POCCUHNCKUIN ®U3NOJOTNMYECKNN XKYPHAJI nv. .M. CEYEHOBA 2022, Tom 108,
Ne 5, ¢. 594—625

OB30PHBIE

N ITPOBJEMHBIE CTATbU

IMATOPUN3NOJOI'NMYECKHUE ITOAXO0AbI K N3YYEHUIO JUCOPYHKIINHN
OHAOTEINA U METOJOJOTNMYECKUE ACIHEKTBI OITPEANETEHNA
EE KPUTEPUEB B KOHTEKCTE MOJEJINPOBAHUA
IMCTOTEMATUYECKOTO BAPBEPA

©2022r. A.T. Kyruxua® *, JI. K. Illnmkosa!, E. A. Bermkanosa', M. 0. Cunnuknii!,
A. B. Cunnukas', B. E. Mapkosa'!

1 Hayuno-uccaedosamensckuii UHCMUmMym KOMNAEKCHbIX POOAEM CepOeHHO-COCYOUCMbIX 3a001e6aHUIL,
Kemepoeso, Poccus

*E-mail: antonkutikhin @gmail.com

IMoctynuna B penakiio 05.03.2022 .
ITocne mopabotkm 04.04.2022 1.
IMpuHara k nyonaukauuu 05.04.2022 r.

JlanHast TipoGieMHast CTaThsl MOCBSIIIEHA OOCYXIEHUIO METOMOJOTUYECKUX aCTIEKTOB
ornpeaeseHUs] Pa3IMuHbIX KpUTepUeB NUCHYHKLMU 3HAOTENUs (TPOBOCHATUTEIbHOMN
aKTUBALIMW SHIOTEJINS, HAPYIICHW SHIOTEIMATbHON MEXaHOTPAHCIYKIIMU, PA3BUTHS
9HAOTETNAIBHO-ME3€HXUMAIBHOTO TIEpexoaa, HapylIeHUsT OMOCUHTE3a W BBIIEICHUS
MoHookcuaa azota (NO), HapyIIeHUs 1IeJIOCTHOCTY SHIIOTEIUS U €r0 IIPOTPOMOOTHYE-
CKOIf aKTUBAIIUM) TIPU IKCTIEPUMEHTATLHOM MOJIEJIMPOBAHUMY in Vitro v in vivo. Knaccu-
yecKoe onpeaeaeHue IuchyHKIIMY 3HI0TeIus BKIIoYaeT B ce0sl MaToMrU3U0JI0TUYECKU
3HAYMMOE CHIKEHUE BBIIEJICHUST SHIOTSIMAILHBIMU KJIETKaMU Ba30AWIaTaTOPOB, Ya-
CTUYHYIO TIOTEPIO SHAOTEIMEM CBOMX aTPOMOOTE€HHBIX CBOMCTB, MPOBOCHAIUTEIBHYIO
aKTUBALIMIO SHAOTEIUAIBHBIX KJIETOK Y MaTOJIOTMYECKOE MOBBILIEHUE TPOHULIAEMOCTH
sHporenus. KnmmHanyeckn 3HaUMMbIMU TTOCTIEACTBUSIMU AUCHYHKIIAN SHIOTEIUS SIBIISI-
I0TCS1 apTepralibHasl TMIIEPTEH3UsI, MAKpO- U MUKPOAHTHUONAaTUsI BCJIEICTBUE aTePOTreHe-
3a, a TaK>XKe BOZHUKAIOIIASI TTO MPUYMHE TTOBBIIICHUS] COCYIMCTON MPOHUIIAEMOCTH MUK~
poanboymuHypusi. Ha ocHoBaHUY pe3ybTaTOB UCCIeOBAHU MOCAEIHUX JIET MpeJiara-
eTCsl pacIIMpUTh oIpeaesieHre TUC(hYHKIIMM SHIOTEINSI, T0OaBUB B HETO HAPYIICHUS
SHAOTEUAIBHON MEXaHOTPAHCIYKIIMU U Pa3BUTUE SHIOTEINATbHO-ME3€HXUMATBLHOTO
nepexona. YyBCTBUTEIbHBIMU U HAlIEXXHBIMU OMOMapKepamMu, 00yCJIOBIUBAOIIMMU Ma-
pakpuHHbIe 3(PPeKTh TMCHYHKIIMOHATBHBIX SHAOTETNATBHBIX KJIETOK iX Vitro, SIBISIIOT-
CSI MHTePJIeUKUH-6, nHTepekuH-8 u MCP-1/CCL2, oqHako in vivo TaHHbIC LIMTOKK~
HBbI TaKXKe BBIIEJISTIOTCSI UMMYHHBIMM KJIETKAMU U TTO3TOMY He 00J1a1atoT T0CTaTOYHOM
creuruUIHOCTBIO TS OTpakeHUs1 AuchyHKIUYU sHA0Teaus1. KoHlenTyanbHbIe yy4lie-
HUSI METOJOJIOTUM MOAEJIMPOBAHUST AMCHYHKIIMY SHIOTEUS, B TOM YMCJIe B KOHTEKCTE
WMUTAIMNA TUCTOTEMATUYECKOTO Oaphepa, BKIIIOYAIOT B ce0sT KYJIbTUBUPOBAHME IHIOTE-
JIMATBHBIX KJIETOK B CUCTEME MYJIbCUPYIOLLETo MOTOKa (B TOM YHUCJIe Ha MOMIJIOXKE U3
kosareHa [V Tuma — oCHOBHOTO KOMITOHEHTA SHAOTETMAJIbHOM Oa3aibHOI MeMOpaHBbI),
a Tak>Ke BBIJIEJICHUE JIM3aTa SHAOTENNS] U3 KPOBEHOCHBIX COCYA0B MOIEJIbHBIX JJabopa-
TOPHBIX XKUBOTHBIX K Sifu C 1IeJIbIO TIOCIIEAYIOIIETO TTpOoMhUINpOoBaHUsI TeHHOM 1 GeJIKO-
BOI1 aKcnipeccun. B couetaHnu ¢ MopempoBaHueM MapakpUuHHBIX 3¢ ¢heKTOB quchyHK-
LIMOHAJIBHBIX 3HAOTEIMABbHBIX KJIETOK MPU MOMOIUM KOHAMLIMOHUPOBAHHOU Cpenbl
YKa3aHHbBIE MOJIET aHAJIN3a COCTOSTHUSI SHIOTEJINS B YCJIOBUSIX ITOTOKA 00J1a1at0T BBICO-
KUM TMOTEHUUATIOM IS MPUOIUXKEHUST SKCMIEPUMEHTATIBHOTO CLUEHapusl TUCHYHKLIMU
SHAOTENUS K PealbHBIM (PU3UOTOTUYECKUM YCIIOBUSIM.

Knrouesvle crosa: nuchyHKIUMs SHIOTENNS, BOCNAJIEHUE, MEXaHOTPAHCIYKLIMSI, SHIO-
TeJIMAIbHO-ME3CHXMMAJIbHBII Tepexon, OKCUI a30Ta, TMCTOreMaTHu4ecKuil Gapbep,
MyJIbCUPYIOIIM I TOTOK
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Puc. 1. Junamuka nmy6aukauuii rmo 3anpocaM “endothelial” u “endothelial dysfunction”, a Takske D051 yGIm-
Kxauuit o 3amnpocy “endothelial dysfunction” ot o61ero koaudecTBa myoaukanuii o 3amnpocy “endothelial” B
6a3e nanHbIX PubMed c 2001 o 2021 rr.

WccnenoBanue pa3inyHbIX aCleKTOB HOPMaJIBHON M MATOJIOTMYECKON (DU3UOJIOTUU
SHIOTEIUS TIPOJOIKAET OCTABATHCS OMHOM M3 CaMbIX aKTyaIbHBIX TEM CEpAEYHO-COCY-
JIUCTOM OMOJIOTUH, UTO TMOATBEPXKIACTCS CTAOUIbHBIM YBEJIMYEHUEM KOJMYECTBA COOT-
BETCTBYIOIIMX TyOnukanuit 3a nocieqaue 20 aet (¢ 9512 B 2001 go 21748 B 2021 rr.).
Oco0y10 aKTyaJIbHOCTb TIPU 3TOM UMEET U3yYeHUe TUCHYHKIIMU SHIOTEINS, TIOCKOJIbKY
TOJISI TIOCBSILIIEHHBIX 3TOU MpobsieMe MyOoaMKaluii OT 00IIeT0 KOJTUYecTBa MmyoInKauuii
1o GM3HOJIOTMHY SHAOTEIUSI PACTeT ¢ KaxkabiM ronoM (¢ 5.99% B 2001 oo 10.83% B 2021 11.).
HMHTepec K AMCHYHKIIUM SHAOTENMS B MOCIEIHNE IBa ToAa, OTPaXKEHHBI pe3KUM MOIb-
€MOM COOTBETCTBYIOIIEH KpHUBOIi Ha rpaduke (puc. 1), MoXeT ObITh OOBSICHUM OCOOEH-
HOCTSIMU TE€UEHUSI HOBOM KopoHaBupycHoit nHdekuuu (COVID-19), kotopas conpo-
BOXIAeTCsl pa3BUTUEM AUCHYHKIIUU SHAOTENIUS Y CYIIECTBEHHO 10U MAllMeHTOB.

HecMoTps Ha cylliecCTBEHHOE KOJIMYECTBO MyOJIMKauii 1o AUCHYHKIMY SHIOTEINS B
BeAYLUIMX >XypHajlaX, MedyaTalollnX MCCICHOBAaHMSI, MOCBIIIEHHBIX CEPAEUYHO-COCYIU-
cteiM TipobsieMaM (Circulation Research, Cardiovascular Research, Arteriosclerosis, Throm-
bosis vt Vascular Biology) 3a nocnennue 20 net (671), B KOTOpBIX ObLJIa TTOKa3aHa pacimd-
POBKa 1IeJI0ro psiia MEXaHU3MOB, 00ECIIeUMBAOIINX HOPMAJIbHYIO (PU3HMOJIOTUIO SHIOTE-
st (ToaepKaHue SHA0TeIMAIbHOTO (DeHOTHUIA, MOAACPXKaHE apTepUabHOM, BEHO3HOM
Wi muMdaTtrieckoii crneluKaly 3HA0TeNIUs, TIPOTEKTUBHOE BIUSIHUAE JIJAMUHAPHO-
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ro MOTOKa C BHICOKWM HaIpsKEHWEeM CIBUIa) WJIM CIOCOOCTBYIOIIMX €0 MaToJoThYe-
CKOIl akTUBaluM (aTepOreHHOE BO3NEUCTBUE TypOYJIEHTHOTO MOTOKA, SHAOTEINAIBHO-
ME3eHXUMaJIbHbII Mepexol, HapyILIeHUs SHAOTEINATbHONH MEXaHOTPAHCAYKIIMU), Olpe-
neyneHue nuchyHKIMU 3HAoTeaus ¢ 1990-x rogoB ocraeTcsi ctraTudyHbIM. Kak B onuca-
TEeJbHBIX, TAK U B KPUTUUYECKUX 0030pax MUCOHYHKIMS SHIOTENUS OIpenessieTcss Kak
“CHU>XEHHBII CUHTE3, BbIACICHUE UM OMOAOCTYITHOCTh MOHOOKcHa azota (NO), KoTo-
poe MOXXeT NMPUBOINTH K HapyIEHWIO OajaHca MEeXy MpolieccaMy Ba30KOHCTPUKIIUY U
BazoAuaTallii U COMPOBOXAATHCS MPOBOCMAIUTEIBHON U TIPOTPOMOOTUYECKOI aKTH-
Baweit sHgorenus” [1—6]. Bonee kparkue onpeneaeHus JUCHYHKLIMNA SHIOTEIUS 3BY-
yar KaK “HapylieHue dHI0TeIM-3aBUCUMOI Ba3oJUIaTallu B OTBET Ha (pu3nosiornye-
ckoe BoszaeicTBue” [7, 8] mam “morepst SHAOTEIMEM CBOEU MPOTUBOBOCHAIUTEIBHOM,
aHTUTPOMOOTUYECKON W Baszoguiatupymolilei cnocodbHoctu” [9]. KnuHuuecku pene-
BaHTHOE oripeesieHre NMChYHKIIUU SHAOTENUS 3ByUUT KakK “CHUXEHUE Ba30JUIaTUpy-
IOIIEr0 OTBETAa Ha BO3JEMCTBUE 3HIOTENIMIi-3aBUCUMOro BaszoauiataTopa (K mpumepy,
alleTWIXOJIMHA WIXM OpaduKMHWHA) WIX IMyJIbcupyltolero motoka (flow-mediated vasodi-
lation)” [10]. IToxainyii, Hanboee MOJIHOE oNpeaeaeHne TMCHYHKIIUY SHAOTEIUs Ha Ce-
TOIHSIIIHUMI NeHb MPUHAJIEXXUT COBETCKOMY M aMepukKaHcKoMy natodusuonory M.C. Io-
JIMTOPCKOMY, KOTOPBII, TOMUMO TTaTO(DU3NOJOTNYECKN 3HAUMMOTO (TTPUBOISIIETO K Ha-
PYIIEHUIO PETYJISILIMM COCYIMCTOrO TOHYCA MIAJIKOMBIIIEYHBIMM KJIETKAMU) CHUKEHMUS
BBIIEJICHUSI Ba30JUJIaTaTOPOB U YACTUYHOM TOTEpU BHAOTEIMEM aTpOMOOTeHHOCTH,
MPEMTIOXKUI TAKXKE BKIIOYUTDb B HETO HapylIeHUs 0apbepHOUl DYHKIIUU SHAOTENMS, CHU-
JKEHHYIO CITOCOOHOCTD K nposindepaliui U MUTPALlMM U CHUKEHHbIIT aHTMOTEHHBIH T10-
TeHIMa TUCHYHKIMOHATBHBIX SHAOTEIMATIBHBIX KJIETOK, a TaKXKe BbIICIWI KIMHUYE-
CKHUE TOCHEACTBUS AUCHYHKIIUU SHAOTENUS: apTepUabHYIO TUIEPTEH3UI0, MaKpo- U
MUKPOAHTUOTIATUIO, PA3BUBAIOLIYIOCS BCJIEACTBUE aTepOreHe3a U BOCHAIUTEIbHOM UH-
bunbTpali, 1 MUKPOATIbOYMUHYPUIO, BOBHUKAIOIIYIO BCJIEACTBUE MOBBILIEHUS COCY-
nucToi mpoHutiaeMocTu [11, 12]. UM ObLIM MOCTYJIUPOBaHbI CASAYIONINE TTPU3ZHAKY JTNC-
(YHKIIMOHATIBHBIX 9HIOTENUATbHBIX KJIETOK: CHUXEHHOE BbIIEJIEeHUE OMOAOCTYITHOTO
NO, mnoBblllIeHHass CMTOCOOHOCTh K alre3uu JICHKOLIMTOB, HAKOIUIEHUE XOJIECTEpUHA U
OKHUCJICHHBIX JIMTIONIPOTEMHOB HU3KOM TJIOTHOCTU, HApyllIeHHAas repenaya Ba3ouiaTupy-
IOLIUX MOJIEKYJl COCYIMCTBIM IJIaJKOMBILIEUYHbIM KJIETKAaM, MOBBIIIEHHbII CUHTE3 KOM-
MOHEHTOB BHEKJIETOYHOTO MaTpuKca (rpuobpereHue npodudporrnyeckoro deHoTuna) u
CKJIOHHOCTB K IIPEXIeBpeMEeHHOMY CTapeHHIO 1 arronTo3sy [11, 12].

Bmecte ¢ TeM paboTa KOMIUIEKCHON HAayYHOU TPYMITBI TIO OTNIPENeIeHUIO SICHBIX qra-
THOCTUYECKUX KpUTEepUeB TUCHYHKIIMU SHAOTEIMSI, OCHOBAaHHBIX HAa KJIMHUKO-J1abopa-
TOPHBIX GMOMapKepax, o COOCTBEHHOMY 3aKTIOYEHUIO €¢ WICHOB He TTpUBeia K YIOBJIe-
TBOpUTENbHOMY pe3yabraty [13]. ITpakTiuecku Bce GuoMapKephl U3 62 MccleqoBaHUIA,
OILICHEHHBIX B JTAaHHOI paboTe, XapaKTepu30BaJIMCh OTCYTCTBUEM CITELIMMUIHOCTU IS
SHIOTEeINANBHBIX KIeToK [13]. K aHajmornyHeIM pe3yabraTaM NPUILIM M aBTOPHI Mac-
IITAOHOTO MPOTEOMHOTO MCCAEA0BAaHUS MO MACHTUGUKAIIMM MapKepOB, CBSI3aHHBIX C
IUCPYHKIINEH SHIOTEINS Y TTAlIMeHTOB ¢ caXxapHEIM nuabdeToM [14]. Takum obpa3oMm, B
HacTosIIee BpeMsi MOKHO KOHCTaTUPOBATh OTCYTCTBUE SICHOCTM B TaTodu3MoIoTHYe-
CKOM U KJIMHUYECKOM OTNpeaeeHUN TUCHYHKIIMA SHIO0TENS, a TAKXKE OTPaHUYEHHOCTD
KJIaCCMYECKOTO ONpenesIeHs] TaHHOTO TIOHSTHSI HapylIeHUeM SHIOTEINii-3aBUCUMOM
Bazopesnakcauuu. Cieayer OTMETUTb, YTO HEKOTOPbIE aBTOPBI PACIIIUPSIIOT OIUH U3 KOM-
TMIOHEHTOB ONpeAesieHrs] TUCHYHKIIUU SHIAOTETUS 10 “auchyHKIIMOHATLHOTO BhIIese-
HUST MOJIEKY/I-MecCeHIKepoB”, He orpaHnuuBasich NO [15]. CyiiecTBeHHBIN 00BEM HO-
BBIX 3HaHUI1 (¢ MoMeHTa naHHoro M.C. ToauropckuM orpenesieHus rpouuio 6osee 15 er)
0 (U3MOJIOTUY SHAOTENIUS TpeOyeT aHaIM3a BO3MOXKXHOCTH BBEIEHUSI HOBBIX KPUTEPHEB
nuchyHKIMY 3HA0Teaus. JlJaHHast mpoOJieMHasl CTaThsl IOCBSIIEHAa KPUTUIYECKOMY 00-
CYKIIEHUIO M3YyYeHUsT Pa3INYHbIX acClIeKTOB HOPMAaJIbHOM M T1aTOJIOTMYeCcKOo (hU3nojo-
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' SHOOTCJ/INA, B TOM YHUCJIC BAXKHBIX 1JIs1 HAAJICXKALLIECTO MOACIUPOBAHUA TUCTOIEMAaTH -
YECKOIo 6apbepa, B METOAOJIOT'MYECKOM KOHTEKCTE.

METOAOJIOTMYECKHWE ACITEKTbI
MOJEJINMPOBAHUA JTVUCOYHKIIMNU SHAOTEINUA

Kyﬂbmueupoeaﬂue SHOOMENUANbHBIX KAeMOK 8 ycaosusax nyabcupyrouieco nomoka

B omsimume oT GOTBIIMHCTBA KIETOYHBIX JUHUM, TpEXMEpPHOE KYJIBbTUBUPOBAHUE KO-
TOPBIX B CTATUYECKUX YCIOBUSIX OTHOCUTEIBLHO COOTBETCTBYET WCITBITHIBAEMBIM WMU
OHMOMeXaHUYEeCKMM BO3JIEUCTBUSIM B OpraHNU3Me, SHAOTEIMAbHbIE KJIETKU TPEOYIOT CO-
3MaHNsI OJHOHAIPABJIEHHOTO MYyJbCUPYIOIIETO MOTOKA ISl aleKBaTHOTO MOJAEIUpOBa-
HUS cBOe (hu3nosiornu, B TOM uuciie npoduisi reHHOit u 6enKoBoii akcnpeccuu. IMomn-
XOISILIMM PEeIIeHUEM /IS KYJIbTUBMPOBAHUS SHIOTEIMAIBHBIX KJIETOK B YCJIOBHSIX MOTOKA
SIBJIIETCSI CHCTeMa, codeTalolasi B cebe Hacoc JUIsT CO3MaHus MyTbCUPYIOIIETO TTOTOKa,
TPYyOKM-KOHHEKTOPBI, TPOTOYHBIE KAMEPBI JUIST KyJTbTUBUPOBAHUS KIIETOK W TIPOTpaMM-
Hoe obecrieueHue ISl PEryJIMpPOBaHUs 3a1aBaeMbIX TTapaMeTpOB MOTOKA (B TOM 4uCIe
HanpsikeHMs caBura — shear stress). [IpeumyiiiecTBaMu MCOIb30BaHMS TAKOH CUCTEMBI
SIBJISIFOTCSI BapMabeIbHOCTh TOCTYITHBIX KOHHEKTOPOB U KYJIbTYPaIbHBIX TIPOTOYHBIX Ka-
Mep, KOTophble 1151 6oJiee (pU3MOJIOTUYHOTO MOAEIMPOBaHUS Oa3aibHON MeMOpaHbl MO-
TYT OBITh MOKPBITHI KoJutareHoM [V Tuma. [Tpo3paqHoCTb MPOTOYHBIX KaMep TTO3BOJISIET B
JII060€ BpeMsT OCYIIECTBIISITh BU3YaTU3aIUIO0 KM3HECITOCOOHBIX WIN (PUKCHUPOBAHHBIX
KYJBTYP SHIOTEJMATbHBIX KJIETOK MeToIaMM (ha30BO-KOHTPACTHOM, aMuGIyopeceHT-
HOi1 UM KOH(OKaTBbHOM MUKPOCKOTIUM, B TOM YUCJIE TTOCIe UX MeUeHUsT (hIyopecleHT-
HBIMU 30HAaMU (JIJ151 (KU3HECTIOCOOHBIX KYJIBTYP) WJIM aHTUTEIaMU, KOHBIOTUPOBAHHBIMU C
diryopodopamu (mj1st PUKCUPOBAHHBIX KYJILTYP). BO3MOXHOCTE (p1yopeciieHTHOM BU3Y-
aTM3aIy KU3HECTTIOCOOHBIX KIIETOYHBIX KYJBTYP ITO3BOJISIET M3ydaTh Pa3IMIHbIE acTieK-
TBI QYHKIIMOHUPOBAHUSI TU30COM (ITOCKOJIBKY JTM30COMATbHBIC 30HIBI SIBJISIOTCSI CEHCO-
pamu pH, rpamreHT KOTOpOro 4acTo TepsieTcs Ipu (PUKCcan) 1 MUTOXOHIPUIA, He TIprbe-
rasi K HeOOXOAMMOCTU OKpaIlllMBaHWS TaHHBIX OpPraHe/T crieln(UIHBIMUA aHTUTETaMU.
Hanuuue B cucTeMe YeThIpeX OTASIbHBIX MOMYJICH, TMTOAKII0YAaeMbIX K OMHOMY Hacocy u
YIIPaBJISIEMbIX MTOCPEACTBOM CITELIMATM3UPOBAHHOTO MPOrPAaMMHOTO 0OeCIIeueHUs yepes
HOYTOYK, MO3BOJISIET MPOBOAUTL pabOTy OMHOBPEMEHHO C YETHIPbMSI SKCTIEPUMEHTAIb-
HBIMU TPYIIIaMU, 9YTO oOecTiedrMBaeT MPOCTPAHCTBO IS MaHeBpa TIpU TJIaHUPOBAHUM
nu3aiiHa akcriepuMeHTa. Kak nmpaBuito, aHaav3 MpOU3BOIUTCS MOC]e BpeMEHHOM ocTa-
HOBKM CUCTEMBbI MyJIbCUPYIOLIETO MOTOKA U U3BJICYEHUS] U3 Hee MPOTOYHbBIX KaMep, Ofl-
HaKO B TCOpUM NJIMHA KOHHCKTOPOB ITO3BOJIACT BU3YAJIU3UPOBATh KJIICTKU U B YCJIOBUSIX
NBUKYIIETocsl MOToKa (To ecTh 6€3 OCTAHOBKM CUCTEMbI) B CJlydae HEOOXOIMMOCTH.

