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Cb5/®D
Ob6pauwjeHue pedakyuu

BanaHguHa A.A.

CuncremHas 6uonorua n dousmonorus: BeKtopbl 2025 roga

2025 ropg cTasl BaXHOM BEXOW B PasBUTUM Hallero XypHasa «CuctemHass 6uonornss n omamonorns.
OdwmuymanbHbIl BO3pacT u3fgaHusa npesbicun gsa roga, n B cucteme PUHL, 6bin paccuntaH nepsbiii
MOJTHOLLEHHbIV MMNakT-hakTop XypHasa. MNonyyeHHoe 3HavyeHne umnakT-gaktopa (0,2), K coxaneHuto, He
oTpaxaeT peasibHOr0 ypOBHS UMTUPOBaHNA Ny6nnkaumii xXypHana. Mo gaHHbiM camoli nnatgopmel eLibrary.ru,
dhakTyeckoe YMCO CChISIOK Ha CTaTbyM NPeBbILLAeT y4nTbiBaEMOEe Npu pacyéTe MMnakT-goakTopa 6o1ee yem B
ABajuatb pas. BeposiTHON NpnynHO ABASieTCA NPOA0/MKAOLLIEECS UMTUPOBaHME HeakTya lbHOM aHI/INIACKON
BEPCUM XYypHasia, YTO yKasbiBaeT Ha HeobXoAUMOCTb AOMOSIHUTENbHONO WHOPMMPOBAHMSA aBTOPOB U
yuTaTenen o AerCTBYOLWEN BEPCUMM U3[AaHNS U KOPPEKTHBLIX NpaBuaax UMTMpoBaHus. Mbl paccumTbiBaeM,
4yTO Ha 6o0silee NPOTSHKEHHON BPEMEHHON AMCTaHUMK cUTyauus OGyAeT BblpaBHMBATLCS, a BO3BpalleHue
XypHana K nHaekcnposaHuio B cucteme DOI no3BOIMT CTaHA4apTM3NpoBaTb 6uborpadmnyeckme CCbiikm n
MOBbICUTb TOYHOCTb HAYKOMETPUYECKMX NoKasaTesne.

B nepBoM BbInycke TEKyLLEro roga XypHaa npoA40/MKUA Tpaguumio nybamkaumm opurmHasibHbIX UccneoBaHuii
NO aKkTyaslbHbIM HanpaB/IeHNSIM CUCTEMHOI 61uonorum n pmanonorun. B Hero Bownm paboTbl, NOCBALWEHHbIE
MexaHM3MaM KanbLMeBOoi curHanunsaummn B HenTpodmnax [1], 3agavam nMmTaumm BHEKIETOYHOrO MaTpukca
[2], akcnepyMeHTaslbHOMY MOAENNPOBAHUI0 OHKOMIOTMYECKMX 3aboneBaHuii [3], MeEMOpaHHbLIM peakumsm
CBepTbiBaHNA KPOBU [4], a TakkKe NMPUMEHEHUI0 MEeTOAO0B CBeTopacCesHus A1 aHa/nm3a MeXKIeTOYHbIX
B3ammogelicTeuia [5].

HacTtoswwii BbiNyCK NpoA0/HKaeT APYryto BaXHYIO TPaAMLMIO XXypHasia — ny6bmkaumnio Te3ncoB OAHOMMEHHON
€XeroAHo KoHdepeHUMn no CUCTEMHOI 6uonorun u dusmonornm, nposoanumolr Ha 6asze LTI ®XP
PAH. KoHdepeHuusa 2025 roga 6blna OpveHTMpOBaHa Ha paboTbl acnMpPaHTOB WU MOOAbIX YYEHbIX W
NPOLAEMOHCTPMPOBasIA BbICOKMI HaYUHbI YPOBEHb NPeACTaB/IEHHbIX UCCeA0BaHNA.

TemaTtvka 4OK1aZ0B OXBaTbiBasia LUMPOKUIA KPYr BOMPOCOB, BK/IOYAS SKCMEpPUMEHTasIbHbIE U TeopeTUYecKne
noaxonpbl K U3y4eHUIo perynsaumm cUcTemMbl KpOBKM, reMoctasa, TpoM6oo6pa3oBaHusa u remogmHamumkm (T.
O. Wenenwk, E. C. bepwaackuii, I'. A. bbikos, A. [. MeranuHcknin, E. A. MenbHukoBa, N. A. YabuH);
MeXaHU3Mbl BHYTPUK/IETOYHON CUrHanIM3aLmm, metabomaMma n BHeK/1eTouHoM perynsaumm (A. A. MuLyKoB,
C. B. TanikmHa, E. A. Monotkosa, . C. MNMpyanHHKUK); nccregoBaHns LMTocKeneTa n MoekynsapHbIX MallvH
(B. M. Aemnpaos, H. A. KonuuH, E. . Hukonaesa, A. C. Maitopos, E. B. TapacoBell); a Takxe o6LLue Bonpochl
61oMHGOpPMaTHKK, TEOPETMUECKOI N MaTeMaTundeckoi ouonorum (J1. C. BegepHukos, T. V. Kagbipos, A. A.
BOpOHUH).

Pepakuma >xypHana no3gpaBnser Y4yaCTHUKOB KOHGDepeHuMn C MpefcTaBfeHHbIMA  CUMIbHbIMU 1
cofepxaTtenbHbiMM paboTamMmn 1 XenaeT MONoAbIM uccnefoBaTensam fAasibHEULWNX Hay4HbIX YCMNexoB U
nobep Ha KOHKypcax MOOAbIX YY4EHBbIX B NPEeACTOALWEM rogy.
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MUKpPOO/IIOUOHOU cucmeme in vitro.
Analysis of the occlusive dynamics of thrombus growth
in the microfluidic system in vitro.
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BseoeHue

HekoHTpoMpyeMblii pocT TpomMba MOXET NPUBECTY K OKK/IHO3MM COCYAa U MHADaPKTY OpraHoB. XOTs CTPYKTypa
3penbiX OKK/MO3MBHbLIX TPOMOGOB XOPOLIO OXapakTepu3oBaHa, AMHAMUYECKMe NPOLECCHI, ynpaBasioLiye
thopmrpoBaHMEM OKK/IO3MBHOTO TpoMmba M MO3BONAOLME eMy NPEeOoAOeTb BANSHME MOTOKA, OCTaTCS
HeA0CTaTOYHO U3YYEHHBIMU.

Mamepuasibl U MemoobI

Mbl paspaboTasiv MUKPOIOUMAHYIO cucTeMy Ana Busyanusauum 3D-pocta Tpomba in vitro. LienbHyto
KPOBb 3[0PO0BbIX JOHOPOB NPONycKasn Yepes KaHan wupuHoi 100 mkm npu 1000 ¢, UMUTUPYSA YCNOBUSA B
aptepuonax. MospexaeHne UMUTAPOBA/IN MOMOCKOM LWIMPUHOM 50 MKM, NOKPBITON KOM1areHoM U TKaHEBbIM
(hakTopomMm.

Pe3ysibmamebi

Afaresmsi TPOM6OLMTOB HauyMHanacb Ha nonocke 4vepes 19.9 + 6.3 ¢ (N=5) n ganbHeliwaa arperaums
npoucxoauna obicTpee y CTeHOK KaHana. Yepes 4.9 + 0.7 MMH noABNANCS (OUOPMH Ha YPOBHE 10 4 MKM,
pacnpocTpaHABLUNIACA 3a npefesbl rpaHuubl Tpomba. Ha ypoBHe MO/I0CKM TPpOMO OrpaHuyvBasics ee
pasmepamu, opMm1pys ONOPHYH YacTb TPOOMa, 0 HaKO B BEPXHUX CI0SIX arperaums TpoMo0oLnTOB BbiIXoguia
3a npegesibl 30Hbl akTuBauun. Nepes nosiockoin TPOMOOLMTLI arpernpoBasiv y CTEHOK, pacnpoCcTpaHasachb A0
50 mKkM. 3a nonockoi arperaums wna 6bicTpee, 06pa3yst AANHHBIA “XBOCT” ¢ MakCMMaslbHOW BbICOTON B
LEeHTpe KaHasa, NoYTu B 4 pasa A/IMHHee Nosiocku. o LeHTPY NoJI0CKM CoXpaHsiach “BbleMKka”, NOCTENEHHO
yMeHbLIatoLwasnca no Mepe arperauum TpoMO0oLMUTOB U CANSHUA 1 AeddopMauun arperatos nog Aencrenem
notoka. KoHTpakumsi Tpomba (no kKummorpammam) Oblna Hambosee BblpaeHa B 06aactu “XBocta” u
Tam Xe npoucxoauna okkmo3ua B 16.5 + 1.5 muH. CkaHupyrowaa 3n1eKTpoHHasA MUKPOCKOMNUA mnokasasna
nocnepoBaresibHoe n3MeHeHne oopmMbl TPOMOOLMTOB: OT 06pa3oBaHNsA PUIONOANIA [0 NJIOTHOW YNakoBKN.
OKK/TH03MBHbIA TPOMO XapakTepusoBasiCa MAIOTHO ynakoBaHHbIMKU TpoMbouMTaMn, pUGpPUHOBOI CETbIO C
3axBayvyeHHbIMW 3pUTPOLMTaMu, OTpaxkKaroLLee BbICOKYH CTeNneHb akTMBaunm TpoMOoLMTOB.

BbiBOObI

OKKNto3Us in vitro 06yc/ioB/IeHa HEKOHTPOIMPYEMbIM POCTOM TpoMGa BHM3 MO NMOTOKY W, BEPOSTHO, Takas
thopma TpoMbGa onpegenseTcs BO3AENCTBMEM CKOPOCTU CABUIa U pacnpocTpaHeHWEM TPOMBMHaA.

Bnaz2odapHocmu

[.6.H., akagpemuk PAH AtaynnaxaHoB ®.U.

[nsa untnpoBanus: Wenenok T.O. et al. CBd 2025 C60pHUK Te3ncoB KoHgepeHuunsa Cb®d; 3 (4) 2025 S1 cc. 4-5




Introduction

Uncontrolled blood clot growth can lead to vessel occlusion and organ infarction. Although the structure
of mature occlusive thrombi is well characterized, the dynamic processes governing the formation of an
occlusive thrombus and allowing it to overcome the influence of flow remain poorly understood.

Materials and methods

We have developed a microfluidic system for visualizing 3D blood clot growth in vitro. Whole blood from
healthy donors was passed through a channel 100 microns wide at 1000 s-1, simulating the conditions in
the arterioles. The damage was simulated with a 50-micron-wide strip coated with collagen and tissue factor.

Results

Platelet adhesion began on the strip after 19.9 £ 6.3 s (N=5) and further aggregation occurred faster at
the canal walls. After 4.9 + 0.7 min, fibrin appeared at a level of up to 4 microns, spreading beyond the
boundary of the thrombus. At the strip level, the thrombus was limited by its size, forming the supporting
part of the thrombus, however, in the upper layers, platelet aggregation went beyond the activation zone.
Before the strip, platelets aggregated against the walls, spreading up to 50 microns. Aggregation followed the
strip faster, forming a long “tail” with a maximum height in the center of the channel, almost 4 times longer
than the strip. A “notch” remained in the center of the strip, gradually decreasing as platelets aggregated
and aggregates merged and deformed under the influence of the flow. Thrombus contraction (according to
kimograms) was most pronounced in the “tail” area and occlusion occurred there at 16.5 + 1.5 min. Scanning
electron microscopy showed a consistent change in the shape of platelets: from the formation of filopodia to
dense packing. The occlusive thrombus was characterized by densely packed platelets, a fibrin network with
trapped red blood cells, reflecting a high degree of platelet activation.

Conclusions

In vitro occlusion is caused by the uncontrolled growth of a blood clot downstream, and this shape of the
blood clot is probably determined by the effect of shear velocity and the spread of thrombin.
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Clustering of CENP-T ensures efficient assembly of outer
kinetochore required for stable microtubule binding
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BsBeoeHue

Cbopka (OyHKUMOHa/IBHOTO KMHeToxopa TpebyeT ynopsiAOYEeHHOro M JIOKa/IM30BAHHOIO CBA3bIBAHWA
pasnunyHbix 6enkoB. KapkacHbiii 6enok CENP-T pekpytupyeT pgse Monekysnbl komnnekca Ndc80,
Heo6Xxo4MMOro 419 B3aMMOAENCTBUA C MUKPOTpybOUYkaMu BepeTeHa AeneHus. OgHako B uuToniasve
oTaenbHble Mosniekynbl CENP-T He cBasbiBatoTca ¢ Ndc80, uto nogvyépkmMBaeT BaXKHOCTb LEHTPOMEPHONA
nokasmsauun. Mbl npefnonoxunn, 4To knactepmnsaums monekyn CENP-T B 0611acTu LEHTPOMEpPDLI Urpaet
KNHOUEBYI0 Posb B pekpyTnpoBaHmm Ndc80.

Mamepuasibl U MemoobI

[ns npoBepkn 3TOM rMNoTe3bl Mbl CO34a/IM UCKYCCTBEHHbIE KnacTepsbl, cocTtoswme u3 60 konuii CENP-T,
4TOObI M3YYnUTb WX B3aUMOAENCTBME C APYIMMU KMHETOXOPHbIMU 6enkamu B Knetkax. Kpome Toro, mbl
nccneposanun Bammogerictene CENP-T ¢ Ndc80 in vitro, ncnosb3yss pekoMbuHaHTHble 6enkn n TIRF-
dhlyopecLeHTHbI aHa/IM3 B peasibHOM BpeMeHU, oTcnexunsas B3aumogelictens GFP-meyeHHoro Ndc80 ¢
CENP-T kak B k/1aCcTepHOM, Tak 1 B MOHOMEPHOI hopmax.

Pe3ysibmamebi

B kneTkax knactepusoBaHHblilt CENP-T, B 0T/IMuMe 0T MOHOMEPHOro, 3phekTMBHO pekpyTmpoBas Ndc80 n
apyrve 6enku, opmMmnpys CTPYKTYpPbl, CXOAHbIE MO COCTaBY C MOJ/THOLEHHbIMU KUHETOXOPaMn. TN KOMIMJIEKCbI
CBA3bIBA/INCb C MUKPOTPYBOUKamMn 1 ABUrasiucb NPoLEeCcCUBHO, cneays 3a nux AMHaMUyecKMmMn KoHuamm —
noBefeHne, XxapakTepHoe 4/19 HaTUBHbIX KNHETOXOPOB. Paznnuma mexay MOHOMEepPHOW 1 KnacTepru3oBaHHOM
dopmamn CENP-T 06bsACHAKOTCA in vitro pe3ynbtatamn: 06e (hopMbl CBA3bIBAOT MO ABa KOMMIeKca
Ndc80, ogHako guccoumnaums NPONCXOANT 3HaUMTESbHO ObiCTpee oT MoHoMepHoro CENP-T. Kpome Toro,
CTabu/IbHOCTb B3aUMOAENCTBUSA BO3pacTaeT CO BPEMEHEM, YTO yKasblBaeT Ha MNPOLEeCC «CO3peBaHus»
calnToB CBA3bIBAHWUSA, NPONCXOAALLNIA 3HAUNTESIBHO ObICTPEe Yy KnacTepnsoBaHHOW (DOPMbI.

BbI180ObI

MnoTHocTe3aBUCUMas akTMBauus cospeBaHus calitoB CENP-T ans pekpytupoBaHus Ndc80 moxet
npeacTaBiaTb COO0I KNOYEBOW MEXAHU3M perynsunumn cbopkn KMHeToxopa. ATOT MEXaHU3M OrpaHnyYnBaeT
B3aMMOZENCTBUA MeXAy KOMMOHEeHTaMn B LMTONAasMe MUTOTMYECKMX K/IETOK, HO YCWIMBaeT WX Ha
KMHeTOXope, rae BbiCOoKas lokasibHas Na0THOCTL obecneunBaeT apdpekTUBHOE N CTabuibHOE CBA3bIBaHNE
Ndc80, Heob6xoaumoe A1 TOYHOI cerperalmm XpoMOCOM.

BnazodoapHocmu
[.6.H., akagemnk PAH AtaynnaxaHoB @.U.

[nsa untnpoBaHus: Tapacosel, E.B. et al. Cb® 2025 C60pHMK Te3ncos koHdpepeHumst Cb®; 3 (4) 2025 S1 cc. 6-7




Introduction

The assembly of a functional kinetochore requires the ordered and localized recruitment of various proteins.
The scaffold protein CENP-T recruits two Ndc80 complexes, which are essential for interacting with spindle
microtubules. However, in the cytoplasm, individual CENP-T molecules do not bind Ndc80, highlighting
the importance of centromeric localization. We hypothesized that clustering of CENP-T molecules at the
centromere plays a key role in Ndc80 recruitment.

Materials and methods

To test this hypothesis, we created artificial clusters containing 60 copies of CENP-T to study their interaction
with other kinetochore proteins in cells. Additionally, we examined the interaction between CENP-T and Ndc80
in vitro using recombinant proteins and real-time TIRF fluorescence microscopy, tracking the interaction of
GFP-tagged Ndc80 with CENP-T in both clustered and monomeric forms.

Results

In cells, clustered CENP-T, in contrast to the monomeric form, efficiently recruited Ndc80 and other
proteins, forming structures similar in composition to fully assembled kinetochores. These complexes bound
microtubules and moved processively, tracking the dynamic microtubule ends, behavior characteristic of native
kinetochores. The differences between the monomeric and clustered forms of CENP-T are consistent with
in vitro results: both forms of CENP-T bind two Ndc80 complexes, but dissociation occurs significantly faster
from the monomeric form. Furthermore, the interaction becomes increasingly stable over time, suggesting a
maturation process of the binding sites that proceeds more rapidly in the clustered form.

Conclusions

Density-dependent activation of CENP-T site maturation for Ndc80 recruitment may represent a key regulatory
mechanism in kinetochore assembly. This mechanism restricts interactions between components in the
cytoplasm of mitotic cells but enhances them at the kinetochore, where high local density ensures efficient
and stable Ndc80 binding necessary for accurate chromosome segregation.
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BseoeHue

Co6opka (hyHKLMOHaNIbHOTO KMHETOXOpa TpPebyeT TOYHOM NPOCTPaHCTBEHHON U BPEMEHHOW KoopAuHaLmm
cBA3bIBaHMA 6es1koB, Bkoyasa CENP-T n komnnekc Ndc80. Knactepusauns CENP-T B 06/1aCcTh LeHTpOMepb!
obecneyvBaeT CneunUUHYI0 JIOKaIM3aumio KOMMOHEHTOB BHELLHEro kuHeToxopa. B oTnvuve ot
pactBopuMoro CENP-T, knactepusoBaHHblin CENP-T adhchektnBHO pekpyTupyeT Ndc80, uto nogyepknsaet
3HAYMMOCTb NPOCTPAHCTBEHHOW OpraHn3auum 6enka. Tem He MeHee, MONEKYISiPHbIE MeXaHU3Mbl Y KNHETUKA
3TOro npouecca ocTalTca HeJoCTaTOYHO U3YUYEHHBLIMU.

