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B cooTBeTCTBUM C COBpEeMEHHBIMM TIPENCTABJICHUSIMU AaKTUH B COCTOSTHUU BBIXOIWTD BO BHEKJIETOUHYIO CPEIy, THIE OH:
1) MOXeT OocTaBaThCsl CBSI3AHHBIM C TTOBEPXHOCTHIO KJIETOK, 2) B3aMMOJEHCTBOBATh C BHEKJIETOUHBIM MAaTPUKCOM
Wiy 3) TOCTyIaTh B CUCTEMHYIO ITUPKYJIsInio. O6CyKIaeTcsl TeKyllee COCTOSTHUE MCCIeNOBaHU PO TaHHOTO
0eJIKa B pa3BUTUH TTATOJIOTMYECKHUX MPOLIECCOB: €T0 HEMTOCPEICTBEHHBIE TOKCMYeCKHe 3G MEKTh U yIaCTHE B ayTO-
MMMYHHBIX MTpolieccax B KauecTBe ayToaHTUreHa. OxapakTepr3oBaHa CUCTeMa KJIMPEHCa BHEKJIETOUHOTO aKTUHA U
ee yJacTHe B 3alllTe OT HETaTUBHOTO BO3/IEUCTBUS BHEKIIETOYHOTO aKTUHA. PaccMOTpeHBI BO3MOXKXHOCTH OTIpe/e-
JIEHUsI COEPXKaHMSI CBOOOTHO IIUPKYIUPYIOLIEro aKTUHA, aHTUTENT K HEMY Y KOMITIOHEHTOB CUCTEMBI €ro KIIMPeH-
ca B Ka4eCTBE MIPOTHOCTUYECKNX OMOMapKepOB pa3TMUHbIX 3a0ojeBaHniA. [IpoaHaIM3NPOBaHBI SKCIIEPUMEHTAITb-
HBIE TTOAXOBI K 3aIIUTE OPTaHU3Ma OT U30BITOYHBIX KOJIMYECTB CBOOOTHO LIUPKYIUpYIoliero F-akTuHa.

KJIIOYEBBIE CJIOBA: aktH, MOJIEKYJISIpHbIE TTATTEPHBI prcKa, Teab3onH, GC-TIo0YINH, aHTUTENNa K aKTUHY,

MaToJ0TMYeCKUe MpolecChl, OMOMapKephl.

AKTUH — HamboJiee pacIpoCcTpaHEeHHBIN OeIoK
B KJIeTKax 3ykapuoT [1]. JlaHHbIA 6eJTOK CylLIeCTBY-
eT B MoHOMepHoi (G-aKTWH) ¥ MOJUMMEPU30BaH-
Holi popme (F-akTuH) u gaBiseTcs rIaBHBIM KOM-
IIOHEHTOM CHCTEMBI aKTHMHOBBIX MUKPOQMIaAMEH-
TOB — CaMOM AWHAMWYHOM W IJIACTUYHOM 4YacTu
Hutockenera [2]. ¥ MIEKONMUTAIOLIMX M3BECTHO
HECKOJIBKO M30(hOpM aKTHHA: O.-aKTHH, K KOTOPO-
MY OTHOCSITCSI OTAENbHbIE (DOPMBI, crielM(UIHBIE
JIJISI KJIETOK CKEJIETHBIX U TJIaAKKUX MBILIL M KapaIuo-
MMOIIUTOB, Y-aKTWH TJIaJKOMBIIIEYHBIX KJIETOK, a
Takxke yOuKBuUTapHble M30(OPMBI - U Y-aKTUHA,
BCTpevaroluecst B IUTO30J1e BcexX KaeTok [3].

CucremMa aKTMHOBBIX MUKPO(MUIAMEHTOB OTBE-
yaeT 3a popMy [4, 5] ¥ TOABMKHOCTD KJIETOK [6, 7],
obecrieynBaeT MX B3aMMOIEUCTBHE APYr C APYrOM

IMpunsateie cokpameHnus: [NI'K — nporpammupoBaHHas
rubenb Kietok; DAMPs (danger associated molecular patterns) —
MOJIEKYJISIpHBIE TIATTEPHBI pYCcKa; Ig — UMMYHOTIIOOYTMHEL.

* Anpecat JIJis1 KOPPECITOHACHLIMH.

[8], xoMITOHEHTaMM BHEKJIETOYHOTO MaTpuKca [9] n
Pa3NMMYHBIMUA MCKYCCTBEHHBIMU ITOUIOKKAMU B yC-
JoBusix in vitro [10]. AKTUHOBBIIA LIMTOCKENET BbI-
MOJIHSIET BaxKHBIE (DYHKIIMM B BE3UKYJISIPHOM TpaHC-
IOpTe, KOMITAPTMEHTAIM3allMN KJIETOK, paclipene-
JIEHUU B HUX MakpoMoJiekya [11]. Peopranuszanus
aKTMHOBOTO ITUTOCKEJIETa 1 IKCIIPECCUS Pa3TUIHbIX
n30(opM aKTMHA TECHO CBSI3aHBI C IIPOlleCcCaMu
nuddepeHIUPOBKU U AejeHus kietok [11, 12].
Baxnast 1 1ocTaTOUHO HEOJHO3HAYHAsl POJIb aKTH-
HOBOTO CKeJieTa MPOAeMOHCTPUpPOBaHA MPU peali-
3allAM Pa3IMYHBIX 3TAIIOB MIPOrPaMMUPOBAHHOM TH-
oeau kiaetku (ITTK) [13—17]. B HeKOTOpBIX cTyvasix
cHUcTeMa aKTMHOBBIX MMKPOGMUIAMEHTOB WUIpaeT B
3TOM MPOILIECCE BEAYIIYIO POJIb, YTO IIO3BOJISIET KJIac-
cuduuuponaTth Takyio ¢dopmy IIT'K kak akTuH-
orocpeayeMblit aronTo3 [18]. YcTtaHoBieHO, 4TO aK-
THUH TaKe HaXOIUTCS B SIAPE KIIETOK, TIe OH IIPUHU-
MaeT ydJacThe B peMOACIMPOBAHMM XpOMaTHMHA B
mnpolecce TpaHcKpunuuu ¢ rnomoiubio PHK-nonu-
mepa3 I, I u 111, a Taxcke B mpoueccunre MPHK [19].
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AKTHUHOBBIY LIMTOCKEJIET, TIOMUMO BBIITOJTHEHUS
BBIIICIIEPEUYNCICHHBIX (PYHIaAMEHTAJIbHbBIX (YHK-
U B XM3HEIEATCIbHOCTA KJICTKM, OKa3bIBacT
3HAYMTEJIbHOE BJIUSIHME Ha pa3BUTHE MHOTHMX 3200~
JieBaHUl. B 9acTHOCTH, cucTeMa aKTMHOBBIX MMK-
podMIaMEHTOB MPUHUMACT yJ4acTHUE B OHKOJIOTH-
YecKHux mpoleccax (TpaHcopMaluu KIETOK, WUH-
Ba3uM U MeTacTtazupoBaHum) [20—22], a Takxke
¢opMmupoBaHUM (PUOPO3HBIX M3MEHEHMIA TKaHEeM
[23, 24]. YcTaHOBICHO, YTO PSI, BHYTPUKIIETOUHBIX
napasutoB (0aKTepUM, BUPYCHI) UCIIOJIb3yeT aKTH-
HOBBII CKeJIET KJIETKM IS O0ECHeYeHUs CBOEH
KU3HEAESTENbHOCTH [25].

BaxxHoi1 0COOEHHOCTBIO aKTMHAa SIBJISIETCS TO,
YTO JaHHBIA OEOK MOXET IPUCYTCTBOBaTb U BO
BHEKJICTOYHOM cpene opraHu3Ma. OH MOXeT 00Ha-
PYXUBaThCSI CBSI3aHHBIM C HApYyXXHOM ITOBEpX-
HOCTBIO KJIETKU [26], HaXOZUTLCS BO BHEKJIETOY-
HOM MaTpuKce [27] uiin B CMCTEMHOMN LIUPKYJISILIVN:
KpoBu, auMde u aukBope [28—30]. Jlokanuzauus
aKTWMHA BO BHEKJIETOYHOM IIPOCTPAHCTBE CTAaBUT
Tepe. MCClea0BaTeIsIMU 1LeIbIi PsiI BOIIPOCOB, OT-
BETHI Ha KOTOPBIE MOTYT UMETh KJII0UEBOE 3HAUCHNE
IIJIST PelIcHUsI aKTyaJbHBIX Ha CETOOHSIIHUI ICHb
Mpo0JIeM KJIeTOUHOI 6uosoruu U MeauuHbl. Hac-
TOSIIIINI 0030p ITOCBSIIEH aHAIN3Y COCTOSIHUS KC-
ClIeAOBAaHUM POJIM BHEKJIIETOYHOTO aKTUHA B pas-
JINYHBIX (PU3MOJIOTHIECKUX M TATOJOTHUYCCKUX
MpOoLIECCaX.

AKTHH HA ITOBEPXHOCTH KJIETOK
1 BO BHEKJIETOYHOM MATPUKCE

Bompoc o MexaHM3Max TIOSIBJIEHUsI aKTMHa BO
BHEKJICTOUHOI Cpelie B HACTOSIIee BPEMSI OCTAaeTCs
HEIOCTaTOYHO M3YYeHHBIM. HambGoilee mMOHSITHBIN
U3 HAX COCTOUT B BBICBOOOXIECHUN JaHHOTO OejIka
MpU HapyILIeHNUH! LIeJIOCTHOCTHU KJeToK [31, 32]. B atom
KOHTeKCTe F-akTWH OTHOCST K TaK Ha3bIBaeMbIM
«MOJIEKYJISIDHBIM MaTTepHaM pucka» — DAMPs
(danger associated molecular patterns) — BHyTpUKJIe-
TOYHBIM MaKpOMOJIEKyJIaM, CEKPETUPYEMbIM, BbICBO-
00XXITaeMBIM WK SKCIIOHMPYEMBIM Ha ITOBEPXHOCTH
KJICTOK IIPY WX IO, TOBPEXACHUN WA CTPEC-
cupoBanuu [33, 34]. I[Tomumo F-aktuna k DAMPs
oTHOcAT Bcl-2, KanbpeTnKynnH, TUKIOQIIMH A,
OeJKyd TeIroBoro moka, ructronsl, HMGBI,
HMGNI1, mutoxonnpuanbnyio JIHK, pacro3nana-
€Mble UMMYHHOW CHUCTEMOM KakK aIblOBAHTBI WJIU
«CUTHaJIbl TPEBOTU» MOCJIe BbIXxoAa U3 KiaeTku [31].

YcTaHOBIEHA BO3MOXHOCTh IpoaykKuuu G- u
F-aktuHa B cocTaBe 3k30coM (puOP06IaCTOB B COC-
TOSHUM MeXaHW4JecKoro crpecca [35], mo3Bosio-
1Ias MPearnoJIoXUTh, YTO TOCEAYIOIIee pa3pylie-
HUE JaHHBIX Be3UKYJI TaKKe UTpaeT pojb B (hopMu-
POBaHUMU ITyJla BHEKJIETOYHOIO akTUHa. B ocobeH-

HOCTH 3TO aKTyaJIbHO JUISI COeIUHUTEIbHBIX TKaHEH
C OOLIMPHBIM U IUVIOTHBIM BHEKJIETOYHBIM MaTPUK-
CcOM (HampuMep, XpsIIEeBOii), IIe YIWIN3alluu 2K~
30COM, MTOTMOIINX KJIETOK U UX (pparMEeHTOB IpaK-
TUYECKHU HE IIPOUCXOIUT U3-3a 3aTPYIHEHHOTIO J0C-
Tyna darouuros [36, 37].

JocToBepHO yCTaHOBJICHA BO3MOXKHOCTBH BBIC-
BOOOXIECHMST aKTMHA M3 XXKM3HECITOCOOHBIX HETIOB-
pexneHHBIX KieTok [38]. [Tpu aToM manHbIH OeJToK
MOKET OCTaBaThCsI CBSI3aHHBIM C BHEIITHE! ITOBEPX-
HOCTBIO TUIa3MaTUYECKOM MeMOpaHBl WJIM BBIXO-
IUTh BO BHEKJIETOUHYIO cpeny. CerogHs MexaHU3M
aTO0ro (peHOMeHa ocTaeTcs 3araakoii [39], T.K. maH-
HBIII OEJIOK HE CONEPKUT B CBOEUM CTPYKTYpE CHT-
HaJILHOTO TeNnTyaa IJIs IepeHoca yepe3 MeMOpaHy
M TpaHcMeMOpaHHoro momeHa [40]. Tem He Me-
Hee, HeNb3s MCKIII0YaTh HaJIW4Us IPyrux, Oojee
CJIOXKHBIX CITOCOOOB IOSIBJICHUS aKTMHA Ha ITOBEPX-
HOCTH KJIETOK. B KauecTBe mpumMepa MOXKHO IIpH-
BECTH MEXaHMU3MbI UMIIOpPTa K KCIIOPTa aKTUHA Ye-
pe3 00004Ky sapa. MojieKkyjla akTMHA He MMeeT
CUTHAJIbHBIX MOCJIEN0BATEIbHOCTEH /1 TpaHCIOp-
Ta B SIIPO, HO OH MEPEHOCUTCS B KOMILIEKCE C KO-
dummHOM, comepXalliM COOTBETCTBYIOIIMIA IICII-
™ [41]. Beixon u3 sapa ornpenesieTcss AByMsl CUT-
Hajmamu (leucine-rich nuclear export signals) ms
BKCIIOPTa, OITOCPEAYEMOIO SKCIIOPTUHOM- 1. AKTHH
TaKKe MOXET ITEPEHOCUTHCS B LINTO30JIb IKCIIOPTH -
HOM-6 B KoMIuIeKce ¢ npoduinrHoM [42, 43]. He-
CMOTpSI HA TO YTO TPAHCIOPT Yepe3 SIIepHYI0 000-
JIOUKY, OCYIIECTBIISIEMBIN ITOCPEICTBOM SIIEPHBIX
IOp, CJIOXHO COIIOCTaBUTh C TPAHCIOPTOM Yepe3
IUIa3MaTUYECKYI0 MeMOpaHy, MOXKHO JOIYCTUTD CY-
IIECTBOBAaHME MEXaHM3MOB TPaHCIIOpTa aKTHMHA B
KOMIUIEKCE C APYTUMHU OeIKaMU, BHITOTHSIIOIIMMT
¢YHKIIUIO TIepeHOCUMKOB. B KauecTBe KaHAMIATOB
Ha pOJIb TPAHCIIOPTEPOB aKTHMHA MOXKHO paccMar-
pUBaTh aKTUHCBSI3BIBAIOIIME OEJIKKM, KOTOphIe 00-
Hapy>XUBAIOTCSI HAa TTOBEPXHOCTU KJIEeTOK [44], Har-
puMep, TelIb30JUH, CIIOCOOHBIM IPOXOMUTH Yepe3
MeMOpaHy OJraromapss HaJIWYWIO CIEeIHaJIbHOTO
cuUrHajibHOro nentuaa [45]. B LeaoM Bonpoc o ToM,
Kakie MEeXaHM3Mbl MOIYT ObITh 3aldeliCTBOBAaHbLI B
IpoIrecce IIepeHoca akKTWHa dJepe3 IIa3MaThdec-
KYI0 MeMOpaHy, OCTaeTCsI OTKPHITBIM U, 0e3yClIOB-
HO, TpeOyeT TaJIbHEUIITMX UCCIeTOBaHUA.

