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B ombiTax Ha KyJIbType SHAOTETUATBHBIX KJIETOK ITyTIOYHOI BEHBI Y€T0BEKA BBISICHSIITU
pOJIb TJIMKOKAJIMKCa B YMEHBLIEHWHM aKTMBHOCTM AHIMOTEH3MH-IPEBpALIAIOLIero
dbepmenra (AIID) B KjIeTKax, MOABEPTalOIIUXCS NEUCTBUIO HAMPSDKEHUS CIBUTA.
Kietku ¢ MHTaKTHBIM U (hepMEHTATUBHO MOBPEXACHHBIM TNIMKOKAJTUKCOM, KYTbTH-
BUPOBaHHbIE HA MJIACTUKOBBIX IJIACTUHAX, Nepdy3upoBanu npu Hu3kom (<1 LI.[/[H/CMz)
U OTHOCUTEBLHO BICOKOM (20—25 I[I/IH/CM2) HaTpsIKEHUU CIBUTA B TeueHue 24 4, 1o-
cjie yero usMepsuiu aktuBHOCTh ATT® B KileTOUHBIX n3aTax. [lokaszaHo, 4TO B KJIeTKaxX
C MHTaKTHBIM MIMKOKAJMKCOM, MOJBEPraBIIMXCS AEMCTBUIO BBICOKOTO HANPSIKEHUS
caBura, akTuBHOCTb AIT® ymeHblIlIajach B TeueHue CyTOUHOM nepdy3un Ha 32 = 19%
10 CPaBHEHUIO C KJIETKaMU, Mepdy3upyeMbIMU MPU HU3KOM HAMPSIKEHWUU CIBUTA.
B ksieTkax ¢ NOBpeXIEHHBIM ITIMKOKAIMKCOM 3aBUCUMOCTb akTUBHOCTU AIT®D oT Ha-
MPSIKEHUs] CABUTa OTCYTCTBOBa/Ia. DTOT Pe3yJibTaT AOKA3bIBAET, YTO PELEeNLMs IHIO0-
TEIMOLMTAMU HAIpPSDKEHUs CABUTA, TIPUBONSAINAS K CHUXKEHUIO akTuBHOCTU AIlD,
ornocpenyeTcsl BOJOKHaAMU SHIOTEIUATIBHOIO INIMKOKAJIMKCA.

Kniouegoie crosa: HIOTENNN, IIMKOKAIMKC, HAMPSDKEHUE CIBUTA, aHTMOTEH3UH-TIPe-
Bpallamnii GepMeHT, rermapruHasa, rmalypoHuIa3a
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ApTepuaibHble COCYIBl PACIIUPSIOTCS TIPU YBEJIWMYEHUN B HUX KPOBOTOKAa. MHOTO-
YUCJIEHHBIE MCCIIEAOBAHMUS I10Ka3ajlK, YTO 3TOT (heHOMEH, BIEpPBbIe OOHAPYXKEHHBIM
ele BO BTOPOIi MOJOBMHE MPOILLIOTO Beka [1], onpenensieTcsi CIIOCOGHOCThIO KJIETOK
SHIOTENUS PacciaabiisiTh COCYIUCThIC TJIAAKKME MBIIILBI B OTBET Ha MOBHIIICHUE HAIIPSI-
JKEHUSI CIBUra Ha cTeHKe. Jlojiroe BpeMsl MEXaHOPELICITOPOM, BOCIIPUHUMAIOIIUM
JeiicTByIOIIee HA COCYAUCTYIO CTEHKY HalpsiKeHUe CIBUTa, CYUTAIN BOJIOKHA ajibda-
aKTHMHA KOPTUKAJIBHOIO CJIOSI DHIOTSIMOIUTOB [2, 3]. OnqHako ucciaeToBaHUSs TTOCIIE -
HUX TTOJIyTOpa JAEeCATUIECTUN MPUBEIN K BBIBOAY O TOM, YTO PELIENITOPOM HaTPSIKEHUS
CIBUTA SBJISIIOTCSI BOJIOKHA SHAOTEINAIBHOTO TNIMKOKAINKCA, CJIOSI MAKPOMOJIEKYI, 3a-
SIKOPEHHBIX B MeMOpaHe 3HIOTeIMAJIbHBIX KJIETOK M OOpallleHHbIX B IIPOCBET COCyda
[4, 5]. CormacHO COBpEMEHHBLIM MPEACTaBICHUSIM 3T BOJOKHA, N1eOPMUPYSICH MO
IeiiCTBUEM HaMpPSDKEHWST CABUTIa, MepeaaloT yCUre Ha MeMOpaHy 3HIOTEIMOLUTOB,
YTO MPUBOAMUT, B KOHEUHOM CYETE, K BBIIEIIEHHUIO KJIETKAMM dHIOTEIUS MeauaTopa,
CHUKAIOIIETO TJIaAKOMBIIIEYHBI TOHYC.
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MHorouucjieHHbIe UCCAEA0BAHUS MOKA3aau, YTO OCHOBHOI MeauaTop, Mpoaylupye-
MBI SHIOTEIMOLIMTAMU B OTBET Ha TMOBBILICHNE HAMPSIKEHUST CABUTA W PacCIa0sitovii
TIAIKUE MBILILIbI COCYIOB, MPEACTABIISIET COO0I 00pa3yoIIniics U3 aMUHOKUCIOTHI L-apru-
HuHa okcus azora (NO) [6]. OnHako B pse paGoT, OCYIIECTBIEHHBIX HA apTepHaIbHbIX
cocynax XKMBOTHBIX Pa3HBIX BHMIOB, ObLIO MOKa3aHO, YTO MHTMOMpoBaHue (hepMeHTa
NO-cuHTa3bl, 00ecneunBalolIero CUHTE3 OKCUIa a30Ta, He BCeraa IoaaBiseT SHI0Te-
JIN-3aBUCUMYIO Ba30AWJIaTallUIO MIPU MOBBILLIEHUN KPOBOTOKA [7—9]. DTH naHHbBIE CBU-
JIeTeJIbCTBOBAIU O TOM, UTO NO He SIBJIsIeTCS €AMHCTBEHHBIM MEIUaTOPOM, OTTIOCPEIYIO-
1M paccablieHe COCYIUCThIX IIATKMX MBIIII TTPY YBEJIMUEHUU KPOBOTOKA B apTePUSIX,
HO CYIIECTBYIOT U APYTHE MTUJIaTaTOPbl, O0YCIOBIMBAIOIIVE CHIKEHUE TITAIKOMBIIIIEYHOTO
TOHYyCa B OTBET Ha MOBBIIICHUE HAITPSIKEHUST CIIBUTA.