BaxXHBIM TEXHUYECKMM HIOAHCOM PabOThI C CUCTEMO TTYJIbCUPYIOILIETO TTOTOKA SIBJISI -
€TCSl pABHOMEPHOCTD MPEIBAPUTEIBHOTO 3aCEJCHUsI TOBEPXHOCTU BCEX KYJIbTYpalbHbIX
MPOTOYHBIX KaMep ISl CO3MaHUsI OMMHAKOBBIX DKCIIEPUMEHTABHBIX YCJIOBHI BO BCEX
KaMepax M 00eCIeYeHUsT COXPAHHOCTU IIEJIOCTHOCTH 3HIOTEIUATBLHOTO MOHOCIOS B
npoiiecce aKcnepuMeHTa. [T0CKOIbKY MPOYHOCTh aATre3un KIETOK SIBJIETCS KITIOUEBBIM
napaMeTpoM IIJisi 00ecrnedyeHrs] UCXOMHOM 1eTOCTHOCTH SHIOTEIMATbHOTO MOHOCIIOS 1
TEeXHUYECKOW BaJMAHOCTU MPOBOAMMOIO 3KCIIEPUMEHTA, C LeJbl0 HaIeKHON aare3nu
SHIOTEIUATBHBIX KJIETOK K KYJIbTypaJIbHOMY TUIACTUKY MPOTOYHON KamMepbl (MU MO~
JIOKKM 13 KoyutareHa [V Tuna, eciv TakoBasi B Kamepe UMeeTCs) TTocjie MpolLieIyphl pac-
ceBa CJIeNyeT OCTaBJISITh AIMKBOTUPOBAHHYIO B KaMepbl CYCTIEH3MIO KJIIETOK B TEUCHHE
12—16 9 B cTaTYecKuX yciaoBusix. Kpome Toro, 1 anantanyuy SHAOTETUAIBHBIX KJIETOK
K YCJIOBUSIM TOTOKA, HEOOXOMMMOI ISl aeKBATHOM OIeHKU M3MEHEHMST UX TeHHOUW 1
0OEJIKOBOI 3KCHPECCUM MPU KAaKOM-JIMOO BO3ACHCTBUY, PEKOMEHAYETCS TIpeaBapUTEIb-
HOE MOTOYHOE MPEKOHIAUIIMOHUPOBAHUE aJITe3MPOBAHHBIX K KYJIbTyPaIbHOMY TUIACTUKY
9HIOTEIUATBHBIX KJIETOK MyTEM MOMEIIEHUST TIPOTOYHOI KaMepbl B CUCTEMY TTYJIbCUPY-
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IOIIEro MOTOKa C MOCJIeAYIOIINM 3aITyCKOM CUCTeMBbI (0€3 KaKUX-TM00 AOMOJTHUTEIbHBIX
BoO3neicTBUit) Ha 24—48 4. Kpurepuem amantaiuu KJIeTOK K MOTOKY, KOCBEHHO OTpaka-
IOIIMM COOTBETCTBYIOIIME U3MEHEHUSI UCXOIHOUN TeHHON U OeTKOBOIl 3KCIIPECCUHU, SIB-
Jisiercst afioHTauus (yaanHeHne hopMbl) SHAOTEIUATbHBIX KIETOK.

Crnenyer OTMETUTb, YTO TIOJTHAsI KOH(IIO3HTHOCTb SHAOTEINAIBHOTO MOHOCJIOS TIpe-
MSATCTBYET HaJJIeXKallleil 3JIOHTALMU SHAOTEIMATIbHBIX KJIETOK, YTO MOXET CHUXaTh -
3UOJIOTUYHOCTh MOJAEIMPOBAHUSI MEXaHOTPAHCIAYKIIMHY (TpaHC(hOopMaluy dHAOTEIUATb-
HBIMM KJIETKAMU MEXaHUYECKOTO BO3JAEUCTBUS, B ITAHHOM CJlyyae MoTokKa, B OMoXuMuye-
CKHE CUTHAJIbl), OTHAKO B TO € BpeMs oOecrneyrBaeT 1eJOCTHOCTh SHIO0TEIUATbHOTO
MOHOCJIOSI, HE MEHee BaxKHYIO IS aieKBaTHOI OlleHKH ero ¢u3unosoruu. Hanpotus, He-
MoJIHAsT KOH(MIIO3HTHOCTh 3HIAOTEIUAIIBHOTO MOHOCJIOSI TO3BOJISIET SHAOTETUATBLHBIM
KJIETKaM B JJOCTaTOYHOI CTENEHU U3MEHUTh T€OMETPHIO B COOTBETCTBUM C HATIPABJICHU-
€M TI0TOKa, OJTHAKO OCTAaBJISIET BEPOSITHOCTb TAKXKE U HEMOJIHOM LIEIOCTHOCTU MOHOCJIOS
B MOMEHT 3aMycka CUCTEMbI, YTO MOXET MPUBECTU K €ro Pa3MbIBAHUIO U OTKPEIJIEHUIO
TuIacTa aare3upoOBaHHBIX APYT K APYTY SHIOTETUATBHBIX KJIETOK OT KYJIbTYPaIbHOTO Tj1a-
ctuka Kamepbl. ONTUMaNbHOM U151 (PU3UOJIOTUYHOTO MOICIMPOBAaHUS SHAOTETUATBLHOM
MEXaHOTPAHCAYKIIUU M, CJIeIoBaTebHO, NMPpodWisi TeHHONH U OeKOBOI 3KCIpeccuu,
MPEICTABIISIETCS CTENeHb KOH(MIIO9HTHOCTH SHIOTEIMATbHBIX KJIeTOK B 75—80%.

C TOUKM 3peHUST MOJIEKYJISIPHOTO MPOMGUINPOBAHUS CIEAYET OTMETUTD, UTO TUIOLIAIb
OJIHOM TIPOTOYHOI Kamepbl 00eCTIeYnBaeT €€ 3aIOoJIHEHNE KOJUYECTBOM SHAOTEIMab-
HBIX KJIETOK, IOCTATOYHBIM 151 aHAIM3a TeHHOM 9KCIIPECCUU METOJOM KOJIMYECTBEHHOM
noJauMepa3HoM LenmHol peakiiuu rmociae ooparHoit tpaHckpuniuu (OT-xkITLP) B ciryuae
Jsm3urca Tpru3ojoM. [Ipu Heo6XoaAMMOCTH TTPOBEACHUS TIOJTHOTPAHCKPUIITTOMHOTO CEKBE-
HupoBaHust (RNA-seq), XMIKOCTHOUM XpoMmaTorpaduu ¢ TaHAEMHON Macc-CIeKTPOMET-
pueii (LC-MS) 1 UMMyHOOJIOTTUHTA PEKOMEHIYETCS OObeNUHSITh KJIIETOUHBII JIU3aT C
TpeX MPOTOYHBIX KaMep BHYTPU OAHOU IKCIIEPUMEHTAIILHOUM TPYINbl B ONWH 00Opasell
TSI TIOJTyY€HUS JOCTATOYHOTO JIJIsI aHaJIM3a KoJinuecTBa Marepuana. MHbIMU cioBamu, B
cllyyae aHajiu3a YKa3aHHbIMU METOJaMU ISl MOJIyYeHUsI OJHOTO oOpa3la HeoOXoaUuMOo
MpOBeIeHUE TPEX MOCIeI0BATEIbHBIX 3aITyCKOB CUCTEMBI ITYJIbCUPYIOILIETo MOTOKA.

I1pu nu3uce KIE€TOK BHYTPU MPOTOYHOKM Kamephnl Tpu3onoM (s BeiaeaeHus: PHK)
win RIPA-Oydepom (st BblaeseHUs 6eflka) BaXKHBIM SIBJISICTCSI MPENBAPUTEIBLHO 3a-
Oparb U3 KaMepbl MAKCUMaJIbHOE KOJIMYECTBO poctaTHO-cosIeBOTO Oydepa 11st MpoMbl-
BaHUS KJIETOK (OCTaBUB €0 TOJBKO HEIOCPEICTBEHHO BHYTPM KaHasa kamephl). Benen-
CTBHME pa3nn4yHOM IuToTHOCTH Tpu3ona, RIPA-Oydepa u docdarHo-comeBoro oydpepa
Tpu3oi u RIPA-Oydep nmpaktuiecku He CMeIInBaIoTcs ¢ ¢pochaTHO-COIEBBIM Oydepom
1 B TEUCHUE HECKOJIbKUX CeKyH]I (ITOKa UIEeT MUIIETUPOBAHE) BBITECHSIIOT €T0 U3 KaHalia
HapyXy KaMephl, UTO MO3BOJISIET He 3a0MpaTh M3HAYaJIbHO OCTalOIIUIiCs B KaHase (oc-
daTHO-comeBoii Oydep Bo n3dexkaHue BO3MYITHO 3MO0JIMY KaHajla U COOTBETCTBYIOIIE-
TO BO3NEMCTBUS Ha KJIETKU (BIIPOYEM, IMPU XKeJIaHUM 3TO TeM HE MEeHee BO3MOXHO Clie-
nath). [lociae 5-MuHYyTHOTO TM3K1ca KiIeTOK B Tpu3oJe mim RIPA-Oydepe pekomeHmyeTcs
elle ABa pa3a MPOITyCTUTh COOpaHHBIN 13 KaMmephl Tpu3oi win RIPA-Oydep uyepe3 kamepy,
YTOOBI COOpaTh OCTATKMY KJIETOUHOTO Aedpuca.

Kak npaBuio, 1 KyJIbTUBUPOBAHUS SHAOTEIUANIBHBIX KJIETOK B YCJIOBUSIX IMOTOKA
11eJIECO00Pa3HO UCIOJIb30BaTh MOJHYIO (COAePKAIILyIO CBIBOPOTKY) KYJAbTYPaJbHYIO CPEy.
B yacTHOCTH, TaKast cpena siBJsieTcsl HanboJiee MOAXOSIIIE MPU pacCeIeHUMN SHIO0TE N -
aJIbHBIX KJIETOK B KYJIbTYypaJIbHbI€ TIPOTOYHBIE KAMEPHI U TIPU UX MPEKOHIUIIMOHUPOBA-
HUM B YCJIOBUSIX MYJIbCUPYIOIIETO MOTOKA. B mpuHIMIe, Takas cpena MOXeT ObITh UC-
MOJIb30BaHa U COOCTBEHHO TP AKCTMIEPUMEHTAX B YCIOBUSIX MOTOKA, OMHAKO B COOTBET-
CTBUM C MPEICTABICHUSIMU U XEJIAaHUSIMU SKCIIEPUMEHTATOPa MOXKET ObITh 3aMEeHEeHa Ha
6eCChIBOPOTOUHYIO KYJbTYPaJbHYIO cpeny (ITOCKOJIbKY CHIBOPOTKA MPEACTABIISIET U3 ceOst
CTOXaCTUYECKOE COUETaHUE reTeporeHHbIX MoJieKyn). C 3Toi MO3MLMU TIPEACTABISIOT
CYIIIECTBEHHBbIII MHTEpEeC OECCHIBOPOTOYHBIE CPElbl C 3apaHee OIpelesIeHHON KOHIIeH-



TTATO®PU3NOJOI'NMYECKHE NMOAXOAbl K U3YUEHUIO 599

Tpauueii pakropos pocta (defined medium). Takue cpenbl TO3BOJISIIOT U TTOBBICUTD KU3-
HECMOCOOHOCTh 3HIOTEUATBHBIX KJIETOK B IPOIECcCe 3KCIIEPUMEHTa U MUHUMU3UPO-
BaTh CTOXaCTUYHOCTb BJIUSIHUS OTIEJbHBIX KOMIIOHEHTOB IFeTEPOTeHHOM CHIBOPOTKU Ha
pe3ynbTaThl. B HacTosilliee BpeMsl Ha pbIHKE MPEICTaBJIeH IMPOKUiA BBIOOP cpeam ISt
KyJIbTUBUPOBAHUS TIEPBUYHBIX SHIOTETMATBHBIX KJIETOK YeIOBeKa, B YMCIIO KOTOPBIX
BXOIST 1 CBIBOPOTOYHAsI, 1 OECCHIBOPOTOUHAS, 1 0€CCHIBOPOTOYHAS C (paKTOpaMM pocTa
cpena. JIMYHBINA ONBIT aBTOPOB TAHHOM CTAaThbU TAKXKE MO3BOJISIET TOBOPUTH O B3aUMO3a-
MEHSIEMOCTH Cpell Pa3IMYHBIX MIPOMU3BOIUTENICH U COOTBETCTBYIOIIMX TTEPBUYHBIX 9HI0-
TeJIMaJIbHBIX KYJIbTYD.

Yrto kacaeTcsi caMUX KYJbTYp 3HAOTEJUATbHBIX KJIETOK, TO CIEAyeT MOAYEPKHYTh
Ba>XHOCTb MCITIOJIb30BaHUA MWMCHHO NEPBUYHBIX, a HC MMMOPTAJIN30BAHHBIX KYJbTYDP,
bu3noIorus KOTOphIX HeOOpaTUMO M3MEHEHa BHE 3aBUCUMOCTH OT criocoba MMMOpTa-
smzanuu. [Ipu 3ToM U ¢ MccenoBaTeabcKoil, U ¢ GUHAHCOBOI CTOPOHBI COBEPIIEHHO
11e1eco00pa3Ho MpruodpeTeHne KOMMEPUYECKUX KYJIbTYP SHIOTEINATbHBIX KJIETOK y CO-
OTBETCTBYIOIIMX IIPOM3BOAUTENEH. [laHHbIE KyTbTyphl 001a0ai0T CITIOCOOHOCTBIO K OBICT -
poii npoaudepannu (CKOpOCTb KOTOPOIi, 6e3yCIOBHO, BapbUPYET B 3aBUCHMOCTH OT A0~
HOpa u ot KJICTOUYHOM JIMHUUM, OAHAKO B psiA€ Cl1ydacB HC YCTyMacT UMMOPTAJIM30BAaHHBIM
9HIOTEIUATBHBIM KJIETKaM), HEMPUXOTIUBBI B KYJTbTUBUPOBAHUY U BbIIEPKUBAIOT MHO-
JKEeCTBEHHOE TMaccaxkupoBaHue (ITpU pa3MOpO3Ke Ha 2-M TTaccaxke UX yIaBaJIoCh YCIEIIHO
KyJIbTUBUPOBATH U 110 12-r0 maccaxa 0e3 CyllleCTBEHHOTO 3aMelIeHUsT pordepaiin).
Kpowme Toro, Takoii moaxon K UCTOUHUKY SHAOTETUAIBHBIX KJIETOK MJISI 9KCIIEPUMEHTOB
4acTo TMO3BOJISIET NTPULIEJIBHO BbIOPATh JIMHUIO KJIETOK MIMEHHO TOTO COCy/a, MaToJIoTUs
KOTOPOTO MCCJEAYyeTCsl KOHLENTyalbHO. B yacTHOCTU, WIS MOACIMPOBAHUS TUCHYHK-
LIMU 3HJOTENUSI TIPU aTepOCKIepOo3e PEKOMEHAYIOTCSI CPaBHUTEIbHbIE U ONHOBPEMEH-
HbIe 3KCTMIEPUMEHTHI Ha JII0OO U3 JIMHUI aTepOuyBCTBUTEbHBIX apTepuii (K MpruMepy,
KOPOHApHOI apTepru, COHHOU apTepuU WM aOPThI) U JIMHUU aTepPOPE3NCTEHTHOM apTe-
puu (TpaIMLIMOHHO B KaUeCTBE TaKOW apTepuU pacCMaTpUBAETCs BHYTPEHHSIS TpyAHAs
aprepust). CienyeTr NoqYepKHYTh HEOOXOAMMOCTb UCIOJIb30BaHUSI apTepUaIbHbIX 9HI0-
TCJIUAJIBHBIX KJIETOK IJIsd UCCJICAJOBaAHUA apTCPUaAIbHBIX l'laTOJ'lOl"I/lf/’I, a BEHO3HbIX 9HO0TE-
JIMAJIBHBIX KJIETOK — JJI1 M3y4eHUs] BEHO3HBIX MaTojioruii. OTAeIbHO CTOUT 3a0CTPUTh
BHUMaHUWE Ha U3yYeHUY HOPMaJIbHOM U MaTOJIOTUYECKOM (PU3MOIOTUYM IHIOTEIMATbHBIX
KJIETOK, 3aCEJISIONIMX HOBbIe OMOMaTepralibl I TPOU3BOACTBA TKAHEMHKEHEPHBIX Me-
NULIMHCKUX W3AEJIUN WIM MX TOTOBbIE TIPOTOTUIILI (K MPUMEPY, COCYIUCThIE MPOTE3bl
majioro nuamerpa). s MoaeaupoBaHus (1aTo)(pU3noJOTuy SHAOTENIUS B TaAKUX YCIIO-
BUAX TaKXE CJIICAYCT IMPUMEHATDh TC SHAOTCJINAJBHBIC KIIETKH, KOTOPbIC COOTBETCTBYIOT
aHATOMUYECKOM JIOKaIU3alu MEIULIMHCKOTO U3aeus (K MpruMepy, B TOM cllydae, ecliv
COCYIIMCTBIE TTPOTE3bl MAJIOTO IMaMETpa MJIaHUPYETCSI UCTIOJIb30BaTh B KAUECTBE KOHIYM-
TOB JIJIsI KOPOHAPHOTO ITYHTUPOBAHUS, SKCIIEPUMEHTHI TT0 U3YyYEeHNIO (DU3UOJIOTUU IH-
NOTEJINS HAa TaKUX KOHIyUTax Wi OroMaTepuaiax sl HUX CJieayeT CTaBUTh Ha MEPBUY-
HBIX 9HAOTEIUAIbHBIX KJIETKaX KOPOHAPHOU MJIM BHYTPEHHEU IpyIHOI apTepun).

