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KpoBb B XXNOKOM COCTOSAHUN HaXOAUTCS TONbKO B KPOBEHOCHLIX cocyaax. BHe cocyaucToro
pycrna KpoBb CBOopaumnBaeTcs. [nccemmHmpoBaHHoe BHyTpucocyauctas koarynaums (OBK) nnu
CUHOPOM OUCCEMUHUPOBAHHOIO BHYTPUCOCYAMUCTOro cBepThiBaHus Kposu ([OBC) asnsaeTcs
NaTodn3NONOrn4ecKnM COCTOSSHUEM, YTO XapakTepuayeTcs abbepaHTHOM aKkTUBaLMeEn
Koarynsiummn BHyTPU KPOBEHOCHbLIX COCY0B U HeLOCTaTOYHOWN Koarynsaunen BHe KPOBEHOCHbIX
cocynos [1]. Npu TakoM NapagoKcanbHOM COCTOSIHAN Mbl BUOMM CITOXKHbIE KIMMHUYECKne
nNposiBNeHns Kak TpoMmb03a, Tak N KpOBOTEYEHMSI.

Cencuc onpegenseTcs Kak yrpoXaroLasi XXM3Hu opraHHasa ANCcayHKUUS, Bbl3BaHHas
ancperynsumen UMMYHHOro oTBeTa Ha MHekuuio [2]. Takaa gucperynauus npuBoguT K
n36bITOYHOMY BOCMANeHuIo, Koarynsumm, COCyancTon ytedke u runonepdysunm opraHos [3], B
KOTOPOW aHOOoTENMoONaTna MOXET UrpaTb LieHTparbHyo posb [4]. K npumepy, HapyLleHus
rMNKOKanmkca 3aH40TeNMsa Npu cCenTUYECKUX COCTOSHUAX NPUBOAAT K M30ObITOYHON afre3nu
NEeNKOUUTOB, BHYTPMUCOCYOMUCTON Koarynsummn, oTeky TKaHen 1 HapyLLeHHOMY TOHYCY COCy0B
(npenmyLecTBeHHO Kk Bazoaunatauum) [5, 6]. B atom 063ope Mbl 0606L1aemM hU3nNonNorniyeckyto
pOnb KNEeTOoK SHAOTENUSA B NOAAEPXaHUM BHYTPUCOCYAUCTOrO romeocTasa, NaTtornormyeckyto
POSib aKTUBUPOBAHHbIX/NOBPEXAEHHbIX KNETOK 3HAOTENUSA NPU CENTUYECKUX COCTOAHUSX U
KOHUenuMu nccnegoBaHum in vitro, NokasbiBaloLLMX POSiM KNETOK 3HAOTENUS.

TpombB03 ABNAETCHA YacTbiM OCTOXXHEHUEM NPU NPUMEHEHUN KOHTaKTUPYHOLLUX C KPOBbIO
MeOMLMHCKMX YCTPOMCTB, TaKNX KaK COCYAUCTbIE LWYHTbI, CTEHTbI, KnanaHbl cepaua,
LeHTparnbHble BEHO3Hble KaTeTepbl U SKCTpakoprnoparibHble KOHTYpbI [7]. [1p1 3TOM OCHOBHOM
3agadven aHAoTenmarnbHbIX KNeToK ABNAETCS akTMBHOE NpoTMBoAencTBue Tpomboay [8].
OHOoTenNnarnbHble KNEeTKU CUHTE3UPYIOT renapaH cynbdaT NpoTeornmkaHbl, KOMMNOHEHTbI
rMUKOKanumkca, KOTopble CBA3bIBAOT M NOTEHLMUPYIOT aHTUKOArynsiHTHblE MPOTENHbI NNasmbl,
BKMNtoYasa croga MHrMoumTop NyTn TkaHeBoro dpaktopa (aHrn. tissue factor pathway inhibitor nnm
TFPI) n aHTUTPOMOUH [9]. BHOOTENNANbHbIE KIETKU TaKKe 3KCNPEeCcCUpyoT TPOMOOMOAYNH,
3aJa4en KOTOPOro ABMNAETCA CBA3blBaHME TPOMOUHA 1 KOHBEPTaUMA 3TUX cybcTpaTos OT
NPOKOarynsaHToB K aHTMkoarynsiHtam. CBsA3biBasiCb C TPOMOGOMOAYNMHOM, TPOMOUH TepsieT
CBO appnHHOCTL K PubpurHoreHy, koarynaunoHHsiM doaktopam V (FV), FVIII, FXII n
peuenTopam, akTUBUPYHOLWMM NpoTeasy, YTo BCe BMECTE NPUBOAUT K aKkTUBaLMK
aHTukoarynaHtHoro npoteunHa C [10]. PeuenTtop aHaoTenunansHoro npotenHa C (aHrn.
Endothelial protein C receptor unn EPCR) ycunusaet aty peakumio, pacrnonaraa npotenH C
Takum obpasoM, YTobbl KOMMNEKChl TPOMBUH-TPOMBOMOZYNNH MOTNN 3P PEKTUBHO
akTusupoBaTb ero [11]. AkTuBupoBaHHbIN NpoTenH C (aHrn. Activated protein C nnu APC)
orpaHu4mnBaeT ycuneHune koarynsuum nytem nHaktmsauum FVa u FVilla npyu nogoepxke ko-
dakTopHoro bernka S (Puc. 1).

