
K petentopy IL-6 y MpIIIeii ¢ neipio yayqeHns CepACIHON AuCHyHKIINN, pa3BUBIIEHCS Ha
(oHe MuOKapauTa, HHIyIMpoBaHHOTO BUpycoM Kokcaku tuma B. B muokape nopaxeHHbIX
MBIIICH OBLTO BRISIBICHO YMEHBIIICHHE 00111eT0 YpoBHs hochopunuposanus N2BA-u3odop-
MBI TUTHHA, TOTAA KaK ypoBeHb (ochopunupoBanus N2B-uzohopmer He namensics [68].
OnHokpatHas uHBEKIMs antuTenia MR 16-1/tocilizumab k peneniropy IL-6 HOpManu3oBaio
(YHKIUIO CepACTHON MBIIIIEI B 00NN YpOBeHb (PochHopHuInpoBaHHs TUTHHA.
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B cBsi3u ¢ HakoMMBIIMMCS 00BEMOM JAHHBIX O TOM, YTO AUACTOIMYECCKON OUCHYHKINN
COITYTCTBYIOT THUIIEPTOHUS, THIEPIUNNAEMHISI, U, KaK CJIEICTBHE, CHCTEMHOE ITPOBOCHAIIH-
TEJIFHOE COCTOSIHHE W CHIDKEHHE OMOIOCTYITHOCTH OKCHJIa a30Ta, CTAHOBHUTCSI OYEBUIHBIM,
YTO TaJaeT colep)KaHHe IMKIMYecKoro ryaHosuHMoHodocdara (uI'M®) u cHmxkaercs
AaKTUBHOCTh NMPOTEHMHKHHA3bI G B KapAHOMHOIMTAX. B cBOIO ouepenp, Kak M3BECTHO, HU3-
Kasi akTUBHOCTh IIPOTENHKUHA3EI G CIIOCOOCTBYET Pa3BUTHIO THIIEPTPO(UH U TTOBBIIICHHIO
JKECTKOCTH KapJHOMHOLIUTOB BCIEACTBHE TrunodochopmimpoBanus TuThHA. Hapymenue
perymsiuuu nytd i’ M® — nporenHkuHa3a G TECHO CBSI3aHO C PEMOAEIMPOBAHUEM CEpALA
U pa3BUTHEM CEpAEUYHOH marojoruu. B HacTosImee BpeMs JOCTYIIHO MHO)KECTBO BEILECTB,
KOTOPbIE CTUMYIUPYIOT 3TOT MyTh (CM. HefaBHUM 0030p 0 posu ul M® B cepaue [89]). Un-
rHOUTOPEI (hochoamdCcTepassl-SA (Takue Kak CHIIIeHA()WIT) U HATPUHYypEeTHISCKUH TTENTH
B-Ttuna, kotopsie noBsImaioT yposeHb 1l M®, nokazanu ceds MHOTOOOEIIAIOINMHY B Kade-
CTBE MOTCHIMAIBHBIX CPE/ICTB JICUCHUS IUACTOIMYECKOW MUCHYHKIMH B JTOKIMHUYECKUX
UCHIBITaHUsAX. B yacTHOCTH, Ha MoAENH AMACTONMYECKON AUCOYHKIMU Y co0ak ObLIO MOKa-
3aHO, YTO CHJIJICHA(QUII U HaTpHlypeTH4eCcKuil mentus B-tuna yBenuuuBamu ypoBeHs (Goc-
(dboprnHpoBaHUS TUTHHA, YMEHBIIAIN )KECTKOCTh KapANOMHOIIUTOB U MOBBIIIAIH PACTSIKH-
MOCTb JIEBOTO kenynouka [90].