B nekoropreix paborax [10, 11] 6b10 0OHApPYXXEHO, UTO YBEJIIMYCHHOE HAIPSKEHNE
clBUTA, NEUCTBYIOLIEEe Ha KYJIbTYPY DHAOTEIMATIbHBIX KJIETOK B T€YEHNE HECKOJIbKUX Ya-
COB, TNPUBOJIUT K CHMXEHUIO aKTMBHOCTM aHTMOTEH3WH-IpeBpallampliero dhepMeHTa
(AT1I®). ATI® karanusupyer paclleljieHrue aHTMOTeH3uHa | 10 CcTOJIb MOIIIHOIO KOH-
CTPUKTOpPA KakK aHTMOTeH3WH Il 1 omHOBpeMEeHHO MHAKTUBUPYET OpaauKUHUWH, SIBJISIO-
LIMIACS Ba30AUIATATOPOM, IEMCTBME KOTOPOTO Ha TOHYC TJIAaAKWUX MBIIIL] OTIOCPEaYeTCs
sHpoTenreM. EcTecTBEeHHO TojiaraTh, 4To CHIUKeHUe akTUBHOCTU ATT® momKHO 0Kas3bl-
BaTh cocyAopacliupsioliee AeliCTBUE Ha KPOBEHOCHbIE COCY/Ibl, YTO TTO3BOJISIET CUUTATD
ero oTIn4HbIM 0T NO 3HI0TEe M -3aBUCUMBIM MEIMATOPOM AWJIaTalluu apTePUil B OTBET
Ha MOBBIIIEHUE HAMNpPsSDKeHUs caBura. Poib MIMKOKaJIMKca B CHUKEHWM aKTMBHOCTH
ATI® npu aeiicTBUM Ha 3HAOTEJIMOLMTHI HATIPSIKEHUS CIIBUTa MOKa OCTAaeTCsI HEe UcClie-
OBAHHOM.

Heﬂb HacTos1Ieli paGOTbI COCTOsJ1a B TOM, 9TOOBI BbIAACHUTDL, YHAaCTBYCT JIM SHOOTCIIN -
QIbHbIN IMTMKOKAJIMKC B YMCHBIICHNU aKTUBHOCTU AHq), IIPOUCXOOAIIEM ITPpU NEUCTBUM
HaIIps2KCHUA CABUTra Ha KJIICTKMW OHOOTCIMA.

METOAbI UCCIEJOBAHUA

KynpTuBupoBaHHbBIE 3HAOTEIMAIbHBIE KJIIETKU ITYIIOYHOI BEHBI YeJIOBEKa ¢ MHTAKT-
HBIM U TIOBPEXIEHHBLIM INIMKOKAJIMKCOM IToABepraiu 24-dacoBoii nepdy3uu npu pas-
JIMYHBIX HanpspkeHUstx capura. [loce cyTouHoil mepdy3ni KIETOYHYIO KYJIbTypy JTU31-
pOBaJIM, U B TM3aTaX U3MePsIA aKTUBHOCTL ATTD.