Komnnekcbl EPCR-APC oka3sbiBaloT 1 UMTONPOTEKTUBHbIE 3(OMEKTLI HA KNETKM 3HO0TENNS,
BKNtoYaga croga adpdekTbl aHTuanonTo3a u 6apbepHble addekTbl. [NoTepsa ceoen yHKLNN
AHTUTPOMOMHOM, NpoTenHom C, NpOTENHOM S 1 TPOMBOMOAYNIMHOM BELET K Ppa3BUTUIO
TpomMbodunum ¢ pasHoobpasHbIMU KITMHUYECKUMU NPOSABNEHUSMU, YTO NpeanonaraeT
Be4yLY0 POSb 3TUX aHTUKOAryrsiHTHbIX MPOTEMHOB B NPOTUBOAENCTBUN BHYTPUCOCYANCTOMN
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koarynsauum [12 - 16]. bonee Toro, sHAoTeNManbHble KNEeTKN CUHTE3NPYIOT akTuBaTop
nrasMmHoreHa TkaHeBoro Tuna (aHrn. tissue-type plasminogen activator unm tPA), ycunmeas
TeM caMbIM Ma3MuH-oNocpeaoBaHHbIN PUBPUHONN3 B KPOBEHOCHLIX cocyaax [17].

[na noaTBepXXaeHns KOHUENUUKn, B KOTOPOW UCKYCCTBEHHAsi NOBEPXHOCTb SABMSETCS
NpoKoarynaHToOM, a NOBEPXHOCTb SHAOTENNSA - aHTUKOAryNAHTOM, Mbl MPOBENY 3KCNEPUMEHTbI
in vitro. B aTux akcnepumeHTax Anst MOHUTOpuHra obpasoBaHus TpoMbrHa B HOpMarnbHOW
nnasme 4YenoBeka B NPUCYTCTBUMN KanbLNA UCNOMNb30BaSiCA CUHTETUYECKUIN (ONTyOPOreHHbIN
cybetpaTt SN-20. Korga nnasmy nomewiany Ha UCKYCCTBEHHYH NOBEPXHOCTb, TPOMOUH
obpasoBbiBancsa nocne nepuona 3agepxku okono 10 muHyT (Puc. 2a, 3eneHbin UBeT). JTa
peakumsi NONHOCTbIO NOAABMANACE UHTMOUTOPOM KyKYPY3HOIro TPUMNCKMHA, MOLLHbIM U
cneundudeckum nHrmnobutopom FXlla (puc. 2b), n no3BonseT npeanonoXxmTb, 4To obpaszoBaHme
TPOMOBUHA Ha UCKYCCTBEHHOW NOBEPXHOCTU ONOCPEeAYeTCs BHYTPEHHUM nyTem koarynsuuu. A
HaobopoT, obpasoBaHus TpoMbuHa He npoucxoanno (B TedyeHmne 30 MMHYT) Toraa, Korga
nnasma pasmeLyarnacb Ha NOBEPXHOCTU C KynbTypour aHAOTeNuarnbHbIX knetok (Puc? 2,
ronybon uset). [laHHble pe3ynbTaThbl NOKa3biBAKOT, YTO UMEHHO SHAOTENNANbHbIE KNEeTKU
OKa3blBalOT CONPOTMBIIEHNE aKTUBaLUN Koarynsuum.

DPVPVVVIVD PVVVIVVIVVV? ? PPV ?????7????7?7?7

Koarynauma KOHTponmpyeTca He TONbKO dhakTopamm Koarynsaumnm, HO 1 KNeTOYHbIMK
KOMMNOHeHTaMmu. B nHuumnauumn remoctasa B nepmBackynapHOM NpoCTPaHCTBE, HO HE BO
BHYTPMCOCYQUCTOM MPOCTPAHCTBE, B (PU3NONOTMYECKMNX YCIOBUAX BAXKHYHO POSlb UrparoT
dunbpobnacTbl, HecyLume Ha cebe TkaHeBown hakTop (aHrn. Tissue factor unn TF) [18].
[MoBpexaeHne CTeHKN cocyada No3BonseT niiasMeHHbIM oakTopam koarynsumm, skntodaa FVII,
npu BbIXOAE NX B NEPUBACKYNISAPHOE NPOCTPAHCTBO KOHTaKTUpoBaTb ¢ mbpobnactamu ¢ TF
(Pwnc. 1). Nocne yero komnnekc FVIla/TF aktusupyet FX n FIX. 3T0 npnBoanT k obpasoBaHuio
HebonbLIOro KonmyecTsa TPOMOMHA, YTO HEQOCTATOYHO ANA reHepaunmn pubpuHa, Ho
poctatoyHo ansa aktusauum FV, FVIII, FXI n TpomGountoB. MMEHHO 3TOT NyTb NEXUT B OCHOBE
pacnpocTpaHeHus koarynsauum ¢ obpasosaHmem GornbLlero KonmyecTsa TpoMounHa,
AoctaTtoyHoro ans obpasosaHus pmnbpuna [19]. 3aTem nonumepsl punbpuHa ctabunmsmnpyrotca
FXIllla, koTopbln BBOAUT NnonepeydHble cBA3N UBPUH-PUOPUH N PUbPUH-a2-aHTUNNA3MUH
(a2AP) [20]. B Hawem in vitro akcnepuMmeHTe TPOMOBUH He 0Opa30BbLIBaNCA Ha NOBEPXHOCTY,
NOKPbITON aHAOTENManbHbIMK knetkammu (Puc. 2a, ronybon LBeT), HO 04eHb BbICTPO
obpa3oBbiBancsa Ha NOBEPXHOCTU, NOKPbITON hnubpobnactammu (Puc. 2a, KpacHbIn LBET). OTH
pes3ynbTaThl NOKa3bIBAKOT, YTO HALUWN SKCNEPUMEHTAarbHbIE YCNOBUS MOTYT UMUTUPOBATb
ObICTPYIO KOarynsaumio B NnepuBackynspHOM NpocTpaHcTBe 6e3 Koarynauum BHyTPU coCyancTomn
CEeTM M NOCTENEHHOW Koarynsaumm Ha NCKyCCTBEHHON NOBEPXHOCTH.

