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Tpomb npepcTtaBnseT coboit reTeporeHHyio CTPYKTYpY, COCTOALLYI0 U3 TPOMBOLMTOB B PasHbIxX
PYHKLIMOHAMBHBIX COCTOAHUAX. [IPOTOYHAsA LMTOMETPUA ABNAETCA OOHNM U3 Hanbonee MHoroobeLLaloLLmX
MHCTPYMEHTOB /151 IMAarHOCTUKM COCTOAHKUA TpombounToB. OfHaKo BONpPOC ee ONTUMU3ALUK U
CTaHAapTV3aLmMy ABNSeTCA NPeaMeToM BypHbIX ANCKYCCUIA. Kak NpaBusibHO akTUBMPOBAaTbL 1 MOMETUTb
TpoMbBouuTbl ANs TOro, YTobbl OLEHUTL MX OYHKLMOHAIbHBIN cTaTyc? B naHHoi paboTe Mbl xoTenw bbl
KOPOTKO OCBETWUTb 3TOT BOMPOC W MPELNOXKUTL FUNoTesy, YTO HECKOMbKO YPOBHE!/TUMOB aKTUBaLMK
TpombouunTa COOTBETCTBYIOT PasfIMUHOMY MOMOKEHMIO B TPOMBE ¥ pasfiMuHOMy OM3MOMOrMYEeCKOMyY
cMmbicny. YTobbl caenaTth BbIBOL O TOM, Kak cebs «4yyBCTBYIOT> TpoMboOUUTLI MauneHTa, cnepayeT
MCMoMb30BaThb BECb 3TOT HEOBXOANMBINA 1 AOCTATOUHbIA HABOP YPOBHEW akTUBaLK.

KnioueBsble cnoBa: npoTo4yHas UMTOMETPUs, TPOMBOLMT, TPOMB, CBEPTbIBaHME KPOBM
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The structure of hemostatic aggregate and the assessment
of platelet functional activity using flow cytometry
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A thrombus is a heterogeneous structure consisting of platelets in different functional states. Flow cytometry is one of the
most promising tools for the diagnosis of platelet state. However, its optimization and standardization are the subjects of
heated debate. How to properly activate and label platelets in order to assess their functional status? In this work, we would
like to briefly highlight this issue and propose the hypothesis that several levels/types of platelet activation correspond to
various positions in the thrombus and various physiological meanings. One should use this entire necessary and sufficient set of
activation levels in order to draw a conclusion about how the patient’s platelets “feel”.
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apakTepu3auna PyHKLMOHANbHON aKTUBHOCTH
TpombouuTa npeacTasnseT cobon aKTyasnbHYyI0
npobnemy ana cospemMeHHON nabopaTopHoW
OMarHOCTUKN U (DyHOAMEHTamnbHbIX WCCMeLOBaHUN.
TpaouuMoHHbIE MeToLbl, TaK1e KaK arperaumsi, 4aBHO
repecTtanu oTBeyaTb COBPEMEHHbLIM NOTPebHOCTSM B
OLIEHKE PUCKa KPOBOTEYEHWUM, BbISBMIEHWMM 3aboneBaHwi,
MOCTaHOBKe AMarHo3a, KOHTPOJle U MepcoHanm3aumnm
aHTUTPOMBOTUYECKON 1 NPOreMoCcTaTUYECKON Tepanuu.
OnHako 3hdhEeKTVBHOW anbTepHaTUBbI UM B LLUMPOKON
KITMHUYECKOM NpaKTUKe Noka He nosieunoch [1, 2].
OpHuM 13 Hanbonee MHoroobelLalLIMX NOOXOLOB
K [MarHoCTWKe HapyLlueHWn TpomMbouuToB ABRAeTCA

npoTouyHas unTomeTpus [3, 4]. BOSMOKHOCTb BbisiB-
NATb LUMPOKWIA CMEKTP dYHKUMOHamNbHbIX AedIeKTOB
C MOMOLLbIO Creundmyecknx Mapkepos (HauuHas oT
NMOBEPXHOCTHbLIX aHTUIFEHOB U BMMOTb 0O U3MEHEHWN
KanbLUMeBoi curHanmsaumm [5] 1 noteHumana Ha MUTO-
XOHAPUAX), MCMonb3oBaTh Niobble KOMBMHALMKM aKTVBa-
TOPOB, OLEHUBATb OECATKU ThICSAY KIIETOK B CEKyHOY,
paboTaTb C UENbHOM KPOBbIO C MWHUManu3auuen
MOLrOTOBKM NPoBbl AaeT LUMPOKME BO3MOMKHOCTU AJIS
MCMNONb30BaHWA UMTOMETpUM B NpakTuke. loaxonbl Ha
OCHOBE MPOTOYHOW LIMTOMETPUM [OKa3anM CBOIO yCheLL-
HOCTb AN MHOIMX KIIMHWMYECKU 3HAUMMbIX CUTyaLui
[6-24].
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OpHako ysKe MHOrve rofbl ero BHEAPEHWE B MPaKTUKY
BykcyeT. OTaenbHblE rPYNMbl UCMOSb3YIOT Pa3fuyHble
MPOTOKO/SIbl, @ 3KCNEePTbl HE MOrYT JOrOBOPUTLCS O TOM,
KaK CrieflyeT NpoBoOaMTb IKCMepuMeHThI [2]: Kak akTuem-
pOBaTb, Ha YTO CMOTPETb, YEM METUTb U T. .