Mamepuasibl U MemoobI

[ns n3yyeHus knHeTnkn Bzammopenctema CENP-T n Ndc80 ncnosnb3oBanivcb peKoMOuHaHTHble 60-MepHble
YyacTuLbl C KOBANIEHTHO CBA3aHHbIMU dpparmeHTamy CENP-T, meueHHbIMn GFP. Accouumaums n guccounaumns
komnnekca Ndc80 Habnopanace metogom TIRF-mukpockonuu. CTPYKTYpHOE MOAeNvMpoBaHWe caiTos
CBA3bIBaAHMA NPOBOAM/IOCH C Ucnosib3oBaHnem AlphaFold.

Pe3ysibmamebi

CessbiBaHne Ndc80 ¢ CENP-T npoucxoamno B Apa aTana: 6bICTpas HavyasibHas accoupaums u nocaegyrouiee
cospeBaHue kommnsekca. Cant 2 gemMoHcTpupoBast B 15 pa3 60see ObICTpyl 3penocTb, Yyem cant 1.
MyTauMOHHble 3aMeHbl LEHTPaUIbHOM Cnvpasiv U oaHKMPYOLWUX YY4acTKOB NOATBEPAU/IN, YTO HU OfHAa
CTPYKTypa no OTAEe/IbHOCTU He onpeaensieT KNHEeTUKY — peLlatoLLein ABASEeTCA X KOMOUHauus.

Bb1BOObI

MbI npeanonaraem, YTo YCKOPEHHOE 1 yCTonuMBOe cBA3biBaHNe Komnsiekca Ndc80 aBnsieTc BHYTPEHHUM
CBOWCTBOM knacTepu3oBaHHoro CENP-T u onpefgensercs COBOKYMNHOM apxXWUTEKTYpoil ero cantos
CBAA3bIBaHNA — LeHTPasIbHbIX O-Cnunpasiein n hnaHkMpyoLwmx y4acTkoB. Takas opraHu3aumsa cnocobereyeT
cneundgunyHolr cbopke HapyXXHOro KMHeToxopa B 061acTu LLeHTpoOMepbI U NpefoTepallaeT HecneuuguyHble
B3aMMOelCTBUSA B LMTOMIa3me.

BnazodoapHocmu
EkatepuHa fleoHngosHa INpuwyk Ph D, ®azonn VIHHosATOBMY ATaynnaxaHoB A.6.H.
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Introduction

The assembly of a functional kinetochore requires precise spatial and temporal coordination of protein
binding, including CENP-T and the Ndc80 complex. CENP-T clustering in the area of the centromere provides
a specific localization of the components of the external kinetochore. Unlike soluble CENP-T, clustered
CENP-T efficiently recruits Ndc80, which highlights the importance of the spatial organization of the protein.
Nevertheless, the molecular mechanisms and kinetics of this process remain poorly understood.

Materials and methods

To study the kinetics of the interaction of CENP-T and Ndc80, recombinant 60-dimensional particles with
covalently bound CENP-T fragments labeled with GFP were used. Association and dissociation of the Ndc80
complex were observed by TIRF microscopy. Structural modeling of binding sites was carried out using
AlphaFold.

Results

The binding of Ndc80 to CENP-T occurred in two stages: rapid initial association and subsequent maturation
of the complex. Site 2 demonstrated 15 times faster maturity than site 1. Mutational substitutions of the
central helix and flanking regions confirmed that no single structure individually determines the kinetics —
their combination is crucial.

Conclusions

We assume that accelerated and stable binding of the Ndc80 complex is an intrinsic property of clustered
CENP-T and is determined by the combined architecture of its binding sites — central alpha helices and
flanking regions. This organization promotes the specific assembly of the external kinetochore in the
centromere region and prevents non-specific interactions in the cytoplasm.
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BsBeoeHue

KoMnniiekc KMHEeTOXOpHbIX GesikoB Ndc80c cBsi3biBAET MUTOTUYECKME XPOMOCOMbI C MUKPOTPY6GOUKamm
BepeTeHa aenenus. Mpu geneHnn knetkn Ndc80c UChbITbIBAET NepeMeHHbIe MO HanpaB/eHNIO Harpysku,
[BUrasicb aCMMEeTPUYHO BAO/Ib MUKPOTPYBHOUEK C pa3HOI CKOPOCTbHI. Celiuac 0TCYTCTBYET KO/IMYECTBEHHAS
MoZe/Nlb MEXaHM3Ma, 06YC/1aB/IMBAtOLLErO Pa3/IMYHOE CONPOTUB/IEHNE CKOJIBXEHWIO B 3aBUCUMOCTM OT €ro
Hanpas/eHus.

Mamepuasibl U MemoobI

3aBrCMOCTM CKOPOCTU CKOJIbXEHUS OT npunoxeHHor K Ndc80c cunbl onmucbiBasiMCb HEHOMEHO10rMYECKUMU
mMogensMu 6esI/I0BCKOro Tvna v aHa/IMTUYECKUMU MOZENAMU AN pas3InyHbIX npoduiein noTeHunanos
B3aumogericteus Ndc80c 1 MnkpoTpyboUek, a Takke MmogensiMmv 6poyHOBCKOW AVHAMUKM, ONUCbIBAKOLLUMU
ofHocanToBoe cea3biBaHne Ndc80c unum gsyxcaiitoBoe B3ammogerictane Ndc80c ¢ oTaeNbHbIMU BKNagamm
Hecl n Nuf2 gfomeHoB. Pe3ynbTarbl YAC/IEHHOTO MOAENIMPOBAHNS CPaBHUBA/INCL C 3KCNEPUMEHTaSTbHBIMN
[aHHbIMW, NOJyYEeHHbIMU MEeTOAOM CBepxObICTpoi cunosoit cnekTpockonun (UFFC) 1 o6paboTaHHbIX C
npuBIeYEHNEM €r0 AeTas/IbHOM MexaHUyYeckon mogenu, ans kKoHcTpykTta Ndc80c Bonsai n Byx ero MyTaHTOB,
B KOTOPbIX 6b11 n3MeHéH Hecl nan Nuf2 gomeH.

Pe3ysibmamebi

OpfHocalToBble MOAENN C CUMMETPUYHBIMU N aCUMMETPUYHBIMW NOTEHUManamm, Kak u npoctenne MoLesnm
6enn1o0BCKOro Tuna, He crnocobHbl onucatb HabgaemMyd acumMMeTpuio ckonbxeHus Ndc80c, ogHako
AByxcainToBas Mofesib nokasasia xopollee corsiacve C aKCnepuMeHTa/IbHbIMU AaHHbIMU AN11 KOHCTPYKTa
Ndc80c Bonsai ¢ xapakTtepHbiMK aHepruamu cesasbiBaHus 6 kBT ans Hecl n Nuf2 pomeHos. Takke aTa
Moaenb onucasna ckosbxeHne mytaHToB Ndc80c Bonsai ¢ nsmeHéHHbiMm Hecl nnun Nuf2 gpomeHamu 3a CHET
YMEHbLLEHNS SHEPTNKN CBA3bIBaHMS MOANPULMPOBaHHBLIX AOMEHOB Ha 2 kBT 1 1 kBT cooTBeTCTBEHHO. Mpn
3TOM B MOZENN NokasaHo nocteneHHoe BoBneveHne Nuf2 gomeHa BO B3anmogeincTesme ¢ MUKpPOTPYBOUKOK
C pocTom cunbl, npxknmatowein Ndc80c K Hell.

BbIiBOObI

[ByxcaiitoBass Mogenb B3aummopgeicTBuss Ndc80c ¢ MMKPOTpy6OouKoli nokasbiBaeT 3HAUYMMOCTb BKaaa
nomeHa Nuf2 B Ux B3anMoAeiicTBIM U NO3BOJISIET KO/IMYECTBEHHO OnncaTb acCMMETPUI0 X OTHOCUTENbHOIO
[BWXEHNS B 3aBUCMMOCTM OT €ro HanpasB/ieHus.

BnazodoapHocmu
A. 6. H., npod., akagemuk PAH AtaynnaxaHoB ®asonn MHosiToBUY

[nsa untnpoBaHus: Fonuap W.B. et al. CB® 2025 C60pHUK Te3ncosB KoHgepeHuns Cb®d; 3 (4) 2025 S1 cc. 10-11 10




Introduction

Ndc80c is a complex of kinetochore proteins that connects chromosomes to the microtubules of a mitotic
spindle. During cell division, Ndc80c experiences changes in load direction and magnitude, resulting in
asymmetric gliding along the microtubule wall. Currently, there is no quantitative model for the mechanism
that governs this direction-dependent resistance to Ndc80c gliding.

Materials and methods

The relationship between gliding velocity and the force applied to the Ndc80c molecule was analyzed using
a phenomenological Bell-like model, as well as explicit analytical formulas for various potential well profiles
that define the Ndc80c interaction with the microtubule. Additionally, Brownian dynamics simulations were
conducted to describe single- and two-site Ndc80c-microtubule interactions, considering the separate
contributions of the Hec1 and Nuf2 subunits. Numerical computations were compared with experimental data
previously obtained through ultra-fast force clamp spectroscopy for the Ndc80c¢ Bonsai construct and its two
modifications, which involved alterations to either the Hec1 or Nuf2 subunits.

Results

Single-site analytical and Brownian models using symmetric and asymmetric potential wells, as well as Bell-
like model were unable to quantitatively and qualitatively recapitulate experimentally observed directional
asymmetry of Ndc80c gliding. However, the two-site model showed good agreement with experiment involving
the Ndc80c Bonsai construct with binding energies of 6 kBT for both Hecl and Nuf2 subunits. Furthermore,
this model described gliding of Ndc80c mutants showing reduction of binding energy by 2 kBT for the Hecl
mutant and 1 kBT for the Nuf2 mutant respectively. Notably, the model revealed gradual engagement of
the Nuf2 subunit into Ndc80c-microtubule interaction as the force increased, bending Ndc80c toward the
microtubule wall.

Conclusions

Two-site model of Ndc80c-microtubule interaction demonstrated a substantial contribution of the Nuf2 subunit
in force-dependent gliding resistance and is capable of quantitative describe direction-dependent asymmetry
in the force-velocity relationship.
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BseoeHue

Bo Bpems fenieHns KneTkn, KNHETOXOPHbIE 6enkn, acCoLMMpyoLLMecs ¢ MMKPOTPybGoUkamMu, NoaLepXBaoT
NOABWXHbIE CBA3M CO CTEHKaMN MUKPOTPYOOoUeK BepeTeHa AeneHnsa nog AeicTBUEM CUI, U3MEHSIOLLUXCS
KaK Mo BesInYnHe, Tak 1 Nno Hanpas/ieHnio. KnioyeBbiM KOMMNOHEHTOM 3TOI0 «MOABWKHOTO Knes» ABMSETCA
6enkoBbIin kKomniekc Ndc80, KOTopbIi in vitro AeMOHCTprpyeT 6pOYHOBCKOE ABMKEHNE BAO/Tb MUKPOTPYOOUEK.
OpHako mexaHu3m, ¢ nomoLbio KoToporo Ndc80 ckonb3uT BAOIb MUKPOTPYOOUKM NOA, AEACTBUEM BHELLHEN
CW/Ibl, OCTAETCHA HEACHbIM.

Mamepuasibl U MemoobI

MbI 3aKpenun MMKPOTPYOOUKY C IBYX CTOPOH 38 MUKPOCHIEPDI, 3aXBaveHHbIE B ONTUYECKUE NIOBYLLKU, YTOOBI
OCUMNNINPOBATbL MUKPOTPYOOUKON PSAAOM C MOBEPXHOCTbIO «MNbefecTaslbHOW» MUKpocdepbl, MOKPbITON
yenoseyeckum 6enkoM Ndc80. B pexvimMe cBepxObICTPOA CUIOBOW CMEKTPOCKONUN Mbl 3adhmkcupoBav
COObITUSA ABWKEHUS €QUHUYHBIX MOJIEKY/T NPU MOCTOAHHBLIX cuiax B AvanasoHe oT 2 go 15 nH. AswkeHve
HeckoNbKnx mosnekys1 Ndc80 6b1/10 U3y4eHO C NOMOLLbIO peXxmnma NOCTOSAHHON CKOPOCTH.

Pe3ysibmamebi

Hawwn pesynbTatbl nokasbiBatoT, 4To Ndc80 nepemeltaeTcs C pasHOM CKOPOCTbH B 3aBMCMMOCTU OT
HanpasneHWs NPUAOXEHHO cunbl. B yacTHocTK, korga Ndc80 TAHYT B CTOPOHY NKOC-KOHLA MUKPOTPYOOUKN,
€ro CKOpOCTb OKa3bIlBAETCA HWXe, YeM npepackasaHo u3 KoadhduumeHTa gndpdysnm B OTCYyTCTBME CUJIbI.
Takum 06pa3om cwuia, HanpaBfieHHass B CTOPOHY M/OC-KOHLA ycunvBaeT B3aumofeliicTBne 6enka c
MUKpOTpYy6oukoii. Koraa Heckonbko Mosiekynn Ndc80 CKoMb3SiT BMECTE B PEXMME MOCTOSIHHOW CKOPOCTU, MX
ABWKeHVe npeacTasnsieT cobo YepefoBaHMe YH4aCcTKOB NOYTU NMOCTOSAHHON CKOPOCTU U KPaTKOBPEMEHHbIX
npocKasib3biBaHU. Takol xapakTep ABWKEHWSA OTK/IOHAETCA OT NpeAcKka3aHni, OCHOBaHHbIX Ha KNacCu4eckom
andpdpysnm, n, No-BMAUMOMY, BO3HUKAET MU3-3a BNNSHUS BHELLHEN CU/lbl Ha cuny B3anmogeiictema Ndc80 ¢
MUKPOTPYOOUKOIA.

Bb1800bI
Habniogaemoe orpaHuyeHne CKOPOCTU B aHCaMO/IsaX CKOMb3AWMX Mosiekynn Ndc80 mMoxeT npeacTaBnAaTb
c0060i1 MONEKYAPHYHO OCHOBY «perynsaTopa», KOHTPOSIMPYHOLWEro CKOPOCTb ABMKXEHUSA KWNHETOXOP B MUTO3E.

BnazodoapHocmu
A. 6. H., npod., akagemuk PAH AtaynnaxaHoB ®asonn MiHosiToBUY

[nsa untnpoBanns: Jemugos B.M. et al. CB® 2025 C6opHUK Te3ncoB kKoHepeHuus Cbd; 3 (4) 2025 S1 cc. 12-13 12




Introduction

During cell division, microtubule-associated kinetochore proteins maintain mobile bonds with walls of
the mitotic spindle microtubules under external forces varying both in magnitude and direction. The key
component of this “mobile glue” is the Ndc80 protein complex, which in vitro demonstrates Brownian motion
along microtubules. However, the mechanism by which Ndc80 translocates along the microtubule wall under
an external force remains unclear.

Materials and methods

We attached a microtubule to trapped microspheres on both sides using optical traps in order to oscillate the
microtubule near the surface of an immobilized “pedestal” microsphere coated with human Ndc80 protein.
Using ultrafast force spectroscopy technique, we recorded the interaction events of single molecules at
constant forces in the range from 2 to 15 pN. The motion of several Ndc80 molecules was studied using a
constant velocity assay.

Results

Our results show that the Ndc80 protein translocates at different velocities depending on the direction of
the applied force. In particular, when Ndc80 is pulled towards the plus end of the microtubule, its velocity is
lower than predicted from the coefficient of force-free diffusion. Thus, the force directed towards the plus end
enhances the interaction of the protein with the microtubule, causing increased frictional resistance. When
several Ndc80 molecules slide together in a constant velocity assay, their movement is an alternation of
nearly constant limited-velocity segments and short-term slippages. This pattern of motion deviates from the
predictions based on classical diffusion and appears to arise from the influence of an external force on the
strength of the interaction of Ndc80 with the microtubule.

Conclusions

The observed velocity limitation in ensembles of sliding Ndc80 molecules may represent the molecular basis
of a friction “regulator” that controls the velocity of kinetochores in mitosis.
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Patients with hereditary hemolytic anemia have elevated

levels of circulating phosphatidylserine-expressing red
blood cells
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BsBeodeHue

[Ona nauMeHToB C HacnefCTBEHHbIMW TEMOMUTUYECKUMN aHEMUSIMU XapaKTepeH MOBbIWEHHbIA PUCK
pasBUTUS BEHO3HbIX TPOMOGO30B N TPOMOGO3IMOONNYECKMX OCNOXHEHUIA. MexaHn3Mbl, nexawme B OCHOBE
3TUX OC/TIOXHEHWI, A0 KOHLA He SICHbl, HO MpeanosiaraeTcsa Posib NOBPEXAEHUSA 3HAOTENNS U SPUTPOLMT-
ornocpeaoBaHHON akTMBauumn TpoMooLmMToB. CUMTaeTcs, YTO B KPOBU TaknxX NauMeHToB MOTyT CyLLECTBOBaTb
3pUTPOLMTLI, NoAAepXMBaKoLWMe MeMOpaHHO-3aBMCUMbIE peakuuy CBepTbiBaHWS 3a CYET 3KCrpeccun
docatnanncepvHa (®C). B gaHHo paboTe npeAcTaBneHbl pesybTaTbl LUTO1yOPUMETPUYECKON OLLEHKM
3pUTPOLMTOB LIE/IbHOW KPOBY Y NALMEHTOB C HAaC/eACTBEHHbIMU FTEMOIMTUYECKUMN aHEMUSMNA.

Mamepuasibl U MemoobI

[aHHoe wuccnepoBaHue o0[0OPEHO /OKa/lbHbIM 3TMYecKMM komutetom HMUL, AFOUN um. OmuTpus
PoraueBa. OueHka akcnpeccun ®C nposoguiacb NOCPeCcTBOM OKpalLMBaHMA pa3BeAeHHON LesTbHOM KpoBHr
aHHekcHoM V-AF647 (100 HM) n C2-chparMeHTOM NakTagxepuHa ¢ peKomobuHaHTHo meTkoit mNeonGreen
(100 HM), 3puUTPOUUTBLI BbLIAENANNCL WCXOAA W3 MoKasaTesieil CcBeTopaccesHWs WM oKpalmBaHUEM
aHTUTENnaMu K rnmkoopuHy A. B aHanuns 661710 BKoYeHO 20 nauMeHToB ¢ HacneACTBEHHbIM CIEPOLUTO30M,
11 nauyuneHTOoB C AehyumTomM NMpyBaTKUHA3bl 3PUTPOLMTOB U 24 3[0pOBbIX AOHOpa. CTraTuctmyeckas
06paboTka NposBoguiach C UCNOb30BaHMEM AncnepcuoHHoro aHasimsa ANOVA ¢ NoCT-XOK TeCTOM Xo/ma-
BoHdheppoHy, BbiNagatoLLme TOUYKM NCK/THYa/INCh U3 aHaIn3a.