Kaemounas kyavmypa

[TepBUYHYIO KYJIbTYpPY SHAOTEJIMAIbHBIX KJIETOK TTOJyYaJiM U3 MyMOYHOI BEHBI YeJI0-
BeKa B COOTBETCTBHMU C paHee onucaHHBIM MeTonoM [12]. CoriracHO mpuHLIIMIAM Xellb-
CMHCKOM JeKJIapaliu, BCe POKEHUIIBI JaBai MTHMOPMUPOBAHHOE COTIacHe Ha UCITOJb-
30BaHUE B3ATHIX y HUX IYITOYHBIX BeH IS HAYYHBIX MCcienoBaHuil. KieTku BbicaxknBa-
g B yamiku Iletpu, mokpbiThie 0.2%-HBIM pacTBOPOM KeJlaTHMHA, U KYJIbTUBUPOBAJIN
npu Temriepatype 37°C B cpene DMEM c dertanbHOi 6bIubeii cbiBOpoTKOit (10%), dak-
TopoM pocTta 3Haorenus (200 mxr/mit), neHULIMHOM (50 en/mi), CTpenTOMUIIMHOM
(50 Mxr/M) u rermapuHoM (5 en/mi) (Bce mHrpeaueHTH dupMmber Sigma, CILA). ITocne
NOCTUKEHUS TIEPBUYHON KYyJIBTYpPOil KOHDIyeHTHOro cocTosiHus (7—9 cyT) npoBoauiv
ee nmaccupoBaHue ¢ nomoiibio 0.05%-Horo pactBopa TpuricuHa B 0.02%-HoM pacTBope
BATA u KynTbTUBUPOBAJIM NiBa Maccaxa. OMbIThl CTaBWJIM Ha KJIeTKaX BTOPOTO Iaccaxa
KYJBTYpbI, KOTOphle pacTuin B cpeae DMEM c¢ nob6asnenunem 5% Oblubeil heTaabHOM
cbiBopoTkH B atMocdepe 5% CO, 1 95% O, Ha TOKPBITHIX KeJIaTUHOM IJIACTUHAX TTOJTH -
KapOoHarta pazMepom 1.5 X 2.5 cM 10 obpa3zoBaHus1 KOH(pIJIYyeHTHOro MoHocos. Ilepen
KaXXJIbIM 3KCIIEPUMEHTOM TUIOTHOCTh KJIETOK OTCJIEKUBAJIM C TIOMOII[bIO MHBEPTUPOBAH -
Horo (azokoHTpacTHOro Mukpockona (Nikon, SInoxust).
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KreTouHblit MOHOCTOM

Puc. 1. Cxema KaMepbl Tl epdy3UU KIIETOYHOM KYJIbTYPhl (OOBSICHEHUST B TEKCTE).

Cxema ycmaHoeKu

st opraHu3anyu IIeJeBOro TedyeHus: nepdy3MOHHOM KMIKOCTU HaJ MOHOCIOEM
KJIETOK BHAOTEIUS TIPU PA3TUYHBIX HATIPSIKEHUSIX CABUTA UCITOJIb30BaIM BHITTOJTHEHHYIO
U3 TUIEKCUTIIaca CaMOIEIbHYIO TPOTOUHYIO KaMepy C peryJupyeMbIM 3a30poM 4 (puc. 1).

Har[psm(e]—me caBura T, HCﬁCTByIOH.[CC Ha SQHOOTCIMOLUTLI B ]'[pOTO‘-IHOI‘/Jl KaMeEpe, oLle-

HUBanu 1o dopmysne T = 612—2Q, rane Q — oObeMHBIN pacxon nepdysara, | — BS3KOCTb
nepdysara, / — MIMpUHA TUIACTUHBI NoimkapooHaTa (1.5 ¢cM), Ha KOTOPOii KyJIbTUBUPO-
BaJIMCh DHAOTEIMANIbHBIE KJIETKU, /# — IIUPUHA 3a30pa, M0 KOTOPOMY TeueT nepdy3noH-
Hast JKUIKOCTh. [11acTUHBI ¢ KIIeTKaMU YCTaHaBIWBAIN B KaMepY TAKMM 00pa3oM, YTOObI
BEJIMYMHBI 3a30POB HAJl HUMHU Pas3IMYaIiCh. DTO JOCTUTAIIOCH C TIOMOIIILIO TTOICTaBKU,
MOMEIIIeHHO 1o OMHO U3 CTeKOJ1. BeIOpaHHbIe mapaMeTphl 3a30poB (/1 u A2) pa3muyaarich
MpPUMEPHO B 5 pa3, 4yTo, KaK BUAHO U3 (POPMYJIbI, TOJDKHO ObLIO OOecIieunBaTh 25-KpaTHOE
pasanyue BeIMYUHbBI HAMIPSDKEHUST CIBUTA, KOTOPOMY MOABEPrajivch KJIETKW Ha IIacTHU-
Hax 1 u 2.

Kierku B KaMepe nepdy3npoBainch KyabTypaiabHoU cpenoit DMEM, conmepxaiei
5% Oblubeil (heTabHOI CHIBOPOTKU, C IMOMOILIBIO MEPUCTATBTUYECKOrO0 Hacoca Rainin
(®pannus). Haxonusiiasicsas B repmocrarupyemoii (37°C) Kojbe XUAKOCTh, UCIOIb30-
BaBIasics 11s nepdy3nu, cHavasa rnporekaia Haj MIacTuHoi 1 (1Mo mmpokoMy 3a30py),
a 3aTeM Haj IUIacTUHOM 2 (IT0 y3KOMY 3a30pYy), MOCJIe Yero Bo3Bpaiajiach B Kojaoy. Ta-
KuM obOpa3oM, ObLIa peajim3oBaHa 3aMKHyTasi cucteMma Iepdy3un. OO0beMHBII pacxon
nepdy3MOHHOM XKUIKOCTU cocTaBisiii 20 Mii/MUH. B xone akcrnepuMeHTa Kamepa Haxo-
UJIach B BOASTHOM T€PMOCTAaTe C yCTAaHOBJIEHHBIM 3HaueHueM Temriepatypsl 37°C, nep-
dy3uonHas cpena aspupoBaiack KapboreHoM (95% O, u 5% CO,). HanpsikeHue cnBura
Ha ruractiHe | (1eJTb ¢ ITMPOKKMM 3a30pOM) He MpeBbIano 1 1uH/cM?. 3a30p KaMepsl co
cTeKIioM 2 (1LeJTb ¢ Y3KUM 3a30poM) obecriednBall HanpshKeHye caBura ropsinka 20 quH/cM?.
JIJ1st KOHTPOJISI TePMETUYHOCTU KaMephl B XOJIe BCEro BpeMeHU Tepdy3uu Ha BXOJIE B Ka-
Mepy BOASIHBIM MaHOMETPOM M3MEpPSLIN aBjieHue nepdy3und. DKCIEPUMEHT CUUTAIA TeX-
HUYECKU YCITEITHBIM, €CJTU B TeUeHUe 24 4 TaBeHre YMEHbIIANI0Ch He 6ostee, yeM Ha 5%.