DPVPVVVVD PVVVIVVIV?V? P PPV PPV V07 PVVV??????7?7? P77
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B HOopmarnbHbIX YCNOBUSX MHTPaBacKynsipHOe NPOCTPaHCTBO CBOBKOAHO OT TPOMBO3a, HO 3TOro
He CKaXellb Npu CeNnTUYECKMUX COCTOAHUAX [21, 22]. Ha MbIWNHBbIX MOAEeNsaX UHMEKLMM,
BbI3BaHHOW Staphylococcus aureus, Escherichia coli unu nunononucaxapugom (JI1C),
BblpakeHHoe obpasoBaHne TpoMbuHa Habn4anocb B MUKPOLIMPKYNALUMK nevenn [22]. B
COOTBETCTBUN C 3TUM, YPOBEHb TPOMOUH-aHTUTPOMOBMHOBOIO KOMMIEKCa B Nra3me,
KnuHuyeckoro 6nomapkepa obpasoBaHusa TpoMbuHa, ysennumpaeTcs y 60nbLUMHCTBA
nauneHToB ¢ cencucom [23]. B naTtoreHese BHYTPUCOCYANCTOM KOarynsaumm, BpoyYeM Kak u npu
N36bITOYHOM BOCMNANEHUM, BUAHOE MECTO 3aHMMAatOT aKTUBUPOBAHHbIE NenkouunTbl [24, 25]. B
OTBET Ha BakTepunarnbHbI CTUMYI, aKTUBUPOBaHHbIE NENKOLNTLI BbICBOOOXAAOT
HeNTpodurbHbIE IKCTpaUenntonapHble noByLwku (aHrn. neutrophil extracellular traps nnm
NETS), 4TO, BO3MOXHO, 1 ABNSETCA OCHOBHBIM CTUMYSIOM ANSA BHYTPUCOCYANCTOrO
ceepTbiBaHus (Puc.3). NETs copepxat AHK, rucToHbl 1 ceprMHOBLIE NPOTEa3bl U BCE OHM
BOBI€YeHbl B Npouecchl aktueaumm koarynauum. OTpuyaTenbHO 3apskeHHble MOBEPXHOCTU
OHK cnyxaT, Kak npoMoTepbl BHYTPEHHEro NyTu koarynaumm nytem koHtakta B FXII n FXI [26].
CepuHoBble NpoTeasbl HENTPOUIOB UHAKTUBUPYIOT aHTukoarynaHT TFPI [27].
OKCTpauennonsapHble MTMCTOHbI CBA3bIBAKOTCA C NPOTPOMOMHOM, YTO obneryaet
onocpenoBaHHoe FXa paclienneHme npoTpomoumHa ¢ BbICBOOOXOEHMEM aKTUBHOIO TPOMOMHA
[28]. 3aBucuMbI OT TF HapyXHbI NyTb Koarynsauumn Takke npMHMMaeT y4yacTue Bo
BHYTPMCOCYANUCTOM CBEPTbIBAHUN, KOTOPOE NPOUCXOANT Ha NOBEPXHOCTU aKTUBMPOBAHHbIX
3HOOTENUarbHbIX KNEeTOK U MUKPOBE3NKYI, 06pa3oBaHHbIX akTUBUPOBaAHHbLIMU MOHOLMTaMu [26,
29, 30]. Ewe 6onbLue ycyrybnaet Tpomb603 MMKPOCOCY40B OTKAOYEHNE NPU CENTUYECKMX
COCTOSAHUAX bnbpuHONM3a, YTO NPENATCTBYET yaaneHuo punbpuHa [31]. YBenudeHne ypoBHen
nHrnbuTopa-1 akTmBaTopa nnasmuHoreHa (aHrn. plasminogen activator inhibitor-1 nnun PAI-1) 1
NMHrMbuTopa TpomMOunH-akTMBMpPOBaHHOro ombpuHonmaa (aHrn. thrombin-activatable fibrinolysis
inhibitor nnn TAFI) accouumnpyeTcst ¢ opraHHbIM NoBpeXaeHNeM 1 HebnaronpuaTHBIMK
ncxogamm y naumMeHToB € TAXKenbIM cencucom [32]. Takke CBOK (hyHOaMeHTasnbHY porb B
naroreHese cerncuc-accoummposaHHoro [IBC n HapylweHusa saHaoTennansHoro romeocrasa
urpaeT aHrmonoaTnH-2 [4].