Pe3ysibmamebi

Mpn oueHke ®C-NOMOXUTESNbHBLIX 3PUTPOLMTOB C MOMOLLBI fakTagxepuHa B KPOBM MaUMEHTOB C
HacnegcTBeEHHbIM CIEPOLMTO30M U AedUUMTOM NUPYBATKUHA3bI, BbISIB/IEHO LOCTOBEPHOE YBenvyeHue
npoueHta ®C+ 3putpoumtoB: 0.26556+0.02522% un 0.465+0.07208% COOTBETCTBEHHO (CcpedHee +
cTaHaapTHas owwubka) B cpaBHeHum ¢ 0.13038+0.01424% pans rpynnbl 340POBbIX A06POBO/LLEB.
AHasi0rnyHble pesysibTaTbl, HO C MEHbLUMMWU abCO/OTHLIMW 3HAYEHUAMU NOJyYEHbl ON1A aHHeKcuHa V,
O/[lHaKo, CBA3blBaHME aHHEeKCuHa V 0OCTOBEPHO He AeTeKTUPOBasIoCb B OTCYTCTBUN aHTU3IPUTPOLUTAPHBIX
aHTuTesN.

Bb180ObI

Mpn HacneACTBEHHbIX TEMOIMTUYECKUX aHEMUSX, HaNpUMep, HaceACcTBEHHOM chepounTose n geduunte
nupyBaTKMHa3bl, B KPOBM OOHapyXvBaeTCA MOBbIWEHHbIA YPOBEHb LUPKYIUPYIOWNX 3PUTPOLNTOB,
aKcnpeccupyowmx gocaTnannicepuH Ha BHELWHel MembpaHe, T.e. ABASALWMXCHA NPOoKoarysHTHbIMU.
[aHHbIn (heHOMeH MOXeT 06 bACHATbL NOBbILUEHHbIE PUCKM TPOMO006PAa30BaHNS Y AaHHbLIX NAaLNEHTOB.
Bnaz2odapHocmu

K.6.H. Mogonnenosa H.A., 4.d.-M.H., npodeccop, yneH-kopp. PAH MaHTenees M.A.
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Introduction

Patients with hereditary hemolytic anemia are characterized by an increased risk of venous thrombosis and
thromboembolic complications. The mechanisms underlying these complications are not fully understood,
but the role of endothelial damage and erythrocyte-mediated platelet activation is assumed. It is believed
that red blood cells may exist in the blood of such patients that support membrane-dependent coagulation
reactions due to the expression of phosphatidylserine (PS). This paper presents the results of cytofluorimetric
evaluation of whole blood erythrocytes in patients with hereditary hemolytic anemia.

Materials and methods

This study was approved by the local Ethics committee of the National Research Medical Center named after
Dmitry Rogachev. PS expression was evaluated by staining diluted whole blood with annexin V-AF647 (100
nM) and a C2 fragment of lactadherin with the recombinant label mNeonGreen (100 nM), red blood cells
were isolated based on light scattering or staining with antibodies to glycophorin A. The analysis included
20 patients with hereditary spherocytosis, 11 patients with erythrocyte pyruvate kinase deficiency, and 24
healthy donors. Statistical processing was performed using ANOVA analysis of variance with the Holm-
Bonferroni post-hoc test, and the missing points were excluded from the analysis.

Results

When evaluating PS-positive erythrocytes using lactadherin in the blood of patients with hereditary
spherocytosis and pyruvate kinase deficiency, a significant increase in the percentage of PS* erythrocytes
was revealed: 0.26556+0.02522% and 0.465+0.07208%, respectively (mean + standard error) compared
with 0.13038+0.014249% for the group of healthy volunteers. Similar results, but with lower absolute values,
were obtained for annexin V, however, the binding of annexin V was not reliably detected in the absence of
anti-CD235a antibodies.

Conclusions

In hereditary hemolytic anemia, for example, hereditary spherocytosis and pyruvate kinase deficiency, an
increased level of circulating red blood cells expressing phosphatidylserine on the outer membrane, i.e.,
being procoagulant, is found in the blood. This phenomenon may explain the increased risk of thrombaosis in
these patients.
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2.
3.

BsBeoeHue

[na nccnepoBaHns 6biAM 0To6paHbl 4 nauueHtTa C MyTaHTHON (DOPMOW TNIMKOIUTUYECKOrO hepMeHTa,
spuTpoumTapHoii nupysaTtkuHasbl (MK) R510Q. [JaHHas dopma SBASETCA camMOil pacnpoCTpaHeHHOo
cpeaun Tex, YTo NPUBOAAT K HecdepouuTapHOoi reMonnTuyeckor aHemun, gedonunty MK. M3BecTHo, 4To
dhopma R510Q nmeeT HU3KYH0 cTabunbHOCTL. Mpobema 3ak/ioyaeTcs B TOM, YTO CTaHA4apT OnpeseneHns
CTabU/IbHOCTU TNIMKONIMTUYECKOTO hepMeHTa npeanonaraeT OLEeHKY ero TemnepaTypHOil CTabuibHOCTK
(TepmocTtabuneHocTn) npu 53°C, a ctabunmsartop MK, ppykro3o-1.6-gudocat (PAP), NM60 OTCYTCTBYET,
60 NPUCYTCTBYET B HACbILWAIOLLMX KOHLUEHTpaumaX. Takum 06pa3om, CTaHAapTHbIN Noaxon K onpeaeneHunto
ctabunbHocTK MK He NO3BONSAET OLEHUTL peasibHoe BPeMS XM3HU hepMeHTa B OM3MO0/I0rMUYECcKMX YCNOBUAX
n rny6xe pasobpaTbCca B MexaHu3Max, fiexalmx B ocHose gedmuuTta MNK.

Mamepuasibl u MemoobI

Femonmaat naumMeHToB 6bi/1 ounLeH oT @D ¢ NOMOLLLHO yAbTPaUEeHTPUdYrMpoBaHus ¢ otcedeHnem 10 ka.
TepmocTabunbHOCTb (PepMeHTa oueHVBaIn, U3mepsst akTMBHOCTb MK Kak qoyHKUMI0 BpeMeHU UHKyb6auum
remosinsara naumeHTa. Takke TepMoCTabubHOCTb (hepMeHTa OLeHMBaachb Kak oyHKLMA OT Temneparypbl
NHKy6aLmn 1 KOHUeHTpauun ctabunmnsaropa.

Pe3ynibmamel

Bblno nokasaHo, 4To B AnanasoHe oT 53°C o 45°C peakuus geaktmsauumn dpepmMmeHTa NogUnNHAETCA 3aKOHY
AppeHuyca. lMonyyeHHble AaHHble MO3BONAT MPeanosioxXuTb, Yto t1/2 sputpoumtapHoit MK R510Q B
1310/1I0TMYECKMX YC/TIOBUAX COCTAB/AET OT HECKOJ/IbKMX YAcoB A0 13 CyTOK B 3aBMCMMOCTY OT KOHL,EHTpaLmm
®d. Kak npy counsnonornyeckon KoHueHTpauum ®Ad, Tak 1 nNpu NoBbILEHHOW B HECKO/IbKO pas, Bpems
hyHKUMOHa/TbHOM akTUBHOCTM MK cOCTaBMT BCEro HECKO/IbKO CYTOK, COOTBETCTBEHHO, SPUTPOLMT NPOXMNBET
COMOCTaBMMbI CPOK. JlIuTepaTypHble [aHHble, OfHAaKO, FOBOPAT O TOM, YTO 3PUTPOLMTbI NALMEHTOB C
MyTaHTHOW ¢oopmoli R510Q XuBYT B pasbl AobLUE.

Bbi1800bI

Taknum 06pa3om, oka3asiocb, YTO A/11 OO bACHEHWNS TAKOTO A/IMTENIbHOrO BPEMEHM LIPKYNALUM 3PUTPOLUTOB
B KPOBOTOKe yyeT cTabunusaummn dpepmeHTa nocpeactsom ¢ P He ABNSETCA NcUepnbIBaOLWMM 1 TpebyeTcs
npoBefeHne fasibHenwmnx ncciefoBaHni.

Bnaz2odapHocmu

Hdonrnx N.A.;k.th.-m.H. MpoTacoB E.C.; K.6.H. Konesa/l.; 4.6.H. CuHaypugase E.W. (3aBegytowas nabopatopum);
akagemunk PAH, a.6.H., npodpeccop ®. V. AtaynnaxaHoB (Hay4Hblii pyKOBOAUTENb)
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Introduction

Four patients with a mutant form of the glycolytic enzyme, erythrocyte pyruvate kinase (PK) R510Q, were
selected for the study. This form is the most common among those leading to nonspherocytic hemolytic anemia
called PK deficiency. The R510Q form is known to have low stability. The problem is that the standard for
determining the stability of a glycolytic enzyme involves assessing its temperature stability (thermostability)
at 53°C, and the PK stabilizer, fructose-1.6-diphosphate (FDP), is either absent or present in saturating
concentrations. Thus, the standard approach to determining PK stability does not allow us to assess the actual
lifetime of the enzyme under physiologic conditions and to further understand the mechanisms underlying
PK deficiency.

Materials and methods

The hemolysate of patients was purified from FDP by ultracentrifugation with a 10 kDa cutoff. The thermostability
of the enzyme was assessed by measuring PK activity as a function of the incubation time of the patient’s
hemolysate. The thermostability of the enzyme was also evaluated as a function of incubation temperature
and stabilizer concentration.

Results

It was shown that in the range from 53°C to 45°C the enzyme deactivation reaction obeys the Arrhenius law.
The data obtained suggest that the t1/2 of erythrocyte PK R510Q under physiological conditions ranges from
several hours to 13 days depending on the concentration of FDP. Both at physiologic concentration of FDP
and at several times higher concentration of FDP, the time of functional activity of PK will be only a few days,
accordingly, the erythrocyte will live for a comparable period of time. Literature data, however, suggest that
erythrocytes from patients with the R510Q mutant form live many times longer.

Conclusions

Thus, it appeared that to explain such a long circulation time of erythrocytes in the bloodstream, the account
of FDP enzyme stabilization is not exhaustive and further studies are required.
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BsBeoeHue

MaToreHHble reHeTuyeckme BapuaHTbl PSTPIP1 (Proline-Serine-Threonine Phosphatase Interacting Protein
1) cBsi3aHbl C rpynnoii ayToBOCNa/IUTE bHbIX 3a60/1eBaHnii, 06beANHEHHbIX NOo4 Ha3BaHmem PAID. Benok
PSTPIP1 comepxuT yHKUMOHaUTbHble AoMeHbl F-BAR n SH3 u yyacTtByeT B perynaumm akTMHOBOIO
uMTOCKeNeTa, a Takke B akTUBaLumn BOCNa/INTENbHbIX CUTHaUTbHBIX NyTel Yepe3 6e/10K NMpuH. PaHee 6b110
nokasaHo, YTO natoreHHble BapuaHTbl PSTPIP1 MoryT HapylwaTb o6pa3oBaHue NogocoM B Makpodarax.
B paHHOI pa6oTe Mbl M3yunnu (pyHKUMOHaNbHOEe BNvsHWE BapuaHTa p.E250K PSTPIP1 B makpodiarax,
MOJTyYEHHbIX U3 NEPBUYHBIX KNeToK. Lienbio paboTsl 6611 aHan3 ypoBHA 6esika PSTPIP1 n xapaktepucTuka
KMHETUKM 06pa3oBaHUA NOLOCOM B NMEPBUYHBLIX MakKpodarax, noslyyeHHbIX OT NATU NauMeHTOB C BapMaHTOM
E250K.

Mamepuasibl u MemoobI

YposeHb 6enka PSTPIP1 namepsinv ¢ NOMOLLbIO BECTEPH-6NOTTUHIA. XapakKTepUCTMKM NOA0COM OLEHNBaN
MEeTOL0M KOH(POKa/TbHOW MUKPOCKONUM B (DMKCMPOBAaHHbIX KeTkax. [n1a Bu3yanmsauumn gUHaMmmnkm nogocom
B XXMBbIX KNeTKax Ucnosib3oBann Makpodparu, TpaHcguumpoBaHHble MPHK LifeAct-mStayGold.

Pe3ysibmamel

B makpocparax nauueHToB ¢ BapmaHToM E250K ypoBeHb 6enka PSTPIP1 6bis1 3HAYMTEIbHO CHUXEH MO
CpPaBHEHMIO C KOHTPONeM. Y MauMeHTOB Habno4asiocb 3aMeTHOEe YMEeHbLUeHWe CpefHero Kosmyectsa
NOLOCOM Ha K/1eTKY N0 CPaBHEHWIO C KOHTPOJIbHOW rpynnoii. Kpome Toro, A0N5 KeTOK, IMWEHHbIX NOLOCOM,
Oblna 3HauUMTENbHO Bbiwe B Makpodarax ¢ E250K. OgHako Bu3yasim3aumns B pexume peasibHOro BpeMeHM
nokasasa, 4to, HECMOTPSA Ha CHWKEHWe cpefHero Konuyecrtsa nogocom, BapmaHT E250K 3HauuTesibHo
noBbIWaeT NX cTabunbHOCTb.

BbiBOObI

Hawe uccnegosaHve Bnepsble AeMOHCTpupyeT, uTo mytaumsa E250K B F-BAR pgomeHe PSTPIP1 moxeTt
oKasblBaTb [BONHOE BNUSAHME HA NepBUYHbIe Makpodarn. C 04HOM CTOPOHbI, MyTauus CHUXaeT KOSIMYeCTBO
KNeToK, hOpMUPYIOLLMX NMOLOCOMbI, & C APYroi — yBenuumMBaeT nxX cTabuibHOCTb. Kpome Toro, BapuaHT
E250K HeratmBHO BNusieT Ha ypoBeHb 6enka PSTPIP1 B mMakpodharax. OTu pesynbTaTbl packpbiBatoT
paHee HeunsBecTHy posib PSTPIP1 B perynauum gnHamumkm nogocom W npefocTaBiAioT HOBble AaHHble O
MONIEKYNAPHLIX MexaHn3max, exallmx B ocHoBe natoreHesa PAID.

Bnaz2odapHocmu

BytoBy K. P. (Hay4Hblii pykoBoguTenb). bnarotBoputenbHoMy doHay “Hayka-getam”. OTAeneHuio
UMMYHOM0rMK, nabopaTtopun MOMEKYNSPHON Guonormm n ApyruMm oTgeneHnsm u nadopatopusam Orby
“‘HMULU Aron um. mnTpusa Poravesa’.

[nsa untnpoBaHns: Konund H.A. et al. CB® 2025 C60pHMK Te3ncoB kKoHdepeHums Cb®; 3 (4) 2025 S1 cc. 18-19

18



Introduction

Pathogenic genetic variants of PSTPIP1 (Proline-Serine-Threonine Phosphatase Interacting Protein 1)
are associated with a group of autoinflammatory diseases called PAID. The PSTPIP1 protein contains the
functional domains F-BAR and SH3 and is involved in the regulation of the actin cytoskeleton, as well as in
the activation of inflammatory signaling pathways through the protein pyrin. It has previously been shown
that pathogenic variants of PSTPIP1 can disrupt the formation of podosomes in macrophages. In this work,
we studied the functional effect of the p.E250K PSTPIP1 variant in macrophages derived from primary cells.
The aim of the work was to analyze the level of PSTPIP1 protein and characterize the kinetics of podosome
formation in primary macrophages obtained from five patients with the E250K variant.

Materials and methods

The level of PSTPIP1 protein was measured using Western blotting. The characteristics of the podosomes
were evaluated by confocal microscopy in fixed cells. Macrophages transfected with LifeAct-mStayGold
MRNA were used to visualize the dynamics of podosomes in living cells.

Results

In macrophages of patients with the E250K variant, the level of PSTPIP1 protein was significantly reduced
compared with the control. The patients showed a marked decrease in the average number of podosomes
per cell compared to the control group. In addition, the proportion of cells lacking podosomes was significantly
higher in macrophages with E250K. However, real-time visualization has shown that, despite the reduction in
the average number of podosomes, the E250K variant significantly increases their stability.

Conclusions

Our study demonstrates for the first time that the E250K mutation in the F-BAR domain of PSTPIP1 can have
a dual effect on primary macrophages. On the one hand, the mutation reduces the number of cells forming
podosomes, and on the other hand, it increases their stability. In addition, the E250K variant negatively affects
the level of PSTPIP1 protein in macrophages. These results reveal the previously unknown role of PSTPIP1
in regulating podosome dynamics and provide new insights into the molecular mechanisms underlying the
pathogenesis of PAID.
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BseoeHue

MyTaumm B reHe CORO1A accounmnpoBaHbl C TSHKENbIM KOMOUHUPOBaHHLIM MMMyHoAedmunTom. PaHee
6bl/1 onucaH MucceHc-BapuaHT ¢.19C>T, p.R7C y nauneHTa C¢ reMusnroTHol Mukpogeneuvein 16pll.2,
NPMBOAALLMIA K 3HAYMTENbHOMY CHMKeHnto COROL1A © HapyleHuto MOOGUMILHOCTM KIeToK. BapuaHT
Haxoautcsa B N-KOHLEBOM JOMeHe 6enka, PyHKUMOHaUTbHas posib KOTOPOro HeussBecTHa. Llenb paboTtbl —
onpeaenntb PyHKUMOHaNbHbIN adodekT BapmaHTa R7C Ha 6enok CORO1A.

Mamepuasibl u MemoobI

TpeTuuHyto cTpyktypy CORO1A npegckasbiBasin ¢ nomoulbio ColabFold: AlphaFold2. MpotoHnpoBaHue
aHanmMsnMpoBa/iuchb anroputMmamun: H++, PropKa n PypKa. ®unnoreHeTu4yecknini aHasim3 BbINOSIHEH 4yepe3
NCBI BLAST. [517 3KCNEPMMEHTOB Ha K/IE€TOUYHbIX MoAensixX 6bin co3aaHbl CTabunbHO 3KCnpeccupytoLlme
BapmaHTbl CORO1A KMeTo4YHbIE /IMHAM C NOMOLLbIO NAasmuaHon nunodgekuun (HEK293T, Hela, NIH3T3)
N NEeHTUBMpPYCHON TpaHcaykumu (Jurkat). BapuaHTel CORO1A 6binn npoaHa/IM3MpoBaHbl C NOMOLLbIO
KOH(pOKasibHOM MUKpOCKonun, BecTepH-610Ta 1 NPOTOYHOM LMTOMETPUN.