Kax ynmoMsiHyTO BBIIIIE€, MOJIEKYJIBI BHEKJIETOU -
HOTO aKTHMHA MOTYT HAXOIMThCS HAa MOBEPXHOCTHU
KJIETOK [26, 46], HO TaKasi JOKaJIM3alus OOHAPYKH-
BaeTCd U IJIsT APYTUX, TaKXKe He XapaKTePHBIX s
KJIETOYHOI moBepXHOCTU 0enKkoB [38]. Tak, BHISIB-
JieHa aKchnpeccus Oenka TeruioBoro moxka HSP70
Ha TOBEPXHOCTU KJIETOK 3HIOTEIUS ITOCAe UX MH-
Ky0alluy ¢ OKUCJICHHBIMU JIMIIONPOTeMHAMU HM3-
kol mmotHoctu (JITTHIT) [47]. Takass «<HeKaHOHU-
yecKasl» JIOKaIU3alus YyCTAHOBJIEHA U JJIS JPYTUX
KOMIIOHEHTOB CHCTEMbI aKTMHOBBIX MUKpOGMIa-
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MEHTOB, SIBJISIIOIIMXCS aKTUHCBS3bIBAIOIIMU OeJI-
KaMu, Hampumep, ¢uaamMuHa A, O0OHapYy>KeHHOTO
Ha TIOBEPXHOCTH KJIETOK HEHMpOOIaCTOMEI U IPYTUX
JIMHUI KJIETOK 4esioBeka [48]. ABTOpHI UCCea0oBa-
HUS TIPEAIonaraioT, YTo npu 3troM C-KoHell puiia-
MHMHa A 3KCIIOHMPOBAH Ha ITOBEPXHOCTH KJIETOK, a
N-KOHell JIOKaJIM30BaH B LIMTOILIa3ME W CBS3aH C
aKTUHOBBIM IIMTOCKeJeToM. biaromapss Haau4yuio
RGD-niocnenoBarenbHocT Ha C-KOHIIE NaHHBIN
0eJIOK MOXET MPUHUMATh y4acTHe BO B3anMMOAeHi-
CTBUM C BHEKJeTOYHBIM MaTpukcoMm [48]. Ha
BHEILIHE! CTOpPOHE I1a3MaTUYeCKO MEMOpaHbI aK-
TUBUPOBAHHBIX (paKTOpoM pocTa Hpudpo6IacTOB-2
(FGF-2) sHaoTemoluToB 0OHApYXXeH TPOIIOMUO-
31H, SBJISIOIIUIACS PEeLeNnTOopoM ISl aHTUAHTHO-
TeHHBIX IIENTUOIOB, KOTOPBII ITOOOOHO aKTHMHY HE
hMeeT TpaHcMeMOpaHHOTo afoMeHa [44]. Kak oka-
3aJ10Ch, JOKaJIU3allMs Ha TTOBEPXHOCTU KJIETOK Xa-
pakTepHa U ajisl 6eJIKOB CUCTEMbl MUKPOTPYOOUEK,
HaIlpuMep, CYIIECTBYIOT JAaHHbIE 00 3KCIIO3MIINH
TyOy/JIMHA Ha MOBEPXHOCTU JUMMOOIACTOB TUHUU
CCRF-CEM [49]. C xakuMu npolieccaMu XXKU3He-
NIEeSITeIbHOCTH KJIETKM MOXET OBITh CBSI3aHa TaKas
HEKaHOHMYECKAsT JIOKaNIM3alus yKa3aHHBIX Oell-
KOB, OCTaeTCsI TOKa HESICHBIM.

bnaromapss MCIOIB30BaHUIO METOJOB HMMY-
HODIIyOpPECLIEHTHOT 1 UMMYHORJICKTPOHHON MUK-
POCKOIIMH YCTAaHOBJICHO HAJIMUME aKTUHA Ha ITOBEPX-
HOCTU ILIa3MaTUYECKO MeMOpaHbl SHIOTEINO-
IIMTOB Pa3JIMYHON JIOKAIU3amuK (TJIaIKOMBIIIET-
HBII 0.-aKTUH Ha TTOBEPXHOCTU apTepPUATBbHBIX 3H-
JIOTEJIMOLIMTOB 13 Jierkux KopoBbl — CPAE [46]),
B-mm@o1nToB v B 3HAUUTETHHO MEHBIIIEH CTEIIEH!
T-nmumdonutos [50], ciepmaTo3zounnos [51], Tpom-
oouuToB [52]. OgHako U3 pe3yJbTaToB LUTUPYeE-
MBIX paboT [50—52] ocTaeTcst HesICHBIM, B KaKoii (hop-
Me (G wm F) akTyH npucyTCTBYeT Ha IIOBEPXHOCTHU
3TUX KJIETOK. MOXHO IpPEeIoOXNUTh, YTO aKTUH
Ha KJIETOYHOI ITOBEPXHOCTM HAXOAUTCS IPEeUMY-
1IECTBEHHO B MOHOMepHoO (opme. B TakoM Bume
OH HE BBI3BIBAaCT aKTMBHOTO MMMYHHOI'O OTBETa,
T.K. UMEHHO F-akTWH sBisIeTCS MpeacTaBUTEIEM
DAMPs, n x HeMy DOpMUPYIOTCS aHTUTENA TIPU
ayTOMMMYHHBIX IIpolieccax. Ecim sto mpenmoio-
JKeHUe HaMIeT 3KCIIepUMEHTAIbHOE IOATBEpPKIC-
HUe, B TaJbHENIIIEM MOXHO OyIeT CTaBUTh BOIIPOC
0 ITOMCKE ITyTe MpeaoTBPaLleHUS TOIMMEPU3allui
aKTMHA Ha TOBEPXHOCTU KJIETOK. TakK, M3BECTHO,
YTO B IIUTO30JI€ CHIOHTAHHOMY 00pa30BaHUIO aKTU-
HOBBIX MUKPOG(MIAMEHTOB IPETISTCTBYIOT pa3ind-
Hble Oeniku, cBs3biBawole G-aktuH [17]. Hdanb-
Hellllne WCCIeIOBaHUS B 3TOM HallpaBJICHUU
JOJIXKHBI TPOSICHUTh, MOXHO JIM KaKUM-1100 obpa-
30M HCHOJb30BaTh 3TH CBs3bIBatomue G-aKTUH
OeJIKM 11 THTHOMPOBaHMS TTOJIMMEepU3allii aKTU-
Ha Ha roBepxHocTu KjieTok. Hanuuue F-akTrHa no-
CTaTOYHO YETKO IIPOAEMOHCTPHPOBAHO HA MOBEPX-
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HOCTU TOJIOBKM criepmaro3ounoB [51]. TIpu stom
TKaHU CEMEHHMKOB 3allMIIEeHBl OT KOHTaKTa ¢
KOMIIOHEHTaMW MMMYHHOM CHUCTEMbI TeMaTOTECTH-
KyJIpHBIM OapbepoM [53], 4TO MCKIIIOYaeT BO3-
MOXXHOCTbh UMMYHM3AlIMK I10 OTHOIIIEHUIO K F-ak-
TiHY. OOHApYyXeHO TakKXKe MPUCYTCTBUE aKTUHA B
COCTaBe BHEKJIETOYHOIO MaTpUKCa MHOMETPUS U
JIOMEPYJIIPHOM Me3aHTuu modyku [27]. Metomom
WMMYHO3JIEKTPOHHOM MMKPOCKOIIMM YCTaHOBJIE-
HO, YTO aKTHH IIPUCYTCTBYeT BO BHEKJICTOUYHOM
MaTpPUKCE TJIATKOMBIIIIEYHBIX KJIETOK, JIOKAJTU3YSICh
BO BHYTpPEHHel »jacThyeckoili MemMOpaHe cpenu
(HMOPOHEKTMHOBBIX M 3JIACTUHOBBIX BOJIOKOH, a
TaKKe MEXIY TIaJKOMBIIICYHBIMU KJICTKaMH. AB-
TOPBI 3TOr0 MCCJAENOBaHUS TMPEATIoaraloT yyacTue
BHEKJICTOYHOI'O aKTWUHA BO B3aMMOIECTBUSX I~
KOMBIIIIEYHBIX KJIETOK: MX KOHTAKTaX U B3aMHOM
CKOJIbXXEHUN TPHM COKpallleHUW W pacciaablieHuun
TKaHu [27]. [loka3zaHo MpUCYTCTBHE aKTMHA B COC-
TaBe BHEKJICTOYHOTO MaTpUKCa aopTHl [54], B CTEeH-
Kax apTepuii, aprepuo u KamuisipoB [27]. Kpome
TOI0, YCTAaHOBJIEH (DaKT BHICBOOOXKIEHUS C TIOBEPX-
HOCTH MBIIIEYHBIX KJIETOK (KyJBTYypa, IOJydeHHast
13 KypUHBIX SMOPUOHOB) KOMILJIEKCOB, COCTOSIIIINX
MPEUMYIIECTBEHHO U3 3- U Y-aKTUHA U B MEHbLIEH
CTENEeHU U3 O.-aKTUHA U o.-aKTUHMHA [55, 56].
3HAYMTEIbHBI HAayYHO-IPAKTUYECCKUM WHTE-
pec MpeAcTaBIsSIOT QYHKIIMU aKTUHA, aCCOLMUPO-
BaHHOTO C KJIETOYHO OBEPXHOCTHIO U BHEKJIETOU-
HBIM MaTPMKCOM. YCTaHOBJICHO, YTO CBSI3aHHBIN C
BHEIIHE MOBEPXHOCTHIO TJIa3MaTUYECKON MeMO-
paHbl aKTUH MOXET MIPpUHUMATh YJ4acTHUe B pa3inyd-
HBIX (PU3MOJOIMYECKHUX M TATOJOTHUYECKMX IIPO-
meccax. IlokazaHo, 4TO MeMOpaHHO-CBSI3aHHBIN
aKTHUH CJIYXKUT CAaliTOM CBSI3BIBAHUS IIJIsI TUTA3MUHO-
reHa [40, 57], yTo uMeeT OOJIbIIIOE 3HAUCHUE IIJIsI
pa3IMYHBIX IIPOIECCOB, AacCCOUMUPOBAHHBIX C
GYHKUMSIMU TUTa3MUHA. [JTagKOMBIIIEYHBIN O.-aK-
THH, CBSI3aHHBIN C IMOBEPXHOCTHIO SHAOTEIMOLIM-
TOB, SABJSIETCSI PELIENITOPOM IJIsl aHTMOTeHrHa [58,
59] n mHAOykTopoMm aHrmoreHesa [40]. Ilpu sTom
KOMILJIEKC aKTMHA ¢ aHTMOTEHUHOM, TTOJI00HO aK-
THHY, MOXET CIIOCOOCTBOBaTh reHepalluy I1JIa3MM-
Ha 3a CYeT TKAaHEeBOI'O aKTHMBATOpa ILUIAa3MUHOTCHA
(tPA, tissue plasminogen activator). JJaHHBI KOMII-
JIEKC, B OTJIMYME OT aKTUHA, HE MHTMOUPYeT aKTHB-
HOCTb uta3MuHa [60], 3a cyeT 4yero aHrMOreHWH
CMOCOOCTBYET AerpajaliMiid BHEKJIETOYHOTO MaT-
pUKCca, 4TO TO3BOJISET SHAOTEIMOLMTAM IPOXO-
IUTH 4epe3 0a3ajibHyl0 MeMOpaHy M MUTPUPOBATh
npu anruoreHese [61]. MexaHM3MBbI aKTHBaLUU
IUTa3MUHOTEHA MOTYT IIPUHUMATh yJacThe U B T1a-
TOJOTMYECKUX TIpolieccax. Tak, Mpu pake MOJIOY-
HOI1 XeJe3bl, CBEPXAKCIIPECCHS KOMIIOHEHTOB Kac-
KaJa aKTWBAaIlUM IUIa3MUHOTeHa (YpOKMHA3a) IIpU-
BOAUT K (POPMUPOBAHUIO OOJBIIOTO KOJUYECTBA
IUIa3MMHA Ha ITOBEPXHOCTU KJIETOK OITyXOJIH, CIIO-
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COOCTBYSI MOBBIIIEHHO METacTaTUYEeCKON aKTUB-
HOCTU JAHHBIX KJIETOK, YTO OOYCJIOBJIMBAET HeOJ1a-
TONPUSITHBIN IIPOTHO3 IIpH 3TOM 3a001eBaHnu. B ka-
YeCTBE OAHOIO U3 BAaXKHBIX COOBITHIA B JAHHOM ITPO-
lIecCCe pacCMaTpUBAeTCs CBI3bIBAHUE ILJIa3MUHOIe-
Ha ¢ akTuHOM [62]. [lokazaHo, 4YTO [-aKTWH,
SKCIIPECCUPYEMEBIi Ha TTIOBEPXHOCTH PsIIa OITyXOJIe-
BeIX KieTok (PC-3, HT1080, MDA-MB231), Mo-
XeT cnocoOCTBOBaTh O0Opa30BaHMWIO U3 ILIa3MUHA
aHruoctatuHa 4.5 [39, 63], sBastolerocss THrMOM-
TOpOM MpoJiudepalui, MUTPALMK SHAOTEINOLIM -
TOB U aKTUBAaTOPOM MX IIPOrpaMMMPOBaHHON TH-
oenu [64, 65]. JlaHHBII MeXaHU3M, OMOCPEaYeMbIi
[-aKTMHOM, MOXET OrpaHUYMBATh MPOTrPECCUPOBA-
HUE OITyXOJIEBOTO IIpoliecca, IMO3TOMY 3KCIPECCUs
[-akTHa Ha TOBEPXHOCTU OIMYXOJEBbIX KJIETOK
paccMarpuBaeTcsl KaK ITepCHEKTUBHBIM ITPOTHOC-
Thyeckuii pakrop [63]. YcTaHOBIEHO, YTO aKTHH,
9KCIIPECCUPYEMBbIIA Ha MOBEPXHOCTU 3HAOTEINAb-
HBIX KJIETOK, MOXET B3aMOJICIICTBOBATH C JIMIIOIIPO-
TeMHOM (@), KOHKYPUPYIOIIUM C TUIa3MUHOT€HOM
3a CBSI3bIBAHME C aKTUHOM, UTO MOXET CIIOCOOCTBO-
BaThb CHIDKEHHWIO IPOAYKLMM IUTAa3MUHA M OCIa0-
JISITh UHTEHCUBHOCTD (pubpuHonu3a [40]. Ha nose-
PXHOCTH KaTeXOJaMUH3PIMYECKUX KIIETOK Y- U [3-aK-
THH, B3aMMOACHCTBY! C TUIAa3MUHOTCHOM U CTUMY-
JIUpys mpoliecc o0pa3oBaHUs U3 HEro IIa3MUHa,
CIIOCOOCTBYIOT MOXYJISILIUKA BBEICBOOOXKIEHMST HEM-
POTPAaHCMUTTEPOB [26].