Kyﬂbmueupoeaﬂue 3HOOMENUANbHBIX KAEMOK 8 CAMUYecKUux ycaoeuAax

HCCMOTDH Ha BCIO INTPpUBJICKATCIIBHOCTDb KYJIbTUBUPOBAHUA DHAOTECJINAJIBHbBIX KJIIECTOK B
YCJIOBUSIX MYJIbCUPYIOIIETO MOTOKA C TOYKU 3PEHUS] OOBEKTUBHOTO MOJETUPOBAHUST UX
HOpPMaJIbHOM (DU3UOJIOTUU, JOCTATOYHO OOJIBIIIOE KOJUYECTBO IKCIIEPUMEHTATBHBIX
MPWIOXEHU TpeOyeT 3HAUMTEbHON KJIETOYHON MacChl, HEBO3MOXHOM K TOJIYYCHUIO
Ha MaJioii KyJTbTYpaabHOM TIIOIIany TPOTOYHBIX Kamep. K rpumepy, aHaav3 rmapakpuH-
HBIX 3((EKTOB SHIOTEIMAILHBIX KJIETOK B 00s13aTEJIbLHOM MOPSIAKE BKIIOYAET B Ce0sT 13-
MCPCHUEC COACPXKAHUA TMPOBOCHAIUTCIBHBIX IINWTOKMHOB, KOHULCHTpaLUudad KOTOPBIX
NIOJKHA OBITh TOCTaTOYHA IS UX AeTeKIMu. O0beM KyJIbTypaJlbHOM Cpefbl, 3arpyxae-
MOW B OIMH MOAY/Ib MYJIbCUPYIOLIETO MOTOKA (Ha IPUMEPE CUCTEMBI, C KOTOPOii paboTaiun
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aBTOpPKI), COCTABJISIET 15 MJI, a IUIOIIAAb OOHOM KYJbTYpaJbHOU MPOTOYHOM KaMephl CO-
crapisieT ~2.5—3.0 cM2, 4TO SKBMBAJIEHTHO IUIOMALN 8—9 JTYHOK 96-TYHOYHOTO IIOCKO-

noHHoro mianmrera wiu 0.25—0.3 x 10° (250—300 Toicsiy) Kietok. COOTBETCTBEHHO, KO-
JIMYECTBO KYJIBTUBUPYEMbBIX B CUCTEME MYIbCUPYIOIIETO MOTOKA KJIETOK HE COOTBETCTBY-
er o0beMy cpelbl C TOYKM 3pEHUs JaXe BBICOKOTOYHOTO MW KOJWYECTBEHHOTO
MUMMYHO(DEPMEHTHOTO aHaJIn3a, He TOBOPS yKe O MeHee YYBCTBUTEIbHBIX CKPUHWHTO-
BBIX MOJIYKOJTWYECTBEHHBIX METONAX, TAKMX, KaK MOT-OJOTTUHT. McKyccTBEeHHOE HcTa-
peHue KyJbTypaJIbHON Cpeabl I KOHIEHTPUPOBAHUS COMEPXKAIIUXCS B HUX MOJIEKYJT
COINPSIKEHO C BBICOKMM PMCKOM KOHTaMWHAIIMU, KOTOpas AeaaeT HEeBO3MOXKHOM Majb-
HeWmmnit 00beKTUBHBIN aHanu3. Kpome Toro, MmoaenmpoBaHue napakpuHHbIX 3¢(hheKToB
9HIOTETUATBHBIX KJIETOK TPEOYET 100aBIeHUS KOHIUIIMOHMPOBAHHOI (TO €CTh MHKYOM -
POBaHHOW C AUCGHYHKIMOHATBHBIMU 3SHIOTEINATBHBIMU KJIETKAMH) CPeIbl K MHTAKT-
HBIM KYJIbTYypaM, 4TO OISITh K€ TMPENCTaBIIsSIETCS MaJoOpealbHbIM B YCIIOBHUSAX ITOTOKA
BCJIEZICTBUE HECOOTBETCTBUS KOJTMUECTBA KJIETOK OOBEMY CPEIbI.

TToaTOMY 3KCTIEpUMEHTHI, PE3yIbTAT KOTOPBIX HATIPSIMYIO 3aBUCUT HE OT COEPKMUMOTO
SHIOTETUATBHBIX KJIETOK (K IPUMEPY, TPAHCKPUIITHI, BHYTPUKIJIETOUHBIE OEJIKU U PELICTITO-
DBbI), a OT UX ceKpeToMa (COBOKYITHOCTU MOJIEKYJT, BBIIEISIEMbIX UMW B MUKPOOKPYKEeHNE —
K IpMMepY, LIMTOKMHOB, TIPO- U aHTUAHTUOTEHHBIX MOJIEKYIT), LIEJIECOOOpa3HO IMPOBOIUTh B
CTaTUYECKUX yCcaoBUsIX. [1pu MonenpoBaHUM TTapakKpUHHBIX 3(GhEKTOB KYJIbTYp 3HAOTE-
JIMAJTBHBIX KJIETOK CJIEAYEeT TOMHMTh O BaXKHOCTY IIPUMEHEHUSI GECCHIBOPOTOYHOM KYIbTY-
pabHOM cpenbl (Kak BapuaHT — 6€CChIBOPOTOUYHOM KYTbTYPaTBHOM Cpe/ibl C OTNpeaeSIeHHOM
KOHIIEHTpalrei (paKTOpOB POCTa), MOCKOJIbKY CBIBOPOTKA CONEPKUT KCEHOTeHHBIE (reTe-
DPOJIOTMYECKKE) BHEKIIETOUHbIE BE3UKYJIbI, a TAKXKe IIUTOKUHBI U MIPO-/aHTUAHTUOTEHHbIE
MOJIEKYJIbI, KOTOPbIC MOTYT B3aMMOJCHCTBOBATh C TMOJUKJIOHAIbHBIMU aHTUTEJIAMU JIJIsT
UMMYHO(MEPMEHTHOTO aHaJIu3a WIM I0T-010TThHTra. Mcrioab3oBaHne 6eCChIBOPOTOUHOM
KYJIbTYPaJTbHOM Cpelibl ¢ ONpeNe/icHHOM KOHIIEHTpalueil (hakTopoB pocTa COCOOCTBYET
JKU3HECTIOCOOHOCTH KJIETOK, MOABEPTIINXCS BO3IEHCTBHUIO TPUTTEpa AUCHYHKIIMU SHIOTE-
JIis (4TO TIO3BOJISIET OCYILIECTBIISITH Oosiee (GDM3NOJOTUYHOE MONIETMPOBAHNE B KOHTEKCTE
MOCJenyoNIero 106aBJeHUsT KOHAUIIMOHUPOBAHHOM cpefibl K MHTAKTHBIM 3HIOTEINAIb-
HbIM KJIETKaM), OJTHAKO MOXET 3aTPYIHSITh OObEKTUBHYIO OLIEHKY U3MEHEHUI1 B KOHIICH-
Tpalyu TPpO- U aHTUAHTUOTEHHBIX MOJIEKYJT B KYJIbTYPaJIbHOM cpesie MeTOJaMi UMMYHO-
(epMeHTHOrO aHaIM3a U TOT-OJIOTTUHTA, TIOCKOJBKY B X YHCJIO TAaKXKE BXOISAT U (DAaKTOPBI
pocta. Kak nmpaBuiio, KOHAUIIMOHUPOBAHHAS Cpea MepPeHOCUTCS K MHTAKTHBIM KYJIbTY-
paM 3HIOTEJMATBHBIX KJIETOK Mocye He bosiee 4yeM 24 4 KyJIbTUBUPOBAHMUS, TTOCKOIBKY
najnee Jaxke B KOHTPOJBHBIX KyJIbTypax dHAOTEIUATbHBIX KJIETOK (6e3 100aBIeHUs] CTU-
MyJia TUCHYHKIIUY SHIOTEIUS) HAUMHAIOTCSI U3MEHEHUST (PU3UOJOTUH, CBSI3aHHBIE C ChI-
BOPOTOYHOM AernpuBalimeii. Kpome Toro, mjisi 00beKTUBHOM OLIEHKM OTBETAa MHTAKTHBIX
KYJIbTYP SHIOTEIMATbHBIX KJIETOK Ha J0OaBIeHNe KOHIUIIMOHUPOBAHHON cpenbl (B TOM
YUCIIe ISl TTIOTYKOJIMYECTBEHHOTO 1 KOJIMYECTBEHHOTO aHau3a U3MEHEHHUI X CeKpe-
TOPHOTO NpoduIsi) TpedyeTcsa nx 24-dyacoBasi MHKYOAlMs ¢ KOHIUIIMOHMPOBAHHOM cpe-
TIOii, a UCTOLIEHNE KYJbTyPJIbHOI Cpenbl MpU ee J00aBJIeHUU K MOHOCJIOIO SHIOTEIM-
aJIbHBIX KJIETOK (KaK AUCHYHKIMOHAIBHBIX, KOHAUIIUOHUPYIOIIMX CPEIy, TaK M MHTAKT-
HBIX, MTHKYOMPYEMBIX YK€ C KOHAWIIMOHUPOBAHHON Cpeoii) MPOUCXOIUT KaK pa3 yepe3
48 4 (24 4 nHKyOauMu ¢ TMCPYHKIMOHAILHBIMU KJIETKAMU 1 24 4 MHKYOAlluy C MHTAKT -
HBIMU KJIETOYHBIMU KYJIBTYpaMH).

Takke KyTbTUBUPOBaHUE SHAOTEIUAIBHBIX KJIIETOK B CTATUMECKUX YCIOBUSIX TTPUMEHM -
MO B TOM cjiyJae, KOIja SKCIIepMMEHT Moapa3yMeBaeT Ux (hpakIMOHUPOBaHME Ha opra-
HEeJUTBI € LIEJTbIO pa3aesieHusT 6eJIKOB Pa3IMIHOM JoKaIu3aluy (K IpuMepy, SAepHBIX, 1I1-
TO30JIbHBIX 1 MUTOXOHAPUATBHBIX WY JIM30COMATbHBIX 6€1KOB). OIHO U3 1ieJieil TAKOTo
9KCMEPUMEHTAJIBHOTO JAU3aiiHa MOXET OBbITh JaibHEMIIast XUAKOCTHasT XxpoMarorpadusi ¢
TaHIEMHOI Macc-CeKTPOMETpUeit, KoTopasi TpeOyeT MpeABapUTEeIbHOTO OOOoranieHust
aHaJIM3UpPyeMbIX 00Pa31IoB IS MAKCUMU3AUU CYMMapHOTO KOJIMYeCTBa UACHTU(DULIUPY-
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€MbIX KJIETOUHBIX 0eJKOB. B 3TOM ciyyae mist BbIAEIEHMS TOCTaTOYHOIO KOJIMYeCcTBa OenKa
TSI aHaIn3a TpeOyeTCsl CylIeCTBEHHBIN 00beM KJIETOYHOM MacChl, HEBO3MOXKHBIN K TOJTy-
YEHUIO HA OrPaHUYEHHOU TUIOIIAAU KYJIBTYPIbHBIX ITPOTOYHbBIX KaMep.

Hccenedosanue buonocuu sndomenus in vivo

TToMuMO 3KCIIEpMEHTOB Ha KYJIbTypaX SHAOTEINAIbHBIX KJIETOK B YCJIOBHUSIX OQHOHA-
MpaBJIEHHOTO MYyJIbCUPYIOIIEro MOTOKA in Vitro, U3ydeHue MaTojiornyeckux 3 dekToB u
MEXaHU3MOB JEHCTBUSI UX ITYCKOBBIX (DAKTOPOB (TPUTTEPOB) TAKKE MOIpa3yMeBaeT UCCIIe-
JIOBaHUS in vivo Ha JJabOpaTOPHBIX XXUBOTHBIX. HanboJsiee moaxoasiiuuMu MOAESISIMU J1JIS1
3TOTO MOXHO CUMTATh MEJIKMX JJA0OPATOPHBIX SKMBOTHBIX (KPBIC Y MBIIIIEiT), ITOCKOJIBKY OT-
HOCHUTEIbHASI IPOCTOTA UX COAEPKAHMS M pAa3MHOXKEHMSI ITO3BOJISIET IIPOBOIUTD MacIITa0-
HBIE DKCIIEPUMEHTHI C TOCTATOYHBIM KOJIMYECTBOM OMOJIOTUYECKMX ITOBTOPOB (PEIUIMKAT)
IJIS1 00eCcTieYeHUST JOCTAaTOUHOM CTeIIeHM 10Ka3aTEIbHOCTU 9KCIIEPUMEHTOB.

PaccmaTpuBast BO3MOXHbIE XKMBOTHBIE MOJIEH TSl U3y4eHUs AMCHYHKIIMY SHIOTEMS,
cieAyeT MOAYEPKHYTh, UTO JIs1 KAXIOTO 3KCIIEPUMEHTa MOXET MOTPEOOBATHCS UHINBUILY -
aM3als 3KCIepuMeHTIbHOM Moaeu (K MpruMepy, onpeaesieHHbIe JUMHUU TPAaHCTEeHHbBIX
MBbIIIei uau KpbIc). JlaHHBIN MOCTYJIaT 0COOEHHO MPUMEHUM K aHATU3Y BIUSTHUS pa3inyg-
HBIX KOMOPOUIHBIX (COIMYTCTBYIOIINX) MATOJOTUi1, OCHOBHBIMU U3 KOTOPBIX SIBJISTIOTCSI Ca-
XapHbIN 1MabeT, XpoHUYecKas 00JIe3Hb TOYEK U XpOHUYEecKasi OOCTPYKTHMBHAST OOJIE3Hb
snerkux. Kaxmoe n3 JaHHbBIX COCTOSIHUI UMEET CBOM XapaKTepHbIe, KIIaCCUYeCKUE U OTHO-
CUTEJIbHO HOBbIE, XKUBOTHBIE MOEJIU 11 UCCIIEIOBAHNS COCTOSIHUSI OPTaHOB U TKaHEM, B
TOM yucie sHaoTeaus. Eciu ke paccMaTpuBaTh CLieHapUii OTCYTCTBUSI BbIPa>k€HHBIX KO-
MOPOMITHBIX MATOJIOTHI, HanOoJIee peJIeBAHTHBIN HayYHOM 3a1a4e IMOMCcKa CriocoboB dap-
MaKOJIOTUYECKOTO U He(apMaKoJOrM4ecKoro BMeIaTe/bCTBa Iisl KOPPEKIMU TUChYHK-
LIMY SHIIOTEJNS, CTOUT BBIIEJIUThH TPU OCHOBHBIX XKMBOTHBIX Mozeu. [1epBoit 3 HUX B~
IOTCS HOPMOJIUMUIEMUYECKHE W HOPMOTEH3MBHBIE KpbIChl Wistar, T03BOJISIONINE
aHAM3UPOBATh COCTOSIHUE SHAOTENIUS B OTCYTCTBUE KAKUX-TUOO NOTMOTHUTENbHBIX (haK-
TOPOB CEPACYHO-COCYIUCTOrO pUCKa, BTOPOIA — KPbICHI C BPOXKIAECHHOM apTeprualbHOMN ru-
nepteHsueit (k npumepy, Juanuu SHR v HUCAT), tpetbeit — runepaunuaeMudeckue
(x npumepy, ApoE- nunu LDLR-HOKayTHBIE) MBI, C pOXISHUS CKIIOHHbIE K TUTIep/Iuc-
JIMTIUIEMUM, OTJIOKEHUIO JIMITUAOB B KPYITHBIX apTEPUSIX U pa3BUTUIO aTepocKiiepo3a. c-
MOJIb30BAaHUE TPEX JAHHBIX MOJIEJIeN TO3BOJISIET U3y4YaTh Pa3BUTHE TUCHYHKIIUU SHAOTE-
JIUSL B OTCYTCTBUE MOIM(MUIIMPYyeMbIX (paKTOPOB CEpAEYHO-COCYIMCTOTO pUCKa, a TaKXke
Mpu ABYX HanboJiee pacrpoCTPpaHEHHbIX M BaXHbIX (DaKTOpax cepAaedHO-COCYAUCTOrO pruc-
Ka — apTepMaJbHOI TMIepTeH3UU U runep/aucaununemMuu. [TockosibKy TaHHbIE COCTOSI-
HUS SIBJISTFOTCSI CKOpee HEN30€XXHO aCCOLIMMPOBAHHBIMU C BO3PACTOM MPOLIECCAMU, YEM CO-
MYTCTBYIOLIMMHU 3a00JIeBAaHUSIMU, 11€JIECO00Pa3HO paCCMaTPUBATh TAHHbBIE JKUBOTHbIE MO-
IIeJIN KaK HeKUI “HOpMaJIbHBINA ITaTO(PU3NOIOTNIeCKU ClieHapuii”, 00yCIOBIMBAIOIIIA
peJieBaHTHOCTb UCCeA0BaHUS AUCHYHKIIMU SHIOTEHUS B JOTIOTHEHUE K HOPMOGDU3UOIJIO-
TMYEeCKOMY ClIeHapuIo, HaOmogaeMomy y Kpeic Wistar.

HaubGonee nmogxoasiiiuMm cocyaoM Jisl aHanu3a OUCHYHKIIMU SHIOTENUS Y KPbIC U
MBIIIIEH in Vvivo TIpeNCTaBIsIeTCSl a0pTa, MOCKOJBKY: 1) TaHHBIA COCyl OTHOCUTCS K apTe-
pUaJbHOMY pycJly (UTO TO3BOJISIET CBI3bIBATh NUCHYHKIIUIO SHAOTEINS C pa3BUTUEM ap-
TepUATbHBIX MATOJOTUl, IIAaBHBIM 00pa3oM aTepockiepos3a); 2) CONepKUT HEPA3PHIBHO
CBsI3aHHBIE CETMEHTBI C aTePOTEHHBIM TYpOYJEHTHBIM KPOBOTOKOM (J1yra u Oudypkaust
aopThl) U C aTEPONPOTEKTUBHBIM JIAMUHAPHBIM KPOBOTOKOM (HUCXOJSIIAsi aopTa);
3) obnagaeT MakKCUMAaJIbHBIM IMAMETPOM CPEIM BCEX OCTAJIBHBIX COCYIOB OPTraHU3Ma,
YTO TIO3BOJISIET COOpaTh AOCTATOYHOE KOJUYECTBO MaTepuayia sl aHanusa. M3 storo
cJIelyeT, YTO MPY U3yYeHUU NUCHYHKIIUU SHIOTEINS Yy JaO00OpaTOPHBIX XKUBOTHBIX 1IeJie-
coo0pa3HO UCCIEA0BATb COCTOSTHUE DHIAOTEINS B COCYAUCTBIX CEIMEHTax Kak ¢ TypOy-
JIEHTHBIM, TaK Y C JJAMUHAPHBIM KPOBOTOKOM. Ec/ii B KauecTBe cerMeHTa ¢ JaMUHapHbIM
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KPOBOTOKOM €IMHCTBEHHBIM BO3MOXHBIM BBIOOPOM SIBJISIETCSI HUCXO/SILAS a0pTa B CUITY
CBOEIi IUTMHBI U TIPOCTOTHI CBOEI T€OMETPUU, TO ISl BBIOOpA CerMeHTa C TypOYJIEHTHBIM
KPOBOTOKOM CYIIIECTBYIOT JIBa BapraHTa (KaK yKa3aHo BBIIIIe, Tyra U OudypKarust aopThl).
CpaBHMBasI JTaHHBIE COCYTUCTBIE CETMEHTBI, CTOUT OTMETUTh KpaiftHe MaJible pa3Mephl cO0-
CTBEHHO paszaBauBatollierocsi ¢parmeHTa oudypkauuu (ee 4acTu ¢ UCTUHHO TypOYJIEHT-
HBIM KPOBOTOKOM) J1aXkKe B CpPAaBHEHUM C 00J1adaloleil OTHOCUTEILHO HEOOIBIIMMU pa3Me-
pamu ayroii aopthl. [ToaToMy npencrasisieTcss pa3yMHBIM MPEAIIOYECTh JIJIsi aHaIu3a COo-
CTOSTHMSI BHIOTE VS TPU TYPOYJICHTHOM KPOBOTOKE MMEHHO JIyTy aOPThI.

AHaJIN3 COCTOSTHUSI SHAOTEJIUS B IyTe aOpThl M HUCXOMIAIIEI aopTe in situ (TO eCTh B
HATUBHOM COCTOSIHUM, 0G€3 HOTOJHUTEIBHOTO BO3NEHCTBUSI HA DHAOTEINAIBbHbBIE KIIETKH)
MOXKET OBbITh BBIITOJTHEH KaK MUHUMYM TPEeMsl ClIOCO0aMu: MPpY MOMOIIM OBICTPOTro Mpo-
MbIBaHMSI YKa3aHHBIX a0pTaJlbHbIX CETMEHTOB TPU30JIOM C 1IeJIbI0 cOOpa 3HIOTEIUATBHOTO
nm3ata I mocienytoinero Beinesienuss PHK u npodwiupoBanus metogom OT-xITLIP,
MOCPENCTBOM aHaJOrn4Horo nmpombiBaHust RIPA-OydepoM ¢ KokTeitieM MHTMOUTOPOB
nporea3 u docdaras MM, UCHOB3Ysl MPOMAOJBbHYIO TUCCEKIINIO LIEJTbHOTO CeTMEeHTa 1
€ro OKpalllMBaHUe MEPBUYHBIMU Y BTOPUIHBIMU (DJIYOPECIIEHTHO MEUEHHBIMU aHTHUTE-
JlaMU ¢ TIOCTenyolleil en face-Bu3yaiusanueil, monapasyMmeBaoleilt MUKpOCKOTIUIO yI0-
JKEHHOM MHTUMOM BBEPX a0PThI 6€3 MTPUTOTOBJICHUST CPE30B.