B yacTy 3KCIEpUMEHTOB B Cpely, MCITOJb3yeEMYIO sl nepdy3uu, To0aBisuiu dep-
MEHTBI, pa3pylIamle CTPYKTYPY NIMKOKAIUKCA.
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(Depmeﬂmamueﬂoe paspyuteHue eAuKoKaitukca

J7s nerpagaluy IMKOKaJIUMKCa B EPMY3MOHHYIO XKMIKOCTb J0OABIISIIN THATyPOHU-
nasy (Sigma), KOHLIEHTpaI1s KOTOpoii B 1epdy3MOHHOM XXUIKOCTU cocTaBisuia 1.5 En/mi,
wiu rertapuHasy Il (Sigma, KoHueHTpauus B riepdy3noHHOI xkuakocty — 15 MEx/mon).
B ombITax Kak Ha KyJIbType SHIOTSINOLIUTOB [4, 13, 14], Tak 1 Ha N30IMPOBAHHBIX apTe-
pusix [15] moka3aHo, 4yTo 00a 3TU (pepMeHTa, paspyilasi CTPYKTYypy INIMKOKAJIMKCca, o~
NIaBJISIIOT BhI3bIBAEMbI€ TTOBBILIIEHUEM HaIIPSIKEHMS CABUTa BEICBOOOXKIEHNE OKCUIA a30-
Ta U pacuIMpeHre apTepuii B OTBET Ha yBEJINYEHUE KPOBOTOKA.

]Iu3upoeaHue KAemok

Ilocne 24 4 nepdy3un KyabTypajabHble IJIaCTUHBI ITOMeInaiu B yaiky I[letpu nuamer-
pom 30 MM, MpoMBIBaJIM IBa pa3a B ¢ochaTHOM Oydepe 00bEMOM 5 MJI, TIOCJIE YEero MH-
KybupoBasii B TeueHue 15 MuH B 2 Ml (pocaTHorO 6ydepa, conepxaiiero 1% nerepreH-
Ta Triton-X100 (Sigma). ITo ucteyeHn 15 MUH ¢ MJIACTUH C ITOMOIIBIO CKpeOKa cumIa-
JIM B Ty Xe Jamky [leTpu ocTaTKM KJIETOK, pa3pylIeHHBIX MOJ IeHCTBUEM JEeTepreHTa,
nocJe Jero Ju3aT xpaHuiau npobupke Eppendorf o6bemom 1 Mit ripu temmnepatype 4°C
JI0 U3MEpeHUs B HeM akTuBHOCTU ATTD.

Hzmepenue akmusrnocmu AIID

OnpeneneHue akTuBHOCTU ATT® npousBoanIN CHEKTPOPOTOMETPUUECKU C UCITOIb-
30BaHUEM (ypuakpuiona-3amelneHHoro cyocrpara FA-Phe-Gly-Gly (N o-3-(2-¢y-
pwn)-akpusiown-L-denunananuia-L-ruiun-L-rviuH). 3a eTMHULY aKTUBHOCTH TTPU -
Humanu koiaudectso AIT®, runponusyioinee 1 MKM cyberpara 3a 1 muH. [TogpodHo Me-
TO1 U3MepeHust akTuBHOCTH ATT®D ornucan B padote [16].

Cmamucmuueckas o6pabomka pe3yrbmamoes

B kaxmnom onbiTe akTUBHOCTh ATT® B yiu3aTe KJIETOK, MOABEPraBIIMXCS ACHCTBUIO
HU3KOTO HAIIPSKEHUST CIBUTA, MPUHUMAJTH 3a AWHUILY, U Ha 3Ty BEJIMUMHY HOPMUPOBA-
J1 aKTUBHOCTH ATT® B TM3aTe KJIETOK, ITOABEPTraBIINXCST BEICOKOMY HATIPSKEHUTO CIIBH -
ra. JIocTOBEpHOCTb pasinuuii akTHBHOCTH ATTMD mpu BHICOKOM UM HU3KOM HATPSIKEHUU
CIBMTA OTPEACIISIIN, MOJIb3YysICh HemapaMeTpuueckum TectoM Kpackena—Yoseca, cum-
Tasi NOCTOBEepHBbIM paznuuue rpu p < 0.05. JJaHHbIe cepyuu U3MEpPEeHUI TpeaCTaBICHbI B
BUJIE CPEAHETO + cpeaHsIsI olrbKa cpeaHero (m * se).