B cBs3m ¢ yHKIMOHAJIBHON 3HAYMMOCTBHIO
MeMOpPaHHO-CBSI3aHHOTO aKTWMHA MHTEPECHBIM SIB-
JisieTcs (pakT CYIIECTBOBAHMS K HEMY €CTECTBEHHBIX
aHTuTe]d. K HUM OTHOCST ayTOpeaKTUBHBIE aHTUTE-
Ja, obnagaronie HU3Koi ah(UHHOCTBIO K aHTUTE-
HY U BBITIOJHSIONIVE PETYISITOPHYIO POJb B OTJIU-
yuie OT BBICOKOA(P(MUHHBIX aHTUTEN, MPOAYLIMpYe-
MBIX TPHU PA3IAYHBIX IIATOJIOTHUYECKUX IIpolieccax
[66]. Tak, y eCTECTBEHHBIX aHTUTEN K SHAOTEINO-
LIMTaM IIPaKTUYEeCKU 3IOPOBBIX JIOJAEH BbISBICHA
CHeUM(PUIHOCTh IO OTHOLICHUIO K KOMIIOHEHTaM
LIUTOCKeJIeTa: [3-aKTUHY, BUMEHTUHY, O.-TyOYyJIUHY.
IIpennonaraercs, 4To MaHHbIE aHTUTEIA OKa3bIBa-
0T IPOTUBOBOCHAIUTENFHBI M aHTUTPOMOOTH-
yeckuit apdexr [67].

HMHTEpecHOo, YTO KOJIMYECTBO aKTMHA Ha ITOBEPX-
HOCTH KJIETKH B3aIMOCBSI3aHO C €€ (hyHKIIMOHAIb-
HOI aKTMBHOCTBIO: B Pa3IMYHBIX YCIOBUSIX €TI0 CO-
JepxaHue usMmensiercd [68]. Tak, sKcIpeccHst CBsI-
3aHHOI'O C ITOBEPXHOCTHIO aKTHMHA KJIETKAMM JIUM-
dobaacronaHoit iuaun LA350 yBenmuuBaeTcs rpu
cuHtese JIHK u nocturaeT MaKCMMaJlbHOTO YPOBHS
B nmpoMexyTke G,/paHHsAs S-¢a3za KIJIETOYHOTO
LIMKJ1a. ABTOPHI IIPEAIOIaraT, YTO BHEKJIETOUHBII
aKTHWH, SKCIIOHUPYEMbIiI Ha OBEPXHOCTU JTUMPO-
LIMTOB, B3aMOJIEICTBYET C €CTECTBEHHBIM ITYJIOM
aHTUTEJ K aKTUHY, YTO MOXET OBbITh OMHUM U3 Me-
XaHU3MOB PETYJISAIUA UMMYHHBIX IIpoleccoB [69].

Okcno3uiys F-akTHa Ha MOBEPXHOCTH T'OJJOBKU
CIIEpPMAaTO30UI0B (B OCOOEHHOCTHM Ha 3KBaTOPU-
aJJbHOM CeIrMEHTEe M aKpOCOME) acCOLMUpOBaHA C
MpUOOpEeTeHNEM MMM CIIOCOOHOCTU IPOHMKATH B
sgiuexineTky [51, 70]. IIpeamonaraercst, 9TO MOJIU-
Mepu3alns aKTMHA IIPOMCXOIUT HA MHOBEPXHOCTHU
CO3PEBAOIINX CIIEPMATO30UIOB U SIBJISIETCSI KPUTH-
YecKOW ISl pealm3aliiy JaHHOro Iporecca [71].
AKTUH 3KCIIOHUPYETCS Ha MOBEPXHOCTU TPOMOO-
LIMTOB MOCJIe aKTUBALIMU Y HUX CEKPEILIUU TPOMOU-
HoM [72, 73]. TakuM oOpa3oMm, 3KcIpeccusi akTUHa
Ha ITIOBEPXHOCTHU KJIETOK M €r0 aKTUBHOCTh PeTyJiu-
PYIOTCS C TIOMOIIBIO Pa3IMYHBIX BHYTPUKIIETOYHBIX
1 BHEKJIETOYHBIX MEXaHM3MOB, YTO MOITYEPKUBACT
BaXXHOCTb €ro (PYHKIIMI MMEHHO B JaHHOM JIOKaI1-
3aLIMU.

CnocoOHOCTh aKTUHA K CaMOCOOpPKE B MUKPO-
(brstaMeHTBI BO BHEKJIETOUHOI Cpelie MOATBEpXKIa-
eTcs pe3yJbTaTaMU UCCIIeTOBaHMi in vivo [74]. Me-
TOOOM Ja3epHON KOH(MOKAIbHONM MHMKPOCKOIIHNHI
MpenapaToB MYJILIIO3HOTO SIpa MEXKITO3BOHOUYHOTO
JIHCKa, OKpaIlleHHbIX Ha aKTUHOBbIE MMKpoduia-
MeHTH pamtonguHoM—FITC, mokazaHo Hammune
arperaroB F-akTrHa BO BHEKJIETOUHOM MaTPHKCE TaH-
HOI1 TKaHU TIpY aucKoreHHow popconatuu (LIV-LV)
(Sudakov, N.P., Klimenkov, 1.V., Byvaltsev, VA.,
Nikiforov, S.B., Goldberg, O.A., Kalinin, A.A.,
Bardonova, L.A., and Belykh, E., HeonybiukoBaH-
Hble AaHHbIe). MccaenoBaHHbIE OEMO3UThI COCTOSI-
JIN U3 IPEHUMYIIECTBEHHO paauaJIbHO OPHUEHTUPO-
BaHHBIX aKTUHOBBIX MUKPO(PUIAMEHTOB 1 OBLIN B
HECKOJILKO pa3 KPYITHEe XOHAPOILIMTOB U MHPUIIBT-
PUPYIOIIMX 30HY HEKpo3a HeuTpodmioB. Takum
00pa3oM, IIPEACTABISACTCS BaXKHBIM M3YUCHHUE BO3-
MOXHOTO YJ4acTUsl BHEKJIETOUYHOro F-akTnHa B ne-
reHepaTUBHBIX MpolleccaX COeAMHUTEIbHONM TKaHU
B KauectBe DAMP u noTeHLMaIbHOIO ayTOaHTUTE-
Ha. B 3T0i1 cBsI3M 0COOBIT MHTEpeC IMpPeaCTaBIISIET
BOIIPOC O MPUPOJIE LIEHTPOB HyKJIeallMi aKTUHOBBIX
arperaToB BO BHEKJIETOUHOM MAaTpPHMKCeE: BCerda Ju
MIPOMCXOAUT JAHHKINA IIPOLIECC CIIOHTAHHO, VI Ke
G-akTUH TaKXe CIIOCOOEH MOJMMEpPU30BaThCs,
B3aMMOAEHCTBYS C KOMIIOHEHTaMM BHEKJIETOUHOI'O
BemiecTBa. [lokazaHo, 9TO aKTUH i Vitro CIOCOOEH
CBSI3BIBATHCS C (DUOPOHEKTUHOM [75], KOTOpPBIA
MOXHO pacCcMaTpuBaTh B Ka4eCTBE OJHOTO U3 I1O-
TeHLMAJIbHBIX IIEHTPOB HYKJICAIIUH IIPA caMocOop-
Ke BHeKJIeTouHoro F-akTuHa.

TakuM oOpa3oM, COBEpIIEHHO OYEBUAHO, YTO
MEXaHU3MBI ITOSIBJICHUSI aKTWUHA BO BHEKJIETOUHOM
cpele Ha CETONHSIIHMI JeHb OXapaKTepU30BaHBI
HeIoCTaToyHO. BMecTe ¢ TeM U3 yxke MMEIOIINXCS
JMaHHBIX CJIEAYyeT, UTO pa3Hble M30(OpPMbI aKTHUHA,
JIOKAJIM30BaHHBIC Ha BHEIIHEW ITOBEPXHOCTH KJle-
TOK M BO BHEKJIETOYHOM MaTpUKCe, IMPUHUMAIOT
y4acTUe B pa3IMYHbIX (PU3UOJIOTUUECKUX U TTATOJI0-
TMYECKUX Tpoleccax. B cBdI3M ¢ 3TUM 00Jblioe
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3HaYeHME TIPUOOpETaET JeTabHOE N3yUyeHUe (DyHK-
LI JaHHOTO OeJIKa U MEXaHU3MOB UX PETyJISIIUN.

AKTUH B CACTEMHOM
ILIUPKYIALIMU U IPYTUX
BUOJIOTNMYECKUX KNJIKOCTAX

YcraHoBIIEHO, YTO aKTUH CITOCOOEH momnanaTh B
CUCTEMHYIO LIMPKYJISLINIO (KpoBb [76], Tuksop [30]
u 1umady [29]), a Takke B Mouy [77] u OpoHXOaIb-
BEOJISIPHYIO XUIKOCTD [78]. MexaHn3MOM MPOHUK-
HOBEHUsI aKTMHA B JTaHHBIC BHEKJICTOUYHEIC CpPEIbI
MOXKeT OBITh pa3pylIeHe SHIOTEINOLMTOB WIN aK-
THBHas MIPOAYKLMS MU akTuHa [31, 32, 46], kpome
TOrO0, He CJIEAyeT NCKII0YaTh ¥ BO3MOXHOCTD IIPO-
XOXIEHMSI JaHHOTO OejIKa Jyepe3 SHIOTeIUaIbHBIN
Oapbep U3 OKPYXKAIOIIMX TKaHel (depe3 heHecTphl
BHIOTEINS, MOCPEACTBOM TPAHCIIUTO3a U Pa3MBbl-
KaHMSs TUIOTHBIX KOHTaKTOB) [79]. IIpogeMoHCTpuU-
pOBaHO HaJIMYME 0,-aKTWHA B KPOBM Y ITAIIIEHTOB C
nH(papKTOM MHUOKapaa, IpuueM HauOoJIbIllee KO-
JIMYECTBO JAHHOIO OeJIKa BEIABICHO IIPU OCTPOM
nHpapkTe nepeaHe creHku muokapaa [80]. IToka-
3aHO TakKXKe BBICBOOOXKIEHUE O.-aKTMHA B CUCTEM-
HYI0O HUPKY/ISILINAIO TIPU CTEHOKApAWU, IIPU 3TOM
OoJIbIIIME KOHIICHTPAIIUK LIUPKYJINPYIOMIETO aKTH-
Ha BBISIBIICHBI Y TTAIIMEHTOB C KJIAaCCOM 3a00JIeBaHUS
IIT B (mmo xnaccudpukauum E. bpaynBanbma) [28].
Bricokoe comep:xaHue o-aKTHHA B CHIBOPOTKE I1a-
IIAEHTOB C HEMHCYJMH3aBUCHUMbBIM IHAa0ETOM U
HelporaTrueil MOryT OBITh MapKepaMu BBICOKOTO
pHCKa pa3BUTHSI OCTPOro MH(papKTa MUOKapaa Win
cTeHOKapauu [76]. BwigBiaeHO, 4TO o-u30dopMa
aKTWHA, XapaKTepHas IJIsl TJIaAKOMBIIIEYHbBIX KJIe-
TOK, BBICBOOOXKIAETCSI B IUIa3My KpPOBHU ITOCJIE 00-
IIMPHOIO MOBPEXKICHUSI TKaHEe!l TOHKOIO KHUIICU-
HUKaA Yy KpHIC C uIIeMuei-penepdy3ueii TOHKOTO
KUIIEYHWKA W TALMEHTOB ¢ HEKPOTU3UPYIOLIUM
BHTEPOKOJUTOM, YTO MOXET OBITh MCIIOJb30BAHO
IIJIS AUATHOCTUKY MOBPEXASHNS KUIIEYHO MYCKY-
natyphl [81]. B KIMHMYECKON MpaKTUKe MOKa3aHa
B3aMMOCBSI3b BBHICBOOOXKIEHMSI aKTHHA B KPOBb C
JIeTaJIbHBIM 3PP eKTOM IIPU HEKPO3€ ISUCHH U CeTl-
TUYEeCKOM 1uoke [82—85].