C opHow cTopoHbl, Npobnema, besycnosHo, pelua-
eTcA MacwTabHbIMU KNMHUYECKUMU MCNbITaHMAMN. C
LpYrovi CTOPOHbI, CNEKTP MyTel akTuBaumum TpombouuTa
[25] n ero doyHKUMOHAMBHBIX 0TBETOB [26], M3MEHeHMiA
HaCTONbKO BEMWK, YTO KOJIMYECTBO BapUaHTOB METOLA
OenaeT KIIMHUYEeCKMe UCTbITaHWst abcoioTHO HENoabEM-
HbIMK. YTOBbI MpeoponeTb 3Ty HepeLlaeMyio npobnemy,
B flaHHOW paboTe Mbl xoTenu bbl MPeRnokMTb rmnoTesy,
UTO HECKOJIbKO YPOBHEW/TUMOB akTUBaLMK TpoMbouuTa
COOTBETCTBYIOT Pa3fIMUHOMY MOJSIOKEHMIO B TPoMbe K
pasfnMyHoMy OU3VNONOrMYECKOMY CMbICHTY.

PucyHok 1

CTpyKktypa TpoMba u coctosiHme TpombouuTa

'eMOCTaTUYECKUI CFYCTOK UMEET CIIOXHYI0 apXu-
TEKTYPY, B KOTOpOW TpoMboumnTbl n donbpuH nepenne-
TeHbl apyr ¢ apyrom (pucyHok 1). [laxe B Tex yacTsax
crycTtka (unu TpoMba), KoTopble oboralieHbl TPOM-
bounTaMu, OHM MOryT HaXOLMTbCA B Pa3HblX COCTOSA-
HUAX akTuMBaumn. Hanbonee sipkuM ABnAeTCA pasnuune
Mexay 00blUHbIMM aKTUBMPOBAHHLIMKU TpoMboLMUTaMK 1
npoKoarynsHTHIMU TpoMbouuTamm [27], Ha MemBpaHax
KOTOpPbIX NPOMCXOOAT peaKLuu CBepTbiBaHUs Kposu [28,
29], Ho KoTOpble B3aMeH UMeloT aedbeKTbl agreaum [30,
31]. BHyTpKu pmbpUHOBOrO CrycTKa 3TW 2 BUAA TPOM-
BoumnToB MOryT cocyllecTsoBaTb (pucyHok 2). C oaHoit
CTOPOHbI, KOHLEHTpaUMs MpoKoarynsHTHbIX Tpombo-
LMTOB Bbile B 0bnacTtu ¢ 6onee BbICOKOW KOHLEHTpa-
uven aktusaTopos [30, 32, 33], ¢ mpyroi CTOPOHbI, OHM

HDOCTpaHCTBeHHaﬂ APXUTEKTYpPa reMoCTaTtnyeckoro Cryctka u TKaHewn npun TpaBMaTU4eCKOM MOBPEKAEHUN MOYKU

MbILLK. Micnonb3oBaHHbIe aHTUTeNa YKa3aHbl Ha pUCyHKe
Figure 1

Spatial architecture of the hemostatic clot and tissues in traumatic injury of the mouse kidney. The antibodies used are indi-

cated in the figure

PubpuH CD41
Fibrin

PucyHok 2

fAnpa HanoxeHune
Nuclei Merge

doTorpadum docdatuanncepuH-nonoxutensHoro (1) n doccatnanncepuH-oTpuuatensHoro (2) TpoMBounTos B
hBPUHOBOM CryCTKe, MOMyYeHHble C MOMOLLbI0 KOHGIOKAbHON MUKPOCKOMUK

CeepTbiBaHWe B boratoin TpomboumTaMu nnasme akTvBMpoBanoch 5 NM TkaHeBoro dpakTopa. [11a okpacku Mcnosb3oBanmchb
FITC-MeueHble aHTuTENa K CD61, mScarlet-MeueHbit aHHeKcKH V 1 Alexab47-MeueHbit ubpuHoreH

Figure 2

The images obtained using confocal microscopy show a phosphatidylserine-positive (1) and a phosphatidylserine-negative (2)

platelet in a fibrin clot

Coagulation in platelet-rich plasma was activated by 5 pM tissue factor. FITC-labeled anti-CD61 antibodies, mScarlet-labeled Annexin V and

Alexab47-labeled fibrinogen were used for staining
CD61-FITC
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MOryT BbITaJIKMBaTbCA Ha Nepudpepuio TPOMBoLMTapHOr O
TpoMba bnarogaps KoHTpakuuu [34]. UHTepecHo, uTo B
OTHOCUTENbHO BefHbIX TpoMbBouMTaMK YacTax remocTa-
TUUECKOr0 CryCTKa KOHTpaKumsa ynnoTHseT [35] Tpom-
BounTbl 1 cBAI3aHHbIM C HUMKU nBpPKH Ha nepudhepum
(pucyrok 3).

KoHTpakuusa SBRseTcA He NpPOCTO OfHWUM U3 Mexa-
HW3MOB MepecTPonKM TpoMmba, HO TakKe OJHOW U3
dyHKUMIN TPOMBOLIMTOB C NOTEHUMATBHOW KIMHUYECKOM
3HaumnmMocTblo [36]. OngHako dhuamonoruyeckas u nato-
nornyeckas posb KOHTPaKLMU Unu M3MeHeHWst hopMbI
TpoMbouuTa B HAaCTOSLLMIA MOMEHT SIBMSIETCS NPEAMETOM
MCCMNEenoBaHU N QUCKYCCUi. Te qoyHKUMM TpoMBounToB,
KOTOpble OHO3HAYHO BaHbI ANt reMocTasa U TpoMbo3a,
BKMioYaloT B cebss cnocobHOCTb K aaresnun, akTMBaLMio
MHTErpVHOB, BbIXOL NMIOTHBIX X anbda-rpaHyn, cuHTes
TpoMbokcaHa A2, NPoKoarynsHTHYI0 aKTMBHOCTb [26].
3TN hpyHKUMM peanusyloTcsa Ha pasHbIX 3Tanax TpoM-
BoobpasoBaHus B pasHbIx YacTsx TpoMba. B uacTHocTH,
paboTbl mocnegHux NeT, MHULMMPOBaHHblE Habnwoae-
HMEM siapa U 0B0NOYKM FreMOCTaTUYECKOro arperaTa
B paboTtax TumoTtu Ctankepa u lNopeHca bpacca [37,
38], npeanonaraloT CyLECTBOBaHWE CUMbHO aKTUBMPO-
BaHHbIX TPOMBOLMTOB BMN3KO K NMOBPEMAEHHBIM TKaHAM
(c BbiweawMMK anbda-rpaHynamu). 3To AAPO OKPY-
YKEHO AMHaMUYeCcKon 060NoYKoM crnaboakTBMPOBaHHbIX
1 06paTMMO NpUKpenneHHbIX TpoMbouuTos [39], cTaTyc
KOTOPbIX YNpaBnseTcs cekpeumnen ageHosmHandocdara
(AD) 13 NNOTHBLIX rpaHyn TPOMOOUMTOB Anpa Tpomba
[40].