COop sHOoTeIMaIbHOTO JIn3aTa Tpu3ojoMm win RIPA-6ydepomM 11enecoodbpa3Ho mpo-
BOJIUTH TIPU TTOMOIIM WHCYJIMHOBOTO IIMpUIIA (B CUJTy MaJIOTO TMaMeTpa aopThl KPbIC 1
MBIIIIeiT) TToCye TIIATebHOTO TPOMBIBaHUS (PU3MOJOTMYECKMM PACTBOPOM XJIOpUIa Ha-
TpUS Ul OUMILIEHUST OT KpoBU. Kak mpaBujio, sl BbIACICHUS JOCTATOYHOTO KOJMYE-
crBa PHK unu 6enka u3 cerMeHTOB aOpThl KPBICHI TOCTATOYHO OJHOKPATHOTO, HO Mell-
JICHHOTO IIITPUIICBOrO NpoMbIBaHMs Tpru3oaoM i RIPA-Gydepom (xoTs TakKe orpaB-
IaH BapuaHT C TPEXKPaTHBIM OTHOCHUTEJBHO OBICTPBIM TpOMBIBaHMEM). [Ipm aTOM
cJIenyeT OTMETUTD, UTO ISl JOCTUKEHMST TOCTATOUHOM TSI UMMYHOOJIOTTHHTA KOHIICH-
Tpaluu 0ejKa IPUMEHUTEJIbHO K CerMeHTaM KpbICUMHOM aopThl 00beM RIPA-Gydepa He
noJikeH npeBbiath 200 MKIT 1151 1yry aopThl ¥ 300 MKIT 11 HUCXOASIIIEH aOpThl; BEPO-
SITHO, OH JIOJIKEH OBITh €11e¢ MEHBIIUM s 00JIadaloluX MEHBIIUM IUAaMETPOM aopT
Mbllreit. TucTomornyeckuM 0OGOCHOBAaHMEM MPUMEHEHUsI TaKOW METONUKU Y KPBIC U
MBIIIIEH SIBIISIETCA TO, UTO UX MHTUMa B HOPME COCTOMT MCKITIOYUTETHLHO U3 MOHOCIIOS
9HAOTETNABHBIX KJIETOK, HE CONEPKUT KaKUX-TUOO APYTUX KIETOUHBIX MOMYJISIIUNA 1
oTIeJieHa OT CoJepKallleil COCyTUCThIe TaAKOMBIIIIEYHbIE KIETKU MBIIIIEYHO# 000JI0UKMN
BHYTpEHHell aacTuuyeckoit MemopaHoii. be3ycioBHo, naHHasi METOaUKa HE sSIBJIsIETCST a0-
COJTIOTHO YMCTOM M COTIPSIKEHA ¢ HEKOTOPOI CTENEeHbI0O KOHTAaMUHALIMU JIM3aTOM TJIadKO-
MBILIEYHBIX KJIETOK (YTO TTOATBEPIKIAETCSI BBISIBICHUEM aib(da-aKTWHA MIAIKUX MBIIIII]
IpY IIOMOIIYM MMMYHOOJIOTTUHIA M COOTBETCTBYIOIIMX TpaHCKpuUIToB Iipu OT-xIILIP),
OIIHAKO, BO-MEPBBIX, OHA MOXET OBITh MPEABAPUTEIIFHO ONTUMU3UPOBAHA JJISI KasKI0TO
KOHKPETHOTO 9KCIEPUMEHTA, a BO-BTOPBIX, B CIy4yae TaKOil KOHTAMMHAIIMU 11eJIeCO00-
pa3HO BHECEHME MOMNpaBKM Ha KOJWYECTBO OeJiKka WM TPAaHCKPUIITOB aibgha-aKTHUHA
MIaJIKUX MBIIIL B KOHTPOJIbHOI M 9KCIEPUMEHTAILHOU rpyrinax (1o aHaJIOTUU ¢ TIPUH-
muriom ACt ipu aHanmm3e gaHHbix OT-kITL[P).

Oco06eHHOCThIO UMMYHOOJIOTTUHTIA OEIKOB KPBIC SIBJISIETCS TO, YTO MOJICKY/ISIPHBIE MacC-
Chl ICTEKTUPYEMBbIX OEJIKOB 4aCTO HE COBMAAAIOT C TAKOBBIMU y YeJIOBEKa, KOTOPhIE UC-
MOJIB3YIOTCSI TTIPOU3BOAUTESIMUA aHTUTENT B KayecTBe pedepeHTHbIX. [ToMrMMoO TOro, 4to
JIaHHas1 0COOEHHOCTb MOXKET BbI3bIBaTh BOTIPOCHI Y TPEOOBATEIbHBIX K TEXHUYECKUM JIeTa-
JISIM PElIeH3eHTOB, OHa OTPaHUYMBAET OMHOBPEMEHHOE MCTIONb30BaHME ABYX 1 OoJiee Tiep-
BUYHBIX aHTUTEI, THOTIA TTPAKTUKYEMOE C 1IeTbI0 9KOHOMUU PECYPCOB MPH aHAIM3e Oell-
KOB YeJIOBeKa B CiTydae MpeaBapuTeIbHOTO TECTUPOBAHUS TAKUX aHTUTEN, PACXOXKIEHUST NX
MO MOJICKYJIIPHBIM MaccaM U OTCYTCTBUSI UX HeCIelM(UIYECKOTO CBSI3bIBAHUS C Hellese-
BbIMU OeJIKaMU WIM UX hparMeHTaMu. TeM He MeHee, MPUBEICHHbIC OTPaHUYCHUS HE yMa-
JISIIOT TEXHUYECKOI BaATUTHOCTU UMMYHOOJIOTTUHTA JIU3aTa SHAOTEJIUSI KPBIC.
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Eunie omHMM ymOMSIHYTBIM BBIIIE CIIOCOOOM aHajiu3a SIBJISIETCSI KOH(OKaabHas MUK-
POCKOTIUSI SHIOTENUS en face. HeoOXOMMMOCTb MCITOIb30BaHUSI UMEHHO KOH(MOKaTbHOM
MUKPOCKOIIMM OOYCJIOBJIEHA CUJIBHBIM (POHOBEIM CBEYCHUEM OT HIDKeJeXKalleil BHYT-
PCEHHEH 371aCTUYECKOM MeMOpaHbI B 3eJIcHOM (QJIyOpeCLIECHTHOM KaHaJie, YTO TpeOyeT OT-
CEYCHUST OTHSIbHBIX ONTUYECKUX CPE30B IJIs BU3yaJlM3allny OKpallleHHBIX (IIyopec-
LEeHTHO MEUYEHHBIMU aHTUTEaMM SHIOTEINATbHBIX KJIEeTOK. BeposiTHO, ¢ 11eJIbI0 MUHM -
MU3aLUU ayTOPIyOPECLIEHTHOTO 3€JIEHOTO CBEYEHMUSI CIIeIyeT UCIOJIb30BaTh COYETaHUE
Alexa Fluor 555- u Alexa Fluor 647-MeueHHBIX BTOPUYHBIX aHTUTEN, CBETSIIMXCS B
KpacHOM U JTaJilbHEM KpacHOM (DIyopeCLlieHTHOM KaHajlaX. XOTsI JaHHBII CIToco0 aHaJIH -
3a COCTOSTHUS DHIOTEIMS SIBJISICTCST JOITYCTUMBIM, €T0 TJoKa3aTeJIbHasi MOIITHOCTh B OOJIb-
IIHCTBE ClIy4yaeB (3a UCKIIOYEHHEM OICHKHN SHIOTEIMAIbHO-ME3eHXUMAaIbHOTO Mepe-
Xoma) TMPencTaBIsIeTCs] OTpaHUYEHHOMN B CHUTYy KauyeCTBEHHO-KOMILJIEMEHTApPHOTO XapaK-
Tepa TOJYKOJIUYECTBEHHOTO aHajin3a KOH(OKaJbHBIX M300paxKeHUii; KpoMe TOro, ero
MCIMOJB30BaHME MPUBOIUT K JOBOJBHO HEPaALIMOHAJBHOMY WCIIOJb30BAHUIO MMEIOLLEcs
TKaHU, MOCKOJIbKY JOCTAaTOYHO O0JbIlAasl YaCTh a0OPTAIbHOTO CETMEHTA YXOAUT Ha OKpa-
IIKMBaHKWE BCETo JIUIIb OHON KOMOMHAaLIMel aHTUTEI.

MEXAHU3MbI AJUCOPYHKINUN SHAOTEIUA ITPU PACCMOTPEHWNA
POPMYJIIMPOBKU EE KPUTEPUEB

Upoeocnaﬂume/zbﬂaﬂ akmueauus sHdomenus

OCHOBHBIMU KPUTEPUSIMU IIPOBOCHATUTENIbHON aKTUBALIUY SHIOTEIINS SIBISIIOTCS all-
Te3usT JISMKOIIUTOB K SHAOTEINATbHBIM KJIeTKaM BCJIEICTBUE CBA3BIBAaHUSI JICHKOIIUTAD-
HBIX PELIETITOPOB C COOTBETCTBYIOIIMMU PELIETITOPAMU SHIOTEINATBHBIX KJIETOK 1 TTIOBHI-
IIEHHOE BBIIEJICHNE SHIOTEeIMAIBHBIMM KJIETKaMU TPOBOCHAIUTEIBHBIX ITUTOKWHOB
[16—18]. K nmeifkoLuTapHbIM peleTopaM, OTBETCTBEHHBIM 3a MPUKPEIUIEHUE JTeHKOLN-
TOB K SHAOTEIUATbHBIM KjieTKaM, oTHocsITcss VLA-4/CD49d (cBsizb ¢ VCAM1 sHootenu-
aJIbHBIX KJIETOK), Mac-1 (komruiekc CD11b u CD18, cBs3b ¢ ICAM 1 sHaoTeIMabHBIX Kile-
T10K), LFA-1/CD1la (cBs13b ¢ ICAM1 sHpoTemanbHbIX KieToK) 1 PSGL-1/CD162 (cBs3b ¢
E-cenexTuHOM 3HIOTENIUAbHBIX KJIETOK) [19—22].

OOBEKTUBHBIN aHAJIM3 aAre3UU KJIETOK MOHOHYKJI€apHOI (PpakKLM KPOBU K DHJIOTE-
JIMIO, YaCTUYHO OTpaXkalolllell MPOBOCHATNUTEbHYIO aKTUBALIMIO SHIOTEJINSI, HEBO3MO-
JK€H TPU KYJIbTUBUPOBAHUM SHIOTEIMATBHBIX KJIETOK B CTATUIECKUX YCIIOBUSIX IO TIPU-
YMHE MACCUBHOTO OCENaHUs 1 HEMUHYEMOM aare3ny MOHOIIMTOB M JTUMMOIIUTOB KaK K
9HAOTEIUATBHBIM KJIETKaM, TaK U K KyJIbTypaJbHOMY TJIACTUKY JaXe mocjie MHOTUX (7—
10) craguit uHTeHCUBHOI OTMBIBKU. COOTBETCTBEHHO, IaXe B CiIydyae IIOJIHOI KOHMJII0-
9HTHOCTU 2HAOTEIUAIBHOTO MOHOCJOS SIBJISIETCSI HEBO3MOXHBIM OTAEIUTH UCTUHHYIO
aJre3uio KJIeTOK MOHOHYKJIeapHOil hpaKIny KPOBY K SHAOTEIINIO OT “TICeBIOanre3umn’”,
KOTOpast 00yCJIOBJIeHAa MEXaHWMYECKUM TTPUKPETUICHUEM OCEBIITUX MOHOLIMTOB U JIMM(MO-
LIMTOB K HIDKeJexXalleil MOBEpXHOCTH He3aBUCUMO OT €€ MOKPBITUS KIeTKaMu. B To ke
BpeMs no0aBieHe KIETOK MOHOHYKJIeapHO (paKiiuy KpOBU B CUCTEMY JIJIsI KYJIbTUBH -
POBaHUS HAOTETUAIBHBIX KJIETOK B YCIOBUSX MYJIbCUPYIONIETO MOTOKA (B KOJIMYECTBE
1.25 % 10° kierok Ha 1 M1, 9uTO 3KBMBaJeHTHO 1.5 X 10° KJIeTOK Ha MOLY/Tb CHCTEMBI ITO-
TOKa) TMO3BOJISIET UCKIIOUUTh TaKylo “TICEBIOAATre31I0” Moa AeCTBUEM CUJIbI TSIXKECTH U
00€ecCIeYnTh JOCTAaTOYHOE KOJUUYECTBO alre3upoOBaBIIUXCS K 3HIOTEJIMATbHOMY MOHO-
CJIOI0 MOHOLIMTOB U JIMMGOUUTOB. Busyanusauuio npyv TakoM MeETOAe aHaIrM3a MOXHO
MPOBOAUTH TIPY TTOMOIIIN (DIIFOOPECIIEHTHOM MUKPOCKOTIMM Ha MHBEPTUPOBAHHOM MUK-
pocKome, MCIOIb3ys JII000I aJbTepHATUBHBIN SIIepHBIA KpacuTenab (K mpumepy, Cell-
Tracker Green) mjist Me4eHUST KJIETOK MOHOHYKJIEApHOM (ppakiiMy KpOBH IIepen MX I0-
OaBJIeHUEM B CHCTEMY ITyJIbCUPYIOIIEro MOTOKAa U CTaHAAPTHBIN SIIepHBIN KpacuTtenb (K
npumepy, Hoechst 33342) nns MeueHUs! KIETOK BHYTPU KaMepbl MOCJIe OCTAHOBKM CU-
CTeMbl 1 €€ M3BJIeYeHUs] HETOCPEICTBEHHO Mepen Busyaiusalueit. B takom nuzaiine
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KJIETKX MOHOHYKJIEapHOU (Dpakiy KPOBU JAIOT U CUHEE, U 3eJIeHOE CBeUeHue (eCJIN UC-
nonb3oBaTth CellTracker Green), a 3HOOTEIMAIbHBIE KJIIETKU — WCKIIOYUTEILHO CUHEE
cBeyenne. st GOMbIIENR HANISIHOCTA PEKOMEHIYETCA COYETATh (Pa30BO-KOHTPACTHYIO
¥ GIIYyOPECIIEHTHYIO BU3YaIN3alIMIo0 Ha MHBEPTUPOBAHHOM MUKPOCKOTIE.

XoTs1 aHaJIU3 aAre3un KJIeTOK MOHOHYKJIeapHOI (hpaKlIM1 KPOBU K SHAOTEIMATbHBIM
KJIETKaM U sIBJisieTCsl (DYHKIMOHAIbHBIM aHAJIM30M C BBICOKO CTENEHBIO TOKa3aTeIbHO-
CTU MPOBOCMAIMTEIBHON aKTUBALIMU SHIOTEINS, COBPEMEHHbIE KPUTEPUU JOKA3aTeb-
HOCTU TIaTO(U3NOJOTUYECKUX IKCIIEPUMEHTOB (OTpakaeMble TPEOOBAHUSIMU COOTBET-
CTBYIOIIMX HAYYHBIX XKYPHAJIOB) TAKK€ BKIIIOUYAIOT B ce0sl U3MEPEHME IKCIIPECCUN TEHOB
n 6CJ'IKOB, OTBETCTBEHHBbIX 3a aAre3nto J'lCﬁKOL[I/ITOB K 9HAOTECJIMNAJIbHBIM KJIETKaM. K Ta-
KHUM TreHaM Liejaecoobpa3Ho oTHocUTh VCAM 1, ICAM 1, SELE v SELP, Konupyoliye co-
CYIIUCTYIO MOJIEKYJTy KJIETOUHON aAre3uy, MeXKJIETOUHYIO MOJIEKYJIY KJIETOYHOI ajare-
3uu, E-cenextuH u P-cenekTuH cooTBeTCTBEHHO. ONTUMAIBHBIM METOMIOM ISl U3Mepe-
HUSI OKCIPECCUM TAHHBIX TEHOB SIBJISIIOTCS pa3/IMYHbIe BAPUAHTHI TTOJIMMEPa3HO LIEMTHOMN
peakiu (x ipumepy, OT-kIILP unu mudposas kanenbHas I11IP), a mia usmepenHust
0€JIKOB — MMMYHOOJIOTTMHT C MCIOJIb30BaHMEM COOTBETCTBYIOIIMX aHTUTEN (IPU 3TOM
koinuectBo Mosiekyl VCAM1 u ICAMI1 cymiectBeHHO TipeBbIlIaeT KoaudyectBo E-ce-
JIEKTWMHA, YTO TI03BOJISIET UCTIOJIb30BaTh UMEHHO MX B Ka4yeCTBE MapKepOB IMPOBOCITAJIM -
TeJIbHOU aKTUBALIMM). AJIbTEPHATUBHOU MepoOil U3MEPEHMS TaHHBIX OEJIKOB MOXET ObITh
TMOJIYKOJIMYECTBEHHbII aHaIU3 MOJYYEHHbBIX TPU KOH(MOKATbHON MUKPOCKOIIMU U300~
paXeHuii, OTHAKO MHOXECTBEHHOE UCMOJIb30BAHUE TAKOTO METO/Ia B Pa3JIMYHbBIX IKCIIE-
PUMEHTaX He TMPUBEJIO K YIOBJIETBOPUTEIBHBIM pe3yjbTaTaM. B OTHOLLIEHUU MOJEKYJ
KJIETOYHO# anare3ny peKOMEHIYEeTCsI MCITOJIb30BaTh KOH(POKAIbHYI0O MUKPOCKOMUIO MC-
KJTIOUMTEIBbHO 11 KAY€CTBEHHOTO aHA/IM3a UX JIOKaJIU3aluy B KJIeTKe (K IpUMepy, B LIU-
TO30JIe WJIM Ha TIa3MaTu4yeckoil MeMOpaHe), HO He ISl KOJTMYEeCTBEHHOTO aHaln3a UX
9Kcrpeccuu. JpyruM BapuaHTOM BKJIIOYEHUS MOIOOHOrO BaprMaHTa aHaiau3a AuchyHK-
UM HAOTEINS B TOKa3aTeIbHYIO 0a3y 3KCIIEpUMEHTaJIbHOM padOoTHI SIBIsIETCsS 00s13a-
TEJIbHOE COUeTaHUE Pe3yIbTaTOB MOJYKOJUUYECTBEHHOIO aHaJIM3a KOH(MOKaIbHBIX U300-
paxeHuii ¢ naHHbIMU OT-KITL[P u uMmyHoOGa0TTHHTA. TakUM 06pa3oM, TMOJyKOJUYE-
CTBEHHBIN aHaMM3 KOH(MOKAJIBHBIX M300pa’keHUIl MCITOJNB3yeTCsl MO0 ST U3YyYeHUs
KauyeCcTBeHHbIX (DeHOMEHOB (JloKaim3aiusi oO0beKTa UHTepeca BHYTPU KJIETKU, B TOM
YKCJIe B aCCOLMALIMN C KOHKPETHBIMU OpTaHeIaMM), JIM0O B KAaYeCTBE KOMITJIEMEHTap-
HOTO (AOTIOJTHUTEIBHOT0), HO HE CAMOCTOSITETbHOTO aHAJIMTUYECKOTO METO/IA.

B OTHOIIIEHUN TTOBBIIIIEHHOTO BBIACICHUS] SHAOTEIUATBHBIMU KJIETKAMU TTPOBOCIIA-
JINTEJTBHBIX IUTOKWUHOB CJIEAYET OTMETHUTh, YTO UX CIIEKTP HE CTOJIb BEJIMK W BKITIOYAET B
ce0d 1IeCTb OCHOBHBIX MOJieKyJl: uHTepieikuH (MJ1)-6, NJI-8, MoHOLIUTaApHYIO XeMoaT-
TpakTaHTHY0 Mosiekyay 1 (MCP-1/CCL2), CXCL1 (cBs3aHHBIIi C pOCTOM OHKOTEH,
GRO-a), pakTop uHrndbupoBaHust Murpauu makpodaro (MIF) u uHrubutop akrusa-
Topa tutaamuHoreHa (PAI-1, cepniun E1) [23, 24]. HaMHOrO 1mmpe CrekTp BbIAEISIEMbIX
SHIIOTEIUAIBHBIMU KJIETKAaMU MIPO- U aHTUAHTUOTEHHBIX MOJIEKYI [23, 24|, ipu 3TOM K
MPO-aHTMOTEHHBIM MOJIEKYJIAaM OTHOCSITCS aHTMOMO3TUH-1 [25, 26], pactBopumas ¢op-
Ma perenTopa K cocyaucTomMy sHmorenuanbHoMy dakropy pocta (VEGFR2) [27, 28],
anruoreHuH [29, 30], snunepmanbHblii daktop pocta (EGF) [31, 32], nnaueHTapHblit
daxkTop pocta (PIGF) [33, 34], TpoMGoLMTapHBIii (pakTOp pocTa (BepHee, ero cyobear-
Huusl PDGF-AA u PDGF-BB) [35, 36], ocHOBHOII (akTop pocTta (pubGposiiacToB
(bFGF)[37, 38], annorenun-1 [39, 40], neHTpakcuH 3 [41, 42], nunentuauinenTtuaa3a 4
[43, 44], CD105/sumornuH [45, 46], dakTop pocra renatonuroB (HGF) [47, 48], 6enku,
CBSI3BIBAIOLLIME MHCYJIMHOMOMOOHBIN ¢hakTop pocta — IGFBP-1 [49, 50], IGFBP-2 [51,
52] u IGFBP-3 [53, 54], CXCLI6 [55, 56], Tpancdhopmupyromnmii ¢hakrop pocta (TGF-B1)
[57, 58], ypokMHa3HBII aKTUBATOp Ij1a3MuHOreHa (UPA) M cooTBeTCTBYIOIIMIT PacTBO-
pumblit peuentop (UPAR) [59, 60], maTpukcHas meTtamtonporenHasa-1 (MMII-1) [60,
61], UJI-6 [62, 63], NJI-8 [64, 65] 1 MCP-1/CCL2 [66, 67], a K aHTUAHTUOTEHHBIM —
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aHruonoaTnH-2 [68, 69], Tpombocnionaun-1 [70, 71], sumocratud [72, 73], TKaHeBbIE
uHruouTopsl MetaytonporenHas (TUMII-1 [74, 75] u TUMII-2 [76, 77]) u ©UHTUOGUTOD
akTuBaTopa miaasmuHoreHa (PAI-1) [78, 79].