JlaHHbIe uccienoBaHui in vitro W in vivo Xapak-
TepU3YIOT CBOOOMHO LIMPKYIMPYIOIIMA aKTUH He
TOJIBKO KaK MapKep IMOBPeXIEeHWI KJIeTOK. BrIcBO-
0OXIeHue B CUCTEMHYI HUpKyasauuio F-akTuHa
MOXET HEIOCPEACTBEHHO 00JIamaTh JIeTaJbHbIM
apdekTom. Tak, mocie BHYTPMBEHHON MHBEKLIMU
G-akTrHa KphIcaM, IIPOMCXOAMIAa BHYTPUCOCYIMC-
Tasi caMocOOpKa aKTMHOBBIX MHUKPO(GUIAMEHTOB,
YTO BJIEKJIO 3a cO00M (popMUpOBaHNE MUKPOTPOM-
0OOB U TOBpexXaeHue sHaoTeaus [74]. JlaHHbIe Ipy-
TUX UccaenoBaTesieil MPOsSICHIIOT MeXaHU3MBbl CO-
OBITUIA, ONTMCAHHBIX B 3TOM padorte. Tak, IpoaeMOH-
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CTpUpOBaHa aKTUBAIUS TPOMOOOOpa3oBaHMS MpU
¢GOpMUpPOBAaHNM aKTUHOBBLIX MUKPO(DUIAMEHTOB B
kpoBoToKe [84]. B orimuune or G-aktuHa, F-akTnH
CIoCcOo0eH aKTUBUPOBATh arperayio TpPOMOOILIMTOB
3a cueT cBg3aHHoro ¢ HUM ADP [86, 87]. BrigBieHa
BO3MOXHOCTb HEIIOCPEICTBEHHOIO B3aMMOIeii-
crBus F-akTuHa ¢ pubprHoM (HO He ¢ prubpuHore-
HoM) [88]. ITpu 3TOM BKIIOYEHUE aKTUHOBBIX MUK~
poduaaMeHTOB B (GMOPUHOBBIN CTYCTOK 3aTPYIHSI-
€T IIPOolIeCC ero JIM3KCa 3a CUET CBI3BIBAHUS ILIa3-
MWHA U UHTUOMPOBAHUS €ro akTUBHOCTU [89].
[Ipennonaraercss Takke, YTO aKTMHOBBIE MUKPO-
(MIIaMEHTHI HEITOCPEICTBEHHO MOTYT U3MEHSITh Xa-
PaKTEpUCTUKUA TOTOKA KPOBU B COCyIax M Jaxe
MPUBOAUTDH K OOCTPYKIIMM MaJbIX cocynoB [85]. Vc-
TaHOBJIEHO, UYTO BBEIEHUE B KYJIbTYPAIbHYIO CpEIy
G-akTrHa WM colepKalleil akTUH CBIBOPOTKM T1a-
LIMEHTOB C PECITUPATOPHBLIM IUCTPECC-CUHAPOMOM
OKa3bIBaeT TOKCHMYECKMIT 3((PEKT HA IHAOTEINO-
LIMTHI U3 JIETOYHOM apTepny 6apaHa: KJIeTKI THOHYT
no MexaHusMmy Hekpo3sa. IIpu aTom gobaBiieHHE B
KYJBTYpY TeJb30JIMHA OKa3bIBaeT 3allUTHBINA 3¢-
dekr [90]. Ha Mmomenu Me3aHIMaIbHOTO IIpoJude-
PaTUBHOTO TJIOMepyIoHedpuTa KpbIc TUHUM «Brc-
Tap» IPOJEMOHCTPMPOBAHO, YTO BHYTPMBEHHOE
BBeAeHMe G-aKTMHA MHIOYLUpPYeT OOJiblliee KOJU-
YeCTBO MUKPOAHEBPU3M U IIEPCUCTCHTHBIN JIM3HC
Me3aHTHsI. ABTOPHI IIPEAIIOJIaraloT, 4To TaKoi 3¢-
(eKT 3K30TreHHOro aKTMHA 00YCIOBJIeH KOHKYpPEeH-
L1el cBOOOTHO-IMPKYIMPYIOIIETO aKTHUHA 3a CBSI-
3bIBaHIE aHTMOTCHHA C aKTUHOM Ha MOBEPXHOCTHU
SHAOTEJMOIUTOB 1, TAKUM 00pa3oM, MHIMOMpPOBa-
HHEeM BOCCTAHOBJICHUS KamuJispoB [91].
HeratuBHble 3(dekThl akTMHA B CUCTEMHOM
LIUPKYJISIIIAM OITPEACISIIOT HEOOXOAMMOCTh €TI0 BbI-
BeIICHUS U3 JaHHOM cpenbl. I3BeCTHO, UTO B Iia3-
M€ KPOBHU CYIIECTBYEeT CHCTEMa CEKBECTpaluM u
KJIMpeHca (BBIBEICHUS M3 CUCTEMHOM LIMPKYISI-
1IMU, OT aHIJ. clearance — o4uIlleHUE, YCTpaHEHUE)
BHEKJICTOYHOI'O aKTWHA, IPEACTaBICHHAsI Ieab30-
JuHoM U Ge-tnodynuHoMm (ot aHmit. Ge-globulin:
group-specific component), Ha3bIBAEMOTO €llie BU-
TaMuH D-cBgasbiBaroniMm 6enkom [92, 93]. Ipu
5TOM TeIb30JIMH OCYIIECTBIISICT AeTIOINMEPU3ALINIO
akThHa, a GC-TJIOOYIUH 3axXBaThIBAa€T MOHOMEPHI
aKTUHA M YCKOPSIET €ro BhIBEACHUE U3 CUCTEMHOM
mpkynsouu [82]. MdydeHa KMHEeTHUKA BBIBEICHUS
U3 opranu3ma Lupkynupytomiero G- u F-aktuna, npu
3TOM II0Ka3aHO, YTO He(PPIKTOMMSI HE OKa3bIBACT
CYIIIECTBEHHOTr0 BJMsHUs Ha KiupeHc Gce-rnoly-
JIMHA Wix akTrHA [94, 95]. OCHOBHYIO POJIb B JAHHOM
Mpollecce UTParoT KiIeTKU IeuyeHn: G-aKTUH, TIpe-
UMYILECTBEHHO B KoMmiuiekce ¢ GC-roOyIrMHOM,
3axBaTbIBaeTcs KiaeTkamu Kyndepa, a F-aktun —
SHIOTCINAIBHBIMI KJIETKAMHM CUHYCOWI TIeYCHU
[96]. I1pu 3TOM KITMpeHC KOMITIEKCOB akTUH—Gce-
MJIOOYJIMH MPOTeKaeT HaAMHOTO ObICTpee, 4yeM Ha-
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tuBHOTO Ge-rnobynuHa [94, 95]. HenoctaTouHOCTD
(YHKIIMOHMPOBAHMS CUCTEMBI YTUIN3alIM1 aKTUHA
MNPUBOAUT K M30BITOUHOMY (popMUpOBaHUIO F-ak-
THHA, OKa3bIBAIOIIETO OXapaKTePM30BaHHOE paHee
HeraTMBHOE BO3IEHCTBME Ha KJIETKU M KOMIIOHEH-
TBI BHEKJICTOUHOI cpensl [85].

HMHTepecHBIM SIBISIETCS BOIIPOC O MEXaHM3Max
CHIDXEHHS YPOBHS I'eJIb30JIMHA B CUCTEMHOM LIUp-
KYJSIOUW, MPEAIogaracMo HOPpUYMHON KOTOPOTO
MOXET CIYXWTh KaK BO3pacTaHUE COIep>KaHUs
BHEKJIETOYHOTO akKTWHa [29], Tak U MOZYJISLUS
YPOBHS TeIb30JMHA IO BAMSHMEM pPa3IUYHBIX
BOCIAIUTEIbHBIX MEAUATOPOB [97].

M3yueHsl 3(pheKkThl BHYTPUBEHHBIX MWHBEKIIUNA
G-akTHHa MBIIIIaM ¢ HOKayToM reHa Ge-T100yaMHa —
DBP null~/~) B cpaBHEHUN C MBIILIAMU TUKOTO TUIA
(DBP*™), y KOTOpBIX pa3BUBaJlach OoJiee TsKesas
¢dopMa ocTporo BocnaneHus jerkux [98]. ABTopa-
MU 3TOH e padoThl 1T0KAa3aHO, YTO B YCIOBUSIX in
Vitro OYMIIEHHBIC KOMILIEKCH akKTMH—(GC-TII00yY-
JINH WHAYLUMPOBAIU MOBPEXICHNE U TUOETb KYb-
TUBUPYEMBIX SHIOTEIMAIbHBIX KJIETOK M3 MHUKPO-
COCYIOB JIETKMX M W3 MYIIOYHOU BEHHI YeIOBEKa.
3aciayXnBaeT BHUMAaHMS TOT (DAKT, YTO KIICTKU, MH-
KyOupyemble ¢ KOMILIeKcaMu akTMH—GC-Tao0y-
JIMH, IIPOSIBJISUIM 3HAYUTEIIPHOE CHIDKCHUE XKU3-
HECMOCOOHOCTHU yXKe uepe3 4 4, HO JaHHbIA 2 deKT
ObLT 00paTUM, €CJIM Jajiee KJIETKU KyJIbTUBUPOBAIU
B CBeXell cpene B TeueHue 24 4 [98].

HccnenoBaHus ITOKA3bIBaIOT, YTO IIPH OCTPOM
MMOBPEXIEHUM JIETKX BO BHEKJIECTOYHOE ITPOCTPaH-
CTBO BBICBOOOXKIAIOTCS 3HAUYUTENbHBIE KOJTUUECTBA
aKTWHA, U HUPKYJIUPYIOLINEe KOMILUICKCHI aKTHH-
T'eJIb30JIMH MOTYT OBITh BBISIBJICHBI B riepudepudec-
Koii kpoBu [99]. [TauueHTaM oTaeJIeHUId UHTEeHCUB-
HOI1 Tepalliy CO CHIXKEHHBIM YPOBHEM I'e€JIb30JIMHA
IUTa3MEBI KPOBU TpeOyeTcsl Oojiee MIMTEIbHAS MC-
KyCCTBEHHAsI BEHTUJISILIMSI JIETKUX M CPOK TOCITATA-
JIM3ALMU B LIEJIOM, a TaKKe TSI HUX XapaKTepHa 0oJiee
BBICOKASI BEPOSITHOCTh Pa3BUTHSI JICTATBHOI'O MCXO/IA.
IloBEIlIIeHME YPOBHSI TaHHOTO OelKa B KPOBU Ha0-
JIIOAAETCsl TIPU YAYYIIEHUM COCTOSIHUSI OOJIbHBIX
[100]. ITokazaHo, 4YTO y MAIIMEHTOB, HAXOISIIIAXCS
Ha reMoauajn3e, Hu3Kast KOHIICHTPAIUS TeIb30JI1-
Ha acCcOLIMMpPOBaHa ¢ Pa3BUTUEM CHCTEMHOIO BOC-
najeHus [101], a Takke ¢ 0ojiee BLICOKUM PUCKOM
CMEPTHOCTH B TeUEHUE IIEPBOTO Ioma HaOIIOMeHUS
[102]. Conep:kaHue reab30JaMHa MOHMXAETCs IMocie
WHCYJIBTa, €r0 KOHILIEHTpaLMsl YMEHbIIAeTCs Tepes
pa3BUTUEM MYJBTUOPTaHHONW HEIOCTATOYHOCTHU
[97]. OOHapyXeHO, YTO CHUXXEHUE YPOBHSI TeJIb30-
JINHA B KPOBM Yepe3 He3HAYMTEIbHbBIN IIEpHO Bpe-
MEHM MOCJe TPaHCIJIaHTAlIMM CTBOJIOBBIX KPOBE-
TBOPHBIX KJIETOK MOXKET CIIYKUTh IIPEANKTOPOM pa3-
BUTHUS UauoIaTuyeckoit muesMonuu [103].

YcraHoBieHo, 4To coaepxkaHue Gce-Tiio0yinHa
B KPOBH CHIDKEHO Y MALIMEHTOB C (PYyJIbMUHAHTHBIM

HEKpPO30M II€YeHU, B OCOOEHHOCTH y HEBBLKMB-
mux [104], ipr 3TOM KOHIEHTpaLMs KOMILIEKCOB
Gc-T100yTMH—aKTUH B KPOBH CYIIIECTBEHHO BO3-
pacTtaet [94, 95, 105]. ITonuxeHue ypoBHs Ge-Tiio-
Oy/IrMHa B CBIBOPOTKE acCCOLMMPOBAHO TAKXKE C He-
0JIaTOIIPUSITHBIM MCXOIOM IIPA OCTPOM IIEUCHOYHOM
HenoctatroyHocTH [106]. CeiBOpoTOUHAsA KOHILIEHT-
paius TaHHOro Oejlka CHUIKAeTCs U Y XOMSYKOB B
MOJIEIN IIOBPEXIEHUs TMEeYeHU areTaMHMHOGEHOM
[107]. Uctomenue nyna Gc-rao0yarMHa IIpU OCT-
PBIX TTOBPEXIEHUSX MeYeHU, 110 BCeil BUTUMOCTH,
CBSI3aHO C T€M, YTO I'eNIaTOLIUTHI SIBJISIFOTCS IIPEUMY-
IIECTBEHHBIMM TMPOAYIEHTAMU NTaHHOTO Oejika B
opraHusme [74].

JocToBepHO M3BECTHO, UTO COMAEpKaHWE LIUp-
Kyaupytomero Ge-rj1o0yanHa HEMEIUICHHO ITOHU-
XKaeTcs nmocie Tsokesblx TpaBM [108]. Huskast koH-
LIEHTpaLMsl TeIb30JIMHA acCOLMMPOBaHA C BBICO-
KUM PUCKOM CMEPTHOCTM Y MALIMEHTOB B KPUTHU-
YeCKOM COCTOSIHMHU IIPU TpaBMax U oxorax [29].

[umnorenp3onuHeMust HaOJIOmaeTcsl y IaldeH-
TOB C Pa3JWYHON aKTUBHOCTBIO OCTPOIO WJIM XPO-
HUYECKOI'O BOCITAJIMTENIFHOIO IIpoliecca: IIPU Cell-
cuce, peBMaTOUIHOM apTpUTE, PACCESTHHOM CKJie-
po3ze [109]. CH:XeHre KOHILIEHTpallMy Iejib30/IMHa
B KPOBM YCTaHOBJIEHO M Ha MOJEIM PACCESIHHOIO
CKJIepo3a — JKCIIEpUMEHTAIbHOM ayTOMMMYHHOM
sHUedaToMuenuTe Moiiei [110].

VYMmeHbllIeHUe yPOBHS TeJIb30JMHA TIIa3MbI 00-
HapyXeHO IIPHU CEIICUCE Y YeJIOBEeKa 1 Ha XKNBOTHBIX
MOJIEJISIX, IIPUYEM CTETICHb IIOHVDKEHUST €70 KOHIICHT-
pauMy KOppeaupyeT ¢ PUCKOM cMepTHOCTU [83].
Copepxanue Gc-T00yIMHA 3HAYUTETLHO CHIDKE-
HO B CBIBOPOTKE ITAIIMEHTOB IIPY CENITUYECKOM IIIO-
K€, HO MPOLIEHT HUpKyaupyoiiero Ge-riodyanHa
B KOMIUIEKCE C aKTMHOM IpPHU 3TOM CYIIECTBEHHO
BO3pacTaeT, ¥ KOHIICHTPpAIrsI JaHHBIX KOMIUIEKCOB
YETKO KOpPpPENHNpyeT C TSLKECThIO 3a00JieBaHUS U
cMmepTHocThio [111]. BeicBoOOXIEeHUE B CUCTEM-
HYIO IMPKYJISILIUIO aKTUHA U HEAOCTaTOYHOCTD CUC-
TEMBI €TO BBIBEICHUSI aCCOLMMPOBaHA C Pa3BUTHEM
OCJIOXKHEHUWI TIpU CeICrce W OpraHHOM HemocTa-
TOYHOCTH, B YACTHOCTH, AbIXaTeJIbHOM HETOCTaTOU-
HocTH 1 TpoMbornTorrennu [108].