Pe3ynibmamel

MogenuposaHue in silico B AlphaFold npeackasano HanuumMe TI-KaTUOHHOW CBSA3WM MeXay ocTaTkamun R7
n H305 B CORO1A, 4To corsiacyeTcs Co crneunanim3MpoBaHHbIMU MOAENSAMN NPOTOHNMPOBaHNA. BapuaHT
R7C HapylwaeT BHYTPUK/IETOUHYIO fiokanm3aumio CORO1A: 6enok guddy3Ho pacnpefesnieH B K1eTke, B
oTnnune ot WT. BoccTaHOB/IEHNE TI-KATUOHHOM CBA3WM OPTOrOHasIbHbIM BapuaHToM R7K He npuBoguT K
KOpPEKTHOI nokanusaumun 6enka. lobaBneHne KOHCTUTYTUBHO Hedhocdopuampyembix BapraHTos COROla
(S2A, T412A) Takke He KOpPpeKTMpoBaUs1O siokanusaunn 6enka. Ko-ummyHonpeuunutaums sapvaHta R7C
nokasasia oTCyTCTBME creundnyHoin nonocel 6enka ~45 kfla B 0TnYme oT KOHTPOASA. B KI1eTOUHbIX MOAeNsx
Ha ocHoBe Jurkat kanbuueBbIi curHan npu aktueauunm TCR He MMeeT pas3nnunini Mexay BapuaHTamu u
KOHTpOEM.

Bbi180ObI

HapyweHve nokanusaumy npu mytaumm R7C He CBSI3aHO C OTCYTCTBMEM TI-KATUOHHOW CBA3N U
cneundonyeckum ocdopunnposaHeM. [loTeHUMalbHO natoreHHbli BapuaHT R7C He cBfA3biBaeTcs C
6enkom macchl ~45 k[la. B knetouHbix Mogensax Jurkat BapumaHTbl COROL1A He NMEKT 3HaYMMbIX OT/INYUIA B
KasibLeBour curHanmsaumm yepes TCR No cpaBHEHWIO C KOHTPOJIEM.

Bnaz2odapHocmu
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Introduction

Mutations in the CORO1A gene are associated with severe combined immunodeficiency. Previously, the
missense variant c.19C>T, p.R7C was described in a patient with hemizygous microdeletion 16p11.2, leading
to a significant decrease in CORO1A and impaired cell mobility. The variant is located in the N-terminal
domain of the protein, the functional role of which is unknown. The aim of the work was to determine the
functional effect of the R7C variant on the CORO1A protein.

Materials and methods

The tertiary structure of CORO1A was predicted using ColabFold: AlphaFold2. Protonation was analyzed
using the following algorithms: H++, PropKa and PypKa. The phylogenetic analysis was performed through
NCBI BLAST. For experiments on cell models, stably expressing variants of CORO1A cell lines were created
using plasmid lipofection (HEK293T, HelLa, NIH3T3) and lentiviral transduction (Jurkat). CORO1A variants
were analyzed using confocal microscopy, Western blot, and flow cytometry.

Results

In silico modeling in AlphaFold predicted the presence of a 1t-cationic bond between R7 and H305 residues in
COROL1A, which is consistent with specialized protonation models. The R7C variant disrupts the intracellular
localization of CORO1A: the protein is diffusely distributed in the cell, unlike WT. The restoration of the
TT-cationic bond by the orthogonal variant of R7K does not lead to the correct localization of the protein. The
addition of constitutively nonphosphorylated CORO1a variants (S2A, T412A) also did not correct protein
localization. Co-immunoprecipitation of the R7C variant showed the absence of a specific protein band of ~45
kDa, in contrast to the control. In Jurkat-based cell models, the calcium signal during TCR activation does not
differ between variants and controls.

Conclusions

The localization disorder in the R7C mutation is not associated with the absence of a T1t-cationic bond and
specific phosphorylation. The potentially pathogenic R7C variant does not bind to a ~45 kDa protein. In Jurkat
cell models, CORO1A variants have no significant differences in calcium signaling via TCR compared to the
control.
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BsBeoeHue

MexaH/3Mbl, OTBevyatolMe 3a MPOCTPAHCTBEHHYD HEOAHOPOAHOCTb W TPEXCTAAWNHYH  AUHAMUKY
thopMmpoBaHusi apTeprasibHOro Tpomba He 4,0 KOHLA MOHATHBI. [1151 TEOPEeTUYECKOro aHasIM3a 3TUX SIB/IEHNI
6blna paspaboTaHa TpexmepHas HenpepbiBHas KOMMbOTEPHAA MOAe b TPOMO006Pa30BaHNsA B apTepmnonax
MbILLIN.

Mamepuasibl U MemoobI

Mopgenb OCHOBaHa Ha Mpea/IoKEHHOW paHee KOHUenuuu sgpa M 060/M104KM TpomMba M NpUHUMAET BO
BHUMaHVe cneayoume KoUeBble NPOLECCHI U AB/IEHUS: HEOAHOPOAHYI0 CTPYKTYPY TPOM6a, COCTOSALLEro U3
NMIOTHOrO AApa 1 PbIX/10/ 060/104KM; 06paTUMYIO aKTMBaLMIO TPOMOOLUMTOB B OTBET Ha AL®P; HeobpaTUMyto
aKTMBaL M0 TPOMOOLIMTOB B OTBET HA TPOMOWH; CEKPELMIO NIOTHbIX TPAHY U3 aKTUBUPOBAHHbLIX TPOMOMHOM
TPOMOOLMTOB, a Takke M3MEHEHNE TeUYEHUsI KPOBW B Npouecce pocta Tpomba.

Pe3ynibmamel

MopennposaHus N03BO/IN/IM BOCNPOU3BECTU U NMPES/I0KUTb 06 bACHEHME CIOXKHOW TPEXCTaANnHOM AnHaMuKke
hopMmpoBaHua apTepuasibHOro TpoMo6a, Habtgaemoli in vivo. HavanbHas gpasa 6bICTporo pocta Tpomba
B MOAeNu ABnseTca cnefctenem cekpeuny ALA® n3 akTMBMPOBaHHbLIX TPOMOUHOM TPOMOGOLUTOB, B TO BpEMS
Kak hasa MOCTEMEHHOr0 CHMXEHUA pa3mepoB TPomba Bbi3BaHa McyepnaHMem 3anacoB MIOTHLIX FPaHys
B TpombouuTax sgpa Tpomba. [onroBpeMeHHas ctabunmsauus pasmepoB Tpomba B MOAENN Bbi3BaHa
HeobpaTMMOil akTMBaLmein TPOMOOLUTOB 060/104KM TPOMBA HU3KMMIK [O3aMW TPOMOUHA. JlTokaM3aumsa agpa
Tpomba B pamkax MOAeNN 06bACHAETCA 0COOEHHOCTAMU SAB/IEHUI NepeHoca TPOMOUHa BHYTpY Tpomba u
SIPKO BbIPaXXEHHbIM HENMMHENHbIM XapakTepoM akTuBaLMm TPOMOOLMTOB B OTBET Ha TPOMOUH. Pe3ynbTathl
MoZenu Takxe no3BosIM/IN BOCMPON3BECTU 1 MPOAHa/IM3NPOBATb OKK/HO3MBHBIA U HEOKK/TO3UBHbIV CLeHapuu
pocta Tpomba npu FeCl3- nHAyunMpoBaHHOM TPOMOO3€e COHHONM apTepun MbllK, a Takke NpesoXnTb
rMnoTesy o CywecTBeHHON posin ALP- 3aBMCMMO 060104KM TpoM6ba AN1s (hopMUPOBaHMSA FreMOoCTaTU4eCcKol
NPO6KM B YCNOBMAX MPOHMKAOLLETO NOBPEXAEHUS.

BbiBOObI
Pe3ynbTaTbl MOAENMPOBaHNSA NO3BONUMN NPEANIOXNTL AeTaslbHble MEXaHW3Mbl, 0OBACHAIOLNE CNOXHYIO
NPOCTPaAHCTBEHHO-BPEMEHHYIO AMHAMWUKY (DOPMMPOBAHNSA apTepUasnibHOro TpoM6a, a Takke BaXHYH posib

0060/104KM TpOM6OA B YC/I0BUSAX reMocTasa.
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Introduction

The mechanisms responsible for spatial heterogeneity and the three-stage dynamics of arterial thrombus
formation are not fully understood. For the theoretical analysis of these phenomena, a three-dimensional
continuous computer model of thrombosis in mouse arterioles was developed.

Materials and methods

The model is based on the previously proposed concept of the nucleus and shell of a thrombus and takes into
account the following key processes and phenomena: the heterogeneous structure of a thrombus consisting
of a dense core and a loose shell; reversible platelet activation in response to ADP; irreversible platelet
activation in response to thrombin; secretion of dense granules from thrombin-activated platelets, as well as
a change in blood flow during the growth of a blood clot.

Results

The simulation results allowed us to reproduce and offer an explanation for the complex three-stage dynamics
of arterial thrombus formation observed in vivo. The initial phase of rapid thrombus growth in the model is
a consequence of ADP secretion from thrombin-activated platelets, while the phase of gradual decrease
in thrombus size is caused by the depletion of dense granules in platelets of the thrombus nucleus. The
long-term stabilization of the thrombus size in the model is caused by irreversible activation of platelets of
the thrombus shell by low doses of thrombin. The localization of the thrombus nucleus within the framework
of the model is explained by the peculiarities of thrombin transfer phenomena inside the thrombus and the
pronounced nonlinear nature of platelet activation in response to thrombin. The results of the model also
made it possible to reproduce and analyze occlusive and non-occlusive scenarios of thrombus growth in
mouse FeCl3-induced carotid artery thrombosis, as well as to propose a hypothesis about the essential role
of the ADP-dependent thrombus envelope for the formation of a hemostatic plug in conditions of penetrating
damage.

Conclusions

The simulation results allowed us to propose detailed mechanisms explaining the complex spatiotemporal
dynamics of arterial thrombus formation, as well as the important role of the thrombus shell in hemostasis.
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BsBeoeHue

[ns addekTmBHOrO nogaepxaHus paboTbl CUCTEMbI remMocTa3a Heob6X04MMO TecHOe B3anmoAelncTBue
Mexay TpomoboumTamMmn 1 naasMeHHbIM CBEPTbIBAHNMEM KPOBWU. HECMOTPSA HA TO, UTO K/THOYEBbLIE MOJIEKY/ISPHbIE
MeXaHW3Mbl MEPBMYHOIO U BTOPUYHOIO remocTa3a XOpOoLLO OXxapakTepu3oBaHbl, OCTalTCA Maslon3yYeHHbIMU
NPUHLMMbI, peryvpyoLLme AMHamnky obpasoBaHus apTepuasibHbIX TPOMOOB B YC0BUAX NOTOKA. 3BECTHO,
YTO KPOBOTOK MOXET CYLUEeCTBEHHO WHrMOGMpoBaTb peakumy kackaja CBEpPTbiBAHWS KPOBW, pa3basrins
aKTUBHble (pakTopbl, 1 YTO NEPBUYHLIV arperat TPOM6OLMUTOB MOXET obecnevmBaTtb UX 3alMTy OT NOTOKA.
B faHHO paboTe TeopeTuyecku uccrefyeTca posib pasmepa TPOMOOLMTapHOro arperarta B CO3[aHWu
NIOKaIN30BaHHOM 06/1acTM C MUHUMAa/IbHON CKOPOCTbLIO MOTOKa 419 YCKOPEHUSA NPOLEeCCOB CBEPTbIBAHUSA
BHYTpUY Tpomba.

Mamepuasibl U MemoobI

Ona  moaenupoBaHWs TevyeHUs KPOBWM  UCMOJIb30Ba/IMCb  CTaHAApPTHble MeTO/Abl  BblYMCNTESIbHOWA
rmapoanHamukn. B cpege Comsol Multiphysics 6bi/i1 NOMy4YeHbl YACIEHHbIE PeLLEHNs] YpaBHEHWI HaBbe-
CToKca 415 HecTaumoHapHbIX NPOLECCOB B CUCTEME C XMMUYECKUMM peakunsammn, KOHBeKumel 1 guddysmei
BELLECTB B [ABYMEPHOM MpubNmxeHmn. KuHeTuka reHepauum TPOMOMHA M o0b6pas3oBaHus (UopuHa
onucbliBasiacb B MOLENN CBEPTbIBAHWSA Yepe3 NyTb TKaHEeBOro guaktopa. BaanmopgencTsytolime BellecTsa
Kak [,OCTaBNANINCb NMOTOKOM, TaK U FeHepnupoBasIMCb Ha MecTe nosBpexaeHus. MNMospexaéHHas NoBepXHOCTb
cocyaa 6bl/1a NoKpbITa YaCTUYHO NPOHMLIAEMOIA A/151 NOTOKAa 060/1I04KON, KOTopas MMUTUPOBas1a rOMOrEeHHbI
TPOMO, COCTOSALWMIA N3 CNabo akTUBUPOBAHHbLIX TPOMOOLMTOB.

Pe3ysibmamel

KomnbloTepHaa mMofenb npefckasbiBaeT, YTO B Cyvae NoBPeXAeHWi, SKCNOHNPYIOLLMX TKaHEBbIA dhakTop
HW3KOIN KOHLUEHTpauum, qopMmpoBaHue A0CTaToOYHO KpynHoro (6onee 20% oT gnameTtpa cocyga) Tpomba
HeobxoANUMO 419 MUHUMU3AUUA MHTMOUpYoWero addiekta noToka, akTUBHOM HapaboTKu TpoMOWMHa K
06pa3zoBaHns (OMOGPUHOBOTO CrycTKa.

BbI1800bI

Mpy NoBpexXAeHMaX cocyaa, COMPOBOXAAIOLMXCA 3KCMOHMPOBAHMEM HMW3KOM KOHLEHTpauMnM TKaHEBOro
hakTopa, o6paszoBaHMe KPynHOro Tpomba MrpaeT CyLWeCTBEHHYH PO/ib B YCUIEHUN PaboTbl MN/1Ia3MEHHOMO
CBEpPTbIBaHMA NyTEM CO34aHMA 3allMLLIEHHOM OT MOTOKa cpefdpl. TOT NPOLUECC BaXeH Ansi o6pa3oBaHus
(oMOPMHOBOI NPOGKN Yy MecTa MOBPEXAEHWUsT U MoAYEepKUBAET (PU3NYECKYHO CBS3b MEXy arperaumeii
TPOMOOLMTOB 1 peakunsiMim CBEPTbIBAHWS.

Bnaz2odapHocmu
K.g0.-M.H. HeunnypeHko AmuTpuii FOpbeBuy.
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Introduction

The interplay between platelets and plasma coagulation is essential for effective hemostasis. While the
molecular mechanisms of platelet aggregation are well characterized, the dynamics of arterial thrombus
formation under high shear flow remain poorly understood. It is known that blood flow can significantly hinder
coagulation by diluting activated factors, and that a primary platelet aggregate may provide a shelter for
plasma coagulation. In this study, we theoretically investigate the role of the size of a platelet aggregate in
providing a localized environment with minimal flow velocities for facilitating intrathrombus coagulation.

Materials and methods

Standard computational fluid dynamics methods were used to simulate blood flow. Numerical solutions to
the Navier-Stokes equations were obtained in Comsol Multiphysics software for non-stationary processes
involving chemical reactions, convection, and diffusion of species, in a two-dimensional approximation.
Thrombin generation and fibrin formation kinetics were described via tissue factor pathway coagulation
model. Reactants were both delivered by flow and generated locally at the site of injury. The damaged vessel
surface was covered with a semi-permeable shell representing a homogeneous thrombus composed of
weakly activated platelets.

Results

The computational model predicts that in injuries exposing low concentrations of tissue factor, the formation
of a sufficiently large (exceeding 20% of the vessel diameter) thrombus is required to minimize the inhibitory
effect of flow, enabling active thrombin production and fibrin clot formation..

Conclusions

In vascular injuries associated with low tissue factor exposure, the formation of a large thrombus plays
a critical role in facilitating coagulation by creating a sheltered environment. This process is essential for
stabilizing the injury site with a fibrin-rich patch, highlighting the critical interplay between platelet aggregation
and coagulation reactions in such types of the injuries.
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BseoeHue

Mpwv TpaBMUPOBAHUM CTEHKM COCY/la A5 yCTPAHEHUS NMOBPEXAEHUS U OCTAHOBKM KPOBOTEUEHWS MPOUCXOANT
3anyck CUCTEMbl remocTasa. [emMoAvHamMuka ynpasnsieT TPOMOOLUTAPHLIM U NNA3MEHHbIM 3BEHbSMU
cucTeMbl remocTasa B 06/1aCTU BO3HUKLLIEN NaTonorui. Ha AaHHbIE MOMEHT XapakTepuCTUKI NOTOKA KPOBU
B 061aCTU NATOIOMMN U3yYeHbl He0CTaTOYHO. HE06X0AMMO OXapaKkTepu3oBaTh HOBbIE reMOANHAMUYECKNe
YCNOBUSI, BO3HVKLLVE B pe3y/ibTaTe NOBPEXAEHUs KaK /IoKasibHO B 061aCTU paHbl, Tak U r106a/1bHO BO BCEl
OKpY>XaloLL,eil cucteme CocyoB.

Mamepuasibl u MemMoobI

Bbina paspaboTaHa rMbpugHass MHOromacltabHas KOMMblOTEpHass MoOAeslb remMoAvHaMuKW, Aatoas
AeTa/lbHYl0 MHJIOPMaLM0 O CKOPOCTSAX ABMXEHWUSI KPOBM B 06Gs1acTy NpoKosa cocyga v onucbiBatoLwas
06bEMHbIE pacxo/bl M AaBNEHUS KPOBYM B OKpY>XXatoLLLeli paHy cucteme cocyioB. PaccmatprBaeTcsi cuTyaums
HapyLLEHWN LLe/IOCTHOCTM CTEHKM BEHbI PYKM YesioBekKa.

Pe3ysibmamel

I_Ipl/l MPOKOJ1€ BEHbI PYKM BO3HUKAKT BbICOKME CKOPOCTU CABUIa Ha Kpak paHbl, He/IMHEeNHOo 3aBucAdnme ot
pa3mMepapaHbl. 3HaunTeIbHbIE U3MEHEHNS AaBneHnAaHe pacnpocTpaHATCA asiblLUe KOHLLOB I'IOBpe)K,qéHHOFO
cocypa.

BbI1800bI

HeB0o3MOXHO AndodpepeHUmpoBaTb (U3NONOrMYECcKNiA NpoLEecC remoctas M naTtosiorMyecknini npouecc
TPOMOGO3 MO 3HAYEHMIO CKOPOCTU cagura. Cx/onbiBaHMe OKpYyXaloLlMX COCy[oB B pesynbTare npokosna
MaJsiI0BEPOSATHO.

Bnaz2odapHocmu
A..-M.H., npodpeccop PAH MaHTeneeB M.A. (Hay4Hblli pyKOBOANUTEb)
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Introduction

In case of vessel wall trauma hemostasis system is initiated to repair the injury and arrest the bleeding.
Hemodynamics rules both primary and secondary hemostasis in the area of pathology. To the moment
hemodynamic conditions there remain poorly understood.

It is essential to characterize novel hemodynamic conditions arising both locally, near the injury, and globally,
in the adjacent vessel tree.

Materials and methods

Computer simulations of local and global blood circulation are conducted in hybrid multidimensional computer
model. Blood velocities, pressures and volumetric flow rates are obtained in case of venous trauma in human
arm.

Results

In venous injury, high shear rates arise on the wound edge. Shear rates depend nonlinearly on the wound
size. Essential pressure changes do not distribute farther than the damaged vessel’'s ends.