PucyHok 3
ﬂByMepHaﬂ Mo[eslb KOHTpaKumn TpOMﬁa

AKTMBaLUA TPOMBOLMTOB B MPOTOYHOW LIUTOMETPUU

B kakux-To npoTokonax UCMofb3yeTcs MaKcu-
ManbHas aKTuBauusi TPOMBOLMTOB KOKTENNEM aKTU-
BaTOPOB, BO3AEWCTBYIOLMX Ha BCe peLenTopbl M
BbI3bIBAOWMX MakCUManbHbll 0TBEeT. B pgpyrux,
HaobopoT, ncnonb3yeTtca n3bvpaTtenobHas akTMBauUuS
OTHENbHBIMU aKTMBATOPaMK UMW faxe UccriefoBaHue
3aBMCMMOCTU OT UX KOHLEHTpauuu Ans onpefenexHus
YyBCTBUTENBHOCTU TPOMBOLMTOB. TOYHO Tak e Habop
BapuaHTOB JeTeKUMM OTBETOB TPOMOOLMTOB MOYTK
BeckoHeuyeH.

MO’KHO MpPefnonoMK1Tb, YTO AN MOSTHOLEHHOM
XapaKTepusaumu TpoMBoUMTOB NaumneHTa B MPOTOYHOWM
untoMeTpumn (MM uHbIXx MeTomax) ux Heobxo-
OUMO W [OCTaTOYHO MOMECTUTb B Te BapuaHTbl
yCnosuin, KoTopble HabnopalTca B opraHusMe, a
TaKXe AeTeKTUpoBaTb Habop akTyanbHbIX ANS 3TUX
ycnoBui pyHKUMA. [1efCTBUTENbHO, €CNU KakMe-To
OyHKUMM B OTBET Ha KaKylo-TO CTUMYMNALMIO HYKHbI
ONA U3NOMIOrNYeCcKon UM NaToorMyeckon ponum
TpoMbOUMTOB, TO OHM B 3TUX YCMOBUAX MPOABAT
ceba apekBaTHbIM obpas3oM. M3 onucaHHbIX Bbile
nNpencTaBfeHNn 0 CTPyKType Tpomba M paHHbIX
no oTBeTaM TPOMDOUMTOB Ha PasHYl CTUMYMALMIO
[22] MosHO cdhopMynMpoBaTh Takoi Habop ycrnoBuid
(rabnuua).

Bo-nepBbix, HaM, 6€3yCnoBHO, HYHbl TPOMBOLMTDI
6e3 akTMBaLUMKU. ITO NO3BONAET OLEHUTb UX CTaTyC B
MOKOE, 3arpysKeHHOCTb FPaHys, Hanuuve npefakTu-
BaLMM B LMPKYNALMK 1 cnocobHocTb K Ba3oBon agresuu.

TNeBas NaHenb: Kpyru — TPOMBOLIMTBI; YUEPHbIN LBET — HauarbHOE MOMOMEHNE; KPACHDIN LIBET — KOHEYHOE MOTOKEHUE MOCHe KOH-
Tpakuuu TpoMba; BEpPTHKASIbHbIE JIMHUM — MOMOMEHUE XOSIAEPOB, K KOTOPLIM NMPUCOEAMHEH TPOMB; | — BA3KOCTb cpedbl. Yucna —
HoMep TpoMboumTa OT Kpas TpoMba K LieHTpy. LieHTpanbHas naHenb: Bepx — CKOPOCTb TPOMBOLIMTOB NPU PeTpaKLmMK BbilLe Ha
nepucepun; H1U3 — cuna, NPUNOMEHHas K TPOMBoLMTaM, Bbille B LeHTpe TpoMba, ueM Ha nepudpepun. Yucna Ha nereHpe rpa-
ch1Ka COOTBETCTBYIOT HOMEpaM TPoMBOLMTOB Ha NeBoit NaHenu. NpaBas NaHenb: paccTosHWe Mexay TPOMBOLMTaMKU MeHbLUe Ha
nepucpepwu Tpomba. MpocTas Mogesnb peTpakLMm NpeacKasbiBaeT, YTo B MPUCYTCTBUM ABYX XOSIAEPOB, K KOTOPbIM NMPUKPEnsieH
TpoM6, TpOMBOLMTLI ByLyT CKOHLEHTPUPOBaHbI Ha nepudbepun TpoMba nocne peTparLmmn

Figure 3
A two-dimensional model of thrombus contraction

Left panel: circles — platelets; black color — initial position; red color — final position after contraction of the thrombus; vertical lines — the po-
sition of the holders to which the thrombus is attached; p — medium viscosity. Numbers — the number of platelet from the edge of the throm-
bus to the center. Central panel: upper graph — platelet velocity during the retraction is higher at the periphery; lower graph — force applied

to the platelets is higher at the center of the thrombus than at the periphery. The numbers on the plot legend correspond to the numbers of
platelets on the left panel. Right panel: the distance between the platelets is smaller at the periphery of the thrombus. A simple model of
thrombus retraction predicts that in the presence of two holders, to which the thrombus is attached, platelets will be concentrated at the pe-
riphery of the thrombus after the retraction
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Tabnuua
OcHOBHble TUMbl/ypOBHM akTBaLmMK TpoMbouuTa