[na noaTBepXaeHust Toro, YTO aKTMBUPOBAHHbLIE/NOBPEXAEHHbIE KNETKN SHA0TENUS MOryT
ObITb NpoKOArynaHTamMmu, Mbl NPOBENW iN Vitro o4epeaHon akcnepumeHT. Korga nnasmy
nomeLlanyu Ha NoBEPXHOCTb 3HAOTENUANbHbLIX KNETOK, NpeasaputensHo obpaboTaHHbIX LPS
U1 rmcToHamu, TPOMBUH reHepupoBarncs nocteneHHo (Puc. 2c, punoneToBbin U cnHui). B
OTSIMYME OT UCKYCCTBEHHOW NOBEPXHOCTN, MOBEPXHOCTb C aKTUBUPOBAHHbLIMU/NOBPEXAEHHBIMN
3HOOTENManbHbIMM KneTkamu nokasbiBaeT 6onee 6bicTpoe obpasoBaHne TpoMObUHa, HO C
bonee meaneHHon ckopocThbio (Puc. 2¢, 2d), 4To No3BoONSET NPEANONOXUTb, YTO
aKTUBMPOBaHHbIE/MOBPEXAEHHbIE dHOOTENMANbHbIE KNETKU MOryT NPeaoCcTaBnsaTb cebs 1 Kak
MHULUMATOPbI, U KaK MHIMBUTOPBI NyTK Koarynaumm. MMMyHOB0T aHanua nokasan, 4To
ctumynauma JINC npmBoguT K nHAyKuumn akcnpeccun TF n HEBOMbLLIOMY CHUXKEHMIO SKCMPECCUM
TpombomMoaynuHa Ha aHgoTeNnnanbHbIX knetkax (JononHutensHbii bann 1). UHgykumsa TF
HeceT OTBETCTBEHHOCTbL 3a obpa3oBaHMe TPOMOMHA HA NOBEPXHOCTN SHAOTENMANbHbIX KIETOK,
npegBapuTensHo cTuMynmpoBaHHbix JINC, noaTtomy neveHne aHTu-TF aHTUTENnamMm
NpaKkTU4ecKn NOSTHOCTbLIO OCTaHaBnMBaeT obpasoBaHue TpoMbuHa (Puc.2d). Ctumynsauus
rMMCTOHaMM NPUBOANT K rNyBoKon peayKuumn akcrnpeccun TpomobomMoaynmHa u Bo3gencTansg
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docaTnguncepmHa Ha BHELLIHWIA NNCTOK NnasmaTnyeckon MembpaHbl 3HOOTENMAaNbHbIX
knetok (JononHutenbHbin hann 1).

Takum obpasom, mexaHuctndeckm addektbl JINC 1 rMCTOHOB Ha 3HAOTENMASbHbLIE KINETKN
UMEIOT pasnmyusl, HO B 00LLEM U LLENOM, 1 TMCTOHLI, K JINC HapyLlwaT aHTUKoarynaHTHbIe
CBOMWCTBA aHAOTENNanbHbIX KIETOK.

MHTEHCMBHasA MHAY3MOHHAA Tepanus CHKaeT YpoBeHb DakTOpOB Koarynauuu B nrasme, 4To,
B UTOre, NPUBOAMT K HApYyLIEeHUAM remocTtasa, Ha3blBaeMoro Koarynonatnen remogunounm
[33]. B Hawewm in vitro akcnepumeHTe ¢ pubpobnacrtamu, 4To NPeACTaBNAT ObICTPYLO
Koarynsiumio B nepuBackynsapHoM NpocTpaHcTBe, pa3basneHune nnasmbl B TpU pasa npMBoanno
K 3agepkke Havyana obpasoBaHus TpombuHa (Puc. 4a). I HaobopoT, B Halwiem in vitro
3KCNepUMeHTe C aHAOoTeNnanbHbIMK KrneTkamu, npegsaputensHo obpabotaHHbimu JIMNC,
KOTOpble NpeacTaBnAlT nocnegoBaTernbHY0 Koarynauuo BO BHYTPUCOCYAMCTOM MPOCTPaHCTBE
npu NaTonorMyecknx COCTOAHUSX, pa3BedeHne B TPy pasa nnasmbl yBennymsano obpasoBaHue
TpoMbuHa (Puc. 4b v [lononHutenbHbIn ann 2). NpuynHOi 3Toro MoXxeT BbITb TO, YTO
aKTMBaUMs Koaryrnsumm Bbi3blBAETCH CHUXKEHMEM aHTUKOAryrnsaHTHbIX 6enkoB nnasmeol. [yTu
aHTUKoarynsHTa MoryT ObiTb ropa3go 6onblLue 3aTpOHYThl pa3BegeHUEM, YEM NyTK
npokoarynsaHTa, B CUTyauun, Korga MMeeT MecTto nocteneHHas koarynsaumsa [34, 35]. Otu
AaHHbIEe NoKa3bIBaloOT, YTO NaUMeHTbl C remogunounen 6onbLue NoaBep>KeHbl PUCKY
BHYTPMCOCYQUCTOrO CBEPTbIBAHUS, a TakKe NepuBacKynsipHOro KPOBOTEYEHWS.