PE3VJIBTATHI UCCIIEAOBAHUA

IMepdysust knetok B TeueHue 24 4 kak cpenoit DMEM, He conepxaleit (pepMeHTOB,
TaK U Cpelioii, comepxkallleil ruaatypoHuaasy wiu rernapuHasy 11, He mpuBoawia HU K Ha-
PYLIEHUIO LIEJIOCTHOCTU SHIOTETUOIUTOB, HU K HAPYIIEHUIO KOH(MYEHTHOCTHU CJIOSI 9H-
NOTeJIMAJIbHBIX KJIETOK Ha TIacTMHaX. EAMHCTBEHHBIM pa3inyueM MeXAy STUMU IBYMSI
CUTYallUsIMU OBLIIO TO, UTO KJIETKU C HEMOBPEXIECHHbBIM TJIMKOKAJIMKCOM, MOABEpPraBIlIn-
ecsl IeACTBUIO BICOKOTO HAMPSIXKEHUS CABUTA, MTOCTE ABAALIATUYEThIPEXUacoBOii nepdy-
3UM OPUEHTUPOBAIMCH BAOJIb IMHUI TOKA XUJIKOCTU, B TO BpeMsI KaK AeCTBUE BBICOKO-
To HampsKEHUs CABUTA Ha KJIETKU, TJIMKOKAJIUKC KOTOPBIX MOBPEXIaiu (pepMeHTaMu,
HE MPUBOAMUIIO K U3MEHEHUIO NX OPUEHTALIMY U BBITATMBAHUIO 110 HATIPABJIEHUIO MOTOKA.

B nu3arax sHIOTEIMOLIMTOB C MHTAKTHBIM TIIMKOKAJTMKCOM aKTUBHOCTb ATT® mpu BbI-
cokoM (20 11H/cM?) HaIpsDKEHUH CIBUTa Oblia TocToBepHO (p < 0.05) Hike (0.68 + 0.19,
1 =7) aKTUBHOCTH, PETUCTPUPYEMOil Ipy HU3KOM (< | I1MH/CM?) HAITPSIKEHUU CBUTA.

B kJreTkax 3HA0TE S, TNIMKOKAJIMKC KOTOPBIX ObUT MOBpeXAeH rerapunasoii 11 (n = 7),
akTuBHOCTH ATT®D TIpu BHICOKOM HANPSIKEHUM CIBUTA MPAKTUYECKU HE OTJIMYaiach OT
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Puc. 2. 3aBucumMocth aktuBHOCTH AII® B M3aTax SHIOTEIMATBHBIX KJIETOK OT HaIpsikKeHMsT casura. besbie
2. .
CTOJIOUKY — HU3KOE HampspkeHue caura (MeHee 1 nuH/cM”); aktuBHOCTh AIT® npuHsiTa paBHOM 1; yepHbIe

2
CTOJIONKYM — BBICOKOE HarpspkeHue casura (20 nua/cM”). KOHTpoib — KIETKM ¢ UHTaKTHBIM TJIMKOKAJTNKCOM.

* — mocroBepHoe paznmune (p < 0.05).

TaKOBOW, perMCTpUPYyeMOi Mpy HU3KOM HarnpsixkeHuu casura (1.03 = 0.09; p > 0.1). Ana-
JIOTUYHO, €CJIM TJIUMKOKAIMKC SHIOTEJIMOLMTOB MOBpeXAaau TMalypoHuaa3oun (n = 7),
akTuBHOCTbh ATT®M npu BBICOKOM HaNpsiXKEHUU CBUTA TOCTOBEPHO HE OTJIMYAIACh OT aK-
TUBHOCTH, HAOIIOABIIEICS TPU HU3KOM HarpsikeHuu casura (1.05 = 0.09; p > 0.1).

PesynbTaThl M3MepeHunit akTuBHOCTU ATT® B in3aTax SHIOTETUATBHBIX KJIETOK, MO/ -
BEpraBIIUXCSl B TeueHUe 24 4 NeiiCTBUIO BBICOKOTO M HU3KOTO HAMpPSDKEHUs CIBUTa B
KOHTPOJIbHBIX YCIOBUSIX (ITPU MHTAKTHOM TJIMKOKAJIMKCE) U MIPU TMOBPEXKACHUU TIIUKO-
Kanukca renapuHasoii 111 1 ruanmypoHumasoii, mpeacTaBieHbl Ha puc. 2.

OBCYXIEHMUME PE3VJIBTATOB

Hampsokenue coBura, mpeacrasiisiioliiee co00ii CHUTY BSI3KOIO TPEHMS, IeHCTBYIOIIYIO
CO CTOPOHBI TEKYIIeil KPOBU Ha COCYIUCTYIO CTEHKY, SIBJISIETCS BaXXKHBIM (haKTOpOM, pe-
TYJUPYIOIIMM [IaIKOMBIIIEUHBIN TOHYC. DTa peryysiius onpeneaseTcsi ClocoOOHOCThIO
KJIETOK DHAOTEJIUS B OTBET HA MOBBILLIEHWE HANTPSKEHUST CIBUTa CUHTE3UPOBATh U BbIIE-
JIITh B MEOUAIBHEIN CJION COCYOMCTOl CTEHKM (haKTOpPEI, pacciaOisiolnne TIIagKue
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MBIIIIBI. MeXaHOUyBCTBUTEJIbHOCTh 3HAOTEIMS HE TOJBKO O0ECreYynBaeT MOCTOSIHHOE
npucnocobIeHre TUIPABINUYECKOTO COMTPOTUBIIEHUSI apTepUaibHbIX COCYI0B K BEJIMYM-
He MIPOTEeKaloIIero 1o HUM KpoBoToka [17, 18], Ho u, 4To 0YeHb BaxKHO, OCJIA0JIsSIET peaK-
IO apTepuil Ha cocynocyXuBatoue cTumyJsl |19, 20], yTo mo3BosisieT paccMaTpuBaTh
CMOCOOHOCTD SHAOTENVS PETYIMPOBATh TJIAAKOMBIIIIEYHBIM TOHYC TTPYU U3MEHEHUSIX Ha-
MPSIKEHUST CABUTA HA CTEHKE KaK aHTUKOHCTPUKTOPHBII, U TaKe KaK aHTUTUTIEPTEH3UB-
HbI akTop [21, 22].