MeTtonoa0ru4eck u3MepeHre IUTOKMHOB, MPO- U aHTUAHTMOTEHHBIX (haKTOPOB B
KYJIbTYpaJbHOMN cpelle C SHIOTEeNMATbHBIX KIIETOK IeJeCO00pa3HO OCYIIECTBISTh B
MEePBYIO OYepeab MOCPEACTBOM CKPUHUHTOBOTO ITOJTYKOJUYECTBEHHOTO TTPOMUIMpOBa-
HUsI IPY TIOMOIIY TOT-0JIOTTUHTA (B HACTOsIIIee BpeMsI Ha PhIHKE TTPEICTaBICHBI CITCIIN -
aTM3UPOBaHHbIE HAOOPHI, MO3BOJISAIONINE OMpPene/ieHue BCeX YKa3aHHBIX BbIIIE ITUTOKU -
HOB M aBCOJIIOTHOTO OOJIBIIMHCTBA U3 BhILLICYKAa3aHHBIX MPO- U AaHTUAHTMOTEHHBIX OeJl-
KoB). CKpPUHMHIOBOE€ H3MEpEeHHE MOJEKY TPU TOMOIIM NOT-O0JOTTUHIA TTO3BOJISIET
OMpenesIuTh Te€ M3 HUX, YTO SBISIOTCS AuddepeHInalbHO 3KCIPECCUPOBAHHBIMU
MEXIy SKCTIEpUMEHTATbHON M KOHTPOJBbHOM IpyIaMu, U Aajee MPOBECTH MPULIEThb-
HBIIl KOJTMYECTBEHHBIN aHAIN3 Pa3IMIUid TIPW MMOMOIIKA BBICOKOTOYHOTO MMMYHOMDEp-
MEHTHOTO aHaimu3a. Eciyu BO3MOXHOCTH IIPOBECTU OOT-OJOTTUHT HET (K IpUMEpY,
BCJICICTBUE OTCYTCTBUSI XEMUJIIOMUHECLIEHTHOTO CKaHepa), JJIs OLIEHKW TTPOBOCH AN -
TeJIbHOM aKTUBALMY SHIOTEIUATbHBIX KIIETOK CIeIyeT U3MEepUTh KOHIeHTpauuio MJI-6,
NJI-8 u MCP-1/CCL2 B KynbTypaabHOIi cpelie METOIOM UMMYHOMDEPMEHTHOTO aHAJH -
3a. Ilepen DOT-GJIOTTUHTOM WM MMMYHOMEPMEHTHBIM aHAJW30M CJIEIyeT TPOBECTH
HU3KOCKOPOCTHOE lieHTpudyrupoBaHue coopaHHoit cpennl (1000—3000 g) ¢ uenbio
OYMCTKH OT KJIETOYHOTO Aedpuca.

TToMuMO COOGCTBEHHO OLIEHKM BBIACICHUS 3HIOTEIUATbHBIMU KJIETKAMU B MUKPO-
OKpYXEHHUE MPOBOCTAIUTENIbHBIX IMTOKMHOB KaK 00s13aT€IbHOTO KOMITOHEHTa MPOBOC-
MaJIMTEJIbHON aKTUBALMU SHIOTENMS, 111 OLIEHKU MaToO(PU3MOJOrMYeCcKoil 3HaUMMOCTH
M3MEHEHUI CEKPeTOpHOro Mpoduis AUChYHKIIMOHAIBHBIX 3HAOTEJIMATBbHBIX KJIETOK
TakXe PEKOMEHAYEeTCsl TIPOBeNeHNEe SKCIIEPUMEHTOB C KOHIUIIMOHUPOBAHHOM (TO €CTh
WHKYOMPOBAHHON C SHIOTEIMAIBHBIMU KJIETKAMU U BBIOPAHHBIM TPUTTEPOM NUCHYHK-
1LIMM 9HJIOTENNST) 6€CCHIBOPOTOUHOI Cpenoii, KOTOPYIO He TTo3IHee YeM yepe3 24 4 cieny-
eT 100aBUTh K MHTAKTHBIM KYyJIbTypaM SHIOTEIMAJIbHBIX KJIETOK He Oojiee yeM Ha 24 4
JUIS OLIEHKHM €€ I1aTOJIOTMYECKOIrO BO3JICHCTBUS B CPABHEHUU C AHAJIOTMYHOM CpPEHOM,
MHKYOUPOBAHHON C 9HIOTEINATBHBIMU KJIETKAMU OT TOTO K€ JOHOpa 6e3 Tpurrepa auc-
¢dyHKIIMU 3HAOTEeNUs. B ToM ciydae, ecii CTOUT 3amaya T0 MICHTU(UKALMNA OTBET-
CTBEHHOTO 3a MaToreHHble 3 dEKTHI MapaKPUHHOTO KOMITOHEHTA, MOCjie U3HAYAJIbHOTO
9KCIIEPUMEHTA C MOJIHOW KOHIMIIMOHUPOBAHHON Cpefoil 1enecoo0pa3Ho MpoBeneHue
TMOBTOPHOTO 3KCMEPUMEHTA € (hpakKIMOHUPOBAHUEM KOHAULIMOHMPOBAHHOM cpenbl (1o~
CPENCTBOM YAbTpalleHTpUMYTrMpoBaHUsI) HA BHEKJIETOUHbIE BE3UKYJIbl U HE COAepKa-
IIIYI0 BHEKJIETOUHBIX BE3UKYJ KOHAWIMOHUPOBAHHYIO Cpely C UX IOCIEAYIOIIUM pa3-
NeTbHBIM JOOaBJIEHMEM K MHTAKTHBIM KYJIbTypaM 3HAOTEIUAIbHBIX KJIeTOoK. [lepen me-
PEHOCOM KOHIMIIMOHUPOBAHHOH cpelnbl OT AUCHYHKUIMOHAILHBIX SHAOTEIUATIbHBIX
KJIETOK K MHTAaKTHBIM CJIEAYET MPOBECTU €€ HU3KOCKOPOCTHOE LIEHTPU(YrupoBaHue C
LIEJIBI0 OYMCTKH OT KJIETOYHOTO Jiedpuca ISl TToCaeayolero o0beKTMBHOIO aHalu3a na-
PaKpUHHOIO BO3AEUCTBUSA KOHIMLIMOHUPOBAHHOM CpelIbl.

CoOCTBEHHBIE MCCIIENOBAaHMS HaIllEl TPYyIINbl ITOKa3aIu, YTO 100aBJIeHUE B CUCTEMY
MyJIbCUPYIOIIETO MOTOKA KaJbLUITPOTEMHOBBIX YaCTHUIl (TaKXKe Ha3bIBAEMBIX B PYCCKO-
SI3BIYHOM TEPMUHOJIOTUH KaJbLIMi-pochaTHBIMU OMOHAMM) TIPUBOIUT K UX MHTEPHAIV -
3allM¥ SHIOTETUATBHBIMU KJIETKAMHU YK€ B TeYeHHEe Yaca, CTAOMJIbHO BbI3bIBAECT I'MOEb
HEeOOJBIIION, HO CTATUCTUYECKHU 3HaYMMOit noiu (1—2%) sHIoTeIMalbHBIX KJIETOK B Te-
yeHue 4 4 BCJIENCTBHE TTAaTOJOTUUECKON TTepMeadIN3aliuy JTU30COM U MUTOXOHAPUIA 1
CTUMYJIUPYET BBIIEIEHNUE OCHOBHBIX SHIOTEIMATbHBIX TTPOBOCTIAIMTEILHBIX IIUTOKUHOB,
yKazaHHbIX Bbiie — WUJI-6, NJI-8 u MCP-1/CCL2 [80, 81]. DT0 MO3BOJMIO paccMaTpu-
BaTh KaJIbLIMIIPOTEMHOBBIC YACTHUILIbI KaK MOJIEIbHBIN TpUTTEep TUCHYHKIIMUA SHIOTEIUS,
TIPUTOMHBIN JUTSI aHAIM3a OCHOBHBIX MTaTO(U3UOJIOTMYECKIX 3BEHBEB €€ Pa3BUTHSI.
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IMocnenyrolye 3KCNEepUMEHTBI MOKAa3aJiv, YTO 4-4acOBOe MHKYOUpPOBAaHHUE MEpPBUY-
HBIX 9HJIOTEJMATbHBIX KJIETOK KOPOHAPHOIM apTepuu U BHYTPEHHE! TpyaHOI apTepuu C
KaJIbIIUTIPOTEMHOBBIMY YaCTULIAMM BBI3bIBAET aATre3UI0 MOHOHYKJIEAPHBIX KJIETOK Mepr-
depuryeckoit KpoBU K apTepuaibHbIM SHIOTEIUATBLHBIM KJIETKaM B TIOTOKE, KOTOpasi Co-
TMIPOBOXIAETCS TOBBILIEHUEM YPOBHSI YKAa3aHHBIX BBIIIE MOJIEKYJ KJIETOYHOU aare3uu
VCAMI1 u ICAM1 [82—84]. KpoMe Toro, 6bUIO BBISIBIEHO, YTO KaK MOJHasl, TaK 1 O4r-
IIEHHAas1 OT BHEKJIETOYHbBIX BE3UKYJI KOHIMIIMOHUPOBAHHAs Cpea, TOoJydeHHas OT Iep-
BUYHBIX 9HIOTEIUAIBHBIX KJIETOK KOPOHApHOU apTepuu B pe3yjbrare No0aBiIeHUs K
HUM KaJIbLIMTIPOTEMHOBBIX YACTUII, TIPUBONIIA K TIOBBIIIEHUIO SKCIIPECCUU TE€HOB MOJIe-
Kyn xiuetouHoit angresun VCAMI1, ICAM1, SELE v SELP B codeTaHNU C ITOBBIIIICHUEM
KCIIPECCUU TeHOB LUTOKMHOB L6, CXCLSE, CCL2, CXCLI v MIF, yBelINYEeHUIO DKC-
MPEeCCUU PELIENITOPOB SHAOTEINATbHBIX KJIeTOK K Jielikonuutam VCAM1 u ICAM1, a tak-
ke ycuneHHoMmy Boiaenennio NJI-6, NJI-8 u MCP-1/CCL2 npu ee 106aBIeHNU K MHTAKT-
HBIM KYJIBTYpaM 3HIO0TEIMATbHbBIX KJIETOK KOpPOHAPHOI apTepuu OT 3TOTO Xe IoHopa. B To
3Ke BpeMsl o0aBJIeHUEe BHEKJIETOUYHBIX BE3UKYJI OT 00pabOTaHHBIX KATbLIMITPOTEMHOBBI-
MU YacCTUIIAMU SHAOTEJIMAJIbHBIX KJIETOK HE TPUBOAMUIIO K TaKuM addexram, ykasbiBast
Ha BEIyIIYI0 POJIb pAaCTBOPUMBIX (DAKTOPOB B Pa3BUTUM NMAapaKpPUHHON MPOBOCHATUTENb-
HOM akTuBalMU 3HAOTENUs. [lOCKONbKY CIBUra CEeKpeTUPYEMbIX 3HAOTEJIUATbHBIMU
KJIETKAMU B OKPYXKAIOIIYIO Cpely MPO- Y aHTUAHTUOTEHHbBIX (haKTOPOB BHISIBJICHO HE ObI-
JI0, OBLIO TIPEAIOJIOXKEHO, UTO U3 PACTBOPUMBIX (DAKTOPOB IJIAaBHYIO MAaTOTeHETUYECKYIO
POJIb B TaHHOM TTaTOU3NOJIOTUYECKOM CIIEHAPUU UTPAIOT UMEHHO TTPOBOCTIATIUTEIbHbBIC
uutokuusl (UJI-6, NJI-8, MCP-1/CCL2).

TakuM 006pa3om, MEpPBbBIM U CaMbIM IJIABHBIM KPUTEPUEM TUCHYHKIUU SHIOTETUS
clielyeT CYUTATh €ro MPOBOCMAIMTEIbHYIO aKTUBALIMIO, KOTOPasi MOXKET OBITh OTpenesie-
Ha MO TpeM KpuTepusiM: 1) TOBBIIIEHHON anre3uu JIEMKOLUMTOB K 3HAOTEIUATbHBIM
KJIETKaM TPU UX COBMECTHOM KYJIbTUBUPOBAHUU B YCIOBUSX IMYJIbCUPYIOLIETO MOTOKA,
COMpOBOXAIIEeNcs MoBbIlIeHUueM 3kcrpeccun 6enkoB VCAM 1 w ICAM 1, a Takxke co-
OTBETCTBYIOIIIMX T€HOB; 2) TMOBBIILIEHHOMY BBIIEJICHUIO TPEX OCHOBHBIX 9HIOTEJIMATbHBIX
MPOBOCTAIMTENbHBIX TUTOKMHOB — WJI-6, NJI-8 1 MCP-1/CCL2 B MUKPOOKpYXEHUE;
3) noka3zaHHOI MaTOTEeHHOCTH MapaKPUHHOTO BO3AEMCTBUS SHAOTEIMATIBHBIX KJIETOK (K
MpUMEpPY, CTOCOOHOCThIO KOHAULIMOHUPOBAHHOW UMU CPEJibl BHI3bIBATh PA3BUTHE JTUC-
(YHKIMU S3HIOTENUSI B UHTAKTHBIX KJIETOYHBIX KYJIbTypax).

Hapywenus sndomenuanvhoii Mmexanompancoykyuu

Ellle omHUM acreKToM MaToM®U3NOJIOTUM SHIOTENNS, HEBO3MOXHBIM K M3YyYEHUIO B
CTaTUYECKUX YCIOBUSIX KYyTbTUBUPOBAHUS, SIBJISIIOTCS HApYyLIEHUsI SHIOTEIMATbHON Me-
XaHOTpPaHCOYKIMU (TpaHchopMalluy MEXaHWYeCKOTO BO3AEUCTBHUS, B JaHHOM cllydyae
MOTOKA, B OMOXMMUYECKHME CUTHAIIBI). MeXaHOTPaHCAYKIIMS UTPAeT Ype3BbIYaiiHO BaxK-
HYIO pOJIb B (DU3NOJIOTUH SHIOTEIINS ik Vivo, 9TO OTPaXKaeTCcsi BOCIIPUMMYNBOCTBIO COCY-
IMCTBIX CETMEHTOB C TYPOYJICHTHBIM KPOBOTOKOM (K TIpUMeEpy, Iyra aopThl) K aTepo-
CKJIEpO3y B CPaBHEHMHU C COCYIMCTHIMU CETMEHTaMU C JJAMUHApHBIM KPOBOTOKOM (K
npuMepy, Hucxonsias aopra) [16—18]. IloMuMO MHOXeCTBa MEXaHOCEHCOPOB, B YHCJIO
koTopbix BxoasaT peuentopbl VEGFR2 [85, 86], Tie2 [87] u PECAM-1/CD31 [88, 89],
MHTETPUHBI U CBSI3aHHBIC ¢ HUMU odaru anre3uu [90—93], 6eaku MeXKIETOUHBIX KOH-
TakToB VE-KanrepuH u okkiioauH [85, 89, 94|, aktuBupyeMble paCTSXKEHUEM MOHHBIC
KaHaJtel [95, 96], TpaHCcMeMGpaHHBIe TpoTeonTMKaHbI [97], G-6eJI0K-CBsSI3aHHBIC peleTl-
Topsl [98], rereporpuMepHbie G-6enku [99, 100], mukokanuke [101, 102], kaBeonuH-1
u KaBeoJibl [103, 104], nepBuunble pecHuuku [105, 106], mpoMexyTouyHble (UIaMEHTBI
[107, 108] u akTuHOBBIN LUTOCKeaeT [109—111], mepenaya curHaja OT MEXaHOCEHCOPOB
OCYILIECTBIISIETCSI Yepe3 sl CHeLUUATM3UPOBAHHBIX TPaHCKPUIILIMOHHBIX (DaKTOPOB:
KLF2 [112—114], KLF4 [115—117], NRF2 [118, 119], YAP u TAZ [120, 121]. I1pu atom
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Tpu 13 aaHHbIX dakTopoB (KLF2, KLF4 u NRF2) aBasiorcsi areponpoTeKTUBHBIMU
[113—116, 118, 119, 122—131], a n1Ba (YAP u TAZ) — ateporennbimMu [120, 121, 131—134].

DyHKUMS aTepOreHHBIX TPaHCKPUMIIMOHHBIX (pakTopoB YAP u TAZ B 3HAYMTEIbHOM
CTETIeHU PETYJIMPYeTCs Ha MOCTTPAHCIISIIIMOHHOM YPOBHE ITOCPEICTBOM (hochOoprInpoBa-
HUA (KOTOPOE TPOBOLIMPYET MX CEKBECTPUPOBAHUE B IIMTO30J1e U IeTPaIalluio JaHHBIX OelT-
KOB TOCPEICTBOM YOUKBUTUHUPOBAHUS C MOCIEAYIOIINM TPAHCIIOPTOM B TIPOTEACOMBI),
YTO OTpakaeT HEOOXOIMMOCTb OLIEHKM HE TOJBbKO 0OIlei, HO U (ochopuarpoBaHHOM
(OopMBI JTaHHBIX MOJIEKYJT TOCPEICTBOM UMMYHOOJIOTTUHTA C UX IMOCJICYIOIIUM CPABHEHU-
€M OTHOCHUTEJIbHO Ipyr apyra. JIpyruMm BapyMaHTOM aHajvM3a aKTMBHOCTU aT€pPOTeHHBIX
TpaHCKpUITIIUOHHBIX (pakTopoB YAP 11 TAZ Mmoria 651 OBITh OLIEHKA OTHOCUTEIILHOTO CO-
nIepxkaHus o611eit 1 pochoprmmpoBaHHON (POPMBI JAHHBIX (PAKTOPOB B LIMTO30JIC U SIAPE
METOIOM MMMYHOOJIOTTHHTA TI0CiIe (PpaKIMOHMpoBaHMs KieToK. K cokajieHMIo, Takou
CMOCO0, XOTS U SIBJISIETCSI OObEKTUBHBIM, TpeOyeT 3HAUMTETLHOTO KOJUYECTBA KIETOUHOM
Macchl, HEBO3MOXHOM K ITOJTyYEHUIO B KYJIbTYpaJIbHBIX TPOTOUHBIX KaMepax, a B CTaTU4e-
CKMX YCJIOBUSIX OLIEHUTb HapyIIEHUsI SHIOTEIMATbHOI MEXaHOTPAHCAYKIIMY BO3MOXKHBIM
He TipenctaniisieTcs. [TonmbITKY OLIeHKH CPaBHUTEbHOM MHTEHCUBHOCTH (DJTyOpeCIIEHTHO-
ro curHaia oomeii 1 dpochopmmpoBanHoii popmbl YAP u TAZ B umuTo30J1e U siape Ipu
MMMYHOOKpAIIIMBaHUM Takke (IT0 COOCTBEHHOMY OITBITY aBTOPOB) HE MPUBEIN K OOBbEK-
TUBHOMY PE3yJIbTaTy; TEM He MeHee, HeJIb3s1 UCKITIoUaTh UX KOMITJIEMEHTapHOM (HO He ca-
MOCTOSITEJIbHOI) ToKa3aTeIbHOM MollHOCTU. [Tpu olieHKe HapylIeHW SHI0TEIUaTbHOM
MEXaHOTPAHCAYKIIUU, CONPOBOXAAIOIIENH AUCHYHKLMIO SHAOTEUS, CIeayeT IOMHUTb 00
HWPPESICBAaHTHOCTH U3MEPEeHUsI TEHHOM 3KCIPECCMU B TOM ClIydae, eclii (DyHKIIMOHATb-
HOCTB GeJTKa IITaBHBIM 00pa30M YIIPaBJISIETCS ITOCPENCTBOM €TO IMOCTTPAHCIISIITMOHHBIX MO-
mudukanuii. K mpumepy, akcnpeccus reHoB YAPI u WWTR 1, konupyioiiix TpaHCKPUII-
1oHHbIe pakTopbl YAP] 1 TAZ cOOTBETCTBEHHO, HUKAK HE CBsI3aHa C TeM, IOJIBEPraroTCs
JIY f1ajiee JaHHble 0enKu (hochoprIMpoBaHUIO U IeTpaaaliy B IpoTeacoMax.

BriosiHe ecTeCTBEHHO, YTO MPU OTCYTCTBUM BHEITHUX OMOMEXaHUYECKUX BO3JICMCTBUIA,
3a UCKITIOYEHHEM KOHTaKTa SHAOTEINATbHBIX KJIETOK APYT C IPYTOM, IaxKe IIPU ITOJTHOCTHIO
KOH(DJIIOOHTHOM MOHOCJTOE Ha/IJeXkallee MOASIMPOBaHHUE SHIOTEINATBHON MEXaHOTPaHC-
IYKIIMU TIPEICTaBIISIeTCs] 3aTPYIHUTENbHBIM. B TO ke BpeMsi Tpu KyJbTUBUPOBAHUU B CH-
cTeMe IMyJIbCUPYIOIIETO MOTOKa COOMIONAIOTCS Cpa3y HECKOJIBKO YCIOBUM ISl (DU3MOJIO-
TUYHOTO MOJIEJMPOBAHUSI IHAOTEIUATILHON MEXaHOTPAHCAYKIIMU: MOCTOSIHHOE BO3/eii-
CTBUE OTHOHAMPABJIEHHOTO MY/JILCUPYIOILIETO TMOTOKA C PETyJMPYEMbIM HaMpsLKeHUEeM
CIBUTA, MOCTETIEHHAs! SJIOHTALIMS SHAOTESIUATbHBIX KJIETOK BIOJIb HAMIPaBJICHWs TOTOKA 1
obGecrieyeHre KOHTAKTOB SHIOTEIMATBHBIX KJIETOK BHYTPU MOHOCIOSI IPYT C IPYroM 3a
CYET VX JIOHTAIIMU JaXke TTPY 3HAYAJIbHO HETIOJTHOM KOH(MITIO9HTHOCTH.