PPVPVVVIVD? PVPVVPVVPV??? 7 PPV P00 9?0?0007 ? P?0???7???7??7

[Mpy cenTnyecknx COCTOAHUAX aHTUKOArynsaHTHbIN NOTEeHLUMan BO BHyTPMCOCYOUCTON cpeae
MOXeET ObITb HapyLLeH 13-3a NOBPeXOeHNA 3HA0TENManbHOro rukokanukca, NoaaBneHus
3HOOTENNaNbLHOro TPOMOOMOAYNIMHA N CHUXKEHUS aHTUKOArynAHTHbIX 6€MKOB nNna3mbl, TakMx
kak TFPIl n aHTuTpomMOumH. PekoMBunHaHTHbIN TpoMbomoaynuH (rTM) n aHTUTpoMOUH ramma
(rAT) aBnatoTcs noTeHUnanbHbIMU TepaneBTUY4ECKMMUN areHTamMu, ¢ MOMOLLLIO KOTOPbIX
BO3MOXHO BOCCTaHOBIMEHNE aHTUKOarynsaHTHOro noteHuMana B MUMKpOLIMPKYNaunmn npu cencuce
(Pwc. 3). Nogo6bHo aHaoreHHoMy TpombomoaynuHy, rTM cBA3biBaeTcs ¢ TPOMBUHOM C
obpasoBaHnem APC, 4TO MOXeT orpaHMuYnBaTth yCuneHune koarynauum 6e3 ysenuyeHus
BpemeHu koarynaumm [36]. Mpu atom rAT okasbiBaeTcHa anbTepHaTUBOW NOSTyYEHHOMY U3
nnasmbl aHTUTPOMBUHY, KOTOPbIV YNaBNMBaeT akTUBUPOBaHHbIE (PaKTOPbl CBEPTbIBAHNSA KPOBH,
BKNtoYas TpoMbuH n FXa [37]. B Hawumx akcnepuMeHTax in vitro Nno noaTBEPXXAeHMI0 KOHLEeNUMmn
C MCMNONb30BaHNEM SHAOTENNANbHbBIX KNETOK, CTUMynmpoBaHHbIx JITC, o6pa3oBaHne TpoMbuHa
ObIno YacTuyHo nogasneHo gobaenexHnem rAT (Puc. 5a) u rTM (Puc. 5b). CoBmecTHOe
ncrionb3oBaHve rTM u rAT nokasano aganTuBHbIE 3P eKTbl U APPEKTUBHOE NogaBrieHne
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o6pasoBaHust TpoOMOMHa Ha NoBEPXHOCTU LPS-CcTMMynmMpoBaHHbIX 3HAOTENManNbHbIX KNeToK
(Pwvc. 5¢ n [lononHuTenbHbIn hann 2). 3TN pesynbTaTthl NpeanaratoT LEeHHY MHGopMaumio 0
noteHumane KOMOUHNPOBaAHHOW Tepanun 3TUMK ABYMS NpenapaTtamMum, NOCKONbKY OCTaeTCsl He
COBCEM MOHATHbIM, MOXeT N rAT JONONHATL aHTUKoarynsaHTHele adpdekTbl ocn rTM-APC nnm
MOXeT npoTmsoaencTeoBaTb ocn rTMAPC nocpencTBoM MHMOMpPOBaHUSA ONOCpeaoBaHHOIO
TpombuHom obpasosaHms APC [38].

MacwTtabHoe, paHAOMN3NPOBaAHHOE, ABOWHOE crienoe nnauebo KOHTponupyemoe
nccneposaHune 3 dasbl, HasbiBaemoe KyberSept trial, 66110 npeanpuHATO AN yCTaHOBNEHUS
KNUHMYeckon adphekTUBHOCTM aHTUTPOMOMHA Yy NaLMEHTOB C TaxernbiM cerncucom [39]. B aTom
nccnegosaHnn 2314 naumeHToB Obinn cnyyYyanHbiM ob6pa3omM pacnpeaeneHsl B ABe rpynnbl, B
OLHOW N3 KOTOPbIX BBOAMICSA BHYTpMBEHHO aHTUTpoMOuMH (30000 Ef. 3a yeTBepo cyTokK), a B
apyron - nnauebo (1% pacteop anbbymuHa). HecmoTpa Ha To, 4TO BBeAeHMe BonbLlnx 403
aHTUTPOMOMHA He NPUBENO K CHUXXEHWIO NTETanbHOCTU MO CPaBHEHWUIO CO CTaHA4APTHOWM
Tepanuen cencuca (38.9% vs. 38.7%, P = 0.94), 6bin sBHO BUAEH TPEHA HA CHUXEHNE 28-Mu
AHeBHoM (37.8% vs. 43.6%, P = 0.08) n 90-to gHeBHOM (44.9% vs. 52.5%, P = 0.03)
netanbHOCTU B 3apaHee onpeneneHHon noarpynne nayneHToB, B KOTOPOW Ha3HayYeHue
aHTUTPOMOMHA He CoNPOBOXAarocb O4HOBPEMEHHbLIM BBEAeHEM renapuHa. bonee Toro, post
hoc aHanu3 nokasan cHuwxeHne 28-mn JHEBHOM NneTarbHOCTU Yy NaLMEHTOB, KOTOPbIM
aHTUTPOMOUH BBOAMNCA Ha poHe [ABC (25.4% vs. 40.0%, P = 0.024), Ho 3TOT appekT He Bbin
BUAEH, NPY NPOYMX paBHbIX ycrnoBusxX, y naumeHtoB 6e3 [1BC (22.1% vs. 22.2%, P > 0.2) [40].

O PeKTUBHOCTL U BesonacHoCTb pekoMbuHaHTHoro Yenoseyeckoro APC (rhAPC) y
NaUNEHTOB C TSHKEMbIM CENCUCOM BbINn n3yyeHbl B MacliTabHOM, paHAOMU3NPOBaHHOM,
ABOWHOM criernom nniauebo KOHTPONMpyeMoOM KIMHMYeckom nuccnegosanumn 3 gassl, PROWESS
trial [41]. B aTom nccnegosanun 1690 naumeHToB GbinNKn cny4variHbiM 06pa3omM pacnpeaeneHsl B
rpynnbl, B O4HOM N3 KOTOPbIX BHYTpMBEHHO BBOAMNCS rhAPC B BMae NpogormkeHHON MHAY3UK B
TeyeHne 96 yacos, a B apyron - nnaue6o. BeeaeHne rhAPC 3HauMTenbHO CHUXaNo 28-mu
AHEBHYIO NeTanbHOCTb OT BCeX NpuynH (24.7% vs. 30.8%, P = 0.005). Ho Bce xe
nocnegyowmne nccrnegoBaHnsa He nokasanu adpgektnsHoctn n 6esonacHoctn rhAPC [42, 43], B
fonbLuen cTeneHn n3-3a N06OYHbIX 3PPEKTOB B BUAE KPOBOTEYEHUI, YTO NPUBENO K
ncknoveHno rhAPC 13 KnmMHM4eCcKkoro NpuMeHeHus.