B nopaBnsioiieM GONBITMHCTBE paboT, B KOTOPBIX M3ydyajach OOyCJIIOBJIICHHAs Mexa-
HOUYYBCTBUTEJIBHOCTBIO SHAOTENS PeaKIlisl COCYI0B Ha MI3BMEHEHWS HAIPSKEHUsT CIIBU -
ra, paccMaTpUBaJICs TOJBbKO KPaTKOBPEMEHHBIM, IISIIUICS B TeUeHUE HECKOIbKUX MU-
HYT, OTBET apTepHUil Ha MOBBIIIEHNE CKOPOCTU KPOBOTOKA. JIWIlIb B HEOOJIBIIIOM YHUCIIC
paboT rccaenoBaaoch AeCTBUE HA SHIOTEIUOLMTHI JOJITOBPEMEHHOTO, IISIIIETOCs Jie-
CSITKM 4acoB U OoJjiee, MoBbIlIeHUsI HanpskeHust casura [10, 11, 23—25]. OnbIThl mokasa-
JIM, 4TO B OTBET Ha KPaTKOBPEMEHHOE IMOBBIIICHUE HAMPSKEHUs COBHUTA ITPOWCXOIUT
pacciiabjieHre COCYIUCTBIX TIaIKUX MBIIII, O0YCTOBIEHHOE BBIIEICHUEM SHIOTEINO-
oUTaM1 OKCHIA a30Ta WJIM MpocTaluKiIrHa [8]. BoccTaHOBIEHNE NCXOMHOTO HAIIPSKE-
HUS CIIBUTA MTPUBOIAUT B TeYE€HME HECKOJBKUX MUHYT K BO3BPAILCHUIO TJIaKOMBIIIIEYHO-
ro TOHyca K MCXOIHOMY YpoBHIO. UTO KacaeTcsl 10JITOBpEeMEHHOTO MOBbIIIICHUS HAMpPsi-
JKEHUSI CIIBUTa Ha SHIOTEJUU, TO OHO COMPOBOXIAETCS OpUEHTAlUEl U yIJTUHEHUEM
SHIIOTEINATBHBIX KJIETOK MapaUIeIbHO BEKTOPY HaIlpsDKeHUs caura [23, 24] u peMome-
JIMpOBaHUEM COCYHOB [25, 26].

B 1997 r. GbLI0 BriepBbIe MTOKAa3aHO, UTO ACKUCTBUE B TEUCHWE HECKOJIbKMX YacOB Ha
KYJIbTYPY KJIETOK 3HAOTE/IUsI ObIYbeil JIErOUHOM apTepuy TOCTaTOYHO BBICOKOTO HaIpsi-
JKeHUSI CIIBUTA TIPUBOIUT K 3aBUCSIIEMY OT BpEMEHU BO3ICCTBHST YMEHBIIICHUIO aKTUB-
Hoctu ATI® [10]. B k1eTKax, KOTopble B TeueHue 18 4 moaBeprajiuch IeiCTBUIO HATIPS -
KeHMsI CABUTra paBHoro 20 IiH/cM?, akTUBHOCTb ATI® cHIIKaNach MPaKTHYECKH BIBOE.
IIpu stom skcrnpeccuss MPHK AII® cHukanach Ha 82%. DU pe3yabTaThl MO3BOIMIN
aBTOpaM 3aKJIOUUTh, YTO YBEJIMUEHHOE HANIPSDKEHWE CABUTA MEHSIET (DYHKIIUIO DHIOTe-
Jvsl, TIofaBiisist akcnpeccuto reHa u 6esnka AII®. [To3aHee 3TOT pe3yabTaT Hallle) Mo -
TBEPKACHUE B OMbITaX Ha KYJbType SHIAOTEIMOILIMTOB MYIMOYHONW BEHBl M KOPOHAPHOM
aptepuu uejioBeka [11], aktuBHocTh AIT®D B KOTOPBIX YMEHbIIIAIACH MO ACHCTBUEM Ha-
MPSDKEHUS CIBUTA paBHOTo 12 muH/cM? B TedeHue 24 4 Ha 28%, a B TeueHUe 72 4 TIOYTH
Ha 50%. ABTOpHI 3TOI paGOThI BBISICHUJIM, UYTO YBEeJUYEHUE ACHCTBYIOIIETO HA KICTKHU
HaIpsDKeHUST CABUTA COIPOBOXIAETCS YMEHbBIIEHUEM akKTUBHOCTH AM®-akTHBUpYye-
MOM KMHa3bI ajbda IBa, YTO IIPUBOAUT K (POChHOPpUINPOBAHUIO M aKTUBALIMK Oejika pS3,
4YTO, B CBOIO ouepelb, aktuBupyet MukpoPHK 143/145, yBenuueHue 3KCIpeccun KOTO-
poit oOycnoBIMBaeT CHUXKEHUE Kak 3Kcrnpeccuu 6esika AII®D, Tak U aKTUBHOCTH 3TOTO
depmenTa [11].