Conclusions

It is impossible to differ physiological hemostasis from pathological thrombosis utilizing value of shear rate.
Collapse of adjacent vessels in case of injury is unlikely.
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BseoeHue

Cuctembl cBepTbIBAHUS KPOBU 1 OMOPUHOIN3A BbIMOJIHAOT POJIb COXPaHEeHUS XN3HeobecneveHns opraHnsma
B OTBET Ha noBpexgeHue cocynos. Npu HapyLeHnn LesioCTHOCTU COCY0B B paboTy BCTynaeT CBEpPThIBaHNE
KpoBu 1 TpoMboobpaszoBaHue. Korga qpyHKumm TpoMba BbINOTHEHDI, aKTUBMpPYETCA cuctema pnbpuHonmnaa,
KOTopas 0TBeYaeT 3a paspyLueHune hmbprMHOBOro CrycTka v Liesiblo KOTOPOi SiIBNSieTCA NMKBUAaunsa Tpomoa.
Mpouecc nusnca CryctkoB U ero B/UsiHME Ha TPOMObI U3yyeH HepocTaTouHo. Llensto paboThl ABNAeTcs
nccnegoBaHne B3anMoAencTBnst CUCTeMbl OUOGPUHOAN3A C TPOMOOM.

Mamepuasibl u MemMoobI

[na hopMmpoBaHusi TPOMOGOB MCMO/Ib30BA/IUCH MPOTOYHbIE KAaMepPbl C aKTMBATOPOM TPOM6006pa3oBaHus B
BMAE MOPUNNSAPHOro KosislareHa ¢ TKaHeBbIM hakTopoM. B kpoBb A06aBSNMCL (NyOpecLEHTHbIE 30HAb,
cbeMka npoBoAunach Ha chsiyopecLeHTHOM MyKpockone. 15 3anycka (oubpuHoNmn3a npUMeHsICs TKaHeBbliA
aKT1BaTop nnasMuHoreHa.

Pe3ysibmamel
Bblna paspaboTtaHa akcnepuMeHTasibHas in vitro Mogesib hopMUPOBaHUSA TPOMOOB C (DYHKLMOHMPYHOLLET
CMUCTEMOW CBEPTbIBAHWNS KPOBY M BO3MOXHOCTbLIO MHULMALUN (DMOPUHONN3A B HY)XXHbI MOMEHT BPEMEHM.

Mpu chopmrpoBaHuM TpoM6a C aKTUBUPOBAHHOI CUCTEMOI CBEPTLIBAHUA B TPOM6aX Obl/IN BblAENEHbI TPU
30HbI:

1) 30Ha BbICOKNX TPOMOOB, Haxo4ALasaCca B caMOM Havasie 06nacTu aktmeaummn. dubpuHa B Heli Masno.
2) 30Ha HU3KMX TpoMOOB, HabNaaeTcsa cpaly Noc/e NepPBO 30HbI U 0 KOHLLA 06/1aCcTy akTUBauum, n
XapakTepusyeTcs Hanmunem 60/bLIOro Konnyectea ombpuHa.

3) 30Ha «XBOCTa» - HAXOAUTCA cpasy Nocsie 30Hbl aKTMBaL MK, HUXE Mo NOTOKY, NpeacTasniseT cobol

NOSIOTHO U3 (hbprHA N HAUMLWNX HA HEro TPOMOOLUTAPHbIX arperaros.
Tak e onmcaHbl 9HAOTEHHbIN 1 3K30r€HHbIV (PNOPNHOAN3. B cnyyae nepBoro, MM3nc Ha4YMHaeTCsa U3 LeHTpa
K nepucepumn Tpomoba; B C/iydae BTOPOro, OT Kpast TpomMba 1 B 2 CTOPOHBI.

BbiBOObI

Pa3paboTaHHbIA MOAX0A SBASETCA NEepCcnekTMBHbIM MeToAOM AN uccnefoBaHus (hubpuHonmsa B
NPUGMIMKEHHBbIX K HaTypHbIM YCnoBusMm. dopmupoBaHne UO6pPMHOBOIN 060/104KM Ha TPOMOOLIMTapPHOM
arperare siBfsieTcs hakTOpoOM OCTaHOBKM pocTa TpomM6a.

[nsa untnpoBaHns: bneckud A.A. et al. Cb® 2025 C60pHUK Te3ancos koHdepeHunst Cb®; 3 (4) 2025 S1 cc. 28-29 28




Introduction

Blood coagulation and fibrinolysis systems play the role of maintaining the body’s life support in response to
vascular damage. In case of violation of the integrity of blood vessels, blood clotting and thrombosis come
into play. When the functions of the thrombus are completed, the fibrinolysis system is activated, which is
responsible for the destruction of the fibrin clot and the purpose of which is to eliminate the thrombus. The
process of clot lysis and its effect on blood clots has not been sufficiently studied. The aim of the work is to
study the interaction of the fibrinolysis system with a blood clot.

Materials and methods

For the formation of blood clots, flow chambers with a thrombosis activator in the form of fibrillar collagen
with a tissue factor were used. Fluorescent probes were added to the blood, and the image was taken with a
fluorescence microscope. A tissue plasminogen activator was used to trigger fibrinolysis.

Results

An experimental in vitro model of blood clot formation with a functioning blood clotting system and the ability
to initiate fibrinolysis at the right time was developed. During the formation of a blood clot with an activated
coagulation system, three zones were identified in the blood clots:

1) The area of high blood clots, located at the very beginning of the activation area. There is little fibrin in it.
2) The zone of low blood clots is observed immediately after the first zone and until the end of the activation
region, and is characterized by the presence of a large amount of fibrin.

3) The “tail” zone is located immediately after the activation zone, downstream, and is a web of fibrin and
platelet aggregates adhering to it.

Endogenous and exogenous fibrinolysis are also described. In the case of the endogenous fibrinolysis, lysis
begins from the center to the periphery of the thrombus; in the case of the exogenous fibrinolysis, from the
edge of the thrombus and in 2 directions.

Conclusions

The developed approach is a promising method for the study of fibrinolysis in conditions close to nature. The
formation of a fibrin sheath on a platelet aggregate is a factor for stopping the growth of a blood clot.
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BseoeHue

Cy63aHAOTeNMasbHbIi MaTpPUKC XapakTepu3yeTcsi reTepOoreHHONn CTPYKTypoi. VI3BECTHO, YTO B apTepusx
N apTepuonax KonsareHoBble BOJIOKHa HeEnocpeacTBEHHO Mo 3HAO0TENMEM OpPUEHTUPOBaHbLI B OCHOBHOM
napannenbHO KPOBOTOKY M cogepxat konnared Il n | TunoB. OgHako 3HavyeHne Takoi opraHusaumn B
MHUUMaLMK BbICTPOro reMmocTaTMyeckoro oTBeTa OCTaeTCa HEACHbIM.

Mamepuasibl U MemoobI

MukpodontongHsle PDMS kamepbl UCNOb30Ba/IUCh /19 MOAENTMPOBaHNA NOBPEXAEHHOIo cocyaa.
OpwueHTHpoBaHHbIe BOSIOKHa konnareHa | tnna (Chrono-Par®) HaHocuMch npyi NOMOLLMY MUKPOXO/THOVAMNKNA.
MpyAvHMpOBaHHaA LesibHas KpOBb 340POBbIX AOOPOBO/LLIEB NMpoKaynBasiach Yepes KaHaslbl B TeyeHune 5
MUHYT Ha ckopocTtu casura 200, 1000 n 2000 c-1.

DiOC6 ucnonb3osBascs ansa susyanmsalmm TpOMOOLUTOB.

SKcnepuMeHTbl NPOBOAM/IUCE C UCNONb30BaHWEM 3NUG/TyOPECLLEHTHONO MUKpPOCKONa U BU3yannsauuv B
peasibHOM BpeMeHW. [oNyyeHHble M306paXeHss aHa/IM3MPOBasIMCh C MOMOLLbIO MPOrpaMMHOro obecneyeHus
ImageJ.

Pe3ynbmamel

OpueHTUpoBaHHbIE BAO/b NOTOKA KoareHoBble rbpunbl 601ee TPOMOOreHHbl NMPU BbICOKOW CKOPOCTH
cAiBura no cpaBHEHWIo C NnornepeyHbIMU;

[Ana pgoctmxeHus ctabunbHOW agre3nn TpomooumMTy HEOOXO0AMMO B3aMMOLENCTBOBAaTb C akTMBATOPOM B
TeYeHMe HECKOSIbKNX CEKYHA,

TpombounTbl AO0Nblle B3aMMOAENCTBYIOT C MPOAO/bHbIMU IMbpUNNamMu, 4TO NPUBOAUT K OGONbLUEMY
KOMYeCTBY CTabUNbHO NPUKPENIEHHbIX TPOMOOLMTOB;

Ha BbICOKOI CKOpPOCTY cABUra TPOMOOLMTLI NepemMeLlatoTca BAoNb 6oratbix VWF NpofosibHbIX hmnbpunn;
DT pnbprnnbl NPeAcTaBASAT cCO60M HEOGO/bLUIYH YacTb ONTUYECKU BUANUMBIX OUOPUAN U NONOXNTEBHO
oKpawmBaloTca aHTuTenamm K konnareny Il Tmna, 4To ykasbiBaeT Ha COOTBETCTBYHOLLYIO NPUMECH Ko/lnareHa
Tnna lll B cTaHAapTHbIX Npenaparax kosnareHa | tmna.

Bb1800bI

AKCnasibHasa OpuveHTauuns KoJsilareHOBbLIX BOJIOKOH, Habsiiogaemas B Cy03HOOTe/IMaslbHOM Crioe in vivo
MOXET CnocobCTBOBaThL OLICTPOMY FeMOCTaTMYECKOMY OTBETY Ha NOBEPXHOCTHbIE NOBPEXAEHMS COCYAO0B,
MOCKO/IbKY NPOAO/IbHbIE KOM1areHOBble BOSIOKHA 60/1€e TPOMOOreHHbI NMPY BbICOKMX CKOPOCTAX cABMra.
Pe3ynbTaTbl CTaHAAPTHbIX NPOTOYHbIX iN Vitro 3KCNEPUMEHTOB C KosilareHom | Tuna, no-BuanMomy, CUbHO
3aBuCAT OT npumecw Il Tna Npy BbICOKMX CKOPOCTAX cABura.

Bnaz2odapHocmu
K.dp.-m.H HeuunypeHko A.HO.

[nsa untnpoBaHns: MenbHukosa E.A. et al. CB® 2025 C60opHMK Te3ncoB KoHepeHuus Cbd; 3 (4) 2025 S1 cc. 30-31 30




Introduction

The subendothelial matrix is characterized by a heterogeneous structure. It is known that in arteries and
arterioles, collagen fibers directly under the endothelium are oriented mainly parallel to the blood flow
and contain types Ill and | collagen. However, the significance of such an organization in initiating a rapid
hemaostatic response remains unclear.

Materials and methods

Microfluidic PDMS cameras were used to simulate a damaged vessel. Oriented type | collagen fibers (Chrono-
Par®) were applied using microfluidics. The hirudinated whole blood of healthy volunteers was pumped
through the channels for 5 minutes at a shear rate of 200, 1000 and 2000 s*. DIOC6 was used for platelet
imaging. The experiments were conducted using an epifluorescence microscope and real-time imaging. The
resulting images were analyzed using ImageJ software.

Results

Collagen fibrils oriented along the flow are more thrombogenic at a high shear rate compared to transverse
fibrils. To achieve stable adhesion, the platelet must interact with the activator for several seconds. Platelets
interact longer with longitudinal fibrils, which leads to a larger number of stably attached platelets. At a high
shear rate, platelets move along vWF-rich longitudinal fibrils. These fibrils represent a small part of the
optically visible fibrils and could be positively stained with antibodies to type Il collagen, which indicates a
corresponding admixture of type Il collagen in standard type | collagen preparations.

Conclusions

The axial orientation of collagen fibers observed in the subendothelial layer in vivo may contribute to a rapid
hemostatic response to superficial vascular damage, since longitudinal collagen fibers are more thrombogenic
at high shear rates. The results of standard in vitro flow experiments with type | collagen seem to strongly
depend on type Il impurities at high shear rates.
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BsBeoeHue

MonoxuTenbHble obpaTtHble cBsiau (MOC), MX KMHETMKA U CTPYKTypa OKasbiBalT 60/blIOe BAUAHWE Ha
AMHaMMyeckre CBOMCTBa (DEPMEHTATMBHbIX KackafoB, B YaCTHOCTM Ha WX NOPOroBble cBoOWCTBA. OfHaKo
B /IUTEpaType CyLEeCTBYET HECKO/IbKO pas3/IMYHbIX NOAXOA0B K ONpPeAeNeHN0 Nopora CUCTEMbI, NpX 3TOM B
3aBVCMMOCTU OT MCMOMb3YEMOrO onpeaeneHunst BAmsiHne ceoicts MOC Ha NOPOroBble CBOWCTBA Pa3/IMyHO.
B HacTosiweli paboTe NpPoBEAEHO WUCCNeAO0BaHME BAVSHUSI CTPYKTYpPbl U KMHETMKM MOC B yNpoOLLEHHOIA
MOZE/IN CUTHATbHOTO (DEPMEHTATMBHOIO Kackaja Ha ero noporoBble CBOWCTBA.

Mamepuasibl U MemoobI

B pa6oTe 1cnosib30Basiocb MareMaTuyeckoe U YNC/IEHHOE MoAeNnpoBaHne. Bbln NoCTPoeH pag,yNpPOLLEHHbIX
Moaenein pepMeHTaTMBHbIX Kackagos ¢ NMOC B roMOreHHOM pacTBOpPE Ha OCHOBE Kackaja CBEPTbIBaHUSA
KpoBu. MaTtemaTnyeckue moaenu npeactaensnm coboin cuctembl OLY. YncneHHoe WHTErpupoBaHue n
nccnefoBaHne Mogenein NpoBoANIOCH C NMOMOLLbIO peasin3aumnmn Ha s3bike Python.

Pe3ysibmamel

BbI/10 nokasaHo, YTO B 3aBUCUMOCTM OT CTPYKTYpbl [TOC B thepMeHTaTUBHbIX Kackagax MOXET CyLLeCTBOBaTb
[ABa pas3/IMyHbIX TUNa NOPOroB — NOPOT Ha4YasTIbHOr0 YPOBHS akTMBaTopa 0THOCUTELHO adhdhekTopa CUCTEMBI
N NOPOT NEPEKNIYEHUS CUCTEMbI MEXAY ABYMS YCTOMUYNBLIMU COCTOSAHUSIMU (MPY HANTMYUK BUCTaBUTbLHOCTN).
Hanmune kohakTopa B NONOXUTENBHON 06paTHON CBA3N AenaeT BO3MOXHbIM CUrMOnganbHy0 qopmy KprBOIA
CUrHan-oTBET, NPV KOTOPOI MHTEpPBasT YPOBHEN akTBaTOpa, COOTBETCTBYHOLLMX NPOMEXYTOUHbLIM YPOBHAM
adppekTopa, cyulecTBeHHO cokpawiaeTcs (Mo cpaBHeHuto ¢ NMOC 6e3 kohakTopa). Takke 6bIs1I0 NokasaHo,
4yTO B yCWMBaKOLWMX Kackagax 6onee gnnHHas MOC npmBoanT K 60/1€e HM3KOMY Mopory aktmeauuu, a B
ocnaonawmx — K 60s1ee BbICOKOMY A1 060MxX TUNOB nopora.

BbI1800bI

Hannune kodaktopa B NMOC ABNAETCA BaXHbIM CTPYKTYPHbIM (DAKTOPOM, BAVSIOLLMM Ha AMana3oH YpOBHEN
aKkTmparopa, npuBOAALLMX K HENoJIHOMY OTBETY CUCTeMbl, YTO B C/lydyae CUCTEMbl CBEPTbIBAHWA KPOBU
MOXeT NPUBOAUTL K HeJOCTaTOUYHO MJIOTHOMY CrycTKy. [lBa pacCMOTPEHHbIX TUMa NOPOroB MMeKT PasHyo
KO/INYECTBEHHYIO 3aBMCUMOCTb OT NapameTpoB CUCTEMbI, HO OAMHAKOBO Ka4yeCTBEHHO CBSA3aHbl C A/IMHOM
Moc.

Bnaz2odapHocmu
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Introduction

Positive feedback loops (PFL), their kinetics and structure have a great influence on the dynamic properties
of enzymatic cascades, in particular on their threshold properties. However, there are several different
approaches to determining the threshold of a system in the literature, and depending on the definition used,
the effect of PFL properties on threshold properties varies. In this paper, the influence of the structure and
kinetics of the PFL in a simplified model of the signaling enzymatic cascade on its threshold properties is
investigated.

Materials and methods

Mathematical and numerical modeling were used in the work. A number of simplified models of enzymatic
cascades with PFL in a homogeneous solution based on the blood coagulation cascade were constructed.
Mathematical models were systems of HDEs. Numerical integration and model research were carried out
using a Python implementation.

Results

It has been shown that, depending on the PFL structure, two different types of thresholds can exist in enzymatic
cascades — the threshold of the initial level of the activator relative to the effector of the system and the
threshold for switching the system between two stable states (in the presence of bistability). The presence of
a cofactor in positive feedback makes possible the sigmoidal shape of the signal-response curve, in which
the range of activator levels corresponding to intermediate effector levels is significantly reduced (compared
to PFL without a cofactor). It has also been shown that in amplifying cascades, a longer PFL leads to a lower
activation threshold, and in attenuating cascades, to a higher threshold for both types.

Conclusions

The presence of a cofactor in the PFL is an important structural factor affecting the range of activator levels,
leading to an incomplete system response, which in the case of a blood coagulation system can lead to an
insufficiently dense clot. The two types of thresholds considered have different quantitative dependence on
the system parameters, but they are equally qualitatively related to the PFL length.
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BsBeodeHue

Tpom6OoLMTbI UTpatoT KKOUYEBYHO POSib B OCTAHOBKE apTepuasibHbIX KPOBOTEUEHUIA U TPOMGO3e. B npouecce
akTMBaLymM B TPOMGOLMTaX BO3HUKAKOT OCLMNNALMMN KOHLEHTpaummn Caz+. 3-3a Manioro o6béma TpoméoumuTa
(6—10 cpemTONMUTPOB) ocumnasaumm Caz* kpaitHe CToxacTUYHbI. MaTeMaTUYeCKN BOSHUKHOBEHWE OCLNISLMIA
B CTOXaCTMYHOI CUCTEME MOXHO O6BACHUTL MO0 CyLLLECTBOBAHNEM B cUCTEME npeaenbHoro upkna (ML) -
reHepaTopa perynsipHbIX UMMynbCoB, /IGO0 e caMoVHAYLMPOBaHHLIM CTOXaCTUYeCckuM pe3oHaHcom (CCP)
- CTOXACTUYECKMM MEXAHN3MOM BO3HMKHOBEHUSI UMMY/LCOB 6e3 reHepatopa. yHaaMeHTasbHbI MHTEpPEC
npeacTaBnseT BONPOC O TOM, KaKoi U3 MEXaHW3MOB peannsyeTcsl B TpombouuTax Yenoseka: ML, nam CCP.