OppekTnBHOCTL M Be3onacHOCTb rTM y NauMeHTOB C TSXKESbIM CEMCUCOM U HU3KUM
KONMYyecTBOM TPOMOOUUTOB B COMETAHUM C YBEMNYEHHBIM NPOTPOMOUHOBLIM BPEMEHEM
n3yyanu B paH4oMn3npoBaHHOM ABOVHOM crienom nnauebo-KoOHTponmMpyemMom KInMHUYECKOM
nccrnegosaHun asbl 3, HassaHHOM SCARLET trial [44]. B aTtom nccnegosaHum B obuien
CNOXHOCTN 816 NaumMeHTOB ObINIM paH4OMU3MPOBaHbI B ABE rpynnbl A8 nonyyeHnsa nnéo rTM
BHYTPMBEHHO (OA4MH pa3 B AeHb B TeveHue 6 aHen), nmbo nnauebo. BeegeHve rTM He npuserno
K 3HQYUTENBHOMY CHMXXEHNIO 28-OHEBHOM NETanbHOCTM OT BCEX NpUYKH (26,8% npoTtue 29,4%,
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P = 0,32). AnocTep1opHbIM aHanua nokasars, 4To NPeMMyLLecTBO B BbPKMBAEMOCTU Mpu
npumMmeHeHnn rTM 6bino 6onble B nogrpynnax ¢ 6onee BbICOKMMU YPOBHSAMU 0Opa3oBaHus
TpoMbuHa Ha McxoQHOM ypoBHE [45]. DTO MOXET COOTBETCTBOBATb NpeAblayLeMy OTKPbITUIO
BbICOKMX 03 aHTUTPOMBUHA, y4nTbiBad, YTo AgmarHo3 [BC-cuHgpoMa OCHOBaH Ha HU3KOM
KonuyecTtee TPoMOOLNTOB, YBENTMYEHHOM NPOTPOMOUHOBOM BPEMEHN W MOBbLILLIEHHbIX YPOBHAX
Bruomapkepos koarynauum [46—48].

MeTa-aaHanu3 paHaoMM3MPOBaHHbBIX KOHTPOSIMPYEMbIX UCCeaoBaHU Nokasan, YTto
ynyJdlleHne BbKMBAEMOCTU NPU NeYeHnn aHTUKoarynsaHTamm He HabnogaeTtcs B obuien
nonynsauumn cencuca, Ho HabnwgaeTcs B nonynsaumu nauneHtTos ¢ [BC-cuHgpomom,
BbI3BaHHbIM cencucom [49]. Taknm obpasom, Hanbornee BaXXHbIM BONPOCOM, CBA3AHHbLIM C
aHTMKOArynsaHTHOW Tepanuen y naLmMeHToB C CErncucomMm, sBnsieTcst BblIoop MueHn. Ha gaHHbIn
MOMEHT npegnosiaraeTcs, YTO ONTUManbHON MULLEHbIO NS aHTUKOArynaHTHOM Tepanum MoryT
ObITb NAUMeEHTLI ¢ TAXenbIM cencncom n [1BC-cnHgpomom. OgHaKko aTO HE OCHOBAHO Ha
OKOHYaTerbHbIX JoKa3aTenbCTBax, U MO3TOMY HEOOXOANMbI JarNbHENLLME NPOCMNEKTUBHbIE
nccneposanus [50].

KnuHnyeckne nposasneHus COVID-19 oyeHb pasnuyatotcs, oT acumntToMaTniecknx oopm 4o
YrpOXKatoLLMX XKU3HN COCTOSAHUIN. CamMbiM pacnpoCTpaHEeHHbIM U NOTEHUMANbHO NeTanbHbIM
ocnoxHeHnem COVID-19 asngaeTtca Tpom603 [51, 52]. Mpu haTtanbHbix cnyyasx COVID-19
onpeaensiTCs TAXENOo NOBpeXAeHHbIe dHAOTeNMarnbHble KNeTKU B Kanunnapax anbBeon, YTo
npegnonaraeT uUX Kno4YeBY porib B naToreHese accounmpoBaHHoro ¢ COVID-19 Tpombo3a
WMEHHO aHAOoTEeNnMonaTnm Takxke, Kak n npu cencmc-accouumnposaHHom [1BC. Ho nmetotca u
pasnuuus. Bo-nepBbiX, TPOMOBOLMUTONEHNS, yBENMYEHNE NMPOTPOMOMHOBOIO BPEMEHU U
anesauus PAI-1, yto TnnnyHo ans cencuc-accoummnpoBanHoro [BC-cnHgpoma, penko
BCTpeyvaeTca npu Tpombo3se, accoummpoaHHom ¢ COVID-19, no kpanHen mepe, Ha PpaHHUX U
cpeaHux ctaguax 3abonesanus [54, 55]. Bo-sTopbix, COVID-19 accouumnpoBaHHbin TpOMB03
pa3BMBaETCs HE TONbKO B MUKPOLMPKYNALUKN, HO U B MAKPOLUMPKYNALUK, YTO NPUBOAMT K
WHCYNbTaM, nHapkTam MMokapaa n BeHo3Hou TpoMmboambonum [56].