TTockonbky AII®D oGycnoBiarBaeT 0Opa3oBaHME Ba30KOHCTPUKTOPA aHTMOTeH3uHa 11
1 MoAaBJieHWE CUHTe3a Ba3zomujaraTopa OpaauKuHWHA, pe3yabTaTthl padcoT [10] u [11]
MOATBEPXKAAIN BbICKa3aHHOE paHee TPEANOJIOXEHUE O TOM, YTO YyBCTBUTEILHOCTD DH-
MOTEJINST K HAMPSIKEHUIO CIIBUTA SIBJISIETCSI HE MTPOCTO (DAKTOPOM, OCIA0JISIIOIIUM OTBEThI
COCYIIOB Ha KOHCTPUKTOPHBIE CTUMYJIbI, HO M 00eCTIeYrBaeT IMOCTOSTHHO PeaTu3yoleecs
HEKOTOpoe pacciabjeHue TaaKINX MBI B YCIOBUSIX HOPMAJBHOTO (HE YBEJIMYEHHOTO)
KpPOBOTOKA.

B TeueHue TocienHUX MoyiyTopa ASCATUICTUI ObLIO TOJyYeHO JOCTAaTOYHOE YHUCIIO
JTAHHBIX, TOKA3bIBAIOIINX, YTO TMEPBUYHBIM MEXaHOPEUENTOPOM, BOCITPUHUMAIOIINM
NIEeMCTBYIOIIee HAa CTEHKY HampsKeHWe CIBUTA, SBISIOTCS BOJOKHA SHAOTEIUATBHOTO
IJIMKOKAJIMKCa. B ucciaenoBaHusIX, MPOBENEHHBIX Ha KyJbType SHIOTEIMATbHBIX KIETOK,
OBLIO TMOKa3aHO, YTO (PepMEHTATUBHOE MOBPEXICHUE WM pa3pylleHUE TIIMKOKaIUKca
MONaBJISET BhIAEJICHNE OKCHUAA a30Ta B OTBET Ha MOBBbIIIEHUE HaIpsKeHue casura |13,
14]. B omnbiTax HAa U30JIMPOBAHHBIX COHHBIX apTEPUSIX KPOJIMKA Mbl YCTAHOBUJIU, YTO ap-
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TepUU, SHAOTEINATbHBIN IMTUKOKAIMKC KOTOPBIX ObLT MOBpexXaeH rernapruHasoit 111 unm
TMaJlypOHMIA3011, YTPAuYUBaIOT CITOCOOHOCTh pearvpoBaTh paclIMpPeHUEeM Ha TTOBBIIIe-
HHE CKOPOCTU KpoBoTOKa [15]. Bce aTu pe3ynbraThl CBUAETEILCTBYIOT O TOM, YTO “OCT-
pbIit”, pa3BUBAIOLINIICA B TeUEHUE HECKOJIbKMX CEKYHJ OTBET 3HAOTEJIMOLIMTOB Ha I0-
BBILIEHWE HATPSIKEHUS CIBUTra, COCTOSIIMI B akTUBAaUMU NO-CUHTa3bl U BbIIEIEHUU
oKcHa a30Ta, OMOCPeNyeTCs UHTAKTHBIM TJIMKOKATUKCcoM. BojlokHa rMkokanukca ae-
dbopMUpYyIOTCS TMOI AECUCTBUEM HAMNpPSDKEHUsI CABMIA, TMEpeaaloT BO3HMKAIOIee B HUX
yCWJIME Ha aKTMHOBBIE BOJIOKHA KOPTUKAJIBHOIO CJIOS 9HIOTEIUOLUTOB, AchopMalus
KOTOPBIX, B CBOIO ouepeib, akTuBupyeT NO-cUHTa3y, YTO MPUBOIUT K CHUKEHUIO TJIal-
KOMBIIIIEYHOTO TOHYCA.

Yro kacaercsl oTBeTa HIOTENUSI HA IOJITOBPEMEHHOE, U3MEPSIIOIIeecs] yacaMu WiIn
CyTKaMU, TIOBBIIIIEHME HAMpPsDKEHUs CABUTA, TO 3[€Ch MOXHO BBIACIUTH 1Ba 3 deKTa.
Bo-nepBbIX, OpreHTAINIO SHAOTEIMOLIUTOB U UX YIUIMHEHUE BOOJb JUHUMN ToKa [24] u,
BO-BTOpPBIX, U3MeHeHue akTuBHOCTH ATTI®D [10, 11]. Peuenuust HanpsiKeHUs CABUTA TTPU
peanu3auu o6oux 3Tnx 3¢hGHeKTOB MU JTI0OO0T0 OJHOTO U3 HUX MOXET, BOOOIIIE TOBODSI,
OCYIIECTBIISIThCSI KaK HEMOCPEACTBEHHO BOJJOKHAMM aKTUHA KOPTUKAJIBHOTO CJI0s 9HII0-
TEIMOLMTOB, TaK U TIMKOKaIMKCOM. B paGore [23] ObUIO ITOKa3aHO, YTO M3MEHEHUE
¢GhOpMBI M OpUEHTALIMU KJIETOK SHAOTENMSI, TIOJBEPTAIOIINXCS B TEYEHNE HECKOJIBKUX Cy-
TOK AEUCTBUIO YBEJIMUYEHHOTO HAIMPSKEHUSI CABUTA, ITPOUCXOIUT TOJBKO MPU COXpaHe-
HUW MHTAKTHOTO TJIMKOKaauKca. Bormpoc o posiv riinKoKaaukca B UBMEHEHUHM aKTHUBHO-
cti AII®D 1o HaCTOSIIErO BpeMEHU He UCCIeI0BaJIC.