3aciyKuBalOIMMN TIPUCTATLHOTO BHUMAaHUSI
uccaenoBaTeneil ABASIOTC (HakThl B3aUMOMACH -
CTBHSI KOMIIOHEHTOB CHCTEMbI KJIMPEHCA aKTUHA C
Pa3IMIHBIMU JTUMUIAMHI — MEAUaTOpaMy BOCIaje-
Hus. [lokazaHo, utro GC-IOOYJIMH MOXET CBSI3bI-
BaTh apaXWIOHOBYIO KHUCJIOTY, KOTOpas CIyXUT
cyOCTpaTOM [JI1 TE€HEepaluu 3UKO3aHOWIOB MpPU
CEeNTUYECKOM III0KE, OMHAKO IMPU KOMILIEKCO00pa-
30BaHUM C aKTUHOM 3TO B3aMMOJIEHCTBYE Hapyllla-
erca [111]. Tenb30oauH TakxKe MOXET MPUHUMATh
y4acThe B BOCIIAJIUTEIBHOM OTBETE, OKa3bIBas M-
MYHOMOJIYJIUpYIOIIee OEHCTBHE 3a CUYEST CBSI3bIBA-
HUS TPOBOCTIAJIMTEIBHBIX JIMITUAOB: JN30odocda-
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TUAHON KUCIIOTHI, c(PUHTO3UH-1-docdara u ¢oc-
dbounozutugos [29, 109, 112, 113]. Kpome TorO,
JIaHHBIK 00K CIOCOOEH CBS3BIBATh (DAKTOP aKTH-
Bauuu TpombOoiuToB [114] n GakTepuaabHbIE JTU-
nornonucaxapuasl [115]. Tem He MeHee, CyIIIeCTBYET
1 oOpaTHas CTOPOHA JAaHHOIO (heHOMEHA: CHIDKE-
HUE Yy reJIb30JIMHa CITOCOOHOCTH IETTOIMMEPU30BaTh
F-axkTtuH npu cBs3bIBaHUM C(PUHTO3UH-1-pocdara
[109] 1 mumoTeiXoeBOi KMCIOTH (OMHOTO M3 JIUIIO-
MMOJIMCaXapua0B TPaMOTPUIIATEIbHBIX OaKTepuil)
[116]. B uenom, B3amMopaeiicTBE KOMIIOHEHTOB
CHUCTEMBI KJIMpEeHca aKTHUHA C JUMUAAMHU — Meaua-
TOpaMHM BOCHaJIeHWsI — SBJSCTCS ellle OTHOMI
IpaHbIo MaToJaoTHIecKux 3¢ GEKTOB aKTHHA, TT0Ia-
JAlOIIEro B CUCTEMHYI0 IMPKyJsiuio. I1o Bceit BU-
INMOCTH, 00pa3oBaHre KOMIUIEKCOB GC-TI100ymm-
Ha U TeJIb30JIMHA ¢ aKTMHOM MOXKET HapyllaTh UM-
MYHOMOIYJISITOpHbIE 3((EKThl 3TOH CUCTEMBI 3a
CYET CHIDKEHMUS €€ CIIOCOOHOCTH CEKBECTPUPOBATH
9TU OUOJIOTUYECKU aKTUBHBIE TUNUIBI [29].

BreIsgBIeHO HanWuMe aKTWUHA W Teb30JMHA B
auMde U3 COCYIOB OpbDKENKM KpBbIC JTUHUU
Sprague Dawley B KOHIIEHTpAIIASIX, COITOCTABUMBIX
C TuIa3MoOli KpOBU. YPOBEHb TeJb30JIMHA 3HAYM-
TEeJIbHO CHIDXaeTcs B JUM@de COCyIoB OpbIKEUKU
IIpU TeMOPParuYeCKOM IIIOKE, YTO IIPEIIIOJIOKM-
TEJIbHO MOXET IPUBOINUTH K MOBHIIICHUIO OMOJIO-
TMYECKOM aKTMBHOCTU MPOBOCITAIMTEIbHBIX JINTTHA-
JIOB, KOTOpbIE NIPMHUMAIOT yJ4acTUe B 3aIlyCKe Me-
XaHU3MOB TIOBPEXIECHMS KaIWUISIPOB JIETKUX U
JIpyTUX OpraHoB [29].

CBOOOIHO LUPKYJUPYIOIIMIA aKTUH U KOMIIO-
HEHTHI CUCTEMBI €0 KJIpeHca OOHAPYKEHBI 1 B 11e-
pebdpocIMHAIBHOM XUaKocTh. Hampumep, y mamm-
€HTOB C HelpojereHepaTUBHBIMU IIpOLiECCaMU
(paccestHHBIN ckilepo3 [30], 6one3Hb AnblreiimMepa
[117]) moka3aH BBICOKUI YPOBEHb aKTUHA B IMKBO-
pe, IMHaAaMKUKa KOTOPOTo KOppeaupyeT ¢ IMporpec-
cupoBaHueM 3aboneBaHus [118]. B cBoio ouepenp,
KOHIIEHTpAIIXS I'eJIb30JIMHA B IIEpeOpOCIMHAIBHOI
KMIKOCTH 3HAYMTEIBHO CHIDKEHA IIPU Pa3IMIHBIX
HEBPOJOTUYECKUX 3a00JIeBaHUSX, BKIIIOYasl pacce-
SIHHBINA cKiiepo3 [119, 120]. Ilpu simoHCKOM 3HIIe-
(hanmuTe BBISIBIEHO CYIIECTBEHHOE BO3pacTaHUE
YPOBHS LUTOILIa3MaTU4ecKoro akrtuHa u Ge-Ti10-
Oy/JIMHa B JIMKBOpPE, YTO 110 MPEINOJOKEHUIO aBTO-
POB SIBJISIETCS CICACTBUEM HapyIIEHUs LIeJIOCTHOC-
T reMaTosHuedannueckoro 6apbepa [121]. KoH-
LIEHTpaLMs TeJIb30JIMHA B JIMKBOpPE 3HAYUTEILHO
cHmXeHa Tipu smutericun [122]. TlokazaHo, 4TO
TeJIb30JINH CMIOCOOEH CBSI3bIBATh OEOK -amMuioun-
Jla B IMKBOPE MallMeHTOB, CTPagalolInX OO0JIe3HbIO
Anpireiimepa [123]. BaxxHo oMeTUTB, YTO IIPU 3TOM
TeJIb30JIMH MOXET He TOJIbKO MHIMOMpOBaTh (pop-
MUpoOBaHue GUOPUIII U3 JaHHOIO OeaKa, HO U 00-
JIafaeT JIM3UPYIOIIelt aKTUBHOCTBIO IO OTHOIIEHUIO
K B-amunouny [124]. MoXHO MpeAnosoXuThb, YTO
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paHee 00CyXnaeMoe Bo3pacTaHUe aKTUHA B JIUKBO-
pe Tipu 6one3Hu Anblreiimepa [117] mpusengeT K
ocJIabJIeHUI0 JaHHOIO 3alllMTHOro 3 @dexra rejab-
30JIMHA U, KaK CJIeICTBUE, OyaeT crnocoOCTBOBATH
MPOrPeCCUPOBAHUIO HEMpoaereHepaTMBHOTO MpPO-
1mecca.

ITpoBeneHo uccaeaoBaHKe BIMSHUS TPOBOCIIA-
JINTEJIbHBIX IUTOKMHOB HAa COCTaB IIPOTEOMa CEKpe-
Ta OPOHXUAJIBHOTO AIIUTEJIUS ik Vitro, UYTO MO3BOIU-
JIO BBISIBUTH MPUCYTCTBUE [3- U Y-U30(hOPM aKTUHA,
aKkTUHOIog00HOro 6enka 3 (Arp3) u reab3oJIMHA.
[lokazaHo, YTO MHTEPJEUKUH-4 MHAYLIUPYET yBe-
JIMYeHNE CEKPELIMU BO BHEKJICTOUHYIO Cpemy IIpel-
LIECTBEHHUKA TeJIb30JMHA, YTO MOXET UMEThb 00JIb-
1II0€ 3HaYEeHMeE ISl YTWIM3alMU aKTUHOBBIX (huiia-
MEHTOB, (POPMUPYIOIINXCS B OPOHX0AIbBEOISIPHOMI
KUAKOCTHU U3 MPOAYKTOB paciaaa 3MUTeIMaaIbHbIX
KJIETOK ITPY BOCTIAIUTEIbHBIX ITpolieccax [78]. B psi-
e pabOT OOHApYXEHO ITOBBIIIEHHOE COAEpPKaHUE
re/Ib30JIMHA B OPOHX0AJIBBEOISIPHOM JIaBaKe ITalli-
€HTOB ¢ acTMoM [125], a TakKe MPUCYTCTBUE aKTU-
Ha B MOYe I10CJIe UIIEMUYECKOIro BO3AEHCTBUS Ha
MOYeYHbIN TpaHCcILIaHTaT [77].

3aiuTHbIN 3P@EKT CUCTeMBI IeNOIMMEPU3aLUN
F-akTnHa 1 KJMpeHca ero MOHOMEPOB Ipeaornpe-
IeJisseT HeoOXOAMOCTb BOCCTAaHOBJICHUS YPOBHSI €€
KOMITOHEHTOB B JieueOHbIX Lensax [83, 97, 101, 126].
Bo MHorux uccienoBaHusIX ITOKa3aHO, YTO BOCCTa-
HOBJICHUE YPOBHSI T'e/Ib30JIMHA I1JIa3Mbl 32 CUET BBE-
IeHUss peKOMOMHAHTHOIO TIelIb30JMHA CHUXAaeT
CMEPTHOCTb Yy 3KCOEPUMEHTATbHBIX XXWBOTHBIX C
Monesamu cercuca [84, 102, 109], ayTouMMyHHOTO
sHnedanmomuenuta [110], macynsra [100].

Takum o006pa3zoM, CBOOOIHO LMPKYJIUPYIOLIUKA
aKTMH MOXET CJYXMUTb B KauyecTBe Ouomapkepa
MOBPEXIEeHUS pa3IMYHbIX TKaHel. Ero monumepu-
30BaHHas (hopMa OKa3bIBaeT MHOXKXECTBEHHOE Hera-
TUBHOE BJIMSTHUE HA OpraHu3M, BO3AEHCTBYs KaK Ha
KJIETKY, TaK M1 Ha KOMIIOHEHThI €0 BHEKJIETOUHOMI
cpennl. Bo3pacraHue ypoBHSI aKTMHA B CUCTEMHOM
LIMPKYJISIIIN TAKKe MOXKET OC/IA0JISITh TOITOTHUATE b~
HbIe 3alIUTHBIE 3¢ HEKThl CUCTEMBI €ro KJIMpeHca,
He OTHOCSIIMECS K YTUIU3alluy akTuHa. B cBsI3u ¢
9TUM CHCTeMa KJIMpeHCa BHEKJIETOYHOTO aKTWHa
SIBJISIETCSI MEPCHEKTUBHBIM OOBEKTOM ISl pa3pa-
OOTKM TEXHOJIOTMI 3alllUThl OpraHU3Ma OT JIeTallb-
HBIX 3(P(PEeKTOB IMPKYIUPYIOIINX AKTUHOBBIX MUK~
poduIaMeHTOB.

BHEKJIETOYHbIN AKTUH
N AYTOUMMYHHBIE ITPOLIECCBI

BHekJieTouHbI aKTUH MOXET y4acTBOBaTh B pa3-
BUTUY Pa3JINYHBIX MMAaTOJOTUI KaK WHIYKTOP ayTo-
UMMYyHHOro Tpouecca [127]. Kak ymoMmuHanioch
Boie, F-aktuH otHOCST K DAMPS [33] — BHYTpH-
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KJIETOYHBIM MaKpOMOJIEKYJIaM U WX KOMILJIEKcaM,
CIIOCOOHBIM IIpH ITOIaJaHNKI BO BHEKJIETOUHYIO Cpe-
Iy BBI3BIBATh BOCHAJIMTENIbHBIN OTBeT [31, 32]. Baxk-
HbIM (PaKTOM, MOATBEPKIAIOLIMM BO3MOXKHOCTb
y4acTusi BHEKJIETOYHOro F-akThHA B ayTOMMMYH-
HOM IIpoliecce, SIBJISICTCS BEIIBICHHEC Ha ITOBEpPX-
HOCTU LIMTOTOKCHMYECKUX T-1MM@OLIMTOB U ACHII-
puTHBIX KJIeToK perientopoB DNGR-1 (CLEC9A),
cneunduyHbx K F-aktuny [33, 128, 129].

ITpoaeMoHcTpUpoBaHa BO3MOXKHOCTh B3aMMO-
NENCTBUS aKTMHA C KOMIIOHEHTOM CHUCTEMBI KOMII-
nementa Clq (complement component 1, q sub-
component), IO3BOJMBIIAS aBTOpaM IIPEIIIONIO-
KWTb, YTO aKTMHOBBIE MHWKPO(PUIaMEHTHEI MOTYT
WHUIIMMPOBATh Kackal KOMILUIEMEHTa 3a CUeT He-
IMOCpeICTBEHHOI (0e3 yJacTusl aHTUTEI) aKThBa-
muu Clq [130].

YcraHoBneHo, 4yTo GC-TOOYAMH TPUHUMAET
y4yacTue B aKTMBallUM MakpogaroB, CTUMYJIHUPYET
XEMOTAKCUC Y MOHOLMTOB U Heltpodunaor [131,
132], ipu 3TOM KOMILIEKCH aKTUH—GC-TII00YInH
0Ka3aJuch HE CIIOCOOHBIMU aKTHUBUPOBATb KOMII-
JIEMEHT WJIN HeUTpOodWIHI in vitro [97].

JocTaToyHO IIMPOKO B HAy4yHOM JuTepaType
00Cy:XIal0TCs TaHHBbIE 00 aHTUTENaX K aKTUHY U UX
Y4acTUH B PSIE MaTOJIOTMIECKUX MPOIIECCOB: Tema-
TUTaX, LETUaKUU, aTePOCKIEPO3E, OCTPOM OTTOP-
KEHUM TpaHCIUIaHTaTa, OCTPOM KOPOHAapHOM
CUHIpOME, ayTOMMMYHHBIX 3a00JIeBaHMSIX I10YEK
[133—137].

HauGonpinee KOIMYECTBO WHCCIENOBAHUUA B
JTaHHOM HarpaBJeHUU MOCBIIIEHO ayTOMMMYHHO-
My renatuty I tTuma [138, 139]. Hamnmuue B KpoBu
WMMYHOTIJIOOYJIMHOB, clieuu(pUIHbIX K F-akTuHy, C
OJHOIl CTOPOHBI, paccCMaTpuUBaeTCsI B KadyecTBe
BaXKHOI'O TMAarHOCTUYECKOr0 KPUTEPHSI JaHHOIO 3a-
ooneBanms [140, 141], a ¢ gpyroit — sIBiIsieTCs IIpe-
MUKTOPOM HebsiaronpusTHoro ucxoda [142]. Ycra-
HOBJIEHO, YTO BBICOKWE€ TUTPbI aHTUTEJ] K aKTUHY
acCOLIMMPOBAHBI C aKTUBHOCTHIO Termatuta [143].
Hamuuue aHTHTENl K aKTMHY HPU ayTOMMMYHHOM
reraTuTe acColMMpPOBaHO ¢ MEHbIIeill 3PdeKTUuB-
HOCTBIO TepallMy KOPTUKOCTEPOUIAAMM y MallMeH-
TOB [144]. Bricokue TUTpHl aHTUTEN K F-akTuHy B
CBIBOPOTKE BBISIBJIEHBI U Y TTALIMEHTOB € TernaTtutoM C,
IIPU 5TOM OHU OTpaxKaroT 00Jiee aKTUBHBIN ayTOMM-
MYHHBIH TIpoliecc B TKaHU TteueHH [ 145]. [Tokazano
TakXe QOPMUPOBAHUE AHTUTEJ K aKTUHY U TIPU Te-
MaTuTe, MHAYLMPOBAHHOM KJIOMETaLIMHOM [146].