OpHako cleayeT OTMETUTh, YTO HECMOTPsI Ha TO, YTO BBIIICONUCAHHbBIE METOABI Jieue-
HUsI ObLIM MHOTOOOCMIAIOIIMMH B JIA0OPATOPHBIX YCJIOBHSIX, PACXOXKIEHHS B JIO3MPOBKaX
U METabOIMUYECKUE PA3IMYMS MEXIY KUBOTHBIMH U JIOABMH YacTO SBJIAIOTCS NPHUYMHON
Heyaad KInHmdeckuX ucnbitanni [89]. [TomoOHas cuTyanus — TONBKO OJJHO M3 MHOTHX TIpe-
MSATCTBUH Ha MTyTH ITONCKA HOBBIX 3((EKTUBHBIX METO/IOB JIEUEHHS CEp/ICUHOIN HEM0CTaTod-
HocTu. Kpome Toro, cioxxHOCTh nyTel, Takux kak nl M®-nporenHkrHasza G, 03HauaeT, 4To
PETyJISIIMS IPOMEXYTOUHBIX ATAIMOB ITyTH TAKXKe MOXET OBITh HEIIPEeIHAMEPEHHO H3MEHEHA
U TIPOTHBOAEHCTBOBATH KenaeMoMy 3G QeKTy JiedueHns. BeposTHO, T03TOMY HCIIOJIB30BaHHE
uHTEOUTOPOB (pochommicTepasbl-SA B uccinenoann RELAX He BBIABHIIO 3HAUUTEITFHOTO
YIAy4LIEHHUs! TUacTOJIIMIECKO (QyHKIMH Y NalMeHToB, noryyaBmux yedenue [90, 91]. Ana-
JIOTHYHBIC UCTIBITAHUS TTPOBOAMINCE ¢ HHTHOUTOpamu (ochomuacrepasbl-9A, 1ENbI0 KOTO-
PBIX TaKke OBLIO MOBBINICHHE KOHIICHTpauuu ul M® B cepale W yaydlIeHHE CepACUHON
¢yuxuun [92]. [Ipu MonmenupoBaHUH IUACTONUYECKONW TUC(YHKIIMH Y MEIIIEH MOKa3aHo,
4yTO HHrHOMpoBaHue Gochoandcrepassl-9A yMEHbBIIAIO THACTONNIECKYIO )KECTKOCTh JICBO-
ro skenynouka cepaua [93].

AKTHBaTOPBI/CTUMYIISITOPBl PACTBOPUMOI I'yaHWJIATLIMKIIA3bl CUUTAIOTCS TAK)KE€ MHOTO-
00eMIaoIIMM CPEACTBOM JICUSHHUS CEPACYHON HEIOCTATOYHOCTH C COXPaHEHHOH (pakiuein
BBIOpOCA, MOCKOJIBKY OBIIIO OOHAPYKEHO, YTO OHH ITOBBIIIAIOT YpoBHHU Il M®, 94TO MPUBOIUT
K YBEJIMYEHHIO aKTUBHOCTH npoTenHkruHa3 A, G u ERK2, 1 o1HOBpEMEHHO CHUXKAIOT aKTUB-
Hocth knHa3 PKCo n CaMKIIS [94, 95]. Onnako 3TH pe3ysasTarsl He ObUTH BOCITPOU3BEICHBI
uu B kauandeckux uccienopannusax VITALITY, uu B SOCRATES, Tak kak He HaOII0aI0Ch
YIIy4IIEeHUs AUACTONMYECKOl (DYHKIUH y MAI[MEHTOB C CEPACYHON HeJOCTaTOYHOCTBIO C CO-
XpaHeHHOH (pakmmeii BEIOpOca, MOMyYaBIINX vericiguat — HOBBIH MEpOpaTbHBIA CTUMYIIS-
TOp PacTBOpUMOM ryaHUnaTnukiassl [96, 97]. TeM He MeHee cuUTaeTCs, YTO BhINIEyKa3aH-
HBIE METOJIbI JICYEHHSI MOTYT OBITh YCIIEIITHBIMHU ISl TOArPYTIBI AUEHTOB C HapyLIEeHUEM
nepeaadn curHano mytu il M® — nporenHkuHasa G.