OnBbITHI, Pe3yJAbTaThl KOTOPBIX MPEICTaBIeHbI B HACTOsIIIEH paboTe, ObUIM MPU3BaHbI
BBISICHUTD, SIBJISIETCS JIU OTBET Ha JOJITOBPEMEHHOE TTOBBIIIICHUE HATPSKEHUSI CABUTA Ha
SHAOTEJUU, BhIpaXKalOKWICS B yMeHbIIEHUN aKTUBHOCTU ATTM, Takke 3aBUCSIIM OT
COXPaHHOCTU MHTAKTHOTO TJIMKOKanuKca. [IpuBeneHHBIE Ha puc. 2 pe3yIbTaThl TOKa3bl-
BAlOT, YTO B QHAOTEJIUATBHBIX KJIETKAaX C MHTAKTHBIM TIIMKOKAJIMKCOM, MOIBEPTaBIINXCS
B TeueHue 24 4 IeiCTBUIO HAIIPSKEHUS ciBUra nopsiaka 20 auH/cM?, akTuBHOCTb ATTD
cHmxaercs Ha 32 + 19%, 4To BIOJIHE COOTBETCTBYET JaHHBIM padot [10] u [11]. B To xe
BpeMSsI, MOBPEXKIECHUE BaXKHEHIIINX CTPYKTYP SHAOTEIIMAIBHOTO INIMKOKAJIMKCA JIMOO rua-
JypOHUAA30i1, pa3pyllarmlleil cTepXXHU TMajgypoHaHa, Jubo remapuHasoil 111, mospe-
JKIAMoIIe BOJIOKHA rerapaH-cyJibdaTa, MIpUBOAUIIO K TOMY, YTO SHIOTETUATbHbIE KJIET-
KM TIepecTaBaii OTBeYaTh yMEHblIeHueM akKTUBHOCTU ATTM Ha mautenbHoe (24 1) meii-
CTBUE TaKOTO Xe, KaK B KOHTpone (20 IMH/CM?), HANpPsDKCHWS CIBUTA. DTU JAHHBIC
CBHIIETEILCTBYIOT O TOM, YTO TIofaBieHre akTuBHOCTH ATTMD npu IMTe TbHOM BO3ISHCTBUN
Ha SHAOTEJIMOLMTHI BBICOKUM HaIPSDKEHUEM CIBUTA ONTOCPENYETCS TTTUKOKATTMKCOM.

PeSyJIbTaTI)I, npeaACTaBJICHHBIC B HacTosIIEeH pa60Te, IIOATBCPXKIAIOT CJIOXKHMBIICCCA
Ha CErogHdIIHUN IeHb IpeacTaBJICHMUE O TOM, YTO BOJIOKHA TIMKOKaJIMKCa ABJIAIOTCA
CAMHCTBEHHBIM OHIOTCINAJIBHBIM MECXaHOPEUCIITOPOM U MMEHHO UX CIIOCOOHOCTD Jie-
CbOpMI/IpOBaTBCH noj, 1eMcCTBUEM HaINpsa2KEHUs caBura onpeacjiscT BCC MEXaHOUYYBCTBU -
TEJIbHbIEC DHJIOTEINN-3aBUCUMbIE PEryJIATOPHLIC PCAKIINU apTCPpUAJIbHBIX COCYI0B.
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Endothelial Glycocalyx Participates in Suppression of Angiotensin-Converting
Enzyme Activity Caused by Shear Stress

I. L. Sokolov® % *, A. M. Melkumyants® ?, O. A. Antonova®

9 Russian Cardiology Research Center, Moscow, Russia
b Moscow Institute of Physics and Technology (State University),
Dolgoprudny, Moscow region, Russia
*e-mail: artmelk @gmail.com.

Abstract—Role of endothelial glycocalyx in the suppression of angiotensin-converting
enzyme (ACE) activity under high shear stress was investigated in experiments on cul-
tured human umbilical vein endothelial cells. It was shown that ACE activity in the cells
with intact glycocalyx underwent relatively high (20—25 dyne/cmz) shear stress for 24 hours
decreased by 32 + 19% as compared with low shear stress (<1 dyne/cm2). On the other
hand, the cells with glycocalyx injured using heparinase III or hyaluronidase did not
demonstrate the dependence of ACE activity upon shear stress. These data evidence that
shear stress-induced suppression of ACE activity is provided by mechanosensitivity of
endothelial glycocalyx.

Keywords: endothelium, glycocalyx, shear stress, angiotensin-converting enzyme, hep-
arinase, hyaluronidase
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