M3BecTHO, YTO aKTUH KaK ayTOAHTUIEH MOXKET
nHayuupoBath Thl KIeTOYHBIA KIMMYHHBII OTBET Y
MalMEHTOB C aTEPOCKIEPO30M M, TaKUM 00pa3oM,
MIPUHUMATh y4acTUe B Pa3BUTUM CUCTEMHOIO BOC-
najeHUs TIpU JaHHOM 3aboeBannu [147]. YpoBeHb
aHTUTEN K aKTUHY ITOJOXUTEIbHO KOPPEJIUpPYET C
TOJIIUHON MHTUMBI-MEAUU U aIBEHTULIMUA COHHBIX
aprepuii mpu aTepockiepo3se [148].

BoisiBnens! IgG K akKTMHY M1 MMO3UHY TIPU OCT-
POM KOPOHApHOM CHUHIAPOME, IPUYEeM MUX IIPOIYK-
s OblIa aCCOLMMPOBAHA C BEIPAXKEHHOCTHIO ITOB-
pexaeHus1 cepaeyHoit Mblubl [137]. OnucaH ay-
TOMMMYHHBI! OTBET Ha TPOMOHUH I, TPOIIOMUO3UH
1 aKTUH IIpY JUIATAIMOHHON KapANOMMOIIATUN —
OOHOM W3 OCHOBHEIX OCJIOXXHEHHWM MEBIIICYHON
nuctpohuu OMepu—/peiidyca [149].

®opMupoBaHue B KpoBM mHanueHToB IgG K
KOMIIOHEHTaM IIUTOCKEJIeTa SHOOTEIUS: aKTUHY,
BUMEHTUHY, TYOYJIMHY U KepaTUHY aCCOLIMUPOBAHO
C OCTpPBhIM OTTOPKEHMEM TPaHCILUIAaHTHPOBAHHOI'O
cepaua [135]. IIpu aToM y 00C/IemOBaHHBIX ITaIll-
€HTOB He peructpupoBaiu aHTutes K HLA-anTure-
HaM TpaHCIUIaHTaTa, KOTOpbIE CUMTAIOTCSI Bemy-
IIMM 1 HanOoJjiee pacIpoCcTpaHeHHBIM (PaKTOPOM B
MeXaHU3Max ero ryMmopajbHOro orropzxkeHus [150]
U 00513aTeIbHO JIUArHOCTUPYIOTCS Ha TIpeaTpaHC-
IuraHTauuoHHoM atame [151]. B cimygae mpucyr-
CTBHSI aHTUTEJ K IIUTOCKEJIETY SHAOTEINS B KPOBU
peUMITMEHTA ellie 10 TpaHCIUIAaHTallMU OTTOPXKEHUE
TpaHCIJIaHTaTa IPOUCXOAWIO B paHHUI MOCTTPaHC-
IUIAaHTAlMOHHBIN TIepuoy, [135].

Hannuume IgA K akTMHY NpM UEJWaKUU TECHO
CBSI3aHO ¢ aTpodueil BOPCMHOK TOHKOTO KUIIIEUHM -
Ka [152]. I1o aToit IpuYMHE BHICOKME KOHIIEHTpA-
LMW TAaHHBIX aHTUTEN SIBIISIIOTCSI MapKepOM BBIpa-
KEHHOCTU MOBPEXAEHUS CIAU3UCTONH 000JT0YKHU
TOHKOTO KHUIIIEYHUKA U aTpoduu BOPCHUHOK [153,
154].

[NosiBnsiIoTCST maHHbIE O (DOPMUPOBAHUM HM-
MYHHOTO OTBETa Ha aKTWH 1 MPU APYyTUX 3a00jIeBa-
Husgx. Cpean IgA CHIBOPOTKM KPOBM TAlIMEHTOB,
cTpagalomux HedpoIlaTueiil, ObUIH BBISIBICHBI aH-
THUTEJa, CBI3bIBatolIMe akTiH [155]. OOHapyXeHbI
B KpoBHU IgM K akTWMHY M NpU HWAUONATUYECKOM
HedpoTrnyeckom cuHapome [136], a TakKe aHTUTE-
Jla K B-aKTUHY y TTalIMEHTOB C ayTOMMMYHHBIMU 3a-
0oJIeBaHUSIMM BHYTpPeHHero yxa (0one3Hb MeHbe-
pa, BHe3aITHas IJIyX0Ta, OBICTPO MPOTrpecCUpyIoIast
CEHCOHCIpaJpHasT IIOTepsI CJyXa, OTOCKIIEPO3)
[156]. ITpu ayTOMMMYHHOI HEHTPOIIEHUU, TPaHy-
JiemMaTo3e BereHepa m MUKPOCKOMMYECKOM IOJIM-
aHTHUTE B KPOBU MALIMEHTOB (hOPMUPYIOTCS aHTH-
TeJla K HeWTpoduaaMm, OJHUM U3 AyTOAHTUTEHOB
KOTOPBIX siBaseTcss aktuH [139, 157]. Kpome Ttoro,
IMoKa3aHa BO3MOXHOCTh (POPMUPOBAHUS aHTUTEII K
aKTUHY ITpU OOKOBOM aMHUOTPO(GUUYECKOM CKIEpPO3e
[158].

B uenom, umeronuecs Ha CeroaHs 1aHHbIe yoe-
IUTEJIbHO CBUIETEIbCTBYIOT B ITOJIb3Y IIPEACTABIC-
HUI O TOM, YTO BHEKJICTOUHKII F-akTrH oKa3bIBaeT
HE TOJbKO HEMOCPEICTBEHHOE TOKCUYECKOE BO3-
IEeCTBME Ha KJIETKU, HETaTUBHO BJIMSIET HA CUCTE-
My TeMOocCTa3a, OCJalseT MPOTUBOBOCHATUTEb-
HbI€ CBOMCTBA KOMITOHEHTOB CUCTEMBI €TI0 KJIIMPEH-
ca, HO M IPMHMMAaeT TakKKe aKTMBHOE y4yacTHe B
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Pa3BUTUM ayTOMMMYHHBIX IPOIIECCOB B KayeCTBE
OIHOI0 M3 ayToaHTUIeHoB. DopMuUpyeMble MHpU
9TOM aHTUTENA K aKTUHY MOTYT OBbITh MCTOJIb30Ba-
Hbl KakK IPOTHOCTUYECKHE OMOMapKephl pasiny-
HBIX IIaTOJIOTUYECKUX IIPOLIECCOB.

AHam3 MHOTOYUCJIEHHBIX MCCIeI0OBaHUIA 01O~
JIOTMYECKOI POJIM aKTMHA B XKU3HU KJIETKU U BCETO
OopraHM3Ma ITOKa3bIBaeT, YTO (PYHKIUKM aKTHUHA HE
OrpaHMYUBAIOTCS ero (yHIAMEHTaJIbHON pPOJIBIO
TOJILKO B Ka4eCTBE KOMIIOHEHTa KJIETOYHOTO IIM-
TOCKeNeTa. 3a CYeT Pa3IMYHBIX MEXaHU3MOB, PSI
KOTOPHIX elll¢ TIPEeICTOUT YCTAHOBUTh, JAHHLII Ge-
JIOK CITOCOOEH BBIXOIUTH BO BHEKJIETOYHYIO CPEY,
rae oH: 1) MOXeT OCTaBaThCs CBSI3AHHBIM C TTOBEPX-
HOCTBIO KJIETOK, 2) CBSI3bIBATLCSA C BHEKJICTOYHBIM
MAaTPUKCOM WJIU 3) IOCTYIIaTh B CUCTEMHYIO IIUPKY-
Jsuuio. Haxonsich B KOMITIEKCE ¢ ITOBEPXHOCTBIO
KJIEeTKM, aKTUH SBIISICTCS CAaMTOM CBSI3bIBAHMS
IUTa3MUHOTEHA, YeM OIIpelesIsaeTCs ero BakHas U
JIOCTaTOYHO HEOJHO3HAYHAs POJIb B PETYJISIIINU aH-
ruoreHes3a, MOMAYJISIUM BBICBOOOXACHUS HEMpOT-
paHcMUTTepoB. MOXHO TpeArnonaraTb, 4T0 Hapy-
IIeHWe JaHHBIX (PYHKIIWI BHEKJIETOYHOTO aKTHHA,
CBSI3aHHOE C M3MEHEHUEM YPOBHS SKCIIPECCUU €rO
Ha ITOBEPXHOCTHU KJIETOK, CYXKUT IIPUINHON pa3Bu-
THSI Y/AIA OCJIOXHEHUSI TeUCHUS OIpeneeHHBIX
natojoruii. Oco6yio poJib B pa3BUTUU JOCTATOUYHO
LIMPOKOTO CIIeKTpa 3a00jieBaHuil urpaet F-akTuH,

HEIOCPEACTBEHHO BHICBOOOXKIAEMbII B CUCTEMHYIO
LUPKYJISIIINAI0 WK QOpMUPYEMBI TaM 3a CUET ca-
Mocbopku u3 G-akTuHa. AKTUHOBbIE MUKpOdUIa-
MEHTBI CITOCOOHBI OKa3bIBaTh HETATUBHOE BIUSHUE
KakK Ha KJIETKY TKaHeil 1 OpraHoB, TaK U Ha KOMIIO-
HEHTBl BHEKJICTOUYHOM cpeibl (MHIYKIIWAS TIuOenn
9HIOTEJUOLMTOB, aKTUBALIMS TpOMOOreHe3a U UH-
rubupoBaHue (pUOPMHOIN3A, U3MEHEHHUE PEOJIOTH-
YeCKMX CBOICTB KpOBU, OcjiabjieHrue CIIOCOOHOCTHU
CUCTEeMBbI KJIHMpEeHCa aKTHMHA CEKBECTPUPOBATh Me-
JIMATOPbl BOCMAJIEHUS), YTO MOXET MPUBOIUTH K
JIeTaJIbHOMY HCXOOy 3abosieBaHUs. SIBsIsIChH IIpen-
craButeneM DAMPs, F-akTuH cnoco0eH MHAYLM-
pOBaTh ayTOMMMYHHBII OTBET, YTO CIIY>KUT €Ile OfI-
HUM MEXaHM3MOM €ro y4yacTusl B pa3MYHbIX MMaTo-
JIOTUYECKUX mporeccax. JlanpHeile nucciaenona-
HUS 3aKOHOMEPHOCTE MOSIBJIEHUST BHEKJIETOYHOTO
aKTHHa, ero poju B GU3MOJTOTMYECKUX U TTaTOJIOT 1~
JecKHuX IIpoleccax IMOMUMO (yHIaMEHTaJIbHOTO
3Ha4YCHHUsI, HECOMHEHHO, OymyT CIocoOCTBOBaThb
Pa3BUTUIO OPUTUHAJIBHBIX TEXHOJIOTUI TUAarHOCTH-
KU, MPpOGWIAKTUKY U JISYEHUST MHOTUX COLIMATIbHO-
3HAYMMBbIX 3a00JI€BAaHUIA.

baarogapHocTu

Pa6ota BbInoiHeHa MpU (PMHAHCOBOI MOAAEPKKE
PH® (rpant Ne 15-15-30037).
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This review considers the functions of extracellular actin (cell-surface bound, extracellular-matrix associated, or free
circulating). The role of this protein in different pathological processes is analyzed, e.g. its toxic effects and partici-
pation in autoimmune diseases as autoantigen. The extracellular actin clearance system and its role in protection
against negative effects of actin are characterized. The levels of free circulating actin, anti-actin immunoglobulins,
and components of the actin clearance system as prognostic biomarkers for different diseases are reviewed.
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Abstract—This review considers the functions of extracellular actin — cell surface bound, associated with extracellular
matrix, or freely circulating. The role of this protein in different pathological processes is analyzed: its toxic effects and
involvement in autoimmune diseases as an autoantigen. The extracellular actin clearance system and its role in protection
against the negative effects of actin are characterized. Levels of free-circulating actin, anti-actin immunoglobulins, and
components of the actin clearance system as prognostic biomarkers for different diseases are reviewed. Experimental
approaches to protection against excessive amounts of free-circulating F-actin are discussed.
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Actin is a ubiquitous protein in eukaryotic cells [1].
It exists as a monomer (G) and as a polymer (F) and is a
key component of the actin microfilament system — the
most dynamic and plastic part of the cytoskeleton [2]. In
mammals, several actin isoforms are known: a-actin,
including separate forms specific for skeletal and smooth
muscle cells and cardiomyocytes, y-actin of smooth mus-
cle cells, and ubiquitous - and y-actin isoforms occur-
ring in the cytosol of all cells [3].

The actin microfilament system is responsible for
cell shape [4, 5] and motility [6, 7], and it ensures the
interaction of cells with each other [8], with components
of the extracellular matrix [9], and with various artificial
substrates [10]. The actin cytoskeleton plays a key role in
vesicular transport, cell compartmentalization, and dis-
tribution of macromolecules within cells [I11].
Reorganization of the actin cytoskeleton and expression
of different actin isoforms are closely associated with cell
differentiation processes [12]. This system is also involved
in cell division [11]. The actin skeleton was shown to play
an important and rather unambiguous role at different
stages of programmed cell death (PCD) [13-17]. In some

Abbreviations: DAMPs, danger-associated molecular patterns;
Ig, immunoglobulins; PCD, programmed cell death.
* To whom correspondence should be addressed.

cases, the actin microfilament system plays the key role in
this process. Such type of PCD is classified as actin-
mediated apoptosis [18]. It has been shown that actin is
also present in the cell nucleus, where it plays a key role
in chromatin remodeling, RNA polymerase I, II, and III
transcription, and mRNA processing [19].

The actin cytoskeleton, in addition to the above-
mentioned fundamental functions in cell vital activity,
also plays a key role in the development of different dis-
eases. In particular, the actin microfilament system is
involved in oncological processes (cell transformation,
invasion, and metastasis) [20-22] and tissue fibrosis [23,
24]. It has been shown that many intracellular parasites
(bacteria, viruses) use the actin cytoskeleton in their vital
activity [25].