Mamepuasibl U MemoobI

Ha ocHoBe mogenun Jin-PuHuena (1994) noctpoeHa ctoxacTudeckasi Mogesib BO3HUKHOBEHNSA MMMY/1bCOB
KOHueHTpauun Caz B Tl n CCP. C nomowbtlo Caz*-cneyndnyHoro lyopeCLEHTHOIO Kpacutens
Calbryte-590 AM oTcnexusanacb AguMHaMuka KoHUeHTpauum Ca2* B OAMHOYHbIX TPOMOOUMTAx 340POBbIX
JOHOPOB N TPOMOBOUMTaX NaUueHTa ¢ MakpOTPOMOOLUUTONEHNEN, aire3upPoBaHHbIX K UMMOGUIN30BAHHOMY
oMOpPMHOreHy.

Pe3ysibmamel

MogenunposaHne nokasasio, yto ML, n CCP HepasnMuvmbl 4715 KNETOK HOPMasibHOrO pasmepa (06bém
< 20 dpemTONMTpPOB): 06a MexaHM3Ma BbI3bIBAKOT HeperynspHble crtoxacTuyeckue nuku. OpfHako, B
6onbLnX KneTkax (06bEm > 20 chbemToNnTpoB) lNLL reHepupyeT perynsapHble nMmnynscol, a CCP Bbi3biBaeT
HeperynspHble pefkve UMnysbCcbl. TPOMOOLMTLI HOPMa/IbHOTO pasmepa Yy nauveHTa AeMOHCTPUPOBaUIN
HeperynspHble Kasbumesble nukn (12,3 + 1,2 NMKOB/MUH), aHas10TMYHble 340p0BbIM KOHTponam (14,2 + 0,3
NMUKOB/MWH), TOrAa Kak KpyrnHble TpomoouuTbl nauneHTa (20 - 80 d1) NPOSABIASIN MEHbLUE KaulbLEBbIX MNKOB
(5,7 £ 1,8 NMKOB/MVH) 1 KakK perynsipHble, Tak 1 HeperysispHble OCUMUINATOPHbIE NaTTEPHbI.

BbI1800bI

YMeHbLUEeHE 4YacTOoTbl Ka/lbLMEBbIX NMUKOB B 60MbLIMX TPpOMGOUUTax naumeHTa, BEPOATHO, BbI3BAHO MX
yBe/IMYeHHbIM pa3mepom. Mo-BnanMmomy, TpoMooLUUTax MoryT peasin3oBbiBaTbCs 06a MexaHn3ma reHepauum
mmnynbcos: 1 ML n CCP.

Bnaz2odapHocmu
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Introduction

Platelets play a key role in stopping arterial bleeding and thrombosis. During activation, oscillations of Ca2*
concentration occur in platelets. Due to the small volume of a platelet (6 —10 fL), Ca?* oscillations are highly
stochastic. Mathematically, the emergence of oscillations in a stochastic system can be explained either by the
presence of a limit cycle (LC) — a generator of regular pulses, or by self-induced stochastic resonance (SSR),
a stochastic mechanism of impulse generation. A fundamental question arises: which of these mechanisms
is present in human platelets: LC or SSR?

Materials and methods

Based on the Li-Rinzel model of calcium signaling (1994) we developed a stochastic model of CaZ* impulse
generation with a LC and with SSR. At single-cell level, we monitored thrombin-induced activation of human
platelets adherent to immobilized fibrinogen under flow. Using Ca2*-specific fluorescent dye Calbryte-590
AM, we tracked the dynamics of Ca?* concentration in platelets from healthy donors and platelets from a
patient with macrothrombocytopenia.

Results

We found that in our model LC and SSR are indistinguishable in normal-sized cells (volume < 20 fL): both
mechanisms produce irregular stochastic calcium spikes. However, in larger cells (volume > 20 fL), LC
generates regular pulses, while SSR causes irregular, rare pulses. Normal-sized patient platelets exhibited
irregular spiking (12.3 + 1.2 spikes/min) similar to healthy controls (14.2 + 0.3 spikes/min), while large patient
platelets (20-80 fL) showed fewer spikes (5.7 £ 1.8 spikes/min) and both regular and irregular oscillatory
patterns.

Conclusions

The reduced frequency of calcium spikes in patient large platelets is likely due to their increased size. It
appears that both impulse generation mechanism — LC and SSR — can be present in platelets.
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BseoeHue

N3yyeHne ponu KOHUEHTpauun Kasibuus B K/eTKax MpuBEsI0 K BaXHOMY OTKPbITUIO — MpU MOSABMIEHWM
BHELLHEro CTMMyna KOHUEHTpaumsa B KneTkax HauyMHaeT konebaTtbes, npuyem TUMn U KOIMYeCTBO BHELLHEro
CTUMy/ia BNUAIOT Ha ee aMnNAnTyay 1 4actoTy KonebaHuii. B TpombounTax YyenoBeka faHHble OCLUNAALUN
NMEIOT KpaliHe C/IOXHYI0 OMHaMUKY, 6/IM3KYI0 K XaoTuyeckoil. MoaTtomy, B JaHHON paboTe 6bin Npes/ioxkeH
MeTO/, OLLEHK/ TaKoro napameTpa XxaoTU4eCcKnX BpeMEHHbIX peasin3aimii, kak ctapLunii nokasatesnb JIanyHoBa.
[aHHbIi MeTof, CMOXEeT nokasaTtb, UYTO KajlbLuMeBble OCUMNNAUMM OEeACTBUTENIbHO MMEKT XaoTUYeCKYH
npupoay v NO3BOSINT YACIEHHO OLLEHUTb CTENEeHb akTMBauuy TPOMOOLIMTOB B OTBET HA BHELUHME CTUMY/IbI.

Mamepuasibl U MemoobI

B pabote ans oueHkM crapwero nokasaresns JIAnyHoBa BPEMEHHbIX PSA0B MUCMOb3yeTcs MeTof
PoseHwTeliHa. [N BOCCTAHOB/IEHNSA CTPAHHOro arTpakTopa MCMosib3yeTca MeTO[, 3a4epPXKU, B KOTOPOM
BpeMs 3aZlePXKun T 6epeTcs PUKCMPOBaHO MasibiM, NPUMEPHO TPY TOYKN Maccmuea, a pa3mepHOCTb 0a30BOoro
NpoCTpaHCcTBa oOnpefensercs MeTOAOM JIOXHbIX cocefeil. OueHUBaICh KaslbUMEBblE  OCLMNIALMN
TPOMOOLMTOB 340POBbIX JOHOPOB, 3aKPEN/IEHHbIX HA KO1/1TareHoBOM NoAM0XKe 1 noanoxke VM64. B nepeom
N BTOPOM C/lyyae 6bls10 N0 6 340pPOBbIX AOHOPOB. B KauyecTBe akTMBATOPOB MCMNONb30Basiocb 10 MkM ALD
ANa cpeaHein aktmaumm u 5 HM TpoMGuHa 151 CUNbHOW akTMBaL MM TPOMOOLUTOB.

Pe3ysibmamel

Mo pe3ynbTaTaM pacyeToB A1 ABYX Pa3HblX MOAJ0XKEK OblM MOCTPOEHbI pacnpejeseHve nokasarens
NanyHoBa ans Bcex Tpex cnyyaes. Mo pesynbtataMm BUAHO, YTO He akTMBMPOBAHHbIE TPOMOOLMTHI
AEMOHCTPUPYKOT CJ/TIOXKHYH XaOoTU4YeCKyro ANHaMWUKY, OAHaKO MHOrme KasibuneBble ocuunindaunm nMerT U
perynsipHyto gumHamuky. MNpun cpegHel akTmeaumm TPOMOOLMTOB BCE OCLMINAALMN NEPEXOAAT B XaOTUUECKYHO
ANHaMKKy, OgHaKo Mnpu CUMbHOIA akTnBauun CHoBa NoAB/IAKOTCA pa3aesieHne Ha peryndapHbie N XaoTn4eckme
ocuMNNALMN.

BbIBOObI

PacnpeaeneHne nokasatensa JisanyHoBa AEMOHCTPUPYET pasfesfieHne He akTUBMPOBAHHbIX TPOMOOLNMTOB
Ha perynspHblie n xaotudyeckue. CpeaHas akTuBaums TPOMOOLIMTOB BbIBOAUT perynsipHbie ocumMnnsauumn B
XaoTuyeckne, a CubHas akTuBaLna CHOBa A4EMOHCTPUPYET pasfesieHne Ha peryndpHblie N xaoTuyeckue.

Bnaz2odapHocmu
4.00.-M.H., 3aB. labopatopun BHYTPUKIETOYHOW CUTHa/M3aunm n cuctemHon éuonorum LTI &XP PAH,
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Introduction

Studying the role of calcium concentration in cells has led to an important discovery — when an external
stimulus appears, the concentration in cells begins to fluctuate, and the type and amount of external stimulus
affect its amplitude and frequency of fluctuations. In human platelets, these oscillations have extremely
complex dynamics, close to chaotic. Therefore, in this paper, a method was proposed for estimating such a
parameter of chaotic time realizations as the senior Lyapunov exponent. This method will be able to show
that calcium oscillations really have a chaotic nature and will allow us to numerically assess the degree of
platelet activation in response to external stimuli.

Materials and methods

The Rosenstein method is used to estimate the senior Lyapunov exponent of time series. To restore the
strange attractor, the delay method is used, in which the delay time t is taken to be fixed small, approximately
three points of the array, and the dimension of the phase space is determined by the false neighbors method.
The calcium oscillations of platelets from healthy donors fixed on a collagen substrate and a VM64 substrate
were evaluated. In the first and second cases, there were 6 healthy donors each. 10 microns of ADP were
used as activators for moderate activation and 5 nM of thrombin for strong platelet activation.

Results

Based on the results of calculations for two different substrates, the distribution of the Lyapunov exponent
was constructed for all three cases. The results show that non-activated platelets exhibit complex chaotic
dynamics, but many calcium oscillations also have regular dynamics. With average platelet activation,
all oscillations turn into chaotic dynamics, but with strong activation, the division into regular and chaotic
oscillations reappears.

Conclusions

The distribution of the Lyapunov exponent demonstrates the division of non-activated platelets into regular
and chaotic ones. An average platelet activation turns regular oscillations into chaotic ones, and a strong
activation again demonstrates the separation into regular and chaotic ones.
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BsBeoeHue

Tpom6oumnTbl ABMSATCA 6e3bsAePHbIMA (POPMEHHBLIMU 3/1EMEHTAMW KPOBW, Ybeil NEPBUYHON (PYHKLMEN
ABNSeTCA (POPMUPOBAHME TFEMOCTATMYECKMX NPOGOK B MecTax MOBPEXAEHUs COCyfoB. TpOMOGOUUTLI
cofepxatr MUTOXOHAPUU, HEOOXOAUMbIE A1 CMHTE3a AT®, a Takke perynsiyuy npoLeccoB akTMBawuumm
TPOMGOUMTOB. MUTOXOHAPMM HakanaMBatoT MOHbI Ca2*, CTUMY/IMPYIOLLME aKTUBHOCTb (DEPMEHTOB LMKIa
Kpebca 1 abixaTenbHOM Lenu, 4to ycunmneaeT BbipaboTky AT®. MNpu 3ToM, Korga KoHueHTpauus Ca2+ B
MaTpuKce NPeBbILWAET HEKOTOPbIA NOPOT, MPOMCXOAMT OTKPbITUE MPTP-NopbI, YTO BEAET K HEKPOTUYECKOIA
rméenn n hopMUpPOBaHUIO NPOKOAryIIHTHOTO (heHOTMMNA aKTMBMPOBAHHOIO TpomMbGouuTa. Takum o6pasom,
(pYHKLMM MUTOXOHAPUIA TECHO CBA3AHbI C BHYTPUKIETOUHOM KaslbLiMEBOI CUrHaNM3auUmMeid, 4To nogyepkmusaeT
HEeo6X0AMMOCTb KOMM/IEKCHOM OLEHKM 3TUX CUCTEM A1t U3YyUYEeHUsSI MEXAHN3MOB akTUBaL M1 TPOMOOLMTOB.

Mamepuasibl U MemoobI

HenpepbiBHass NpoToYHAss LMTOMETPUN CYCMeH3Un TPOMOOLMTOB YesIOBEKA, Harpy>XeHHbIX KasbLuii-
YyyBCTBUTENbHLIM 30HAOM Fura Red w” noTteHuman-dyyBcTBUTENbHBLIM 30HAOM DIOC3(6). Cbemka
ocylecTBignacb Ha npotoyHom uutomeTpe FACS Canto |l.

Pe3ysibmamel

AkTvBaumns TpomMo6ounToB nentuaom TRAP-6 nokasasia BblpaXeHHbI [030-3aBUCUMbIA  3hdheKT B
Mo6MAM3auMn KanbLms, oleHnBaemoi no donyopecueHunn Fura Red, v runepnonspusann MUTOXOHAPWIA,
oTcnexmBaemon no cnyopecueHumn DIOC3(6). Tak gob6aBneHue 0,225 mkM TRAP-6 nHAyuupoBasio
Mo6unmnaunio kasibums B 0,135 + 0,035 eanHuubl 1 yBenuueHune dnyopecueHumnn DIOC3(6) Ha 2,85 + 1,02
%, 1,11 mkM TRAP-6 — 0,55 £ 0,07 egnHnubl n 9,39 + 3,27 %, 4,45 vkM TRAP-6 — 0,75 = 0,04 eguHuubl
n 16,14 + 3,97 %. TecT paHroBoi koppenauuy CnvpMeHa nokasasa Hanume CWUIbHOW NOIOXMUTENbHON
Koppensauun mexay Mmobunimsaumen kanbuma n runepnonsapusaumen mmtoxongpuii (p = 0,98, p <0,001).

BbI1800bI

Hamu 6b110 nokasaHa NpakTUYeCcKn SIMHEHasA 3aBUCUMOCTb NapamMeTpa runepnonspmsaumm MUTOXOHAPWI
0T MOOMMM3auMn KasbUnsi NPy akTMBauMm TPOMOOUMTOB. BbiiBNEHHAA 3aBUCMMOCTb MOXET MOCAYXWUTb
OCHOBOI1 NS pa3paboTKn MeTOA0B OLEHKN (PYHKLNIA MUTOXOHAPWUIA TPOMOOLIMTOB B HOPME 1 NaTO/10TUN.

Bnaz2odapHocmu
4..-M.H, npod., CeewwHnkoBa A.H.
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Introduction

Platelets are non-nuclear shaped elements of blood, whose primary function is the formation of hemostatic
plugs in places of vascular damage. Platelets contain mitochondria necessary for the synthesis of ATP, as
well as the regulation of platelet activation processes. Mitochondria accumulate Ca? ions, which stimulate
the activity of enzymes of the Krebs cycle and the respiratory chain, which enhances the production of ATP.
At the same time, when the concentration of Ca?* in the matrix exceeds a certain threshold, the mPTP pore
opens, which leads to necrotic death and the formation of a procoagulant phenotype of an activated platelet.
Thus, mitochondrial functions are closely related to intracellular calcium signaling, which underscores the
need for a comprehensive assessment of these systems to study the mechanisms of platelet activation.

Materials and methods

Continuous flow cytometry of a suspension of human platelets loaded with a calcium-sensitive Fura Red probe
and a potential-sensitive DIOC3(6) probe. The survey was carried out on a FACS Canto Il flow cytometer.

Results

Platelet activation with TRAP-6 peptide showed a pronounced dose-dependent effect in calcium mobilization,
assessed by Fura Red fluorescence, and mitochondrial hyperpolarization, monitored by DIOC3(6)
fluorescence. Thus, the addition of 0.225 um TRAP-6 induced calcium mobilization of 0.135 + 0.035 units
and an increase in DiIOC3(6) fluorescence by 2.85 + 1.02%, 1.11 um TRAP-6 — 0.55 + 0.07 units and 9.39
+ 3.27%, 4.45 pm TRAP-6 — 0.75 = 0.04 units and 16.14 + 3.97%. Spearman’s rank correlation test showed
a strong positive correlation between calcium mobilization and mitochondrial hyperpolarization (p = 0.98, p
<0.001).

Conclusions

We have shown an almost linear dependence of the mitochondrial hyperpolarization parameter on calcium
mobilization during platelet activation. The revealed dependence can serve as a basis for the development of
methods for assessing the functions of platelet mitochondria in normal and pathological conditions.
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BgedeHue

TpomMbounTbl — 3TO (pparMeHTbl K/IETOK KPOBW, OTBevalllne 3a cBepTbiBaHWe U TpoMb6oobpasoBaHue.

Kanbuuesasa curHanmsauma perynmpyeTr QyHKUMOHas/IbHble OTBEeTbl TPOMOOUMTOB Ha akTuBauuio:
LerpaHynsaunio, akTmBauuio UHTETPUHOB, MPOKOAryNAHTHYIO aKTUBHOCTb, MHULMALNIO NNa3MEHHOIo 3BeHa
CBepTbIBaHNA KPOBU, CUHTES N CeKpeuuto TpoMboKkcaHa A2 1 ap. X-cuenseHHas arammarniobynmHemms (XLA)
—reHeTnyeckoe 3abosieBaHvie, NPY KOTOPOM HapYLLIAETCA NPOoLLEeCcC Co3peBaHNs B-kneTok, — ConpoBoXaaeTca
Takke OTK/IOHEHMAMM B Ka/lbLMEBOW CUrHasm3auun. Hanprvmep, HexBaTka 3KCNPEeCcCUn TUPO3UHKMHA3bI
BpyToHa (BTK) 3HauMTe/IbHO CHUXAET arperauuio U cekpeumto naoTHbLIX rpaHyn TPOMOOLMTOB B OTBET Ha
aKkTuBaLuio KosiiareHoM y nauneHTos ¢ XLA.

PaHee Hamu 6b1/10 NOKa3aHo, YTO Ka/lbLiMeBble OTBETbI OANHOYHbIX TPOMOOLIMTOB Ye/I0BEKa reTepPOreHHsbI.
MbI Bbl4e/ININ YEeTbIpe TUNa KasibLiMeBOro OTBETOB TPOMOOLMTOB: «HeT oTeeTa» (I) ¢ peAKMMY OOUHOYHBIMN
BCM/iecKkamy Kanbuus, «cnabblii otBeT» (II) ¢ MHOXECTBEHHbIMU Cnakamun Kasibuus, He OOPMUPYHOLLMU
KnacTtepsbl, «CUNbHbIM 0TBET» (III) C MHOXECTBEHHbIMW KnacTepamu U «CTabuibHO CUMbHbIA oTBeT» (IV) C
YCTOAYMBO BbICOKMM YPOBHEM KasibLiMs, NPUBOASALLMM K TMbenn knetku. Liensto aaHHol paboTbl ABSeTcs
OLEeHKa reTeporeHHOCTU KasibLMeBbIX OTBETOB OAMHOYHbLIX TPOMOOLMTOB nauneHtToB ¢ XLA Ha akTuBauumio
AL® 1 TPOMOGMHOM MO CPaBHEHUIO CO 34,0POBLIMM NeauaTpUYeCKNMN JOHOPaMMU.