Tables
Main types/levels of platelet activation

AxTuBauusa Bbixon Bbixop .
WUHTErpuHoB, - MAOTHbIX ®dusnonoruyeckum
Bun akTvBaLmMm FSC, CD42b, CDSL, 9 r;::%a %  TPaHyn, % ¢°°¢aT".,Z""°ep""’ cMbicn
Type of activation % % % Activation of e Dense : T Physiological
integrins, Alferlzagrearlyle granule Phosphatidylserine, % meaning
% > release, %
B nokoe B
Bes aktvBauum - - - - LIMpRYNALMK
No activation 100 100 100 0 0 0 0 Circulating in a
resting state
AHanorun TpomMbuHa +
KonnareH - - - - - - " fAnpo TpoMba
Thrombin analogues + 60 70 250 100 100 100 20-50 Thrombus core
collagen
AHanoru TpomMbuHa + AP FpaHﬁmua Alpa u
Thrombin analogues + ~ 60 ~50 ~ 250 ~ 100 ~ 100 ~ 100 5-20 Bour?d:?rj\;%‘::\l:\l/een
ADP the core and the shell
Al ~ ~ _ - - Ob6onouka TpoMba
ADP 100 70 150 <10 10-30 0 0 Thrombus shell

Note. ADP — adenosine diphosphate.

B psne cnyuyaeB 3T nokasatenu TpoMboUMTOB Koppe-
NMPYIOT C pUCKaMmn KpoBoTeueHuin [14], naxe Koraa Mol
M0X0 MOHMMaeM MEXaHW3Mbl 3TON KOPPENALMM.

Bo-BTOpbIX, 3TOT Habop BapMaHTOB JOSIKEH BKMIO-
yaTb B CeBs CMIIbHYIO KOMMareH-3aBrCMMYI0 aKTUBaLMIO
ans obnactu nospesxaeHUs (BO3MOXHO, KOMMareH c
TpoMBUHOM, a Takske ¢ ALlD). ITOT BapuaHT MoKaskeT
npeaenbl BO3MOXHOCTe TpombouuTa (UTo nonesHo Ans
KanubpoBKM), a TaKsKe OXapaKTepuU3yeT ero cnocoBHOCTbL
cTapToBaTb TpoMboobpasoBaHue u cchopMmnpoBaTh SApPO.
MOXHO NPeLnonoXKUTb, YTO 3TO BasKHEMLWINUI NyTb ANA
MPOSIBIIEHNA NPOKOAryNAHTHON aKTMBHOCTW. Ho cam mo
cebe oH cnabo KoppenupyeT C HEKOTOPbIMKU BUAAMM
LedheKToB, TaK Kak NepeoLieHNBaET BaKHOCTb aKTMBaLMK
uepes rnukonpoTenH VI [24].

OcHoBy afgpa dopMupyioT TpOMBOUNTBI, aKTUBK-
pOBaHHble TPOMBUHOM, BO3MOMKHO, MOCMEA0BATENbHO
B KOMBUHaumum ¢ AL® [41]. 3TOT BapuaHT aKTMBaLIMK
TaKKe XOpPOLIO MOAXOAMT ANA KanuMbpoBKM, Tak Kak
Bbl3blBaeT MaKCUMarnbHble WM BfM3KMe K Makcu-
ManbHbIM OTBETbI. EF0 rmaBHoe pasnuyve B TOM, YTO OH
noavyepkmMBaeT TPOMBUH-3aBUCUMbIE MYTW aKTUBaLIUK.
MoHO 0BCyKaaTb, HACKOMbKO 3TOT BapUaHT aKTMBaLmu
MOXXHO KOMBMHMPOBATb C MPEeabIAYLLUMM.

HakoHel, HeobxoamMMo yuutbiBaTb crabyio AL®-
1 TPOMBOKCaH-3aBUCUMYIO aKTUBaLMIO ANF UMUTaLMK
ycnosuii 06onoukn. 3Tta CTUMyNALMA BedeT K orpa-
HWUYEHHOMY BbIXOAY FPaHyn u HebonbLION aKTuBaLum

Bornpock! reMaTonorin/OHKONOM M 1 MMMYHONATOMOM VM B NeanaTpim
2024 | Tom 23 | Ne 2 | 192-197

WHTErPVMHOB AaXe MPU BbICOKMX KOHLEHTPALMAX aKTu-
BaTOpOB. MOMKHO OCTOPOXHO NPEeAnonoX1Tb, YTO OHa
h13N0NOrMYeckn COOTBETCTBYET BHELLUHEMY CIIOI0
fapa, a Takke obonouke. B niobom cnyyae, ecnm Tpom-
Bountbl He BynyT HopManbHO oTBeyaTb Ha ALD, TO
dopmMupoBaHue TpoMmba byaeTt HapylleHo. A OTBeThl
Ha AL® Ha (hoHe CUNbHbIX AKTUMBATOPOB CJIOXKHO
nccrnepoBarth.

HecMoTpsa Ha TO, YTO Halle NMOHUMaHWe CTPYKTYpbI
Tpomba n dpyHKUMIA TpombounTa Ha pasHbIX dTanax
TpoMbBoobpa3oBaHusa orpaHuyYeHo, NOAobHbIE paccysk-
OEHVS B MEPCMEKTMBE MOMYT NPUBECTM K (DOPMUPOBaHMIO
dh13no10rMyeckn 060CHOBAHHON CXEMbl TECTUPOBAHUSA
TpoMBOUMTOB, A1 KOTOPOM MOKET ObITb onpaBAaHo
NPOBefEHNE KIIMHUYECKMX UCTIBITAHUA.