An important feature of actin is that it can be present
also in the extracellular environment of an organism. It
can be found bound to the outer cell surface [26], in the
extracellular matrix [27], or in the systemic circulation —
blood, Iymph, and liquor [28-30]. The localization of
actin in the extracellular space raises many questions
whose answers may be of key importance for solving
urgent problems of cell biology and medicine. This review
is devoted to the analysis of the state-of-the-art in study-
ing the role of extracellular actin in different physiologi-
cal and pathological processes.
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ACTIN ON THE CELL SURFACE
AND IN EXTRACELLULAR MATRIX

Questions about the mechanisms of the appearance
of actin in the extracellular environment have not been
sufficiently studied. Most obvious is the release of this pro-
tein in case of the impairment of cell wall integrity [31,
32]. In this context, F-actin is rated among the so-called
“danger-associated molecular patterns” (DAMPs) —
intracellular molecules secreted, released, or exposed on
the cell surface during cell death, damage, or exposure to
stress [33, 34]. In addition to F-actin, they include Bcl-2,
calreticulin, cyclophilin A, heat shock proteins, histones,
HMGBI1, HMGNI1, and mitochondrial DNA. After
being released from a cell, these components act as adju-
vants or “alarm signals” for the immune system [31].

The possibility of producing G- and F-actin as com-
ponents of fibroblast exosomes under mechanical stress
has also been shown [35]. It can be supposed that subse-
quent destruction of these vesicles contributes to forma-
tion of the pool of extracellular actin. This is especially
relevant for connective tissues with extensive and dense
extracellular matrix (e.g. cartilage), where there is practi-
cally no utilization of exosomes, dead cells, and their
fragments because phagocytes have restricted access to
them [36, 37].

It is reliably established that actin can be released
from viable, undamaged cells [38]. At the same time, the
protein can stay in a complex with the outer surface of the
plasma membrane or be excreted into the extracellular
environment. The mechanism of this phenomenon
remains an enigma [39], because the protein does not
contain a signal peptide for transmembrane transfer or a
transmembrane domain [40]. Nevertheless, one cannot
rule out the existence of other, more complicated ways of
appearing on the cell surface. This can be exemplified by
the nuclear import and export mechanisms of actin. The
actin molecule has no signal sequences for its transport
into the nucleus, but it is transferred together with cofilin
that does have a signal sequence [41]. Release from the
nucleus is determined by two signals (leucine-rich nuclear
export signals) for exportin-1-mediated nuclear export.
Actin can also be transferred to the cytosol by exportin-6
in complex with profilin [42, 43]. Although it is difficult to
compare the transport across the nuclear envelope
(through the nuclear pores) with the transport across the
plasma membrane, one could assume the existence of
mechanisms of actin transport in complex with other pro-
teins acting as carriers. Possible candidates for the role of
actin carriers are actin-binding proteins, which are also
found on the cell surface [44], e.g. gelsolin, which can
penetrate through the membrane due to a special signal
peptide [45]. Generally, the question about these mecha-
nisms is still open and clearly needs further investigation.

As mentioned above, extracellular actin molecules
can be found on the cell surface [26, 46]. This phenome-

non is also typical of other intracellular proteins that are
not characteristic of the cell surface [38]. Some of these
molecules are also classified as DAMPs. For example, the
expression of Hsp70 on the endothelial cell surface was
revealed after their incubation with oxidized low-density
lipoproteins (LDL) [47]. Such “non-canonical” localiza-
tion has been established for other components of the
actin microfilament system that are actin-binding pro-
teins. For example, filamin A was found on the surface of
neuroblastoma cells and other human cell lines [48]. It
was assumed that here the filamin A C-terminus is
exposed on the cell surface, while the N-terminus is
localized in the cytoplasm bound to the actin cytoskele-
ton. Filamin A is probably involved in the interaction
with the extracellular matrix due to the RGD sequence at
the C-terminus [48]. Tropomyosin, which was found on
the outer surface of the plasma membrane of endothelio-
cytes activated by fibroblast growth factor-2 (FGF-2),
acts as a receptor for antiangiogenic peptides. Like actin,
this protein has no transmembrane domain [44]. It has
been shown that cell surface localization is also typical of
proteins of the microtubule system. There are data on the
exposure of tubulin on the surface of lymphoblasts of
CCRF-CEM line cells [49]. For the mentioned proteins,
it is still unclear what processes of cell vital activity are
associated with their noncanonical localization.
Immunofluorescence and immunoelectron micro-
scopy have shown that actin is present on the plasma
membrane surface of endotheliocytes having different
localization (smooth muscle o-actin on bovine pul-
monary artery endothelial cells (BPAEC)) [46], B-lym-
phocytes and, to a much lesser extent, T-lymphocytes
[50], sperm cells [51], and platelets [52]. The data in the
cited works [50-52], however, do not clearly show the
form (G or F) of actin localized on the surface of these
cells. It can be supposed that cell-surface actin is present
mainly as the monomeric form. This form does not
induce an active immune response since F-actin is a
DAMP, against which antibodies are produced in autoim-
mune processes. If this is true, later we will raise a ques-
tion about looking for ways to prevent actin polymeriza-
tion on the cell surface. It is known that spontaneous for-
mation of actin microfilaments in the cytosol is prevent-
ed by various proteins binding G-actin [17]. Further stud-
ies must elucidate whether it is possible to use these G-
actin-binding proteins for preventing actin polymeriza-
tion on the cell surface. The presence of F-actin has been
quite clearly demonstrated for the sperm head surface
[51]. At the same time, testicular tissue is protected from
contact with components of the immune system by the
hematotesticular barrier [53], which eliminates the possi-
bility of immunization against F-actin. Actin was found
in the structure of the extracellular matrix of the
myometrium and in the glomerular mesangium of the
kidney. Immunoelectron microscopy showed the pres-
ence of actin in the extracellular matrix of smooth muscle
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cells, being localized in the inner elastic membrane
among fibronectin and elastic fibers, as well as between
smooth muscle cells [27]. It was suggested that extracel-
lular actin is involved in interactions of smooth muscle
cells — their contacts and mutual sliding during contrac-
tion and relaxation of tissues [27]. Actin was shown to be
present in the extracellular matrix of the aorta [54] and in
the walls of arteries, arterioles, and capillaries [27]. It has
been established that complexes consisting mainly of -
and y-actin and, to a lesser extent, of a-actin and a-
actinin, are released from the muscle cell surface (chick-
en embryo culture) [55, 56].

The functions of cell surface- and extracellular
matrix-associated actin are of substantial research and
practical interest. It has been demonstrated that actin
associated with the outer surface of the plasma membrane
can participate in different physiological and pathological
processes. Membrane-bound actin was shown to be a
binding site for plasminogen [40, 57]. This is of great
importance for different processes related to the functions
of plasmin. Smooth muscle a-actin bound to endothelio-
cyte surface is an angiogenin receptor [58, 59] and induc-
er of angiogenesis [40]. At the same time, the actin/angio-
genin complex, similarly to actin, can promote plasmin
generation due to tissue plasminogen activator (tPA). This
complex, in contrast to actin, does not inhibit plasmin
activity [60]. In view of this fact, angiogenin promotes
degradation of the extracellular matrix, allowing the pen-
etration of endotheliocytes through the basement mem-
brane and migration during angiogenesis [61]. The mech-
anisms of plasminogen activation may also be involved in
pathological processes. In breast cancer, overexpression of
some components of the plasminogen activation cascade
(urokinase) results in production of large amounts of plas-
min on tumor cell surfaces. This contributes to enhanced
metastatic activity of these cells, which is an unfavorable
prognosis for breast cancer. The binding of plasminogen
to actin is an important event in this process [62]. It has
been shown that $-actin expressed on the surface of some
tumor cells (PC-3, HT1080 and MDA-MB321) possibly
contributes to the formation of angiostatin 4.5 from plas-
min [39, 63]. This molecule inhibits the proliferation and
migration of endotheliocytes and activates their pro-
grammed death [64, 65]. This B-actin-mediated mecha-
nism can constrain neoplastic progression. Accordingly,
the expression of B-actin on the surface of tumor cells is
considered to be a promising prognostic factor [63]. It has
been established that actin expressed on the surface of
endothelial cells can interact with lipoprotein(a). At the
same time, lipoprotein(a) competes with plasminogen for
binding with actin, which may contribute to a decrease in
plasmin production and reduction in the intensity of fib-
rinolysis [40]. On the surface of catecholaminergic cells,
v- and B-actin promote the modulation of neurotransmit-
ter release by interacting with plasminogen and stimulat-
ing plasmin production [26].
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In view of the functional significance of membrane-
bound actin, an interesting fact is the existence of natural
anti-actin antibodies. This type of antibodies includes
autoreactive antibodies with low affinity for the antigen,
which play a regulatory role, in contrast to high-affinity
antibodies produced in different pathological processes
[66]. Some of the natural antibodies against endothelio-
cytes of essentially healthy people were shown to have
specificity for components of the cytoskeleton — B-actin,
vimentin, and o-tubulin. These antibodies are supposed
to exert antiinflammatory and antithrombotic effects
[67].

It is interesting that the amount of cell-surface actin
is related with its functional activity — its content varies
under different conditions [68]. Hence, the expression of
surface-bound actin by LA350 lymphoblastoid cells
increases during DNA synthesis, being maximal within
the G,/early S-phase period of the cell cycle. It was sug-
gested that the extracellular actin exposed on the lym-
phocyte cell surface can interact with the natural pool of
anti-actin antibodies, which seems to be a mechanism of
regulation of immune processes [69]. The exposure of F-
actin on the sperm head surface (especially at the equato-
rial segment and the acrosome) is associated with acquir-
ing the ability to penetrate into the oocyte [51, 70]. It is
supposed that polymerization of actin occurs at the sur-
face of maturing sperm cells and is critical for this process
[71]. Actin appears on the platelet surface after thrombin-
induced activation of secretion [72, 73]. Thus, the expres-
sion of actin on the cell surface and its activity are regu-
lated by various intracellular and extracellular mecha-
nisms, which emphasizes the importance of its functions
in this environment.

The ability of actin to self-assemble into microfila-
ments in the extracellular medium was confirmed by the
results of in vivo studies [74]. Laser scanning confocal
microscopy of preparations of nucleus pulposus of the
intervertebral disk, stained with phalloidin—FITC for
actin microfilaments, showed the presence of F-actin
aggregates in the extracellular matrix of this tissue in
discogenic dorsopathy (Ly-Ly) (N. P. Sudakov, 1. V.
Klimenkov, V. A. Byvaltsev, S. B. Nikiforov, O. A.
Goldberg, A. A. Kalinin, L. A. Bardonova, and E.
Belykh, unpublished data). These deposits consisted
mainly of radially oriented actin microfilaments and were
several times larger than the chondrocytes and the neu-
trophils infiltrating the necrosis area. Thus, it seems
urgent to study the potential involvement of extracellular
F-actin in degenerative processes in connective tissues as
a DAMP and a potential autoantigen. In this connection,
the question of the nature of nucleation centers for actin
aggregates in the extracellular matrix is of interest — is this
process always spontaneous, or can G-actin also be poly-
merized by interacting with components of extracellular
substance? It has been shown that actin in vifro can be
bound with fibronectin [75], which can be considered as
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a potential nucleation center in self-assembly of extracel-
lular F-actin.

Thus, the mechanisms of the release of actin into the
extracellular environment have not yet been sufficiently
characterized. However, the available data demonstrate
that different actin isoforms localized on the outer cell
surface and in the extracellular matrix are involved in var-
ious physiological and pathological processes. Hence, it is
important to thoroughly investigate the functions of this
protein and the mechanisms of their regulation.

ACTIN IN SYSTEMIC CIRCULATION
AND OTHER BIOLOGICAL FLUIDS

It has been established that actin can enter the sys-
temic circulation (blood [76], liquor [30] and lymph
[29]), as well as into urine [77] and bronchoalveolar
lavage [78]. The mechanism of penetration of actin into
these extracellular environments is probably the destruc-
tion of endotheliocytes or the production of active actin
by the latter [31, 32, 46]. The possibility of penetration of
this protein across the endothelial barrier from surround-
ing tissues (via endothelial fenestrae, transcytosis, and
tight junction opening) should not be excluded [79]. It
was shown that oa-actin was present in the blood of
patients with myocardial infarction, the maximum
amount of this protein being found in case of acute ante-
rior wall myocardial infarction [80]. In addition, the
release of a-actin into systemic circulation in angina pec-
toris (stenocardia), when high concentrations of circulat-
ing actin were revealed in patients with Class II1 B disease
(according to Braunwald’s classification) [28]. High con-
centrations of a-actin in the serum of patients with non-
insulin-dependent diabetes and neuropathy can be a
marker of high risk of developing acute myocardial
infarction or stenocardia [76]. It has been shown that the
actin a-isoform typical of smooth muscle cells is released
into blood plasma after extensive tissue damage to the
small intestine in rats with ischemia—reperfusion injury of
the small intestine and in patients with necrotizing ente-
rocolitis. It can be used for diagnosing intestinal muscle
damage [81]. A relationship between release of actin into
blood and lethal effect in the case of hepatic necrosis and
septic shock has been shown in clinical practice [82-85].

Data of in vitro and in vivo studies characterize free-
circulating actin not only as a marker of cell damage. The
release of F-actin into the systemic circulation may have
a direct lethal effect. Intravenous injection of G-actin
into rats resulted in intravascular self-assembly of actin
microfilaments leading to the formation of microthrombi
and endothelial damage [74]. Data from various studies
demonstrate the mechanisms of events described in this
experiment. It has been shown that thrombosis is activat-
ed during the formation of actin microfilaments in the
bloodstream [84]. In contrast to G-actin, F-actin can

activate platelet aggregation due to the bound ADP [86,
87]. The possibility of direct interaction between F-actin
and fibrin (but not fibrinogen) has been demonstrated
[88]. At the same time, the inclusion of actin microfila-
ments into a fibrin clot impedes its lysis due to the bind-
ing of plasmin and inhibition of its activity [89]. It is also
supposed that actin microfilaments can directly change
the characteristics of blood flow in vessels and even lead
to obstruction of small vessels [85]. The addition of G-
actin or actin-containing serum of patients with respira-
tory distress syndrome to a culture medium had a toxic
effect on endotheliocytes from sheep pulmonary artery —
the cells die by the mechanism of necrosis. However, the
addition of gelsolin to the culture had an opposite effect
[90]. The intravenous administration of G-actin to Wistar
rats with the model of mesangial proliferative glomeru-
lonephritis induces a great number of microaneurysms
and persistent lysis of the mesangium. It was supposed
that such effect of exogenous actin is associated with the
competition of free-circulating actin for the binding of
angiogenin to actin on the endotheliocyte surface and,
thereby, the inhibition of restoration of capillary structure
[91].