Mamepuasibl U MemoobI

B pa6oTe ucnonb3oBanach LiefibHast BEHO3Hasi KPOBb NaLMEHTOB € X-CLEN/IEHHOW araMMarno6ynHemMmeni n
3[10pOBbIX NegMaTpruyeckux 4OHOPOB (AaHTUKOAry/ISHT TMpyAuvH). iccriefoBaHve reTeporeHHOCTU KaslbLMeBbIX
OTBETOB TPOMOOLMTOB MNPOUCXOAMI0O MNPU  MNOMOLLM  (ONTyOpPecLEeHTHOW MUKpocKkonuu. OkpalleHHas
donyopecueHTHbIM 30HA0M CalBryte 590 KpoBb NpokavmnBanacb Yepes NPoToYHbIE KaMepbl C afre3nBHbIMU
noasioXkamn AByx Buaos (konnareH 1 tuna n aHtutena Kk CD31). Heceslume KNeTkn cMbiBa/Icb 6ydepom
Tupoga, nanee npoussogunacb CbemMka B MPUCYTCTBMU pacTtBopa aktusaTtopoB 10 MkM AP n 5 HM
TpombuHa B bydpepe Tupoga.

Pe3ysnibmamel

Hamu 6b110 NokasaHo, YTO B YC/IOBUSAAX U MOAJIOXKN KOMAareH, M nogsioxkn aHtu-CD31 kasibumneBblit
0OTBeT TpoMbouuToB naumeHToB ¢ XLA ocnabneH ona Bcex TUNOB akTuBauun. basoBasa aktusauus (Bknag,
aAre3vBHON Nogoxkn B otcytctene AP n Tpomb6uHa) 60nee ocnabneHa No CpaBHEHUIO C akTUBaumei
AL® n aktnBaymein AP n TpomMOGUHOM. AAresms TPOMOOUMTOB MaLMEHTOB MOHMXEHA MO CPaBHEHMIO CO
3,0pOBbIMY LOHOPAMM.

BbiBOObI

Takum obpas3om, HexBaTka akcnpeccun BTK ocnabnseT kanbumeBblli OTBET OAMHOYHbIX TPOMOOUMUTOB Ha
akTnBaumio AP 1 TPOMOGUHOM, HapyLLaeT UX aaresnto.

Bnaz2odapHocmu

0.00.-M.H, npodd., CBeluHnKoBa A.H.

[nsa untnpoBaHus: FankuHa C.B. et al. Cb® 2025 C60pHMK Teancos koHdepeHumst CB®; 3 (4) 2025 S1 cc. 40-41 40




Introduction

Platelets are blood cell fragments responsible for clotting and thrombus formation. Calcium signaling regulates
the functional responses of platelets upon activation, including degranulation, integrin activation, procoagulant
activity, initiation of the plasma coagulation cascade, and the synthesis and secretion of thromboxane A2,
among others. X-linked agammaglobulinemia (XLA) is a genetic disorder characterized by impaired B-cell
maturation and is also associated with abnormalities in calcium signaling. For instance, the lack of Bruton’s
tyrosine kinase (BTK) expression significantly reduces platelet aggregation and dense granule secretion in
response to collagen activation in XLA patients.

Previously, we demonstrated that calcium responses in individual human platelets are heterogeneous. We
identified four distinct types of calcium responses: (I) “no response”, with rare single calcium spikes; (Il) “weak
response”, featuring multiple calcium spikes without clustering; (lll) “strong response”, with multiple clustered
spikes; and (1V) “persistently strong response”, characterized by sustained high calcium levels leading to cell
death. The aim of this study was to evaluate the heterogeneity of calcium responses in single platelets from
XLA patients upon activation with ADP and thrombin, compared with healthy pediatric donors.

Materials and methods

The study used whole venous blood from X-linked agammaglobulinemia patients and healthy pediatric
donors (anticoagulated with hirudin). The heterogeneity of platelet calcium responses was assessed using
fluorescence microscopy. Blood stained with the fluorescent probe CalBryte 590 was perfused through flow
chambers coated with two types of adhesive substrates (type | collagen and anti-CD31 antibodies). Non-
adhered cells were washed away with Tyrode’s buffer, followed by imaging in the presence of activators (10
MM ADP and 5 nM thrombin in Tyrode’s buffer).

Results

We demonstrated that under both collagen-coated and anti-CD31-coated conditions, calcium responses in
platelets from XLA patients were attenuated across all activation types. Baseline activation (the contribution
of the adhesive substrate in the absence of ADP and thrombin) was more significantly impaired compared
to activation with ADP alone or with ADP and thrombin combined. Additionally, platelet adhesion in XLA
patients was reduced compared to healthy donors.

Conclusions
Thus, the lack of BTK expression weakens calcium responses in single platelets upon activation with ADP
and thrombin and impairs their adhesion.
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BsBeoeHue

NMMyHOyopecLeHTHOe oKpallvBaHue Ma3koB KPOBM — BbICOKOUYBCTBUTE/IbHbI METOZ, NO3BOSIOLLMIA
BbISIB/IATb CTPYKTYPHbIE N MOJIEKY/IAPHbIE aHOMa/IMN B K/IETKaxX KPOBM MPU pas/ivyHbiX 3abo1eBaHuAX.
Cvngpom  Buckotta-Ongpuya —  pefkoe  X-CuenneHHoe  uMMyHogedumuutHoe — 3abonesaHue,
XapaktepuayloLieecss TPOMOOUUTONEHNEN, SK3EMOW N MOBbILLIEHHOV BOCMPUUMUYMBOCTBIO K MHpeKumam.
WccneposaHus nokasanu, Y4To Npu cMHApPoOMe HabnogaeTca AedekT LMTockeneta TpoMo0LUTOB, CBA3aHHbIN
C HapyLleHnem opraHmsaumnmn B1-ty6ynvHa. XpoHuyeckne mvenonponugepatusHbsle 3abonesaHmsa (XMMM3)
— rpynna KI10oHaJIbHbIX 3a60/1eBaHNn KOCTHOTO Mo3ra. HefgasHue nccnefoBaHUs BbISIBUIM aHOMaslbHble
BK/THOYEHMA HEMbILLEYHOTO MMo3nHa |IA B apuTpoumTax y yactu naumeHTos.

Mamepuasibl U MemoobI

CTaHOapTHble BbICYLLEHHbIE HA BO3yXe Ma3Ku KpOBW, 3ab6paHHON B NPOGUPKN C LMTPATOM HaTpus, Gbiin
3admkcmpoBaHbl B negsaHom auetoHe (-20 oC). Masku MHKYOGupoBasin C MNEPBUYHbIMK aHTUTENaMMK K
HeMbILLEYHOMY MUO3UHY LIA Tuna/punnammuy n B1-1yeynuny/GPIbIX n BTOpuMYHbIMK aHTUTENaMKW, MEUYEHHbLIMN
Alexa Fluor 488 1 Alexa Fluor 647. Ma3kn KpOBM OLEHMBANN C MOMOLLIbH ¢0/TyOPECLEHTHOR MUKPOCKOMUMN.

Pe3ynibmamel

Mpn cpaBHeHUN [0V AedOpPMUPOBaHHBLIX TPOMOOLMTOB Y NauueHToB ¢ CUHAPOMOM BuckoTtta-Ongpuya
mMegmaHa 7,6% (IQR=3,6%-11,8%), a y 340poBbIX fOHOPOB MeanaHa 3,5% (IQR=1,4%-6,2%). Pa3nuuusa
crtatucTuyeckn 3Haunmel (p=0,011). ¥ 37,5% nauymeHTtoB ¢ XMIM3 (12 13 32) B apuTpoLUTax OOHAPYXEHbI
ckonnieHns muosuHa IlA (megmaHa BktoveHuii 16 Ha none 3peHus, IQR=10-26), Torga kak y 34,0pOBbIX
[OHOPOB OHY OTCYTCTBYIOT.

BbI1800bI
VIMMyHOhlyopecueHTHOe OKpalumBaHue MaskoB KPOBW BbISBW/IO 3HAaYMMble CTPYKTYPHblE U3MEHEHUS B
TpombouuTax npu cuHgpome Buckotta-Ongpuya (B1-ty6ynunH) n B aputpoumutax npm XMM3 (HEMbILLEYHbIN
MUO3UH [IA), 4TO MOXET CNYXUTb AOMOSIHUTENIbHLIM ANArHOCTUYECKUM KpuTepueMm. MosydyeHHble AaHHble
noATBEPXAAKT PO/ib LIUTOCKENETHbIX HAPYLLIEHWI B NaTOreHe3e aTux 3abosieBaHunii  TpebyloT AasibHeLWero
N3y4eHus.

Bnaz2odapHocmu
K. 6. H., Mogonnenosa H. A.
MpaHT PH® 24-15-00387

[nsa untnpoBaHus: KOwkosa E.B. et al. CB® 2025 C60opHuMK Te3ncoB KoHdepeHuusa Cbd; 3 (4) 2025 S1 cc. 42-43 42




Introduction

Immunofluorescence staining of blood smears is a highly sensitive method for detecting structural and
molecular abnormalities in blood cells in various diseases. Wiskott-Aldrich syndrome is a rare X-linked
immunodeficiency disorder characterized by thrombocytopenia, eczema, and increased susceptibility to
infections. Studies have shown that the syndrome has a defect in the platelet cytoskeleton associated with a
violation of the organization of B1-tubulin. Chronic myeloproliferative diseases (CMD) are a group of clonal
diseases of the bone marrow. Recent studies have revealed abnormal inclusions of non-muscle myosin I1A
in erythrocytes in some patients.

Materials and methods

Standard air-dried blood smears made of blood, collected in tubes with sodium citrate, were fixed in ice
acetone (-20 °C). The smears were incubated with primary antibodies to non-muscular myosin type 1A/
filamin and 31-tubulin/GPIbIX and secondary antibodies labeled Alexa Fluor 488 and Alexa Fluor 647. Blood
smears were evaluated using fluorescence microscopy.

Results

When comparing the proportion of deformed platelets in patients with Wiskott-Aldrich syndrome, the median
was 7.6% (IQR=3.6%-11.8%), and in healthy donors, the median was 3.5% (IQR=1.4%-6.2%). The differences
are statistically significant (p=0.011). In 37.5% of patients with CMD (12 out of 32), accumulations of myosin
IIA were found in erythrocytes (median inclusions of 16 in the visual field, IQR=10-26), whereas they were
absent in healthy donors.

Conclusions

Immunofluorescence staining of blood smears revealed significant structural changes in platelets in Wiskott-
Aldrich syndrome (B1-tubulin) and in erythrocytes in CMD (non-muscular myosin I1A), which can serve as an
additional diagnostic criterion. The data obtained confirm the role of cytoskeletal disorders in the pathogenesis
of these diseases and require further study.
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Investigation of platelet activation by forms of
enzymatically treated collagen by continuous flow
cytometry
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MonyueHo: 30.05.2025 MpuHATo K ny6nukaymu: 31.05.2025 Ony6nukoBaHo: 30.07.2025
EDN: KXEUJF

BsBeoeHue

OOHUM U3 K/THOYEBbLIX MEXaHM3MOB B npoLlecce TPOM6006pa3oBaHUA ABMSETCS akTuBauus TPOMOOLUTOB
yepes peuentop rankonpotenH-VI (GPVI) npu ero B3anmogencTsmm ¢ KosiareHom. B metogax mayyeHus
akTMBauun Tpomb6ouuTapHoro GPVI in vitro ncnonb3yeTcsa CUHTETUYECKMIA KosiareH-nogo6HbIi nentug,
(collagen-related peptide, CRP). OgHako BbiCOKasi CTOMMOCTb M CNOXHOCTb cUHTe3a CRP orpaHuymMBaeT
€ro LMpokoe npumeHeHue. Mpy 3TOM AOCTYNHbIE NpenapaTbl KosilareHa He ob6ecneynBaloT BblPaXKEHHO
aKkTmBaumm TpomMoounToB. Lienblo paboThl ABNAETCA MccrefoBaHMe akTusauun TpoMoeoumnToB chopmamm
(hepMeHTaTMBHO 06paboTaHHOro KosiareHa.

Mamepuasibl U MemoobI

B nccnepoBaHnm n3yvanacb aktuBauus TpoOM60LUTOB hMOPUNNSPHBIM KoNlareHoMm | Tuna, oepMeHTaTMBHO
06paboTaHHbIM Kosi1areHason kpaba u konnareHasoi P. AKTuBaumsi TpoM6oLUNTOB HabnAanack ¢ NOMOLLbH
HenpepbIBHOW NPOTOYHOM UMTOMETpuU. B KayecTBe napamMeTpoB akTMBauMum TPOMOOUMTOB OLLEHMBA/IUCH
N3MEHEHME KOHUEHTpaUUM BHYTPUKIETOYHOrO KasibUusi, M3MeHeHne opmbl TPOMOOLUMTOB U BbIGPOC
COAEPXKMMOTO MIOTHBIX FPaHy/.

Pe3ynibmamel

B akcnepumeHTe pob6aBneHne uOPUNNIAPHOTO KojjlareHa K TPoMOOLMTaM He BbI3bIB/I0 U3MEHEHUS
KOHLIEHTpaUMM BHYTPUKIETOYHOTO KasibLUusi, U3MeHeHUsi (hopMbl TPOMOOLMTOB MM BbiBpoca COAepXXMMOro
NAOTHbIX rpaHyn. depmeHTaTVBHO 06paboTaHHbIN KonnareHason kpaba u konnareHasoi P konnared |
TUNa BbI3blBaST MOOGUAM3ALMIO KaslbLUMs, U3MEHeHNe (DOpMbl U BbIOPOC COAEPXMMOTO M/IOTHbIX TPaHyn
Tpomb6ouunToB. OfHako, NpenapaT KosilareHasbl kpaba 6e3 konnareHa Takke Bbi3blBasl Ka/IbLIMEBbLI OTBET
TPOMOOLMTOB U BbIGPOC COAEPXKUMOrO M/IOTHBIX FPaHy/I.

BbI1800bI

depmeHTaTMBHaa 06paboTKka KonsareHa | Tuna kKonnareHas3oi P yBennuMBaeT €ro CrnoCO6HOCTb
aKTMBMpOBaTb TPOMOGOUUTLI. B TO Bpems Mcnonib3oBaHWe KosislareHasbl Kpaba OC/IOXHSAETCA BEPOSATHbIM
Ha/IMuMeM akTUBUPYOLWNX NpuMeceii. MonyyYeHHble pe3ynbTaTbl NOATBEPXKAAIT aKTya/lbHOCTb Aa/TbHENLLNX
nccnegoBaHnii N0 MCMNONb30BaHU (DEPMEHTATMBHO-06pab0TaHHOroO KosijlareHa B kavyecTBe akTmBaTopa
TPOMOOLMTOB in Vitro.

Bnaz2odapHocmu
4. -m H., npodpeccop CeelwHrkoBa A.H.

[nsa untnpoBanus: WnarvHa E.B. et al. CB® 2025 C60pHMK Te3NCcoB kKoHdepeHums Cb®; 3 (4) 2025 S1 cc. 44-45 44




Introduction

One of the key mechanisms in the process of thrombosis is the activation of platelets through the glycoprotein-VI
(GPVI) receptor during its interaction with collagen. Synthetic collagen-like peptide (CRP) is used in methods
for studying platelet GPVI activation in vitro. However, the high cost and complexity of CRP synthesis limits
its widespread use. At the same time, available collagen preparations do not provide pronounced platelet
activation. The aim of the work is to study platelet activation by forms of enzymatically processed collagen.

Materials and methods

The study investigated platelet activation by type I fibrillar collagen, enzymatically treated with crab collagenase
and collagenase P. Platelet activation was observed using continuous flow cytometry. The parameters of
platelet activation included changes in intracellular calcium concentration, changes in platelet shape, and the
release of dense granules.

Results

In the experiment, the addition of fibrillar collagen to platelets did not cause a change in the concentration of
intracellular calcium, a change in the shape of platelets, or the release of the contents of dense granules. Type
| collagen enzymatically treated with crab collagenase and collagenase P caused calcium mobilization, shape
change, and release of the contents of dense platelet granules. However, the crab collagenase preparation
without collagen also caused a platelet calcium response and the release of the contents of dense granules.

Conclusions

Enzymatic treatment of type | collagen with collagenase P increases its ability to activate platelets. At that
time, the use of crab collagenase is complicated by the likely presence of activating impurities. The results
obtained confirm the relevance of further research on the use of enzymatically treated collagen as a platelet
activator in vitro.
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BsBeoeHue

TpoM6OUMTbI CMOCOGHBbI 3KPAHMPOBATL LMPKY/IMPYIOLLME OMyXosieBble KIETKM OT MMMYHHOro OTBeTa
opraHusma, crnocobCTBysl TeMaTOreHHOMY MeTacTa3VpOBaHWMI HEKOTOPbIX COMUAHBIX OMyxonel, oaHakKo,
MexXaHW3Mbl [aHHOr0 B3aMMOZEWCTBUSI M3y4YeHbl He A0 KOHUA. [laHHblii npouecc Mogenupyetcs in
vitro B (peHoMeHe arperayuv TPOMOOLMTOB, MHAYLMPYEMOI OMyxXoneBbIMU KneTkamu. [na arperayum
TPOMGOLMTOB B laHHbIX YC/IOBUSIX HEOOX0AMMO NPUCYTCTBUE NM/1a3Mbl KPOBU, 06ECNeUMBaIOLLEN OKPYXEHME
[N pa3BepTbIBaHMA Kackaja reHepauyum TpoMOGUHa Mo BHELLHEMY MyTu OT TKaHEBOro (pakTopa, KOTopbIl
3KCMPeCCMpyeTCcst Ha NOBEPXHOCTM OMyX0/1EBbIX KNETOK. PaHee Mbl Nokasasn, YTo nonnMepusaums puopuHa
UrpaeT K/YEBYH POsib B heHOMEHE arperauum TpOMGOLUMTOB B NPUCYTCTBUM ONYXONEBbIX KETOK. Mpy 3TOM
COXpaHeHe HOPMaslbHON (PYHKLMOHANIbHO aKTUBHOCTM TPOMOOLUMTOB He SIBNSieTCsl 06s3aTeslbHbIM AN
nx arperaumn. Llenbio HaCTOSALWEro uccnefoBaHust SIBNANOCL ONpeaeneHne posn npouecca o6pasoBaHus
nonepeYHbIX CLUMBOK MeXy MOHOMepaMu onbprHa npu yyactnm paktopa Xllla B BO3HMKHOBEHUM arperawum
TPOMGOLUMTOB, MHAYLMPOBAHHOM ONyX0/1EBLIMU KNETKaMK.