DKCNEePUMEHTBI C MOAEIBHBIM TPUITEPOM TUCGHYHKIIMU SHIOTEIMS — KaJIbLIUTIPOTEU -
HOBBIMM YacTUIIAMU TMoKa3aiu, yTo uHTepHanu3anus KPB npuBonuia K CHUXKEHUIO
9KCIIPECCUU MEXaHOYYBCTBUTEILHBIX aTEPOINPOTEKTUBHBIX TPAHCKPUIIIMOHHBIX (DAKTO-
poB KLF2 n KLF4, takxke cHrXast crerieHb (pochoprmanpoBaHus aTepOTeHHOIO TpaH-
ckpunuoHHoOro ¢akTopa YAP1 1 mpuBoast TakKuM 06pa30oM K ero aKTUBALH, ITOIABJIS -
eMolii B pusnoaorndeckux yciaoBusx. Ilpu atom maHnHbie 3¢ deKTh HaOII0OaINCh KakK B
KyJbTypax MepBUYHBIX SHIOTEIMATBHBIX KJIETKaX KOPOHAPHOII Y BHYTPEHHEH IrpyaHOM
apTepuu, TaK M B DHAOTEJMM PA3JIUYHBIX A0PTaJbHBIX CETMEHTOB KpPbIC (HUCXOMSIIAst
aopra u myra aoptbl). OCO6GEHHO BhIpaxkeHbl YKa3aHHbIC HAPYIIIEHUs ObLIM B XapaKTepy-
3yIOLIeCs TYpOYJIEHTHBIM KPOBOTOKOM JyTe aopThl, rae 6enok Yapl 6bu1 runodocdo-
PUINPOBaH B 000MX M3yUYeHHBIX YIacTKax (cepuH-127 u cepnH-397), 1 TakKe ObLI TUIIO-
dochopunupoBaH 6enok Taz, 4TO OTpaKajo PE3UCTEHTHOCTb 3TUX IBYX aTepPOTeHHBIX
TPaHCKPUIIIMOHHBIX (paKTOPOB K Ierpaganuu. Takum oOpa3oM, 1 MHKyOMpPOBaHHBIE C
KaJIbLIMTIPOTEMHOBBIMU YaCTULIAMU KYJbTYPbl SHAOTEJIUATbHBIX KJIETOK, U DHAOTEINIA
aopThl MOJABEPIIIMXCS BHYTPMBEHHOMY BBEIECHUIO KaJbLIMIIPOTEMHOBBIX YaCTUIL KPbIC
UMeEJIN “MOJIEKYJISIPHBIC OTIEYaTKN” HapylIeHHON MeXaHOTPaHCIYKIIUU.
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ITpu nonbiTKe (POPMYITUPOBKU KPUTEPUEB TUCHYHKIIMU SHAOTEIUS CIAEAYeT YIIOMSsI-
HYTh 00 OTCYTCTBMU KaKOTo-1100 (QYHKIMOHAIILHOTO aHain3a (aHAJOTUYHOTO aHAJIU3Y
aJire3auu JEWKOIMTOB K SHIOTETUATBLHBIM KJIETKaM) UM KaKOTro-J11M0O BBIACISIEMOTO B
MUKPOOKpYXeHHE OroMapKepa, MO3BOJISIIOIIETO CeiaTh OMHO3HAYHBINM BBIBOJL O Pa3BU-
TUU HapYLIEHU SHIOTEIUATBbHON MeXaHOTpaHCAYKILIMU. TeM He MeHee, ee MTprU3HaKaMu
MpU MOJIEKYJISIPHOM MPOMUINPOBAHUN SHIOTEIUATBHBIX KJIETOK MOTYT SIBJISITbCSI CHU-
>KE€HHE 3KCIPECCUM aTepOTNPOTEKTUBHBIX TPaHCKPUILIMOHHBIX (hakTopoB KLF2, KLF4 u
NRF2 u konupywomux ux reHoB (KLF2, KLF4, NFE2L2), a takxke runodochopuiupo-
BaHMe aTepOTreHHbIX TPAaHCKPUNIUOHHBIX (pakTopoB YAP1 u TAZ, mpuBonsiiee K UX aK-
TUBaLMU. Borpoc o ToMm, Kakue U3 3TUX U3MEHEHUI SIBJISIIOTCSI HanboJiee nmaTodru3nosio-
TUYECKU 3HAYMMBIMHU, SIBJISIETCSI IUCKYCCUOHHBIM, MTO3TOMY TMPENCTABISIETCS Pa3yMHbIM
OMNpeAeNsiTh HapylIeHUs] HIO0TEINATbHON MEXaHOTPAHCAYKIIMU KaK COYETaHUE CHUXEe-
HUST 9KCITPECCUY aTePOITPOTEKTUBHBIX TPAHCKPUITIMOHHBIX (haKTOPOB U aKTUBUPYIOILETO
runodochopuIupoBaHUsI aTEPOTeHHBIX TPAHCKPUMLIMOHHBIX (akTopoB. B cooTBeT-
CTBUM C TaKUM OIIpelieJIeHUEM HapyllleHUe SHAOTeJIMaTbHON MEeXaHOTPaHCIYKIIUU MO-
JKeT ObITh 0003HAUYEHO KaK OJIMH U3 TJIaBHBIX KPUTEPUEB NUCGHYHKIIUU SHIOTEIUSI.

DHOoOmMeAuanbHO-Me3eHXUMANbHDLI nepexo0

He MeHee BaXkHBIM acreKToM AUCGhYHKIIUU SHIOTEIUS SIBJISIETCS] S9HIO0TEINaTbHO-Me-
3€HXUMAaJIbHBII MepeXo/l, COMPOBOXIAIONIMI pa3BUTHE aTePOCKIIEPO3a U CIOCOOCTBYIO-
1M MOTEpe OPUEHTAIMU SHIOTEJMAIbHBIX KJIETOK, JE3VMHTETrpalluid MEXKJIeTOYHBIX
KOHTAaKTOB, TTOBBIIIEHUIO 9KCITPECCUN UMY MOJIEKYJT KJIETOYHOM aAre3nu 1 Mepexoay Ha
cuHTeTMueckuii deHorun [135—139]. DHmorennanbHO-ME3EHXUMAJIBHBIN TIepeXo CO-
MPOBOXIAETCS TOCTETIEHHBIM CHWKEHUEM 3KCIIPECCUM SHIOTEIMAIbHBIX MapKepoB
(PECAM-1/CD3l1, VE-kanrepun/CD144, VEGFR2/KDR/CD309) u noBblllIeHMEM 3KC-
npeccun Me3eHXuMaiabHbix MapkepoB (N-kanrepuH/CD325, anbda-akTUH IIagKuX
MBI, BAMEHTUH, KaJIbITOHUH, SM220, (prbpobiiacT-accolimnpoBaHHbIN 6e10K, huod-
pobnacT-crieliuUUHBII 60eJI0K) W peryavupyercs TPaHCKPUITIMOHHBIMU (haKTopaMu
Snail, Slug, Twistl, Gata4 u Zebl [137, 139—141]. Dxcnipeccusi TPaHCKPUTTITUOHHOTO
dakrTopa Gata4 B 9HIOTEIMATBHBIX KJIETKAX YeJIOBEKa BHI3BIBAET BOITPOCHI, B TO BpeMsI Kak
OCTaJIbHBIE YEThIPE YKa3aHHBIX TPAHCKPUMIIMOHHBIX (hakKTopa OGHAPYKMBAIOTCS B HUX B
3HAYUTEJIbHOM KOJIMYECTBE KaK Ha YPOBHE TPAHCKPUIITOB, TaK U HA YPOBHE OEJIKOB.

Haubonee BaxxHbpIMM 13 HUX SABJIsIIOTCS Snail u Slug, KoTopble MpeacTaBiIsIIOT COOOM
JIBa 3BOJIIOLIMOHHO POACTBEHHBIX TPAHCKPUILIMOHHBIX (hakTopa (O UeM roBOpsIT Ha3Ba-
Hust ux reHoB SNAI1 n SNAI2), BciieacTBUE Yero pUu UMMYHOOJIOTTUHTE MOTYT OBITH JIe-
TEeKTUPOBAHBI OIHUM U3 MPENCTABJIICHHBIX HAa PbIHKE aHTUTEN, PACIIO3HAIOIIMM XapakK-
TEePHBIN IS 000UX TaHHBIX TPAHCKPUITIIMOHHBIX (hakTOpoB smuToN. Bripouem, naHHOe
AHTUTENO SIBJISIETCS TIOJIMKJIOHATBHBIM, B TO BpeMsI KaK COBpEeMEHHbIe TpeOOBaHUS K
cnenndUIHOCTA UMMYHOOJIOTOB BCe e PEKOMEHIIYIOT MCITOJIb30BaHNE MOHOKJIOHAJb-
HbIX aHTUTEN UISI MUHUMU3ALMU UX HecnelnUIecKoro CBs3biBaHUsI. TeM He MeHee,
paznyre MOJIEKYJISIPHbIX MacC TPAHCKPUITIIMOHHBIX (haKTOPOB SHIOTEIUATbHO-ME3EH-
XMMaJIbHOTO Tiepexoia B TEOPUM IT03BOJISIET OJIHOBPEMEHHO OLIEHWBATh YPOBEHb IKC-
npeccun Snail/Slug (mnm Twistl), KoTopble, Kak MpaBUIO, JIOKAIU3YIOTCSI HA MOJIEKY-
nsapHBIX Maccax g0 50 x/la, u TpaHCKpUIIIIMOHHOTO (akTtopa Zebl, KOTOpBIi MOXKET
onpenensaTbes Ha MoJieKy sipHoit macce B 200 x/la.

ITomMuMO MMMYHOONOTTHMHTA, OOBEKTUBHASI OLIEHKA Pa3BUTUSL DHAOTEIMAIbHO-Me-
36HXMMAaJIbHOTO TIepexo/ia TaKXKe MOXET ObITh MTPOBEACHA MTPU MOMOIIM aHaI3a TeHHOH
9KCIpeccuu (MOCKOJIbKY aKTUBHOCTb TPAaHCKPUITLIMOHHBIX (haKTOPOB WJIM MapKepoB
JMAHHOTO Mpollecca He 3aBUCUT OT MOCTTPAHCISILIUOHHBIX Monudukanuii). [Ipu aTom B
MEepBYI0 odepenb HaOJIogaeTcsi U3MEHEHUE 3KCIIPECCUU Te€HOB TPaHCKPUMNIIMOHHBIX
dakTOpOB, YIPABJSIONIMX 3HIOTEINATbHO-ME3eHXUMAJIbHBIM TI€PEX0J0M, a MMEHHO
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SNAIL, SNAI2, TWISTI v ZEB1, xots1 ntuddepeHnanbHast 3KCIpeccust KaxKI0ro U3 HUX
CYIIIECTBEHHO 3aBUCUT OT THUIIA COCYIHUCTOTO 3HAOTENIUs (KJIETOYHOI JIMHUM B Cilydyae
9KCIIEPUMEHTOB i# Vitro N COCYIUCTOTO CETMEHTA B CJiy4ae 9KCIIEPUMEHTOB in vivo). 13-
MEHEHUEe 3KCITPECCUU CaMUX MapKepoOB 3HIOTEIMATbHO-ME3eHXMMAaJIbHOTO Tepexoia
MPOUCXOAUT YK€ 3HAYUTETBLHO TTO3XKe M CIIY>KUT CUTHAJIOM MAYIIei TpaHcaudbepeHII -
poBku. Haubonee yOGenuTeabHBIM T0OKa3aTeJIbCTBOM TakKoil TpaHcauddepeHIIUPOBKU,
BEPOSITHO, SIBJISIETCS UMMYHO(MIYOPECUEHTHOE OKpalllMBaHUEe, KOTOPOe KayeCTBEHHO
CBUJIETEJILCTBYET O MPUOOPETEHUN IKCITPECCUN SHIOTEIUATBHBIMU KJIETKAMU ME3CHXM -
MaJIbHBIX MapKepoB (MPM YCJIOBUM aHAJIOTUYHOTO J10Ka3aTeIbCTBa UX OTCYTCTBUS Ha Ha-
YaJbHOM 3Talle 3KcIepuMeHTa). KitaccmuecknuM pruMepoM TaKoro OKpaIlTuBaHUsSI MOXET
CIIY>KUTBh COYeTAHHOE OKpallliBaHNe Ha MapKep sHIoTenmaabHbIX KitetTok PECAM-1/CD31
1 MapKep COCYIMCTBIX MIATKOMBIIIEUHBIX KJIETOK aib(a-aKTUH TJIaJKUX MBIIIIIL, a TAKXKe
Ha JApYroil Mapkep 3HmoTeauaabHbIX KieToK VE-kaarepun/CD144 u Mmapkep Me3eHXU-
MaibHbIX Ki1eTok N-kaarepuH/CD325. AKTyaabHOCTb UMMYHO(MDIYOPECIIEHTHOTO OKpa-
IIMBAHUS ISl ONpPeAeICHUs] DHAOTEIMAbHO-ME3€HXMMAJILHOTO TIepexo/ia, BEPOSITHO,
TakXe JeaaeT BO3MOXHBIM J1I0Ka3aTeJIbCTBO €ro peaju3alluu ik vivo TIpU IUCCEKLIUU
LIEJIBHOTO CeTMEHTa aopThI, €r0 OKPAIIMBAHUM MIEPBUYHBIMUA Y BTOPUIHBIMU (hTyopec-
LIEHTHO MEYEHHBIMU aHTHUTEJIaMU M TIOCTeNyIolle en face-Busyanusanvuu (MHTUMOM
BBepx). Takoit crmoco0 TMO3BOJIUT OTIMYUTH KJIETKW C BBIPAXKEHHBIM SHIOTEIMATbHBIM

denotunom (CD31TaSMA~ ummu CDI1447CD3257) OoT KJIEeTOK CO CMENIAHHBIM
(CD31TaSMA™T wiu CD1447CD325%) nnm uncro mesenxumanbHbiM (CD31 0SMA™

umu CD144-CD325") ¢deHOoTUIIOM U, B CHIIy CBOETO Ka4eCTBEHHOTO XapaKTepa, JACT
TEXHUYECKYIO BO3MOXKHOCTH MPOBECTU KOJMYECTBEHHBII MOACYET KJIETOK C MEPEXOTHBIM
WIN ME€3eHXUMaJIbHBIM (heHOTUITOM. B OTHOIIIEHUU ceKpeToMa MOABEPTIINXCS WU MO~
BEPraroumxcsi dHIO0TEINAIbHO-ME3EHXUMaJIbHOMY Tiepexoay (BaXHO paccMaTpuBaTh
JTAHHBIN TIPOIIecC KaK KOHTUHYYM, a He TUCKPETHBINA Mepexo MeXIy IByMsT COCTOSTHUSI-
MM) SHIOTETUATBHBIX KJIETOK CIIEAYET CKa3aTh, YTO MPaKTUIECKasr OIleHKA BBIIEISIeMbIX
WMU B 3TOM COCTOSSHUM B MHUKPOOKPYXEHHE PACTBOPHMMBIX (PAKTOPOB B KIIETOUHBIX
KyJIbTypax 10CTaTOYHO 3aTPyAHUTEIbHA B CUJIY IJIUTEIbHOCTH Ipoliecca (1—2 Hem.) u He
SIBJISIETCSI IPUOPUTETHBIM CITOCOOOM aHajiM3a SHAOTEIMATIbHO-ME3EHXMMAaJIbHOTO Mepe-
X0J1a B CpaBHEHUU C UMMYHOMIyOpPEeCIIeHTHBIM OKpallluBaHUEM.

B oTHOIIIEHMY UCKYCCTBEHHOTO MOJEIUPOBAHUS TUCHYHKIIMY SHIOTENIUS OBbLIO BbI-
SIBJICHO, YTO MPOJIOHTMPOBAHHOE BHYTPUBEHHOE BBEIECHNE KAJbIIUITPOTEMHOBBIX YaCTHUIL
KpbicaM Wistar MHULIMUPYET 3SHAOTEIMATbHO-ME3CHXUMAIbHbBII TIepexo, ITOBbIIIAs
9KCIIPECCUIO €T0 TPAHCKPUITIIMOHHBIX pakTopoB Snail, Slug u Twist]l B aHmoTE MU pa3-
JIMIHBIX a0PTAIBLHBIX CETMEHTOB (HUCXOSIIAsT a0pTa U Ayra aopThl). JlmHaAMUKa reHHOM
1 OEJIKOBOI 3KCITPECCUH TTO3BOJIMIIA CIETIaTh BEIBOI O TOM, UYTO SHIOTEINATbHO-ME3€H -
XUMaJIbHBIH TIepexon npu BozneiictBuu KADB pa3BuBaeTcs MocTeneHHo, a TOBbIIIEHHAs
9KCIIPECCUSI TEHOB €ro TPaHCKPUMUMOHHBIX (pakTopoB (SNAII, SNAI2 w ZEBI) nocne
uHtepHanu3auuu KObB mnpeniiiecTByeT nmociaeayolleil Tuepakcrpeccun 6ejgkoB Snail,
Slug u Twist1, peryupyroimnx CMeHy 3HA0TETUAIbHOTO (DeHOTHUTIA HA ME3EHXUMAaJIbHBIA.

TakuMm 06pa3omM, K KpUTEPHUSIM SHAOTEINATBHO-ME3EHXMMAIBHOTO TIepexoia MOXHO
OTHecTU: 1) mpruoOpeTeHre IKCIPECCU MapKepoB Me3eHXUMaIbHOro ¢eHoTura (K Ko-
TOPBIM B MEPBYIO O4Yepenb MOXHO OTHecTM N-KaarepuH W ajiba-akKTUH IIaJIKuX
MBIIIIL); 2) MOBBILIEHUE 3KCIPECCUU HE MEHEee TpeX M3 YEThIPeX COOTBETCTBYIOIIMX
TPaHCKPUIIIIUOHHBIX (pakTopoB (Snail, Slug, Twistl u Zebl). CoOCTBEeHHO SHIOTEIUATb-
HO-ME3€HXMMAaJIbHbBIN MepexXo/ TaKXKe CIeIyeT OMpeneasaTh KAK KOHTUHYYM COOBITH, a
HE KaK yXXe CBeplIUBILINiicS (HaKT MPUOOPEeTeHUs] SHAOTEINATbHBIMU KJIETKAMU ME3€H-
XumajibHoro eHotumna. I1ocKoabKy 3HAOTEINATbHO-ME3€HXMMAJIbHBIN TepeXo acco-
LIUMPOBAH C 00OMMM 3BEHBSIMU MPOBOCIAIMTEIBHON aKTUBAILMU SHAOTENUsS (anre3veit
JICKOLIMTOB K 3HIOTEJIMAIbHBIM KJIETKaMU U BbIIEJIEHUEM MPOBOCMATUTEIbHBIX LIMTO-
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KUHOB [83, 142, 143]) 1 uHAYLMpYeTCs XpPOHUYECKUM BocrajieHueM [144, 145], TypOy-
JICHTHBIM TTOTOKOM [135] 1 HapyIlIeHUsIMUA 3HIOTEIMATbHON MeXaHOTpaHCAyKIuM [ 146,
147] sHpoTeMMaNIbHO-ME3EHXUMAJIbHBIN MePexo TakKe MOKHO paccMaTpuUBaTh B Kaue-
CTBE 00513aTEILHOTO KPUTEPUST AUCHYHKIIUU SHAOTEIIUSI.