The negative effects of actin in systemic circulation
determine the necessity of its elimination from this envi-
ronment. It is known that in blood plasma there is a sys-
tem for extracellular actin sequestration and clearance
(elimination from the systemic circulation), which
involves gelsolin and Gce-globulin (Gce-globulin: group-
specific component), also called vitamin D-binding pro-
tein [92, 93]. At the same time, gelsolin depolymerizes
actin, while Gc-globulin captures actin monomers and
accelerates the elimination of actin from the systemic cir-
culation [82]. The kinetics of elimination of circulating
G- and F-actin from an organism was investigated. It was
found that nephrectomy had no substantial effect on the
clearance of Gc-globulin or actin [94, 95]. Liver cells play
the key role in this process: G-actin, mainly in complex
with Gc-globulin, is captured by Kupffer cells, while F-
actin is captured by the endothelial cells of liver sinusoids
[96]. At the same time, the clearance of actin/Gc-globu-
lin complexes proceeds much more rapidly compared to
the native Gce-globulin [94, 95]. Inadequate functioning
of the actin utilization system leads to excessive produc-
tion of F-actin, which exerts the previously characterized
negative effects on cells and components of the extracel-
lular environment [85].

The mechanism of decrease in gelsolin level in the
systemic circulation is an interesting issue. This process is
supposedly caused both by increase in extracellular actin
level [29] and by modulation of gelsolin level by different
inflammatory mediators [97].

The effects of intravenous injections of G-actin into
mice with Ge-globulin gene knockout (DBP null(7/7))
and in wild-type mice (DBP/*) were investigated [98].
The DBP*/* mice had a more severe form of acute pneu-
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monia. Under conditions in vitro, the purified actin/Gc-
globulin complexes induced damage and death of culti-
vated endothelial cells from human lung microvessels and
umbilical vein. It is interesting that cells incubated with
actin/Gc-globulin complexes demonstrated a significant
decrease in viability already after 4 h, but this effect was
reversible if the cells were further cultivated in fresh medi-
um for 24 h [98].

Studies show that considerable amounts of actin are
released into the extracellular space under acute lung
damage, and circulating actin/gelsolin complexes can be
found in peripheral blood [99]. Patients of intensive care
units with decreased plasma gelsolin levels are character-
ized by greater probability of fatality, longer hospital stay,
and longer period of artificial pulmonary ventilation. The
level of this protein increased after the state of the patients
improved [100]. It has been shown that gelsolin levels in
patients undergoing hemodialysis are associated with the
development of systemic inflammation [101], as well as
with higher mortality risk in the first year of observation
[102]. The level of gelsolin is reduced after stroke. Also,
its concentration decreases prior to the development of
multiple organ failure [97]. It has been shown that the
decrease in gelsolin level in blood within a short time after
hematopoietic stem cell transplantation can be a predic-
tor of the development of idiopathic pneumonia [103].

The level of Ge-globulin was shown to be reduced in
the blood of patients with fulminant hepatic necrosis,
especially in non-survivors [104]. At the same time, the
concentration of Ge-globulin/actin complexes in blood
considerably increases [94, 95, 105]. Decrease in Gc-
globulin level in serum is also associated with unfavorable
outcome under acute hepatic failure [106]. The serum
level of this protein decreases in hamsters with the model
of acetaminophen-induced liver damage [107].
Exhaustion of the pool of G¢-globulin under acute hepat-
ic damage is most probably because hepatocytes are the
major producers of this protein in an organism [74].

The level of circulating Gce-globulin immediately
decreases after severe injuries [108]. The reduced gelsolin
concentration is associated with high mortality risk in
patients remaining in a critical state after injuries and
burns [29].

Hypogelsolinemia is observed in patients with differ-
ent activities of acute or chronic inflammatory processes —
sepsis, atrophic arthritis, and multiple sclerosis [109]. The
concentration of gelsolin in blood was also shown to
decrease in a model of multiple sclerosis — experimental
autoimmune encephalomyelitis in mice [110].

Decrease in the plasma level of gelsolin was shown in
human sepsis and in animal models. The extent of
decrease in its concentration correlates with the mortali-
ty risk [83]. The level of Gc-globulin is considerably
reduced in the serum of patients with septic shock. The
percentage of circulating Gce-globulin in complex with
actin substantially increases, and the concentration of
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these complexes is closely associated with disease severity
and mortality [111]. The release of actin into the systemic
circulation and insufficiency of the system of its removal
is associated with the development of complications in
case of sepsis and organ failure, in particular, respiratory
distress and thrombocytopenia [108].

It is noteworthy that components of the actin clear-
ance system interact with various lipids that are mediators
of inflammation. It has been shown that Gc-globulin can
bind arachidonic acid, which is a substrate for eicosanoid
generation under septic shock. At the same time, the for-
mation of a complex with actin disturbs the binding of
arachidonic acid [111]. Gelsolin can also be involved in
the inflammatory response, exerting an immunomodula-
tory effect due to binding proinflammatory lipids —
lysophosphatidic acid, sphingosine I-phosphate, and
phosphoinositides [29, 109, 112, 113]. In addition, this
protein can bind platelet activation factor [114] and bac-
terial lipopolysaccharides [115]. Nevertheless, there is
also a reverse side of this phenomenon — the reduced
ability of gelsolin to depolymerize F-actin when binding
sphingosine 1-phosphate [109] and lipoteichoic acid (a
lipopolysaccharide of Gram-negative bacteria) [116].
Generally, the ability of components of the actin clear-
ance system to interact with lipid mediators of inflamma-
tion is another facet of the pathological effects of actin in
the systemic circulation. The formation of complexes of
these proteins with actin most probably disturbs the
immunomodulatory effects of this system due to reduc-
tion of its ability to sequester these biologically active
lipids [29].

Actin and gelsolin were shown to be present in lymph
from mesentery vessels of Sprague Dawley rats at concen-
trations comparable with the values in blood plasma [29].
The level of gelsolin considerably decreases in the lymph
of mesentery vessels under hemorrhagic shock. Its
decrease supposedly leads to the enhancement of biolog-
ical activity of proinflammatory lipids involved in trigger-
ing the mechanisms of capillary vessel damage in lungs
and other organs.

The free-circulating actin and components of its
clearance system have been found in cerebrospinal fluid.
Patients with neurodegenerative processes (multiple scle-
rosis [30], Alzheimer’s disease [117]) demonstrate high
level of actin in the liquor. The dynamics of its level cor-
relates with the disease progression [118]. In turn, gel-
solin concentration in cerebrospinal fluid is substantially
reduced in case of various neurological diseases including
multiple sclerosis [119, 120]. In Japanese encephalitis,
there was a significant increase in the levels of cytoplas-
mic actin and Gc-globulin in the liquor. It was suggested
that this is a consequence of impaired integrity of the
blood—brain barrier [121]. The concentration of gelsolin
in the liquor is substantially reduced in epilepsy [122]. It
has been shown that gelsolin can bind -amyloid protein
in the liquor of patients with Alzheimer’s disease [123]. It
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is important to mention that gelsolin is able not only to
inhibit the formation of fibrils from this protein, but also
has a lysing activity against f-amyloid [124]. It may be
supposed that the previously discussed actin increase in
the liquor in case of Alzheimer’s disease [117] will result
in the weakening of this protective effect of gelsolin and,
therefore, will contribute to the progression of the neu-
rodegenerative disease.

The effects of proinflammatory cytokines on the
proteome composition of bronchial epithelial secretions
in vitro were investigated. The control and the experiment
demonstrated the presence of - and y-isoforms of actin,
actin-like protein 3 (Arp3), and gelsolin. It has been
shown that interleukin 4 induces an increase in the secre-
tion of gelsolin precursor into the extracellular environ-
ment, which may be of great importance for utilization of
actin filaments formed in bronchoalveolar lavage from
the products of disintegration of epithelial cells in inflam-
matory processes [78]. Enhanced gelsolin concentration
in bronchoalveolar lavage was also found in asthma
patients [125]. The presence of actin in urine was shown
after ischemic effect during kidney transplantation [77].

The protective effect of the F-actin depolymeriza-
tion system and the clearance of F-actin monomers pre-
determine the need for restoration of the level of its com-
ponents for therapeutic purposes [83, 97, 101, 126].
Restoration of the plasma level of gelsolin due to the
introduction of recombinant gelsolin was shown to
reduce mortality in experimental animals with models of
sepsis [84, 102, 109], autoimmune encephalomyelitis
[110], and stroke [100].

Thus, free-circulating actin can be a biomarker of
damage in different tissues. Its polymerized form has
multiple negative effects on an organism, acting both on
cells and on components of the extracellular environ-
ment. Increase in actin level in the systemic circulation
can also weaken the additional protective effects of its
clearance system not related to actin utilization. Hence,
the extracellular actin clearance system is a promising
object for the development of technologies for protecting
an organism from the lethal effects of circulating actin
microfilaments.

EXTRACELLULAR ACTIN
AND AUTOIMMUNE PROCESSES

It has been shown that extracellular actin can be
involved in the development of various pathologies as an
inducer of autoimmunity [127]. As already mentioned,
F-actin is one of DAMPs [33] — the intracellular macro-
molecules and their complexes that can induce inflam-
matory response when released into the extracellular
environment [31, 32]. An important fact confirming the
involvement of extracellular F-actin in autoimmunity is
the detection of DNGR-1 (CLEC9A) receptors specific

for F-actin on the surface of cytotoxic T-lymphocytes
and dendritic cells [33, 128, 129].

It has been shown that actin can interact with the
component Clq of the complement system (complement
component 1, q subcomponent). It was supposed that
actin microfilaments can activate the complement cas-
cade due to Clq activation that is not mediated by anti-
bodies [130].

It has been established that Gc-globulin is involved
in the activation of macrophages and stimulates chemo-
taxis in monocytes and neutrophils [131, 132]. However,
actin/Gece-globulin complexes in vitro cannot activate
complement or neutrophils [97].

Data on anti-actin antibodies and their involvement
in many pathological processes (hepatitis, celiac disease,
atherosclerosis, acute transplant rejection, acute coro-
nary syndrome, autoimmune kidney diseases) are the
subject of wide speculation in the literature [133-137].

Most of the research in this field is devoted to type |
autoimmune hepatitis [138, 139]. Immunoglobulins spe-
cific for F-actin found in blood are an important diag-
nostic criterion of this disease, on one hand [140, 141],
and a predictor of unfavorable outcome on the other
[142]. It has been shown that high titers of anti-actin anti-
bodies are associated with the hepatitis activity index
[143]. The presence of anti-actin antibodies in the case of
autoimmune hepatitis is associated with lower efficacy of
corticosteroid therapy in patients [144]. High titers of
antibodies against F-actin in serum were revealed in
patients with hepatitis C, reflecting more active autoim-
munity in liver tissue [145]. The production of anti-actin
antibodies was also shown in the case of clometacin-
induced hepatitis [146].

It has been shown that actin as an autoantigen can
induce Thl cellular immune response in patients with
atherosclerosis and thereby participate in the develop-
ment of systemic inflammation in this disease [147]. The
level of anti-actin antibodies positively correlates with the
intima-media thickness and adventitial diameter of
carotid arteries in atherosclerosis [148].

Anti-actin and anti-myosin IgGs were found in
acute coronary syndrome. The degree of their production
was associated with the severity of damage to the heart
muscle [137]. Autoimmune responses to troponin I,
tropomyosin, and actin were revealed in case of dilated
cardiomyopathy — one of the major complications of
Emery—Dreifuss muscular dystrophy [149].

The production of IgG against some components of
the endothelial cytoskeleton (actin, vimentin, tubulin,
and keratin) in the blood of patients is associated with
acute heart transplant rejection [135]. However, antibod-
ies against HLA antigens of the transplant, which are the
major and most widespread factor in the mechanisms of
its humoral rejection [150] and are clearly diagnosed at
the pretransplant stage [151], were not found in the
examined patients. If the antibodies against the endothe-
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lial cytoskeleton were present in the recipient’s blood
before the transplantation, the transplant was rejected in
the early post-transplantation period [135].

The presence of anti-actin IgA in case of celiac dis-
ease is closely associated with small intestinal villous atro-
phy [152]. High levels of these antibodies are a marker of
severity of damage to the mucous coat of the small intes-
tine and villous atrophy [153, 154].

There is evidence of generation of an immune
response to actin in other diseases. In the case of IgA
nephropathy, actin-binding antibodies were found among
the IgA of blood serum of patients [155]. Anti-actin IgMs
were found in blood also in case of idiopathic nephrotic
syndrome [136]. Antibodies against B-actin were found in
the serum of patients with autoimmune inner ear disease
(Meniere’s disease, sudden deafness, rapidly progressing
sensorineural hearing loss, otosclerosis) [156]. In autoim-
mune neutropenia, Wegener’s granulomatosis and micro-
scopic polyangiitis are accompanied by the production of
anti-neutrophil antibodies (actin being one of their
autoantigens) [139, 157]. The possibility of production of
anti-actin antibodies has been shown for amyotrophic
lateral sclerosis [158].

Altogether, the currently available data provide con-
vincing evidence of the concept that extracellular F-actin
not only exerts a direct toxic effect on cells, has a negative
influence on the system of hemostasis, and weakens the
antiinflammatory properties of components of its clear-
ance system, but it also actively participates in the devel-
opment of autoimmunity as an autoantigen. The anti-
actin antibodies thus produced can be used as prognostic
biomarkers of different pathological processes.

The analysis of vast research into the biological role
of actin in the life of cells and whole organisms shows that
the functions of actin are not confined to its fundamental
role as a component of the cytoskeleton. This protein can
be released into the extracellular environment through
different mechanisms (some of them still need to be
determined); there, it (i) remains bound to the cell sur-
face, (ii) binds to the extracellular matrix, or (iii) enters
the systemic circulation. Being in complex with the cell
surface, actin is a plasminogen-binding site, which deter-
mines its important and rather unambiguous role in regu-
lation of angiogenesis and modulation of neurotransmit-
ter release. We suppose that the impairment in these func-
tions of extracellular actin as a result of changes in the
level of its expression at the cell surface may be a cause of
development and/or complication of certain pathologies.
F-actin, being released directly into the systemic circula-
tion or produced there from G-actin due to self-assembly,
plays a role in the development of a rather broad range of
disorders. Actin microfilaments can exert negative effects
both on tissue and organ cells and on components of the
extracellular environment (induction of death of
endotheliocytes, activation of thrombogenesis and the
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inhibition of fibrinolysis, the altered rheological proper-
ties of blood, reduced ability of the actin clearance system
to sequester inflammatory mediators), which may result
in fatal outcome. Being a representative of DAMPs, F-
actin can induce an autoimmune response, another
mechanism of its involvement in various pathological
processes. Further studies on the pattern of appearance of
extracellular actin and its role in physiological and patho-
logical processes will undoubtedly contribute, in addition
to fundamental significance, the development of new
technologies for diagnostics, prevention, and therapy for
many socially significant diseases.
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