B 3axrounTeNnbHON YacTH 3TOW IVIaBBI CIEIYET OCTAHOBHUTHCSI HA OJHOM HEJABHEM HC-
CJIEIOBAaHHH, MTOCBAIIEHHOM H3Y4YEHHIO POJIM MET(hOPMUHA B YIYUIICHUH IHACTOIMYECKON
(GYHKIMU cep/a MBI IPY MOJCTMPOBAaHNH CEPACYHON HETOCTATOUHOCTH C COXPAHECHHON
¢dpaknueit BIOpoca [98]. B yacTHOCTH, aBTOPBI UCIIOIB30BAN OMEPAIUIO 110 TIOMICPEUHOMY
CYXXEHUIO a0pTHI C BBEICHUEM JE€30KCUKOPTUKOCTEPOHA alleTara sl yBeJIHUEHHs JUACTONN-
YECKOH KECTKOCTH CEPJICUHOM MBIIIIIBI Y MBIIIEH, 8 TAKXKE C IIETbI0 JOCTH)KEHHS HEEPEHO-
CHUMOCTH 3THMH XHBOTHBIMH (DM3WYECKHUX HArPy30K. Y MBIIIEH, MOTyYaBIINX MET(HOPMHUH
C MUTHEBOW BOJIOW, 0OHAPY)KEHO YMEHBILICHNE TACCUBHOM XECTKOCTH MHOKAp/ia JIEBOTO Ke-
JYJI04Ka, a TaK)Ke yBEIMYCHUE YCTOMYMBOCTH K (DPU3MUECKUM Harpy3kaM. DTH M3MEHEHUs
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HabOromanuch Ha (¢one runepdochopmmupoanns PKA-3aBucuMeix caiitoB B N2B-mocie-
JIOBAaTENIbHOCTH TUTHHA, YTO, KaK M3BECTHO, CONPOBOXKIAETCS YMEHBIIEHHEM XECTKOCTU
MOJICKYJI THTHHA. YpOoBeHb (ochopunrpoBanus PEVK-nocienoBaTenbHOCTH TUTHHA B MU-
oKapje MbIIIeH, nonydaBmux MerdopmuH, He naMmensics [98]. IIpuHumas BO BHUMaHHE
W3BECTHBIC JIaHHBIE, YTO MET(OPMHUH YIy4IIall JHACTOIMUYECKYI0 (YHKIHMIO Yy MalHueHTOB
¢ IrabeToM, aBTOPBI CHIEJIAIN OCTOPOXKHOE IPEIIONIOKEHHE O BO3MOXXHOM TEpareBTHYE-
CKOM HCIOJIb30BaHHH TOTO BEIIECTBA B JICUCHUH TUACTOINYECKON TUCHYHKINH U cepaed-
HOW HEIOCTAaTOYHOCTH C COXpaHEeHHOH (pakmmeit BeIOpoca [98]. Apyrumu nepcrieKTHBHBIMU
TEpPaeBTHIECKUMH CPEICTBAMH, CIIOCOOCTBYIOIIMMH YMEHBIICHNIO TACCUBHOM JKECTKOCTH
MHOKap/ia IPY pa3BUTHH THA0CTHYECKOIM KapHOMHOIATHH, CAMTAIOTCS MHCYIHH [64] 1 Heli-
perynun-1 (NRG-1) [99].

Takum obOpaszom, (ocdopumpoBaHre TUTHHA, W3MEHSIONIEE BS3KOYNPYTrHe CBOWCTBA
MHOKap/ia, MPeACTaBIsIeT cOO0H MOTEHINAIBHYIO MUIIECHD ISl TEParleBTHYECKOr0 BMelIa-
TEJILCTBA y MAIMEHTOB C CEPJCYHBIMHU MaTONOTHsIMU. J[aHHbIE, TPUBE/ICHHBIC B HAIIEM 00-
30pe, AEMOHCTPHPYIOT MOJOXKHUTEIHFHOE BIMSIHUE Ha )KECTKOCTh KapANOMHOIINTOB, B OCHOBE
KOTOPOH JIe’KaT M3MEHEHHsI ypoBHS (hocopriiMpoBaHUs TUTHHA, TAKUX INPENapaToB, Kak
cungeHaduiI, THrHOuTop Qochomudcrepassl SA, HaTPUIYpPETHIECKUIA MENTH]I TOJIOBHOTO
MoO3Ta (aKTHBAaTOp T'yaHWJIATIHKIIA3bl), MET(OPMHUH, MHCYJINH U HEeHperyauH-1.
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The Role of Titin Phosphorylation in Changes in Myocardial Stiffness
in Cardiomyopathies
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Moscow Region, Russia
*National Cardiology Research Center, Moscow, Russia
*e-mail:ivanvikhlyantsev@gmail.com

The review provides a brief analysis of current knowledge about such post-translational
modification of titin as phosphorylation, with an emphasis on the changes that occur during
the development of heart diseases. Studies conducted using animal models of heart disease,
as well as using biomaterial from cardiac tissue from patients with various pathologies, show
changes in the level of titin phosphorylation in comparison with healthy controls. As a rule,
hyperphosphorylation of the S11878 site and hypophosphorylation of the S12022 site in the
PEVK sequence of titin are observed, as well as changes in the level of phosphorylation of
sites in the N2B sequence of this protein during the development of pathological changes.
The functional effect of these changes is an increase in the stiffness of cardiomyocytes and
cardiac muscle as a whole, which is based on the viscoelastic properties of titin, changes in
which, in turn, are observed due to hypo- or hyperphosphorylation of certain sites of this
protein. The review also provides a description of a number of therapeutic interventions
aimed at changing the level of titin phosphorylation, which are considered as a way to
change the viscoelastic properties of pathological myocardium in order to normalize its
contractility.

Keywords: cardiac muscle, titin, phosphorylation, heart diseases
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