KnoyeBbiM MeXaHN3MOM, Bbi3biBaOLLMM BTOPUYHYIO aHAgoTennonaTtuio npu SARS-CoV-2,
BKMNtoYaeT B ceds1 NpsiMyto BUPYCHYHO TOKCUYHOCTb M MUMMYHO-0MNOCPe0BaHHOE NOBpeXaeHNE.
Ckopee Bcero 30ecb UMeeT MeCcTo NpsiMOe BO34eNCTBME BUPYCa Ha SHAOTENNanbHbIE KNeTKN,
Tak Kak Ans npoHukHoBeHus B knetky SARS-CoV-2 B ka4ecTBe MHCTPYMEHTOB UCMONb3yeT
aHMMOTEH3MH-NpeBpaLlaoLwmin hepmMeHT 2 n TpaHcMeMOpaHHY0 CEPUHOBOKD NpoTeasy 2,
KOTOpble AKCMPECCUPYIOTCA Ha aHAOoTeNnManbHbIX knetkax [57]. OgHako CBOK posib MOXET
urpatb 1 UMMYHO-OMOCPEAOBaHHbLIN MEXaHN3M, OCOBEHHO B Criyyasix, korga TpoMboTnyeckoe
noBpeXxaeHne opraHa passuBaeTcs B oTcyTcTBme Bupemun SARS-CoV-2 nnu npogoskaet
yXyALwwaTbCa gaxe nocne Toro, kak 6onbliasa yactb BUpyca Obina ycTpaHeHa. Tak e Kak 1 npu
cencuce, COVID-19 npuBoguT K HapYyLIEHWUIO perynsaumm LMTOKMHOB, KOMMSIEMEHTA,
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TpoMBounTOB 1M HENTpounos, obecneyvmBas NOMHbIA pa3Ban CUCTEMbI pPerynauumn
TpomboobpaszoBaHus [52, 58].

MomMuMo MeanaTopoB BPOXKAEHHOIO UMMYHUTETA, B Pa3BUTUN NOTEHUMANBHO fneTasnbHbIX
ocnoxHeHnn COVID-19 moryT urpatb BaxkHyo posib aytoaHTutena [59, 60]. Mo cpaBHeHuIo C
He MHUUMPOBaAHHbBIMKU NtoabMK, y naumeHToB ¢ COVID-19 HabntogaeTcsa peskoe yBennyeHme
ayToaHTUTES K KOMMOHEHTaM MX KPOBEHOCHbLIX COCYA0B, cepALa, Mo3ra 1 MMMYHHOW CUCTEMbI
[61]. HekoTopble 13 ayToaHTUTEN HaueneHbl Ha oocdonunuabl U oconNunua-cea3biBatoLLne
6enku, pacnonoXeHHble Ha MOBEPXHOCTU 3HAOTENManNbHbIX KNEeTOK, TPOMOOLUTOB 1
HENTPOGMIOB, HAKNOHASA NMOBEPXHOCTb pasfernia KpOBb-3HAOTENNIN B CTOPOHY TpoMbo3a [59,
62]. UmmyHornobynuH G, BblgeneHHbIn oT naumeHToB ¢ COVID-19, y Mbillen MOXET Bbl3blBaTb
BbicBobOXAeHNe NETs n yckopsaTb TpoM603. YuntbiBasi, YTO pa3Butme ayToaHTUTeN 0bbIYHO
3aHUMaeT 1-2 Heaenun, Teopust ayToaHTUTEN MOXET OOBbSCHUTE HEKOTOPYIO 3a4epKKy Havana
Tspkenbix ocnoxHeHnn COVID-19 [63]. BaxkHO NOHATb, MOTyT Nt ayToaHTUTENa n
HeNnTpanusyrLime aHTUTeNa CoOXpPaHATbLCS B TeHeHne ANUTesibHOro nepuoaa nocre 3apaxeHus,
a Takke, UMeIT NN 3TN aHTUTEeNa NPSAMYIO0 NATOreHHYH POoSib U UMEKOT NK 3TN UMMYHHbIE
OTBeTbl 3Ha4YeHne ana nevyenmsa COVID-19.

27?7?77

OHOoTennarbHble KNeTKN oKa3biBaloT NPOTUBOAENCTBNE akTuBauumn koarynauum. OgHako B
CENTUYECKNX YCNOBUSX aHTUKOArynsaHTHbIE CBOMCTBA 3HAOTENNANbHbIX KNETOK HapyLlalTcs, a
aKTUBMPOBaHHbIE/NOBPEXAEHHbIE dHAOTENNAarNbHbIE KIEeTKM MOoryT obecnednBaTb OCHOBY ANs
BHYTPMCOCYOMCTON Koarynsauun. Memoannoumnsa MOXeT CUNbHEE BNUATL HA aHTUKOArynsiHTHbIE,
4YyeM MPOKoarysnsaHTHbIE NYTU, YEM OMOMHUTESIbHO CNOCOBCTBOBATL akTUBaL MK Koarynsaumm Ha
NOBEPXHOCTUN aKTUBUPOBAHHbLIX/NOBPEXAEHHbBIX 3HOOTENMANbHbLIX KNETOK. ABeppaHTHYHO
aKkTUBaUMIO Koarynsaumm MOXHO YacTUYHO nogasutb gobasneHnem rAT u rTM. 3tu
aHTMKOArynsHTbl MOryT o6ecneymTb BbPKMBAEMOCTb B CyOnonynsaumm naumMeHToB C CENCUCOM,
ctpagatowmx OBC-cuHgpomom.
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Fig. 1 Activation of coagulation in the perivascular space and inhibition of coagulation in the intravascular space. Tissue factor (TF)-bearing
fibroblasts, which reside in the perivascular space but not in the intravascular space under physiologic conditions, play an important role in the
initiation of hemostasis. An injury to the vessel wall allows plasma coagulation factor VI (FVI1) to come into contact with TF-bearing fibroblasts.