UCTOYHUK PUHAHCUPOBAHUA
MccnepoBaHve npoBeneHo Npu NOAAEP)KKe rpaHTa Poccuiickoro Hayy-
Horo cpoHAa, npoekT Ne21-45-0012.

KOH®JIUKT MHTEPECOB
ABTOpbI CTaTbW MOLTBEPAMNM OTCYTCTBUE KOH(DNMKTA WHTEPECOB, O
KOTOPOM HeobxoanMo coobLLUUTb.

ORCID

Balandina A.N. ORCID: https://orcid.org/0000-0002-7032-695X
Kuprash A.D. ORCID: https://orcid.org/0000-0002-1210-9156
Nikitin N.S. ORCID: https://orcid.org/0009-0001-4799-5565
Kovalenko T.A. ORCID: https://orcid.org/0000-0002-8455-1808
Ignatova A.A. ORCID: https://orcid.org/0000-0002-5217-3937
Panteleev M.A. ORCID: https://orcid.org/0000-0002-8128-7757




OB3OP JINTEPATYPbI

INutepatypa / References

1.

Ywakosa O.E., Heuunypenko [.10.,
ByTtbinun A.A., MNaHTenees M.A. lpu-
MEHeHMe NPOTOYHbIX cucTeM B nabo-
paTopHOW [AMarHOCTUKe ANns MWHTe-
rpasibHOM OLIeHKM CUCTEMbI FeMOCTasa.
Bonpocbl remMaTonorum/oHKonorum w
UMMyHonaTonoruv B negunatpum 2018;
17 (1): 117-32. DOI: 10.24287/1726-

1708-2018-17-1-117-132 [Usha-
kova O0.E., Nechipurenko D.Yu.,
Butylin  A.A., Panteleev M.A.

Application of flow systems in
laboratory diagnostics for the integral
evaluation of the hemostatic system.
Pediatric Hematology/Oncology and
Immunopathology 2018; 17 (1): 117-
32. (In Russ.)].

Mezzano D., Harrison P., Frelin-
ger A.L., 3¢ Mumford A.D., Noris P.,
Lordkipanidze M., et al. Expert Opinion
on the Use of Platelet Secretion Assay
for the Diagnosis of Inherited Plate-
let Function Disorders: Communica-
tion from the Isth Ssc Subcommit-
tee on Platelet Physiology. J Thromb
Haemost 2022; 20 (9): 2127-35. DOI:
10.1111/jth.15781

Kapkos M.A., OémnHa W.A., MaHTe-
nees M.A. Vcnonb3oBaHne MeTona

dyHKUMOHaNbHON aKTUBHOCTHU
TpoMBOLUMTOB AN AMArHOCTUKM
TpoMbouuTonaTum y neTew.

Bonpocbl remaTtonorum/oHKonorun
MMMyHonaTtonorum B negnatpum 2016;
15 (2): 40-6. DOI: 10.24287/1726-
1708-2016-15-2-40-46 [Zharkov P.A.,
Demina LA., Panteleev M.A. Use of a
platelet functional activity technique
for diagnosing paediatric thrombo-
cytopathies. Pediatric Hematology/
Oncology and Immunopathology 2016;
15 (2): 40-6. (In Russ.)].

MoHomapeHko E.A., WrnatoBa A.A.,

®epoposa  [1.B., Kapkos [l.A,
Mantenees M.A. ®yHKUMOHaNbHaA
aKTUBHOCTb TpomMboLMNTOB:

dhumsmnonorus n MeToabl nabopaTopHoii
LMarHocTvki. Bonmpockl rematonorum/
OHKOSIOMMM U WMMYHOMNaTonorMn B
neguatpuu 2019; 18 (3): 112-9. DOI:
10.24287/1726-1708-2019-18-3-
112-119 [Ponomarenko E.A., Igna-
tova A.A., Fedorova D.V., Zharkov P.A.,
Panteleev M.A. Platelet functional
activity: physiology and laboratory
diagnostic methods. Pediatric Hema-
tology/Oncology and Immunopathol-
ogy 2019; 18 (3): 112-9. (In Russ.)].

MapTtbsHoB A.A., Mopososa [.C.,

XopeBa A.Jl., T[laHTeneee M.A,,
Lllepbuna A.lI0., CeewHukoBa A.H.
OcobeHHOCTH BHYTPUKIIETOYHON
KanbuneBon CUrHanu3auuu
TpomboumToB Npu cMHApoMe BuckoTta—
Ongpuya. Bonpocbl rematonoruun/

OHKOMOrUM M UMMYHOMaTonoruM B
neguatpuu 2020; 19 (1): 100-7. DOI:
10.24287/1726-1708-2020-19-1-
100-107 [Martyanov A.A., Moro-
zova D.S., Khoreva A.L.,, Pante-
leev M.A., Shcherbina A.Yu., Svesh-
nikova A.N. Specific features of intra-

cellular calcium signalling, distinc-
tive for Wiskott-Aldrich syndrome
patients. Pediatric Hematology/Oncol-
ogy and Immunopathology 2020; 19
(1): 100-7. (In Russ.)].