Hapywenue 6uocunmesa u evtdenenus monookcuda azoma (NO)

OJIHUM M3 KJTIOYEBBIX aCTIEKTOB AUC(HYHKIIMU SHAOTEJIUS SIBJISIETCSI CHUXKEHUE CITOCco0-
HOCTHM 3HIOTEIMANTBHBIX KJIETOK BbIpabaThiBaTh MOHOOKCHA a3oTa (NO), sBistonmiics
KJTI0YeBbIM BazomuiiataTopoM. C METOIOJOTMYECKON TOYKH 3PSHUST MOKHO BBIICJTUTD Ye-
TBIpE BTara, Ha KOTOPBIX BO3MOXHA KOCBeHHas olieHKa BbiaesieHnss NO: TpaHCKPUTIIIHS
TreHa KJIIoYeBOro (hepMeHTa 3TOro npoiiecca aHaoTeanaabHoii NO-cuHTtassl (NOS3), cuH-
Te3 JaHHOTO OeJiKa B SHAOTEIMATBHBIX KJIETKAX B pe3y/IbTaTe TPAaHC/ISILIMKU Ha pubocoMax,
(YHKIMOHAJIBHO 3HAYUMOE MOCTTPAHCIISILIMOHHOE MOIM(MUIIMPOBaHME TaHHOTO (hepMeH-
Ta (B YMCJIO TaKUX TTOCTTPAHCIISIIIMOHHBIX MOIU(MUKALIMIA BXOASIT UHTMOUPYIOIIee aKTUB-
HOCTb JaHHOTO (hepMeHTa (hochopuIMpoBaHrEe B MO3ULIMY TPEOHUH-495 U MOBKIIIAONIEe
€ro aKTUBHOCTH (hochoprapoBaHre B MO3NIUIX ceprH-113 u cepun-1177), a Takke co6-
crBeHHO cuHTe3 NO, oTpaxkaeMblii KOJMYECTBOM IPOIYKTOB €ro MeTaboJIM3Ma — HUTPATOB
(NO3) 1 HutputoB (NO,), TOCKOJIbKY COOCTBEHHO MoJieKyJ1a NO CylecTByeT ociie CBoe-
ro OMOCUHTE3a JIUIITb HECKOIBKO CeKyHI. [TOMUMO OlLIEHKU KOMITOHEHTOB 1IeTT CHTEe3a
NO, npu onieHKe TUCGHYHKIIUM SHIOTEINS BaXKHBIM SIBJISIETCSI TaKXKe aHaIu3 (PyHKIIMO-
HaJIbHOI aKTMBHOCTHU aKTUMBHBIX (hOpM a30Ta (reactive nitrogen species), B YaCTHOCTH, Tie-
poxkcuHutputa (ONOQO™), oOpa3sylolierocs nNpu pacueryieHUM CUTHaAJIbHOTO MYTHU SHIO-
teauanbHO NO-cHHTa3bl, KOrIa JaHHBIM (epMeHT “TiepekiioyaeTcsi” Ha CUHTE3 Cy-
nepokcuaa (05 ) BMecto NO. ITepokcunurput (ONOO™) B TaKoM citydae oOpasyercs U3
CyNepoKCcUIia, TeHEPUPYEeMOTro MpU PACLEIUICHUM CUTHAJbHOTO MYyTH SHIOTEIUATbHOM
NO-cuHTa3b1, 1 cuHTe3UpyeMoro cBooomHoro NO. JIpyrumu akTMBHEIMU (pOpMaMU a30Ta
apisiorest “NO, u N,Os, obpasyronuecs: npu peakuusix nepokcuHurpura (ONOO™) ¢
APYI'MMU XUMUYCCKMUMU COCAUHECHUSMU. Bce akTuBHBIE d)Oprl a30Ta TaKkXKe UMCHOT OYCHb
KOPOTKUIA MepUo XKU3HU, U MapKePOM BbI3bIBAEMOT'0 UMM HUTPO3UPYIOIIEro cTpecca (1o
aHaJIOTMU ¢ MHIYIIMPYeMbIM aKTUBHBIMU (DOpMaMU KUCJIOPOJa OKUCIUTEIbHBIM CTpeC-
COM) SIBJISIETCST 3-HUTPOTUPO3HH, KOTOPHIN MOXET ObITh IETEKTUPOBAH MPYU UMMYHOOJIOT-
TUHTE TIPY TIOMOIIIM COOTBETCTBYIOIIETO aHTUTeNa. Kpome Toro, mMoCKOIBKY HUTPO3UPYIO-
M1 cTpecc HEPa3pbIBHO CBSI3aH C OKUCIUTEIBHBIM CTPECCOM Yepe3 N30BITOUHBII CUHTE3
CylepoKcHuaa TpH paclEIIEeHUU CUTHaJbHOIo MyTM NO-CHMHTa3bl, NPU KOMILIEKCHOM
aHanm3e 1uchyHKIMY SHAOTEJIMS TaKKe 1iejiecoo0pa3eH aHanu3 PyHKIIMOHATbHON aKTUB-
HOCTH aKTUBHBIX (DOPM KHCJIOPO/IAa MOCPENCTBOM M3MEPEHMST KOHLIEHTPALIMU TTPOIYKTOB
peakuuu ¢ Tnobapoutyponoii kucioroit (TBARS), Bkiroyarommx B ceOsk MaIOHINAIbIS-
U, 8-M30mpocTaH M 4-TUIPOKCUHOHEHAb U SIBJITIONINXCS TTPOAYKTaMU MeTaboim3Ma
CBOGOIHBIX PAIUKAJIOB (B TIEPBYIO OUepelh Cyriepokcuaa O, , iepokcuaa Bogopona H,O,,
ruapokcwi-paavkana *OH v cuHmieTHOrO KMCJiopoaa l[02]).

I1pu uamepeHun TpaHckpuriiuu reHa NOS3 y delloBeKa BaXKHO IIOMHUTh O YEThIpeX
n3odopmax 1aHHOTO (hepMeHTa, KOTOPbIC TOJKHBI IETEKTUPOBATHCSI IIPU MIOMOIIN SAUHO-
ro npaiimepa. [pu olieHKe MOCTTPAHCISLIMOHHBIX MOAM(UKALIMI TaHHOTO OeJ1Ka MPUHIII-
MUaJIbHYIO0 3HAYMMOCTb UMEET CPaBHEHWE OTHOCUTEJIBHOTO KOJIMUeCTBa ero ooueii hop-
MbI, a TAKKe UHTUOMPYIOIINX U aKTUBUPYIOIINX (hochopuampoBaHHbIX (hopm. B otnnune
OT TPAHCKPUITIIUOHHBIX (PaKTOPOB SHIOOTEINAIbHON MexaHoTpaHcayKunu YAP n TAZ,
dochopuarpoBaHHbBIE POPMBI KOTOPBIX OTHOCUTEIBHO JIETKO OIIPEIE/ISIIOTCS B IM3aTe DH-
NOTeJIMAJIbHBIX KJIETOK, AeTeK111s pochopuimpoBaHHbBIX hopM NO-CrHTAa3bI BJIM3aTe KJie-
TOUHBIX KYJBTYD in Vitro (B OTIMUME OT JU3aTa IHAOTENUS in Vivo) TOCTAaTOYHO 3aTPyaHU-
TeJibHA U TpeOyeT 60JIBbIIOro KOJIMUECTBA 3arpyKaeMoro JIIsi IUMMYHOOJIOTTMHTa 6eJika B CO-
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Y€TaHUMU C MaJIbIM Pa3BCACHUEM COOTBECTCTBYIOLIUX NCPBUYHBIX aHTHUTEII. I/IBMCDCHI/IC
HUTPATOB U HUTPUTOB KakK TPOIYKTOB MeTabOJIM3Ma BBIACISIEMOIO 3HAOTEINATbHBIMU
kietkaMu NO B KylIbTypaibHO# cpefie, a TaKKe M3MepeHMe MPOIyKTOB peaklMy ¢ THobap-
OMTYPOBOI1 KMCJIOTOM KaK MPOAYKTOB META00IM3Ma BBIACISIEMbIX UMU B KYJIbTYPAIbHYIO
cpeny akTUBHBIX (DOPM KUCIIOPOIa MOXKET ObITh IIPOBEIEHO MOCPEICTBOM KOJIOPUMETPUYE-
CKOT'0 aHaJIM3a MTPY MOMOIIU COOTBETCTBYIOIIMX HA00POB. [T0CKONbKY NeTeK1IMSI HUTPATOB,
HUTPUTOB U MPOIAYKTOB peaKlMU ¢ THOOAPOUTYPOBOI KMCIOTOM B KYJIbTYPaJIbHOU cpejie
TakKe TpeOyeT UX OIpele/IeHHOM KOHLEHTpallMy B Hell (Mo aHaJIOTUU ¢ OETKOBBIMU WU
MENTUAHBIMUA PACTBOPUMBIMU (haKTOpaMu), MOJOOHBIE SKCIIEPUMEHTHI 110 MOJIEJIMPOBa-
HUIO TUCHYHKIIUY SHAOTEINSI PEKOMEHIYeTCSl IPOBOAUTD B CTATUUECKUX YCIIOBUSIX, C Oec-
CBIBOPOTOYHOI Ky/IbTYpalibHOI cpenoit (Iuisl mpeaoTBpalleHUsI KOHTAaMUHAIUM HUTpaTa-
MU, HUTPUTAMU U aKTUBHBIMU (hOpPMaMU KHUCJIOPOJA U3 CBIBOPOTKM), NTOCTIE HE MEHEE YeM
24 y yHKYOALUY SHIOTEIMATbHBIX KJIETOK C TPUITEPOM AUCHYHKIIMUA SHAOTEINS 1T Ha-
KOIIJICHUSI TOCTATOYHOTO KOJIMYECTBA MOJIEKYJT 1 MOCJIe HU3KOCKOPOCTHOTO LIEHTpU (Y-
pPOBaHUSI ISl OYUIIICHUST aHAIM3UPYEMOI KyJIbTypaJIbHOM Cpebl OT KJIETOUHOTO nebpuca.

[obGaBieHre MOAEIBLHOTO TpUITepa TUCHYHKIIMU SHAOTEIUS — KATbLIUITPOTEMHOBBIX
YacTull K KyJIbTypaM 3HAOTEIMAIbHBIX KJIETOK B CUCTEME ITyJTLCUPYIOLLETO TOTOKA in Vitro
BBI3bIBAJIO CHUXKEHUE DKCIIPECCUU dHAO0TeNManbHO NO-CUHTa3bl U COOTBETCTBYIOLLIETO
reHa NOS3. Takke ObUIO BBISIBIEHO, YTO SHAOTEINN HOPMOJUITUASMUIECKIX U HOPMO-
TeH3UBHbIX KpbIc Wistar mpu peryasipHOM BHYTPUMBEHHOM BBEIEHUU KaJbIMITIPOTEUHO-
BBIX YaCTHUIL XapaKTEePHU30BaJICsl OTHOCUTEIbHBIM MOBBILIEHUEM KCTIpeccuu ocdopu-
JIMPOBaHHOM (OpMBI 3HAOTeINAIbHOT NO-CcrHTA3bI B ITIO3ULIMN TPeOHNH-495 (oTpaxka-
olIe MHIMOMpoBaHUE aKTUBHOCTU JAHHOTO (hepMeHTa), a Takxke 3-HUTPOTUPO3UHA
(oTpakaoliero BO3HMKAIOLUIUKI TpU “paclerieHU” CUTHAJIbHOTO TTyTU 3HIOTEINAb-
Hoit NO-cuHTa3bl HUTPO3UPYIOLIMI CTPECC) B HUCXOIIIEH aopTe. JlaHHbIe pe3yabTaThl
CBUIETEILCTBOBAIM O BBIPAXKEHHBIX HapyIIEHUSIX (PYHKIMOHUPOBAHUSI SHAOTEIUATBHOM
NO-cuHTa3bl B pe3yibTaTe MHTEPHATU3ALUMN KaIbIMIIPOTEMHOBBIX YaCTUIl, MOATBEP-
Knasi CIpaBeJIMBOCTh UX UCTIOB30BaHUS ISl MOJEIMPOBAHMS TUC(HYHKIIMUA SHIOTEIHS.

OnpenesieHre HapylleHU 6uocruHTe3a U BbiaeaeHUs: NO 10CTaTOYHO CIIOXHO BCJIEI-
CTBME MHOTOKOMITOHEHTHOCTH €r0 COCTABJISIONINX (K IPUMEpY, U3MEPEHUE YPOBHS HUT-
paToB, HUTPUTOB M MPOAYKTOB PEaKIIN C THOOAPOUTYPOBOIT KMCIIOTOM in Vivo He OyHeT OT-
paxatb TUCHYHKIIMIO SHAOTENUSI B KAKOM-JIMOO KOHKPETHOM COCYII€), TIPU 3TOM OTCYT-
CTBUE MATOJIOTUYECKUX U3MEHEHU I B KAKOM-TM00 M3 KOMITOHEHTOB 1ienu 6ruocuHTe3a NO
(X mprMepy, MTHTMOUPYIOIINUX MOCTTPAHCSIIIMOHHBIX MOAUDUKAIIMIT) HEe 00s3aTeIbHO ro-
BOPUT 00 OTCYTCTBUM CHVKEeHUS BbiaesieHruss NO sHIoTemaaibHbIMU KiieTKamu. Jlomnosn-
HUTEIBHYIO CJIOXXHOCTb MPUIAET BOBMOXHOCTD PACUEIUIEHUS] CUTHATBHOTO TTyTH NO-CUH-
Ta3bl, TIPU KOTOPOM Jaxe MPU HOPMaJIbHOM YpOBHE UM (DYHKIMOHUPOBAHWUM ITAHHOIO
¢)epMeHTa BbIJICJICHUEC NO OHAOOTCIUAJIBHBIMU KIIETKAMU SABJSACTCI CHUKECHHBIM U CO-
MPOBOXIAETCSI HUTPO3ZUPYIOIIMM M OKHWCIUTEIbHBIM cTpeccoM. Haubosee pasyMHBIM
MPECTABIISIETCSI BADMAHT, MPU KOTOPOM HapyiieHue 6uocuHTe3a NO onpenesisieTcsi Kak
MO COOCTBEHHO NEeTeKTUpyeMOoMy CHIKeHNIO NO B MUKPOOKPYXXEHUU SHAOTETUATbHBIX
KJIETOK (00Jiee akTyallbHO [IJIsi 9KCTIEPUMEHTOB i1 Vitro), TaK U TI0 CHUXKEHUIO 9KCIIPECCUU
reHa NOS3 n xogupyemMoii M 3HaoTenuaabHo NO-CHHTAa3bl, a TaKKe MOBBIIIIEHUIO CO-
oTHolleHus1 ee hochopumpoBaHHOK (HOPMBI B TO3ULIMU TPEOHUH-495 K o011eit ppakumnu
naHHoro (epMeHTa. COIMYyTCTBYIOIIMMU MPU 3TOM SIBJISIIOTCS MOJIYKOJIWYECTBEHHOE WJIU
KOJIMYECTBEHHOE M3MEpPEHUE COIEpKaHUS 3-HUTPOTUPO3MHA U TPOAYKTOB PEaKIMU C
TMOOAPOUTYPOBOIi KKcioTol. Kak ObUT0 yKa3aHo Bhbillle, HapyllleHUe OMOCUHTEe3a 1 BbIe-
nenust NO sgBisieTcs 00513aTeJIbHBIM KOMIIOHEHTOM OTUC(YHKIINY SHIOTEIIHS.

Hapywenue yeaocmnocmu sndomenusi
3aBeplIalOIINM KOMIIOHEHTOM IUCGHYHKIUU SHAOTEINS, TIPEIIaraéMbIM K PacCMOT-
PEHUIO, SIBJISIETCS MTaTOJIOTMYECKOE MOBBILIEHE IIPOHMUIIAEMOCTH SHIOTEINAIBHOIO MO-
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HOCJIOS1 B pe3yJibTaTe HapylIeHUsl ero LeJOCTHOCTH, CJASICTBUEM Yero in vivo HabaoaaeTcsl
MPOHUKHOBEHWE aTePOTEHHBIX JIMTTOMPOTEMHOB, IIMTOKUHOB U UMMYHHBIX KJIETOK B MH-
TuMy. O0653aTeNbHBIM YCIOBUEM JIJISI MONETUPOBAHUS JAHHOTO MaTOJIOTMYECKOTO Mpo-
1ecca, HarboJjiee TECHO OTHOCSIIIIETOCST K 1iepeOpaTbHOMY SHIOTEINIO (BCISACTBUE BaXK-
HOCTU oOecrneyeHUsl IOJYIIPOHUIIAEMOCTH TeMaTO3HIe(haIndecKoro oapbepa mjs lie-
JIOCTHOCTHU TKaHeM LIEHTPpaJIbHOII HEPBHOI CUCTEMBbI), TaKXKe SIBJISIETCSI BO3JEUCTBUE Ha
SHAOTENAIbHBIE KJIETKHU MyIbCUPYIOIIETO TTOTOKA.

ITatonornueckoe MOBBILIEHWE MPOHULIAEMOCTU 3HAOTEJIUS MOXHO CMOJETUPOBATh
MpY TTOMOIIU 100aBIeHUS Ta3Mbl KPOBU OT MALMEHTOB C U3Yy4aeMOU MaToJjoruein win
KYJIbTYpPaJIbHOW Cpebl, HACHIIIEHHON TPUTTEPOM AUCHYHKIUU IHIOTENUSI, B CUCTEMY
MYJIbCUPYIOILIETO MOTOKA, CBSI3aHHYIO C 3aCEJI€HHOUN 3HIOTEIUATbHBIMU KJIeTKaMu (U
MpU HEOOXOAMMOCTU MOKPHITON KosutareHoM IV tuna misi umMmurtanum 6a3aibHON MeM-
OpaHbl) KyJIbTypaJIbHOI MpoToYHOI Kamepoii. [lociie Heo6XxonMMoro BpeMeH HKyOa-
LI DHOOTEIMAJIbHBIC KJIETKM BHYTPU KOHTPOJBbHON 1 3KCIIEPUMEHTABHON KaMep MO-
TYT OBITh OKpallleHbl aHTUTeNaMu K VE-KanrepuHy (Mapkep He TOJIbKO 3HI0TeJIMaTbHbIX
KJIETOK, HO M MEXKJIETOUHBIX KOHTAaKTOB, OKpalllMBaHWE HAa KOTOPbIil MO3BOJISIET Olle-
HUTb LEJIOCTHOCTb DHIAOTEINAIBHOTO MOHOCHO0s1) U F-akTuHy (Mapkepy opueHTaluu
LIUTOCKEJIeTa, TT0 KOTOPOMY MOXHO CYAUTh O (PU3MOJIOTUYECKUX U MATOJOTUUECKUX U3-
MEHEeHUsIX reoMeTpuu KJIeTKu). COOTBETCTBEHHO HapyIIEHUE 1IEJIOCTHOCTU DHIAOTEIMS
MpU KOH(OKAIBbHO-MUKPOCKOTIMYECKOI BU3yalIM3alluu OyneT onpeaeaeHo Kak MmoTepsi
MEXKJIETOUHBIX KOHTAKTOB (110 OKpallluBaHUIO aHTUTeIaMu K VE-KaarepuHy) u rorepst
9JIOHTAILIMU SHIOTEIMAJIBHBIX KJIETOK (110 OKpalllMBaHUIO aHTUTeIaMu K F-akTuHy). AB-
TOMAaTU3UPOBAHHbII aHAJIM3 U3MEHEHU KJIETOYHON TeOMETPUU MOXET OBbITh MPOBENCH
npu oMoy rwtaruHoB Directionality m Orientation) B mporpamme Imagel.

Kitaccuueckum cnoco6oM 111 OLEHKU HapyLIEeHUs LIeJIOCTHOCTU SHIOTENUs in vivo
SIBJISIETCSI TIPUXKUM3HEHHOE OKpainuBaHue cuHUM OBaHca (Evans Blue) — kpacutesem,
CBSI3bIBAIOLLIMMCS C aIbOYMUHOM, BBICOKOMOJIEKYJISIPHBIM O€JIKOM, B HOpME HE MPOHU-
KalolUM B TKaHU 4Yepe3 COXPaHSIOIIMNIA CBOIO LIEJIOCTHOCTh aHnoTenuid. [1pu Hapylie-
HUM LEJTOCTHOCTU SHAOTEUS aTbOYMUH MOXET MPOHUKATh B UHTUMY (JIMOO Uepes rema-
TORHIIeaTUIECKU Oapbep) U CBI3BIBATLCS C O€IKaMM U MPOTEOrTMKaHAMU MEXKIie-
TOYHOIO MaTpUKCa, UYTO OTPaXaeTcsi CHUHUM OKpallMBAaHUEM COCYIOB TMOCIE WX
9KCIJIAaHTallMU (B HOPME OHU OCTalOTCSl HATUBHOTO 1IBETA, MOCKOJIbKY OKPAIlIEeHHbIN CU-
HUM DBaHca aJIb,OyMUH HE B COCTOSTHUU MMPOHUKHYTh Yepe3 MHTAKTHBII SHAOTEINIA).

HecMoTpst Ha oueBUIHBIE TTATOMU3NOIOTHYECKIUE MOCIECACTBUS HapYIIEHUs 1IeJIOCT-
HOCTU 9HIOTEJINSI, OHA SIBJISIETCSI CKOpee CIEACTBUEM, YeM 00sI3aTeIbHbIM KOMITIOHEHTOM
nuchyHKIMU 3Hnoteaus. K nmpumepy, py MoaeJIupoBaHUM TUCGHYHKIIMU SHIOTETUS
MOCPENCTBOM A00ABICHUS KAIBIIUIPOTEMHOBBIX YACTHUI] B CUCTEMY MYJTLCUPYIOIIETO TO-
TOKAa WJIM UX BHYTPUBEHHOT'O BBEACHMSI 1aOOPaTOPHBIM KUBOTHBIM ObLIO TTOKAa3aHO, YTO,
HECMOTPST Ha MX OTpeaeIeHHYI0O TOKCMYHOCTD (CTaTUCTUYECKN 3HaunMMasi rudens 1—2%
SHIOTEIUATBHBIX KJIETOK) U CIIOCOOHOCTDH BBI3BIBAaTh BCE BhIIIICYKAa3aHHbBIC 3BEHbSI AUC-
GYHKIIUY SHIOTENMS (eT0 MPOBOCHAMTENBHYIO aKTUBAIIWIO, HAPYIICHUST SHIOTEINAb-
HO#I MeXaHOTPaHCIYKIINH, SHAOTETUATIbHO-ME3EeHXUMAIbHBII TMepexol W HapylleHUs
ouocuHTe3a NO), BIpakeHHOCTU JaHHBIX MaTOJIOTUYeCKUX 3((HEKTOB MPU TAKOM Clie-
Hapuu HEAOCTATOYHO ISl HAapyIIeHMS ILEJOCTHOCTH SHAOTEIMATbHOTO MOHOCIOS B
KYJIbTYPaJIbHBIX TIPOTOYHBIX KaMepax. KpoMe Toro, HeCMOTpst Ha CBOIO CITOCOOHOCTh MH-
IyIMPOBaTh GOPMUPOBaAaHUE HEOMHTUMBI I Pa3BUTHE aIBEHTUIIMATLHOTO M OKOJIOCOCY-
JIUCTOTO BOCIAJICHUsI, PETYJIsSIPHOE BHYTPUBEHHOE BBEICHUE KaJbIIUITPOTEMHOBBIX Ya-
CTHIL TaKXXe He TPUBOMWIO K HAPYIIEHUSM IIEJIOCTHOCTH DHIOTENIMUS O pe3yJibTaTaMm
MPUXU3HEHHOTO OKpaIlIMBaHUs aTbOyMUHA CUHUM DBaHca (M HAIMYUN COOTBETCTBYIO-
11IeTO TTOJIOXKUTEIBHOTO KOHTPOJISI B pe3y/IbTare 0alJIOHHOM aHTUOTUIACTUKN).
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IIpompombomuueckas akmueayus SHOomenus

Crnenmyer OTMETUTb TaKXKe BaXXKHOCTb MPOTPOMOOTHYECKOM aKTUBALIMW DHIOTEIUS,
ocobeHHO BaxHOoit B KoHTekcTe COVID-19 [148—150], OCHOBHBIMU MapKepaMu KOTO-
poii SIBJISIIOTCSI TIATOJIOTMYECKU MOBBIILIEHHOE BblaeneHue dakTopa ¢hoH Buniebpanna u
MHIUONTOpa akTuBaTopa rurasmMuHoreHa (PAI-1) B coyeTaHUM CO CHIKEHHBIM BbIIIEJIC-
HUEM pa3IMYHBIX aKTUBATOPOB 1iasMuHoreHa (UPA n tPA). besycioBHO, oHa Takke MO-
XeT (M TOJKHA) OBITh OTHECEHA K MPHU3HAKaM TMCOYHKIIMUA SHIOTEIMS, OMHAKO B CUITY
OTCYTCTBUS MTOTOOHBIX IKCIIEPUMEHTOB Y aBTOPOB 0oJiee IoapoOHOe 00CYyXKIeHUE B 1aH-
HOIi cTaThbe BO3MOXHBIM HE TIPENCTABISIETCS, TOCKOIbKY €€ LIEJIbIO SIBJISIETCSI METO0JI0-
TUYECKOE M KOHIENTyaJlbHOE 00CYyXIeHUe KpUuTepueB TUCGhYHKIIMU SHIOTEJIUS C LEIbIO
ee YeTKOTo onpeIesIeHs UMEHHO Ha OCHOBE MTPAKTUYECKOTO OITbITA.