The FVIla/TF complex then activates FX and FIX. This results in the generation of a small amount of thrombin, which activates FV, FVIIl, FX|, and
platelets. This pathway serves as a propagation of coagulation, leading to the generation of large amounts of thrombin and fibrin. Fibrin polymers
are then stabilized by FXllla, which introduces fibrin-fibrin and fibrin-a2-antiplasmin (a2AP) cross-links. Endothelial cells display heparan sulphate
proteoglycans, a component of glycocalyx, which bind and potentiate plasma anticoagulant proteins, including tissue factor pathway inhibitor
(TFPI) and antithrombin (AT). Endothelial cells also display thrombomodulin (TM), which promotes thrombin-mediated activation of protein C (PQ).
Endothelial protein C receptor (EPCR) augments this reaction. Activated protein C (APC) then limits the amplification of coagulation by inactivating
FVa and FVilla with support from cofactor protein S (PS). Endothelial cells synthesize and release tissue-type plasminogen activator (tPA), which
promotes the conversion of plasminogen (Plg) to plasmin (PIn) on the surface of fibrin, leading to the generation of fibrin degradation products
(FDPs)
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Fig.2 Proof-of-cancept in vitro experiments that mimic coagulation on perivascular, intravascular, and artificial surfaces. a Thrombin generation
on the surface of endothelial cells (ECs), fibroblasts, or polystyrene microplates was monitored for 30 min using a synthetic fluorogenic substrate for
thrombin (SN-20) with normal hurman plasma and CaCl,. Thrombin was barely generated on the surface of ECs, rapidly generated on the surface
of fibroblasts, and generated after a lag period of about 10 min on the surface of polystyrene microplates. b Thrombin generation on the surface
of polystyrene microplates was monitored for 30 min either in the presence or absence of corn trypsin inhibitor (CT1), an inhibitor of the intrinsic
coagulation pathway. Thrombin generation was completely inhibited by CTI. € Thrombin generation on the surface of ECs, either untreated or
pretreated with lipopolysaccharide (LPS) or histone H3/H4 for 5 h, was monitored for up to 30 min. Thrombin was generated on the surface of ECs
stimulated with LPS or histone H3/H4. d Thrombin generation on the surface of fibroblasts or polystyrene microplates was monitored for 30 min,
either in the presence or absence of anti-TF antibodies. Thrombin generation on the surface of fibroblasts was completely inhibited by anti-TF
antibodies. Detailed methods and results are provided in Additional files 1 and 3
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Fig.3 Mechanisms of intravascular coagulation in septic conditions. In septic conditions, anticoagulant potential in the intravascular environment
can be compromised because of disruption of endothelial glycocalyx, downregulation of endothelial thrombomodulin, and decline of plasma
anticoagulant proteins such as tissue factor pathway inhibitor (TFPI) and antithrombin, In addition, activated leukocytes and endothelial cells
provide tissue factor within the blood vessel, leading to intravascular activation of coagulation. Neutrophil extracellular traps (NETs) also provide
a scaffold for intravascular coagulation by activating the intrinsic coagulation pathway, facilitating FXa-mediated thrombin generation, and
inactivating anticoagulant TFPI. Fibrinolysis inhibitors, such as plasminogen activator inhibitor-1 (PAI-1) and thrombin-activatable fibrinolysis
inhibitor (TAFI), are upregulated in septic conditions and exacerbate microvascular thrombosis by preventing fibrin removal. Recombinant
thrombomaodulin (rTM) and antithrombin gamma (rAT) are potential therapeutic agents that may restore anticoagulant potential within the septic
microcirculation. Similar to endogenous thrombomodulin, rTM binds to thrombin to generate activated protein C (APC), which can limit the
amplification of coagulation, rAT is an alternative to plasma-derived antithrombin, which traps activated coagulation factors, including thrombin
and FXa
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Fig.4 Impact of plasma dilution on procoagulant-anticoagulant balance, Thrombin generation on the surface of fibroblasts (a) or endothelial cells
(ECs) pretreated with LPS (b) was monitored for 30 min using synthetic fluorogenic substrate for thrombin (SN-20) with diluted human plasma
and CaCl,. For plasma dilution, normal human plasma was diluted with normal saline at a ratio of 2:1 (67% plasma), 1:2 (33% plasma), or 1:19 (5%
plasma). While plasma dilution (1:2) delayed the onset of thrombin generation on the surface of fibroblasts, it augmented thrombin generation on
the surface of LPS-stimulated ECs. Detailed methods and results are provided in Additional files 2 and 3
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Fig.5 Suppression of coagulation by recombinant thrombomodulin (rTM) and antithrombin (rAT). a Thrombin generation on the surface of
endothelial cells (ECs) pretreated with LPS was monitored for 30 min using a synthetic fluorogenic substrate for thrombin (SN-20) with antithrombin
(AT)-deficient plasma and CaCl,. AT-deficient plasma was either unsupplemented or supplemented with rAT to achieve the plasma AT activity of
0, 30, 70, or 100%. Thrombin generation was partially suppressed by the supplementation with rAT. b Thrombin generation on the surface of ECs
pretreated with LPS was monitored for 30 min using a synthetic fluorogenic substrate for thrombin (SN-20) with normal human plasma and CaCl,.
Plasma samples were supplemented with 100 or 2500 ng/mL of rTM, which corresponded to minimum and maximum plasma concentrations
in the clinical setting. Thrombin generation was partially suppressed by the supplementation with rTM. ¢ Thrombin generation on the surface of
ECs pretreated with LPS was monitored for 30 min using a synthetic fluorogenic substrate for thrombin (SN-20) with diluted human plasma (67%
plasma) and CaCl,. Concomitant use of rTM (2500 ng/mL) and rAT (33%) showed additive effects and efficiently suppressed thrombin generation.
Detailed methods and results are provided in Additional files 2 and 3
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