Konbuosa E.M., banawosa E.H.,
MaHnTenees M.A., banaH-
ovHa A.H. JlabopaTopHble acnekTbl
remMocTtasa HOBOPOXOEHHbIX.
Bonpocbl  reMartosioruun/oHKonoruu
¥ MMMyHOMaToONorMu B neguaTpuu
2018; 17 (4): 100-13. DO
10.24287/1726-1708-2018-17-
4-100-113 [Koltsova E.M., Bala-
shova E.N., Panteleev M.A., Balandi-
na A.N. Laboratory aspects of hemo-
stasis in neonates. Pediatric Hematol-
ogy/Oncology and Immunopathology
2018; 17 (4): 100-13. (In Russ.)].
Kymckoea M.A., [émuHa WA,
Moponnenosa H.A., banangunHa AH.,
CepérnHa E.A., bBoHpap E.B. u
op. [JmarHocTuka TpoMbBacTeHuu
[MaHLUMaHa ¢ NOMOLLbIO UCCIIefoBaHNs
nokasatened  MfasMEHHOro ¥
TpoMBOoLMTapHOro 3BEHLEB FreMocTasa.
Bonpocbl remMaTonorum/oHKonorum
MMMyHonaTtonorum B negnatpum 2015;
14 (4): 17-24. DOI: 10.24287/1726-
1708-2015-14-4-17-24  [Kumsko-
va MA., Demina |.A.,, Podoplelova N.A.,
Balandina A.N., Seregina E.A., Bon-
dar E.V., et al. Diagnosis of Glanzmann’s
thrombasthenia by assessment of
plasma and platelet hemostatic param-
eters. Pediatric Hematology/Oncology
and Immunopathology 2015; 14 (4):
17-24. (In Russ.)].

Konbuosa E.M., bananguHa A.H.,
OemuHa W.A., PagbirmHa C.A.,
AtaynnaxaHos ®.W., Banawos [.H.,
[MaHTenees M.A. MWcnonb3osaHue
mMeTona NPOCTPAHCTBEHHOW
reHepauum TpoMmbuHa ANA  OUEHKU
MPOKOarynsaHTHOW aKTUBHOCTHU
TpombounMTOB Mocne TpaHcdy3un
TpoMbOKOHUEHTpaTa Yy  feTel.
Bonpocbl rematonorum/oHKonoruu u
“MMyHonatonorun B negnatpum 2016;
15 (2): 32-9. DOI: 10.24287/1726-
1708-2016-15-2-32-39 [Kol'tsova
E.M., Balandina J.A., Demina LA,
Radygina S.A., Ataullakhanov F.I.,
Balashov D.N., Panteleev M.A. The
use of a spatial thrombin generation
method for assessment of platelet
procoagulant activity after platelet
concentrate transfusion in children.
Pediatric Hematology/Oncology and
Immunopathology 2016; 15 (2): 32-9.
(In Russ.)].

[myxaniok E.B., OémuHa U.A., Urna-

ToBa A.A., Opexosa E.B., Xauat-
psH JL.A., MaHTenees M.A. llepBbiit
ONbIT  OUeHKM  OYHKUMOHAaNbHOWM

aKTMBHOCTM TPoMBOLMTOB Yy 60SbHbIX
¢ cunppomoMm Kasabaxa—MeppuTT.
Bonpocbl remMaTonorum/oHKonoruu
MMMyHonaTtonorum B neguatpum 2016;
15 (4): 21-7. DOI: 10.24287/1726-
1708-2016-15-4-21-27  [Glukha-
nyuk E.V., Demina |.A., Ignatova A.A,,

10.

11.

12.

13.

Orekhova E.V., Khachatryan L.A,,
Panteleev M.A. A first experience
of assessing the functional activ-
ity of platelets in patients with Kasa-
bach-Merritt syndrome. Pediatric
Hematology/Oncology and Immuno-
pathology 2016; 15 (4): 21-7. (In
Russ.)].

Monoxos .M., Bacunbes C.A,
3o3yna H.M., Kymckosa M.A., Moucee-
Ba T.H., Anb-Pagu J1.C., MNaHTe-
nees M.A. Pepnkasn dopMa
TpoMbouuTOnmaTM  C  HapyLUeHUEeM
MPOKOAMYMAHTHON aKTUBHOCTU U CeKpeLn
ToMBoumToB.  Bompockl  reMatonorum/
OHKOTOM MV 1 IMMYHOMATOMOM U B NEAVATPUN
2018;17 (1): 9-6. DOI: 10.24287/1726-
1708-2018-17-1-93-96  [Polok-
hov D.M., Vasiliev S.A., Zozulya N.I.,
Kumskova M.A., Moiseeva T.N,,
Al-Radi L.S., Panteleev M.A. Combined
disorder of procoagulant activity and
platelet secretion with normal aggre-
gation in a patient with a bleeding ten-
dency. Pediatric Hematology/Oncol-
ogy and Immunopathology 2018; 17
(1): 93-6. (In Russ.)].

Moposoea [.C., MapTbsaHoB A.A,,

MaHTtenees M.A., Xapkos T[1.A,
depoposa [.B., CelwHukoBa A.H.
HabniopeHune yHKUMOHMpPOBA-

HUA rpaHynouuToB npu Tpombo-
obpasoBaHWK ex Vivo y MauueHToB C
ANKRD26-accounmpoBaHHOM TpOM-
HoumtoneHvelt. Bonpocbl remaTono-
TUU/OHKONIOTUM U MMMYHOMATOMO0-
rvv B negmatpumn 2020; 19 (1): 27-34.
DOI: 10.24287/1726-1708-2020-19-
1-27-34 [Morozova D.S., Martya-
nov AA., Panteleev M.A., Zhar-
kov P.A., Fedorova D.V., Sveshni-
kova A.N. Observation of granulo-
cyte function during ex vivo throm-
bus formation for patients with
ANKRD26-associated thrombocyto-
penia. Pediatric Hematology/Oncology
and Immunopathology 2020; 19 (1):
27-34. (In Russ.}].
CyHuoBa E.B.,
MwoHkuu A.B.,
Macuan A.A., HosuukoBa T.A,
MaHTenees M.A. NlnHamuka
yHKLMOHaNbHON aKTUBHOCTM
TPOMBOLMTOB M reMoCTaTU4ecKoro
cTaTyca y pebeHka C XpOHW4YECKOW
MMMYHHOM TpoMbouunTOoneHune
Ha  TepanuuM  POMMUMNIIOCTUMOM.
Bonpockl rematonoruu/oHkonorun u
“MMyHonaTonoruv B negnatpumn 2017; 16
(3): 69-72. DOI: 10.24287/1726-1708-
2017-16-3-69-72 [Suntsova E.V., Igna-
tova A.A., Pshonkin A.V., Serkova LV.,
Maschan A.A., Novichkova G.A., Pan-
teleev M.A. Dynamics of platelet func-
tional activity and hemostatic status
in a child with chronic immune throm-
bocytopenia on romiplostim treat-
ment. Pediatric Hematology/Oncology
and Immunopathology 2017; 16 (3):
69-72. (In Russ.)].