SAKJIIOYEHUE

T'oBopst 00 ompeneneHUn U O KPUTEPUSIX TUCHYHKIMUA SHAOTEIMS, IIPEACTaBIsSIeTCSI
BaXXKHBIM MOTYEPKHYTh MHOTOTPaHHOCTb JAHHOTO (hDeHOMEeHa, 3aTparuBaroIero He TOJb-
Ko 6uocuHTe3 NO, a IpakTU4YeCcKu Bce acneKThl (U3MOJI0run SHI0Teus1. B yacTHOCTH,
KpUTEpUSIMU TUCGHYHKIIUU SHIOTEJIUS SIBJISTIOTCSI:

1. TIpoBocnanuTeNbHAs aKTUBALIMS, OTIpeelisieMasi IO BhIPaXKeHHOM aire3nu JIeKo-
LIUTOB K SHIOTEIMAIBHBIM KJIETKaM (COMPOBOXIAIOIIEHCS MOBBIIIEHUEM 3KCIPECCUU
oenkoB VCAM1 u ICAM1 u KomupyIoluX UX T€HOB), ITOBBIIIIEHHOMY BBIIEJIECHUIO OCHOB-
HbBIX HIOTEINATBHBIX MPOBOCHATUTEIbHBIX HUTOKUHOB (UJI-6, NJI-8 1 MCP-1/CCL2) u
MaTOreHHOCTU IMapaKpUHHOIO BO3ACUCTBUSI NUCGHYHKIIMOHATBHBIX 3HIOTEJIMATIbHBIX
KJIETOK B OKCIIEPUMEHTE.

2. HapymeHust sSHIOTeIMAIbHON MeXaHOTPaHCIYKIIMU, OIpeaesiieMble KaK COUueTaHue
CHIMZKEHUSI DKCIIPECCUU aTepOIIPOTEKTUBHBIX TPAaHCKPUMNLMOHHBIX (akTopoB (KLF2,
KLF4 u NRF2) u aktuBupyolero runogochopuiipoBaHus aTepPOreHHbIX TPaHCKPUII-
1oHHBIX pakTopoB (YAP u TAZ).

3. DHIoTeINaIbHO-ME3eHXUMAJIbHBIN TTePeXol, ONpeAeIsieMblii KaK KOHTUHYYM TpU-
00peTeHNsI IKCIIPECCUU MapKepOB Me3eHXMMAaIbHOTO (heHOTHIIA (B MepBYIO ouepenb N-Ka-
repyuHa u ajbda-aKTHHA DIAIKUX MBIIIIT) Ha ()OHE MOBBIIIEHMUST SKCIIPECCUN HEe MeHee
TPeX U3 YeThIPEX OTBETCTBEHHbIX 3a 3TOT MPOLIECC TPAHCKPUITIIUOHHBIX (hakTOpoB (Snail,
Slug, Twistl u Zebl).

4. Hapyuienue 6uocunTte3a NO, ornpenessieMoe Kak o COOCTBEHHO AETEKTUPYEMOMY
CHIIXEHUIO MPOIYKTOB MeTabo3Ma NO B MUKPOOKPYKEHUN SHIOTETNATBLHBIX KJIETOK
(6onee aKTyalbHO JUIST 9KCIIEPUMEHTOB M Vitro), TaK U TI0 CHIKEHUIO 3KCIIPECCUM TeHa
NOS3 n xonupyeMoii uM sHmoTeanaabHo NO-CHHTa3b], a TAKKe ITOBBIIIICHUIO COOTHO-
meHus ee pochopupoBaHHON (HOPMBI B MO3ULIMU TPEOHUH-495 K 0o01ueit ppakuuu
JaHHOTO (bepMeHTa.

5. IIporpomMGoTHUECKast aKTUBALIMsI 9HIOTENSI, OTpaKaeMasi IaToJIOTMYeCKUM MOBbI-
LIeHVeM BbIneneHus hakTopa (poH BriebpaHna 1 MTHTMOGUTOpA aKTUBAaTOPA TJIa3MUHO -
reHa (PAI-1) B couyeTaHUM CO CHIDKEHHBIM BBIACICHUEM Pa3IMYHBIX aKTUBAaTOPOB ILIA3-
muHoreHa (UPA u tPA).

6. B kauecTBe AOMOJIHUTEIPHOTO KPUTEPHsI, a0COIIOTHO MTOATBEPXKIAIOIIETO PA3BUTHE
IUCHYHKIIMU SHAOTENUSI — HapyIlIEHUE ero LIeJIOCTHOCTH, XapaKTepr3ylollleecsl MaTos0-
TMYECKUM MOBBIIIIEHUEM €T0 TPOHUIIAeMOCTH.

Takum o6pazoMm, MMCOYHKIMIO SHIOTEIUS IEJIeCOOOpPa3HO OMpeneisIiTh KaK KOM-
TUIEKCHOE TTaTOJIOTUYECKOe U3MEHEHME ero (pU3MOI0TUM, BKITIoUaollee B cebst maTodu-
3MOJJOTUYECKH 3HAUMMYIO MPOBOCTIAIMTENBHYIO U IPOTPOMOOTHYECKYIO aKTUBAIIMIO SH-
JIOTETUATIbHBIX KJIETOK, HapyIlIeHUsT SHIOTEIMAIbHON MEXaHOTPaHCAYKIIMU, SHAOTEIM -
aJIbHO-ME3CHXMMaJIbHBIN Tiepexon M HapyuieHue OumocuHTeza NO. B oTHoumeHuun
CUCTEMHBIX OMOMapKepOB NTUCHYHKIIUM SHIOTEJIUS ik Vivo CTOUT OTMETUTh, UTO JI0 HaCTO-
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Tao6auua 1. [NpennaracMasi maHesb 1j1s1 CKpMHUHTA TUcyHKUIMY 3Haoteaust MerogoMm OT-kITLIP

T'eH, kogupytrommii
MOJIEKYJTy-MapKep MoJIeKy/Ia-MapKep THCHYHKINE SHIOTEHS 3BeHO TUChHYHKIUHI SHJIOTEIINS, OTPAXKACMOE
JIchyHKINN MOJIEKYJIOI-MapKepoM
SHOTENUS

VCAM 1 Cocyaucrast MoJieKyJia KJIIETOUHOU are3uu

1CAM1 MexKJIeTOuHas MOJIEKYJ1a KJIETOUHOM afre3nu TpoBocnanuTe/bHas aKTUBALMS SHAOTENUS
(peLenTopbl SHAOTETUATBHBIX KJIETOK [UISI JIei-

SELE E-cenekTuH KOLIUTOB)

SELP P-cenextun

1L6 WNHTtepneitkuH-6

CXCLS UnrepneitkuH-8
TTpoBocnanuTenbHast akTUBALIMS HAOTEHS

CcCL2 MonouuTapHblif XeMOaTTpaKTaHTHBIH 6e10K (9HOOTeNUaNIbHbIE IPOBOCHAIUTEIbHBIE LIUTO-

= KUHBI

CXCL1 Cas3aHHbI ¢ pocToM oHKoreH, GRO-ou )

MIF ®akTop UHTMOMPOBAHMS MUTPALIMKA MaKpoharos

KLF2 TpanckpununoHHslit pakrop KLF2

KLF4 Tpanckpummonmbii daxtop KLF4 Hapyuienust sH10TEIMATIBHON MEXaHOTPaHC-
NyKUUU (TOJIBKO B YCJIOBUSIX IOTOKA)

NFE2L2 TpanckpunuuonHsiit pakrop NRF2

SNAII TpaHckpunuUuoHHbIN dakTop Snail

SNAI2 TpaHcKpUNLIMOHHBI dakTop Slug

TWISTI TpanckpunuuoHHbIi dakrop Twist 1
DHIOTETMATBHO-ME3eHXUMAJIbHBI TTEPEXOJT

ZEBI1 TpanckpunuuoHHbIi dakrop Zebl

CDHS5 VE-kanrepua

CDH2 N-kaarepu

NOS3 OupotenuanbHass NO-cuHTa3za Hapymuienue cuntesa NO

VWF ®akTop o Buniedbpanna

SERPINE1 MHru6urop akTuBaropa rjiasMMHOreHa
TTporpomMbGoTHUECcKast aKTUBALIUS SHAOTEIUS

PLAU ‘YpoKMHAa3HBII aKTUBATOP TJIA3MUHOTEHA

PLAT TkaHeBoIf aKTUBATOP IJIA3MUHOTEHA

SIIIIETO BpEMEHM He ObUIO BBISIBJIEHO HU OTHOTO HaJIEeXKHOTO O1ioMapKepa, KOTOPbIii MOT Obl
OIHO3HAYHO CBUJETEILCTBOBATh O €€ pa3BUTHU. JloKa3aTeIbHbIMU U YYBCTBUTEIBHBIMU
MapKepamu TUCGhYHKIUY SHAOTEus in vitro sieistiotes UJI-6, NJT1-8 u MCP-1/CCL2, on-
HaKo JaHHbIe MPOBOCIAIMTEbHBIC [IMTOKWHBI TAKKE BIPAOATHIBAIOTCS W IPYTUMM KJle-
TOYHBIMU TIOTTYJIIIUAMU (K TIPUMeEpY, Pa3IMIHBIMUA TUTIAMU JISMKOIIMTOB) 1 TIO3TOMY He
SIBJISTIOTCS CIEMMUIHBIMU 15T CLIEHAPUS in Vivo.

B xauecTBe MoJIeKyI U1l CKPpUHUHTA TUCHYHKIMU SHIOTEINS B 9KCIIEPUMEHTE PEKO-
MeHayeTcsl ucroyib3oBath reHbl VCAM 1, ICAM 1, SELE v SELP (peuentopbl 3HAOTEIM -
aJIbHBIX KJIETOK JJIs1 JieiikouuToB), IL6, CXCLS, CCL2, CXCL1 v MIF (OCHOBHBIC 3HI0-
TeJIMaJibHble MPOBOCIANIUTEIbHbIE IMTOKUHbI), KLF2, KLF4 v NFE2L2 (MexaHOYyB-
CTBUTEJIbHBIC aTEPONPOTEKTUBHBIE TPAHCKPUTILIMOHHbBIE (haKTOPhl — UCKIIIOYUTEIBHO B
ycinoBuUsIX 1motoka), SNAIL, SNAI2, TWISTI, ZEB1, CDH5 n CDH2 (TpaHCKpUIILINOH-
HBIe (GaKTOpPHI M MapKephbl 3HAOTEIMAILHO-Me3eHXUMaIbHOro Iepexoma), NOS3 (ren
sHnoteauanbHol NO-cuHTasel), VWF, SERPINEI, PLAU n PLAT (dbaxTopsl 3HIOTE-
JIMii-3aBUCUMOTO FeMOCTa3a), a TaKXKe COOTBETCTBYIONINE OEIKU, KOAMPYEMbIEe TaHHBIMU
reHamu (ta6:. 1). B Takom akcniepuMeHTaTbHOM OU3aiiHe TTOBBIIIEHHAs 3KCIPECCUs Te-
HOB VCAM 1, ICAM1, SELE v SELP B coyeTaHWM C MOBBILIEHHOW 3KCIIpeccUueii reHOB
IL6, CXCLS, CCL2, CXCL1 v MIF cBUaETeIbCTBYET O MPOBOCIAINTEIbHOM aKTUBALUN
SHIOTEINATBHBIX KJIETOK, CHM:KeHHast akcrnpeccus reHoB KLF2, KLF4 v NFE2L2 (B
YCJIOBUSIX TIOTOKA) SIBJISIETCS MHAMKATOPOM HapyIIEHHOW MeXaHOTPaHCOYKIIMU, MOBBI-
1meHHast aKkcrnpeccusi reHoB SNAII, SNAI2, TWISTI v ZEBI B couyeTaHUU CO CHUXKECH-
Hoii akcnpeccueit reHa VE-kaarepuna CDHS5 v moBbILLIEHHOM 3Kcnpeccueit reHa N-Kaji-
repuHa CDH2 roBopuT o0 3HIOTEIUATBLHO-ME3EHXUMAJIbHOM TEpexojie, CHUXEHHast
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Tao6muua 2. BepudukalmonHas maHeab IMCHYHKIUN SHIOTEIUS

Morsnekyna-MapKep
UChYHKIMN SHAOTEHS

Meron Bepudukanum

3BeHO TuChYHKINN SHAOTETNS,
oTpaxkaeMoe MOJIEKYJI0ii-MapKepom

Cocynucrast MOJIEKYJIa KJICTOYHOM afre3uu

MexKkiIeTouHast MOJIeKya KJIETOYHOM aare3un

E-cenextuH

P-cenextun

MMMYyHOOIOTTUHT
(KJIETOUHBII JTU3AT)

npOEOC]’IﬁJ’lVITSﬂbHaﬂ AKTUBALIUs 9HIO0-
Tenaust (PeLenTOPbl SHAOTETHATBHBIX
KJIETOK JUIsI JICHIKOLIUTOB)

WnTtepneiikun-6

Wnrepneitkun-8

MoHOIMTAaPHBIIT XeMOATTPAKTAHTHBIN OEJIOK

CBsi3aHHBII ¢ pocToM oHKoreH, GRO-o

dakTop MHMMOMPOBaHKSI MUTPALIMK MaKpoharos

NmmyHObEpMeHTHBIIT aHanu3
(Ky/bTypajibHasl cpena)

INpoBocnanuTenbHast akTUBALIMS SHIO-
Teust (SHIOTETMATIbHBIC TTPOBOCIIATM -
TEJIbHBIC Lll/lTOKl/lel)

TpanckpunumonHsiit pakrop KLF2

TpanckpununonHsiit hakrop KLF4

TpaHckpunuuoHHsblit paktop NRF2

TpaHckpUILHMOHHBII (hakTop YAPI

(obmast hpakivs 1 akTuBupytoiee dpochopu-
JIMpOBaHUeE B O3ULIMSIX cepuH-109, cepun-127u
cepuH-397)

TpanckpunuuoHHslii pakrop TAZ
(o6mrast hpakims U aKTUBUPYIOLLee
dochopunmpoBaHue B MO3ULIMKU cEpUH-89)

NMMyHOOIOTTUHT
(KJICTOUHBIH JTN3aT)

HapymeHm{ E)HZlOTCJ'H/laJ'leOf/'I MEXaHO-
TPaHCAYKIMH (TOJIBKO B YCIIOBHSIX ITOTOKA)

TpaHckpuNIIMOHHBIM hakTop Snail

TpanckpunuuoHHsbIi akTop Slug

TpanckpunmoHHsblIit hakrop Twist1

TpaHCKpUITLIMOHHBII (akTop Zebl

VE-kairepuH

N-kaarepux

NMMyHOOIOTTUHT
(KJICTOUHBII JTN3aT)

SHJIOTCJ'IMaﬂbHO*MC3CHXVIMaﬂbeﬂ‘/’I
nepexoxn

DuporennanpHasg NO-cuHTa3za

(o6mrast hpaxums, tHruoMpymoiiee Gocdopu-
JIMPOBAHUE B MTO3ULIMK TPEOHUH-495 1 aKTUBU-
pytouiee GochopunpoBaHue B MOZULIUSIX Ce-
puH-113 u cepun-1177)

3-HUTPOTUPO3UH

MUMMYyHOOIOTTUHT
(KJIETOYHBIi TU3aT)

VpoBeHb HUTPATOB U HUTPUTOB

YpoBeHb MPOAYKTOB PeakIu ¢ THOOAPOUTYPO-
BOIi KMCJIOTOI1

Konopumerpudeckuii aHaim3
(KyJIbpTypasibHasl cpena)

Hapymenue cunreza NO u pacueruie-
Hue mytd NO-CUHTa3bl, HUTPO3UPYIO-
LLlVlﬁ cTpecc, OKHUCUTETbHBIN CTpecc

®akrop pon Bunnebpanaa

" HF]/I6]/ITO]:) aKTHUBaTopa IJjia3MUHOTCHa

YDOKM Ha3HbII AKTHUBaATOp IJ1a3MHUHOIreHa

TkaHeBO# aKTUBATOP MJIa3MUHOTeHa

MMMyHOOIOTTUHT (KJIE€TOYHBII
JIN3aT), UMMYHO(EPMEHTHBbII
aHanu3 (KyJpTypajibHas cpejia)

IIpoTpomMGOTHYECKasT aAKTUBALIUS SHIIO-
TeHst

akcrpeccuss reHa NOS3 yka3blBaeT Ha HapylIeHHYIO CIIOCOOHOCTh 3HIOTEIUATBHBIX
KJIETOK BBIIENATh OCHOBHOI Bazomwiaratop NO, a IMOBBIIIEHHAas 3KCIIPeCcCusi TeHOB
VWF w SERPINEI B coueTaHUM cO CHUXXEHHOM 3Kcripeccueil reHoB PLAU v PLAT siB-
JISIETCST VHAMKATOPOM TMPOTPOMOOTUUYECKON AaKTUBAIIMM DHAOTEIWS. AHAJOTMYHOE
YTBEpKIEeHWE CITPaBEIIUBO U UTSI KOAUPYEMBIX TaHHBIMU TeHaMU OEJIKOB, OHAKO OITH-
MaJIBHBIM TIOAXOJOM TIPEACTAaBIISIETCSl TIPEABAPUTEIbHBIN CKPUHUHT YKa3aHHBIX T€HOB
npu nomoiy OT-kITL[P B crly OTHOCHTETbHO HU3KOW CTOMMOCTH M TEXHUYECKOMN
CJIO)XHOCTU TAHHOTO MeTona. B ciyyae BbISIBIEHUs BbIlIeyKa3aHHBIX TMPU3HAKOB JIUC-
GYHKIIUY SHAOTEINST BO3MOXHA UX BepU(UKaLIMs MPU MOMOIIA UMMYHOOJIOTTUHTA (ec-
JIY pe4yb UIET O KJIETOUHBIX OeIKaxX) Wi UMMYyHOMEpMEeHTHOIO aHaiu3a (B ciaydae mpo-
BOCITAJIUTEIbHBIX IIMTOKMHOB) JINOO pacIIMpeHHOEe MNPOMUIMPOBAHKWE MOCPEICTBOM
TMOJTHOTPAHCKPUTITOMHOTO CEKBEHUPOBAHUSI VI XKUIKOCTHOI XPOMAaTO-MacC-CITEKTPO-
meTpuu (Tab. 2).
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Perspectives Talking about Endothelial Dysfunction in the Context
of Modeling a Blood—Brain Barrier
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A. V. Sinitskaya’, and V. E. Markova“

9 Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, Russia
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Here, we discuss pathophysiological approaches to define the criteria of endothelial dys-
function (i.e. endothelial activation, impairment of endothelial mechanotransduction,
endothelial-to-mesenchymal transition, reduced nitric oxide release, compromised en-
dothelial integrity, and loss of anti-thrombogenic properties) in different in vitro and
in vivo models. Canonical definition of endothelial dysfunction includes insufficient pro-
duction of vasodilators, pro-thrombotic and pro-inflammatory activation of endothelial
cells and pathological endothelial permeability. Among the clinical consequences of en-
dothelial dysfunction are arterial hypertension, macro- and microangiopathy, and micro-
albuminuria. We suggest to extend an endothelial dysfunction definition by taking into
account altered endothelial mechanotransduction and endothelial-to-mesenchymal
transition. Albeit interleukin-6, interleukin-8, and MCP-1/CCL2 dictate the pathogenic
paracrine effects of dysfunctional endothelial cells and therefore are reliable endothelial
dysfunction biomarkers in vitro, they are non-specific for endothelial cells and cannot be
used for the diagnostics of endothelial dysfunction in vivo. Conceptual improvements in
existing methods to simulate endothelial dysfunction, in particular in relation to blood-
brain barrier, include endothelial cell culture under pulsatile flow, collagen 1V coating of
flow culture chambers, and collection of endothelial lysate from the blood vessels of labo-
ratory animals in situ for the subsequent gene and protein expression profiling. In combi-
nation with the simulation of paracrine effects by using conditioned medium from dys-
functional endothelial cells, these flow-sensitive models have a high physiological rele-
vance bringing the experimental conditions to the physiological scenario.

Keywords: endothelial dysfunction, inflammation, mechanotransduction, endothelial-
to-mesenchymal transition, nitric oxide, blood-brain barrier, pulsatile flow
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