Balashova E., Koltsova E., Igna-
tova A., Polokhov D., Kuprash A., Kirt-

MrHatoea A.A.,
CepkoBa W.B.,

Pediatric Hematology/Oncology and Immunopathology

2024 | Vol. 23 | Ne 2 | 192-197



14.

15.

16.

17.

18.

19.

20.

21.

22.

baya A., et al. Laboratory Parame-
ters of Blood Coagulation and Platelet
Functional Activity in Premature Neo-
nates. Am J Perinatol 2016; 33 (S 01):
A015.

Ignatova A.A., Demina I.A., Ptu-
shkin V.V., Khaspekova S.G., Shus-
tova O.N., Pankrashkina M.M., et al.
Evolution of Platelet Function in Adult
Patients with Chronic Immune Throm-
bocytopenia on Romiplostim Treat-
ment. Br J Haematol 2019; 187 (2):
e38-42. D0I: 10.1111/bjh.16164
Ignatova A.A., Karpova 0.V., Trakht-
man P.E., Rumiantsev S.A., Pante-
leev M.A. Functional Characteristics
and Clinical Effectiveness of Platelet
Concentrates Treated with Riboflavin
and Ultraviolet Light in Plasma and in
Platelet Additive Solution. Vox Sang
2016; 110 (3): 244-52. DOI: 10.1111/
vox.12364

Ignatova A.A., Ponomarenko E.A,,
Polokhov D.M., Suntsova E.V., Zhar-
kov P.A., Fedorova D.V., et al. Flow
Cytometry for Pediatric Platelets.
Platelets 2019; 30 (4): 428-37. DOI:
10.1080/09537104.2018.1513473
Koltsova E.M., Balashova E.N., Igna-
tova A.A., Poletaev A.V., Polok-
hov D.M., Kuprash A.D., et al. Impaired
Platelet Activity and Hypercoagula-
tion in Healthy Term and Moderately
Preterm Newborns During the Early
Neonatal Period. Pediatr Res 2019; 85
(1): 63-71. DOI: 10.1038/s41390-018-
0184-8

Obydennyi S.l., Artemenko E.O.,
Sveshnikova A.N., Ignatova A.A., Var-
lamova T.V., Gambaryan S., et al.
Mechanisms of Increased Mitochon-
dria-Dependent Necrosis in Wiskott—
Aldrich Syndrome Platelets. Haema-
tologica 2020; 105 (4): 1095-106. DOI:
10.3324/haematol.2018.214460
Poletaev A.V., Koltsova E.M., Igna-
tova A.A., Kuprash A.D., Gitel-
son P.G., Sepoyan A.M., et al. Alter-
ations in the Parameters of Clas-
sic, Global, and Innovative Assays of
Hemostasis Caused by Sample Trans-
portation Via Pneumatic Tube System.
Thromb Res 2018; 170: 156-64. DOI:
10.1016/j.thromres.2018.08.024
Suntsova E.V., Demina I.M., Igna-
tova A.A., Ershov N.M., Trubina N.M.,
Dobrynina J., et al. Bleeding Tendency
and Platelet Function During Treat-
ment with Romiplostim in Children
with Severe Immune Thrombocyto-
penic Purpura. Int J Hematol 2017,
105 (6): 841-8. DOI: 10.1007/s12185-
017-2207-3

Koltsova E.M., Sorokina M.A., Pis-
aryuk A.S., Povalyaev N.M., Igna-
tova A.A., Polokhov D.M., et al. Hyper-
coagulation Detected by Routine and
Global Laboratory Hemostasis Assays
in Patients with Infective Endocarditis.
PLoS One 2021; 16 (12): e0261429.
DOI: 10.1371/journal.pone.0261429
Ponomarenko E.A., Ignatova AA,
Polokhov D.M., Khismatullina R.D.,
Kurilo D.S., Shcherbina A., et al.
Healthy Pediatric Platelets Are Mod-
erately Hyporeactive in Compari-

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

son with Adults' Platelets. Plate-
lets 2022; 33 (5): 727-34. DOL:
10.1080/09537104.2021.1981848
Polokhov D.M., Ershov N.M., Igna-
tova A.A., Ponomarenko E.A., Gask-
ova M.V., Zharkov P.A., et al. Plate-
let Function and Blood Coagulation
System Status in Childhood Essen-
tial  Thrombocythemia. Plate-
lets 2020; 31 (8): 1001-11. DOL:
10.1080/09537104.2019.1704710
Dmitrieva E.A., Nikitin E.A., Igna-
tova A.A., Vorobyev V.1, Poletaev A.V.,
Seregina E.A., et al. Platelet Function
and Bleeding in Chronic Lymphocytic
Leukemia and Mantle Cell Lymphoma
Patients on lbrutinib. J Thromb Hae-
most 2020; 18 (10): 2672-84. DOI:
10.1111/jth.14943

Martyanov A., Panteleev M. Platelet
Functional Responses and Signalling:
The Molecular Relationship. Part 2:
Receptors. Systems Biology and Phys-
iology Reports 2021; 1 (3): 13.
Sveshnikova A., Stepanyan M.,
Panteleev M. Platelet Functional
Responses and Signalling: The Molec-
ular Relationship. Part 1: Responses.
Systems Biology and Physiology
Reports 2021; 1 (1): 20.

Podoplelova N.A., Nechipurenko D.Y.,
Ignatova A.A., Sveshnikova A.N., Pan-
teleev M.A. Procoagulant Platelets:
Mechanisms of Generation and Action.
Hamostaseologie 2021; 41 (2): 146—
53. DOI: 10.1055/a-1401-2706
Podoplelova N., Soloveva P., Gar-
zon Dasgupta A., Filkova A., Pante-
leev M. Analyzing the Interaction of
Fluorescent-Labeled Proteins with
Artificial Phospholipid Microvesi-
cles Using Quantitative Flow Cytom-
etry. J Vis Exp 2022; (182). DOI:
10.3791/63459

Podoplelova N.A., Sveshnikova A.N.,
Kotova Y.N., Eckly A., Receveur N.,
Nechipurenko D.Y., et al. Coagulation
Factors Bound to Procoagulant Plate-
lets Concentrate in Cap Structures
to Promote Clotting. Blood 2016; 128
(13): 1745-55. DOI: 10.1182/blood-
2016-02-696898

Yakimenko A.O., Verholomova F.Y.,
Kotova Y.N., Ataullakhanov F.I., Pan-
teleev M.A. ldentification of Differ-
ent Proaggregatory Abilities of Acti-
vated Platelet Subpopulations.
Biophys J 2012; 102 (10): 2261-9. DOI:
10.1016/j.bpj.2012.04.004

Abaeva A.A., Canault M., Kotova Y.N,
Obydennyy S.I., Yakimenko A.O., Podo-
plelova N.A., et al. Procoagulant
Platelets Form an Alpha-Granule Pro-
tein-Covered “Cap” on Their Surface
That Promotes Their Attachment to
Aggregates. J Biol Chem 2013; 288
(41): 29621-32. DOI: 10.1074/jbe.
M113.474163

Kotova Y.N., Ataullakhanov F.I., Pan-
teleev. M.A. Formation of Coated
Platelets Is Regulated by the Dense
Granule Secretion of Adenosine
5'diphosphate Acting Via the P2y12
Receptor. J Thromb Haemost 2008;
6 (9): 1603-5. DOI: 10.1111/}.1538~
7836.2008.03052.x

Bornpock! reMaTonorin/OHKONOM M 1 MMMYHONATOMOM VM B NeanaTpim
2024 | Tom 23 | Ne 2 | 192-197

33.

34.

35.

36.

37.

38.

39.

40.

41.

Panteleev M.A., Ananyeva N.M,
Greco N.J., Ataullakhanov F.I.,
Saenko E.L. Two Subpopulations of
Thrombin-Activated Platelets Differ
in Their Binding of the Components
of the Intrinsic Factor X-Activating
Complex. J Thromb Haemost 2005; 3
(11): 2545-53. DOI: 10.1111/j.1538-
7836.2005.01616.x

Nechipurenko D.Y., Receveur N., Yaki-
menko A.O., Shepelyuk T.0., Yakus-
heva A.A., Kerimov R.R., et al. Clot
Contraction Drives the Translocation
of Procoagulant Platelets to Throm-
bus Surface. Arterioscler Thromb
Vasc Biol 2019; 39 (1): 37-47. DOI:
10.3390/cells10030584

Kovalenko T.A., Giraud M.N., Eckly A,,
Ribba A.S., Proamer F., Fraboulet S,
et al. Asymmetrical Forces Dictate the
Distribution and Morphology of Plate-
lets in Blood Clots. Cells 2021; 10 (3):
584. DOI: 10.3390/cells10030584
Andrianova |.A., Khabirova A.l,
Ponomareva A.A., Peshkova A.D,
Evtugina N.G., Le Minh G., et al.
Chronic Immune Platelet Activation
Is Followed by Platelet Refractoriness
and Impaired Contractility. Int J Mol
Sci 2022; 23 (13): 7336. DOI: 10.3390/
ijms23137336

Stalker T.J., Traxler E.A., Wu J., Wan-
nemacher K.M., Cermignano S.L., Vor-
onov R., et al. Hierarchical Organiza-
tion in the Hemostatic Response and
Its Relationship to the Platelet-Sign-
aling Network. Blood 2013; 121 (10):
1875-85. DOI: 10.1182/blood-2012-
09-457739

Welsh J.D., Poventud-Fuentes I.,
Sampietro S., Diamond S.L,,
Stalker T.J., Brass L.F. Hierarchi-

cal Organization of the Hemostatic
Response to Penetrating Injuries in the
Mouse Macrovasculature. J Thromb
Haemost 2017; 15 (3): 526-37. DOI:
10.1111/jth.13600

Kaneva V.N., Dunster J.L.,
Volpert V., Ataullahanov F., Pan-
teleev M.A., Nechipurenko D.Y.
Modeling Thrombus Shell: Linking
Adhesion Receptor Properties and
Macroscopic Dynamics. Biophys J
2021; 120 (2): 334-51. DOI: 10.1016/j.
bpj.2020.10.049

Masalceva A.A., Kaneva V.N., Pan-
teleev M.A., Ataullakhanov F., Volp-
ert V., Afanasyev |, et al. Analysis of
Microvascular Thrombus Mechano-
biology with a Novel Particle-Based
Model. J Biomech 2022; 130: 110801.
DOI: 10.1016/j.jbiomech.2021.110801
Shakhidzhanov S.S., Shaturny V.I,
Panteleev M.A., Sveshnikova A.N.
Modulation and Pre-Amplification of
Parl Signaling by Adp Acting Via the
P2y12 Receptor During Platelet Sub-
population Formation. Biochim Bio-
phys Acta 2015; 1850 (12): 2518-29.
DOI: 10.1016/j.bbagen.2015.09.013

197