Mamepuasibl U MemoobI

[nsa nccnefoBaHnsA UCNONb30BA/INCL OTMbITblE TPOMOOLMTLI 340POBbIX B3POC/IbIX AOHOPOB U ONyXOsieBble
kneTkn nuHnii MCF-7, MDA u SiHa. na aHanusa arperaumm TpPOMOOLIMTOB B NPUCYTCTBUN ONYXOMEBbIX
knetok (104 kn/mn) n cBo60AHON OT TPOMOOUMTOB NAasmbl KPoBu (1% v/v) MCNOMb30BasICA NA3EPHbIi
aHanusartop arperaumy TpoméountoB AJIAT-2 (HMN® «Buonax), Nno3BonsoLWnii HabnoaaTe 0AHOBPEMEHHO
cBeTopaccesiHe CyCrneH3um n pasmep arperaros.

Pe3ysibmamel

Mo pesynbtartam uccnegoBaHusa npucytcreme T101, akcnepumeHTasnibHOro nHruéutopa Xllla, He BbI3Bas10
3HAYMMbIX U3BMEHEHWUIA HX BO BPEMEHM, HN B MakCcMMyme arperauymm. OgHako, NOCTaHOBKM C AeUUUTHON
nnasmon nokasanu, 4to gedounuymnT Xllla haktopa 3Ha4UMMO BAMseT Ha Habnaaemblli peHOMEH, OTCpoUnBas
BpeMs Havyasia arperauuu. NomMumo 3aToro, Oblsia MocTaB/ieHa Cepus 3KCNepUMEHTOB, WCC/ef0oBaBLUNX
B/INSIHNE KOHLIEHTpauMN KIeTOK, MacCOBON A0NM NAas3Mbl U psga TepaneBTUYECKMX WMHIMOUTOPOB Ha
arperaymio TpOM60LUUTOB B MPUCYTCTBUU OMYXOJ1EBbLIX KNETOK.

BbI1800bI
O6pa3zoBaHue nonepeyHbIX CLLIMBOK MEXAYy MOHOMepamu hnbpuHa npu ydactum haktopa Xllla cnocobecteyeT
npoveccy arperaumm TPOMOG0LMTOB B NPUCYTCTBUM ONYXOJIEBLIX KIETOK, HO HE ABNSETCA 06A3aTe/IbHbIM.

Bnaz2odapHocmu
4.00.-M.H. CBellHVKkoBa A.H. (Hay4HbIii pykoBOAUTE )

[nsa untnpoBaHus: Kopreituyk A.[. et al. CB® 2025 C60pHuMK Te3ncoB KoHdepeHuusa CBd; 3 (4) 2025 S1 cc. 46-47 46




Introduction

Platelets are able to shield circulating tumor cells from the body’s immune response, contributing to the
hematogenous metastasis of some solid tumors, however, the mechanisms of this interaction have not been
fully studied. This process is modeled in vitro in the phenomenon of platelet aggregation induced by tumor
cells. Platelet aggregation under these conditions requires the presence of blood plasma, which provides an
environment for the deployment of a cascade of thrombin generation along an external pathway from a tissue
factor that is expressed on the surface of tumor cells. We have previously shown that fibrin polymerization
plays a key role in the phenomenon of platelet aggregation in the presence of tumor cells. At the same time,
maintaining the normal functional activity of platelets is not necessary for their aggregation. The purpose
of this study was to determine the role of the formation of cross-links between fibrin monomers with the
participation of factor Xllla in the occurrence of platelet aggregation induced by tumor cells.

Materials and methods

Washed platelets from healthy adult donors and tumor cells of the MCF-7, MDA and SiHa lines were used
for the study. To analyze platelet aggregation in the presence of tumor cells (104 cells/ml) and platelet-free
blood plasma (1% v/v), an ALAT-2 laser platelet aggregation analyzer (NPF Biola) was used, which allows
simultaneous observation of the light scattering of the suspension and the size of the aggregates.

Results

According to the results of the study, the presence of T101, an experimental inhibitor of Xllla, did not cause
significant changes either in time or in the maximum of aggregation. However, plasma deficiency studies
have shown that factor Xllla deficiency significantly affects the observed phenomenon, delaying the onset of
aggregation. In addition, a series of experiments were conducted to investigate the effect of cell concentration,
plasma mass fraction, and a number of therapeutic inhibitors on platelet aggregation in the presence of tumor
cells.

Conclusions

The formation of cross-links between fibrin monomers with the participation of factor Xllla promotes the
process of platelet aggregation in the presence of tumor cells, but is not mandatory.
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BseoeHue

TpagMuMoHHO, OCHOBHas IyHKUMA TPOMOOUMTOB — yyacTue B remoctase uM Tpombo3e B C/leacTBUM UX
B3aMMOZENCTBUSA C OCHOBHbIMY akTuBaTtopamu B NOC/1eACTBUN COCYAUCTOrO NOBpeXAeHns. Tem He MeHee,
Bce 60/blle AaHHbIX CBMAETENIbCTBYHOT O TOM, UYTO TPOMOGOUMTLI MOTYT BbINOJSIHATL MHOXECTBO ApYrux
OyHKUMIA. AKTUBMPOBAHHbIE TPOMOOUMTbI MOFYT CEKpPeTUpOBaTb BbICOKYD KOHLUEHTpauui gunobpuHa,
LMTOKMHOB, XEMOKMHOB MHTErPHOB, CEMIEKTUHOB, (DAKTOPOB POCTa, TaknX Kak TpaHCchopMupyoLwuin dhaktop
pocTa 6eta (TGF[), cocyancTbiii aHaoTenanbHbiii paktop pocTta (VEGF) n TpomboumTapHblii hakTop pocta
(PDGF), koTopble cnocobCcTByHOT nepecTtpoiike BKM Bcneacteme akcnpeccnn MMPS, npomeTacTaTMyeckum
npoueccam, TakuM Kak anuTesiMasibHo-Me3eHXuMasibHbIli nepexoq (EMT) u aHrnoreHes.

Mamepuasibl U MemoobI

OcCHOBHbIMW MeTOoAamMM AeTekuun nponudepaumn KynbTypbl KAETOK paka MOJIOYHON Xenesbl MCF-7,
aBnaeTca scratch test u mMukpockonusa as3oBOro KoHTpacTa, KOTopble NO3BONANT UAeHTUUUUpoBaTh
OCHOBHble U3MeHeHWs B nposindpepaLn KynbTyp KNeTokK, X NoABMXHOCTb, a Takke n3MeHeHve Mopdionorum
BC/NleCTBME NOKPaCcKM KNeTok no MNimse-PomaHOBCKOMY, B MPUCYTCTBMM TPOMOOKOHLLEHTPATOB MOJTyYEHHbIX
pa3niMyHbIMK aKTuBaTopamu arperaumm Tpomooumtos: ADP, THR, collagen | (lll) Tnna , CaCl2. B kauecTBe
KOHTPO/1A NCMNO/Ib30Ba/IN Cpefbl He cofepXallme CbIBOPOTKM UK e cpeny ¢ FBS.

Pe3ysibmamel

Mpn HabnwogeHnn 3a 3apactaHueM LapanuHbl B MPUCYTCTBMUM TPOMOOKOHLIEHTPATOB Ha NpOTSHXeHun 16
4yacoB, OCHOBHbLIM OT/IMYNEM OT KOHTPOSA BblNI0 YMEHbLUEHWE aAre3nn 4acTun KIeToK, KOTOPOoe Bbipaxasoch
B YaCTUYHOM OTKpENn/IeHMn pacnsactaHHbIX KNeTokK, IM60 NoSIHOM OTKPENnsIeHNUN OT MOBEPXHOCTU CTekna
cnycta 5-10 vacos. lNpu 3TOM CKOPOCTb Nponudepaunn o MOMeHTa “owlapuBaHnsa” npaxkTU4yecku He
oT/iMyanacs ot FBS.

BbI1800bI

N3MeHeHne afresmm KNeToUHbIX KyNbTYp MOXeT OblTb CNneAcTBUEM OAHOro Jib0 HEeCKOSIbKUX NPOLLEeCCoB,
00YC/NOB/IEHHbIX Ha/IMuMem B TPOMOOKOHLIEHTpaTax BbICOKOW KOHUEHTpauuMm OUONOrMYeckn akTUBHbIX
BELLIECTB, KOTOpPbIE MOrYT CNOCOGCTBOBAThL, KaK anonTo3y KNeTok, Tak 1 gerpagaumm BKM, EMT-nepexoay,
N ApyrMmMm MexaHu3mam.

Bnaz2odapHocmu
4.00.-M.H., 3aB. nabopaTopun BHYTPUKIETOYHOW CUrHaM3auum u cucteMHoin 6uonorn LTMN ®XP PAH
CsewHuvkoBa A.H.)
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Introduction

Traditionally, the main function of platelets is to participate in hemostasis and thrombosis as a result of their
interaction with the main activators in the case of vascular damage. However, more and more evidence
suggests that platelets can perform many other functions. Activated platelets can secrete high concentrations
of fibrin, cytokines, integrin chemokines, selectins, and growth factors such as transforming growth factor
beta (TGFb), vascular endothelial growth factor (VEGF), and platelet-derived growth factor (PDGF), which
contribute to ICM restructuring due to MMPs expression, prometastatic processes such as epithelial-
mesenchymal transition (EMT) and angiogenesis.

Materials and methods

The main methods for detecting proliferation of MCF-7 breast cancer cell cultures are scratch test and phase
contrast microscopy, which make it possible to identify the main changes in cell culture proliferation, their
mobility, as well as morphological changes due to Giemse-Romanovsky cell staining in the presence of
platelet concentrates obtained by various platelet aggregation activators: ADP, THR, collagen type I(lll) ,
CaCl,. Medium without serum or medium with FBS were used as a control.

Results

When observing the overgrowth of a scratch in the presence of thromboconcentrates for 16 hours, the main
difference from the control was a decrease in the adhesion of some cells, which was expressed in partial
detachment of the spread cells, or complete detachment from the glass surface after 5-10 hours. At the same
time, the rate of proliferation up to the moment of “scalding” practically did not differ from FBS.

Conclusions

Changes in cell culture adhesion may be the result of one or more processes caused by the presence of high
concentrations of biologically active substances in thromboconcentrates, which can contribute to both cell
apoptosis and degradation of ICM, EMT transition, and other mechanisms.
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BsBeoeHue

TpoMbouuTbl M ONYX0/sIM B3aMMOAENCTBYIOT [AByHarnpas/ieHHO. TpombouuTbl ABNSAKTCA adpdhekTopamm
onyxo/sieBoi nponvdepauun, B TO BPEMS Kak BAIUSHUE OMNyXO/IM Ha aKTMBHOCTb TPOMOOLMTOB OCTaeTcs
MaJslou3yyYeHHbIM. M3yyeHne BAUSHUA Onyxosieil Ha (PYHKUMOHA/IbHY0 aKTMBHOCTb TPOMOOLUTOB MOXET
OTKPbITb HOBblE BO3MOXHOCTU AJ191 UHHOBALMOHHbLIX METOA0B JIEYEHMA TAKOro CMepTeNIbHOro 3abo/1eBaHus,
Kak pak. OCHOBHOI Le/fbi0 3TOro UccnefoBaHus SABNSETCA NMOHUMaHWE B/IMAHWUA COMUAHON OMyxosv Ha
TPOMOOLMTBI.

Mamepuasibl U MemoobI

B paHHoOM paboTe Mbl pa3paboTasiv TecTbl (PYHKLMOHANIbHOW aKTUBHOCTU TPOMOOLMTOB C MOMOLLbIO
NPOTOYHOM LUTOMETPUN M OLEHUIN U3MEHEHUS COCTOSIHUS TPOMOOLMTOB B MOAENN MeTacTaTU4yeckoro
paka MOJI04HOI Xenesbl EMT-6 in vivo. VMcnonb3oBasincb HenpepbiBHAs M KOHEYHAsA TOYKM MPOTOYHOWA
LUUTOMETPUMN.

Pe3ysibmamel

KonnyecTBeHHbIV BbIXo4 TPOMOOLMTOB NOC/E BblAENEHNS Y MbiLLE C 0MyX0/bio 6b1/1 3HauUMTeNnsHo (P<0,01)
HMXe Nno CpaBHEHMKO CO 340POBbLIMU MbILLAMMW. Kpome TOro, Takme peakuumn, Kak nsmeHeHume dDOprI n
npokoarynigHTHaA akKTMuBHOCTb, Y MbiLLel ¢ OonyxoJibo EMT-6 3HAaUNTENIbHO HUXE, YEM Y 340PO0BbIX MbILLIEIA.
HanpoTtve, Mo6unusauus KanbLusa 3HAYMTENIbHO Bbille B TpomMbouMTax Mbiwei ¢ onyxonbio EMT-6 no
CpaBHEHMIO CO 340POBbIMA MbllLaMW.

BbI1800bI

Pe3ynbTaTbl KOHEYHOW TOYKM U HENPepbIBHOM MPOTOYHON LMTOMETPUM MOKa3bIBAKT CHUXEHME BbIXxo4a
TPOMOOLUMTOB NPY BblAEEHUN OT MbIWER ¢ onyxonbo EMT-6, HapylleHne (PyHKLNOHaNbHbLIX peakunii Ha
aKTMBaUMIO: MPOKOAryNsHTHY0 aKTUBHOCTb, MOOUIN3aLMIO KaulbLMA N U3MeHeHne hopMbl. Taknm 06pasom,
pasBuUTME paka MOJIOYHOI Xenesbl Y Mbllleli, BEPOATHO, Bbi3blIBAET MOBbILEHHbIA 060POT TPOMOOLMTOB
N YMEPEHHYI HEeBOCNPUUMUYMBOCTbL TPOMOOLMTOB K akTuBauuv WM OnocpefoBaHHOMY OMyXOJsibio
NnoBpeXAeHNI0 TPOMOOLINTOB.

Bnaz2odapHocmu
4.00.-M.H., 3aB. nabopaTopun BHYTPUKIETOYHOW CUrHaM3auum u cucteMHoin 6uonorvn LTMN ®XP PAH
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Introduction

Platelets and tumors both communicate bidirectionally. Platelets are effectors of tumor proliferation, whereas
impact of tumor on platelet activity remains poorly investingated. Studying the effect of tumors on platelets
functional activity which is generated upon activation might open new avenues for innovative therapies for
treating the deadly disease like cancer. The main focus of this research is to understand the impact of solid
tumor on platelets.

Materials and methods

In this work, we developed flow cytometry platelet functional activity tests and evaluated changes in platelet
status in an in vivo model of metastatic breast cancer EMT-6. Continuous and endpoint flow cytometry were
used.

Results

The gquantitative yield of platelets after isolation from tumor-bearing mice was significantly (P<0.01) lower
compared to healthy mice. Additionally, responses like shape change and procoagulant activity in EMT-
6 tumor-bearing mice is significantly lower than in healthy mice. On the contrary, Calcium mobilization is
significantly higher in platelets from EMT-6 tumor bearing mice in comparison to healthy mice.

Conclusions

The results of endpoint and continuous flow cytometry show lower platelets yield during isolation from EMT-6
tumor-bearing mice, impaired functional responses to activation: procoagulant activity, calcium mobilisation
and shape change. Thus, the development of breast cancer in mice probably induces increased platelet
turnover and mild platelet refractoriness to activation or tumor-mediated platelet damage.
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BseoeHue

OcHoBHas 3agava TPOMOOUUTOB — 6e3bAAEPHbIX KNETOK KPOBM — COCTOMT B 06pas3oBaHnM YCTOMYMBOro
arperata B MecTe MOBpeXAeHNss CTEeHKM cocypa. M3BecTeH (peHOMeH arperauum TpoMOG6OUUTOB B OTBET
Ha Hebonbloe (Ha 2 nopsgka MeHblle) gobassieHMe ONyxoneBbIX KNeTok. TpombounTel obecneymBaroT
3alWnTy OMyXO0NeBbIX KIETOK OT MMMYHHOW CUCTEMbI, TEM CaMbiM CMNOCOGCTBYS MeTacTasvpOBaHUIO.
OnpegeneHne mexaHU3MoB arperaumm TPOMOOLUTOB B MPUCYTCTBUM OMYXOJIEBbLIX KMNETOK MOTEHUMasIbHO
NMeEeT MpakTUYeckoe NpuMeHeHne B Tepanuun. Llenbto gaHHOW paboTbl SABASET onpeaesieHne BO3MOXHbIX
MexXaHW3MOB arperauum TPoOMOOLMTOB B NPUCYTCTBUN OMYXOS1EBbIX K/1ETOK.

Mamepuasibl U MemoobI

BBuAy HENPUMEHNUMOCTIN HEMPEPbIBHBIX NPUGKEHWI B ONCaHUM (DEHOMEHA B Ka4eCTBEe MeTOA0B Bbi6paHo
KOMMbIOTEPHOE MOZE/IMPOBaHMEe Ha OCHOBE K/1IETOYHbLIX aBTOMaToB. B pamkax mogenu g/is ceTku 3afaHo
HavasibHOe pacrnpejesieHne Aveek No ANCKPETHbIM COCTOAHUAM. C KaxAbIM LaromMm no BpeMeHu U3MEHSIOT
CBOW COCTOSIHMSA MO npaBunam (auddoysns, akTueaums, arperaums n np.).

Pe3ysibmamel

B pe3ynbTarte BbINO/IHEHWA pab0oTbl NO/TyYEHbI Cneaytowme pesynbTtarbl. Mogenb cnocobHa K kaueCTBEHHOMY
BOCMPOM3BEAEHMIO OCHOBHbIX XapakTepHbIX YepT AaHHbIX arperomeTpuun, noslyyaeMbiX B aKCnepumeHTte. B
KOHpurypaumm 6e3 rugpoanHaM1Myeckoro notoka yCTaHOB/IEHO, YTO KOHEYHOe pacnpejeneHve KI1eTok no
COCTOSIHUSAM SABNSIETCA pe3yibTaTOM KOHKYPEHLMN MeXAy npoLieccamy obpa3oBaHusa 1 pacnaja arperatos v
3aBUCUT OT BEPOSATHOCTEN 3TUX npoueccos. Mpu gob6aBneHnn NoToka B MoAe b arperatbl Masibix pasmepos
(1-3 TpombouuTa) cocTaBNAKT 6O/BLLUMHCTBO B KOHEYHOM pacrnpeseneHuu.

BbI1800bI

OnpefenéH BO3MOXHbIA MexaHW3M — arperaymm TpoMOOLMTOB B MPUCYTCTBMM OMYXONIEBbIX KNETOK —
arperaumsa nyTém B3anmoaeincTBust ¢ 6bICTPO ANYHANPYIOLLIMM aKTUBATOPOM, BblAENSAEMON OMyXO0/1eBOii
KneTkoii. [JanbHelilume nccnefoBaHns B AAHHOM HanpaB/fieHMM MOTYT KacaTbCs YTOUHEHUS MEXaHW3MOB
arperauum TpoM6OLMTOB, B YaCTHOCTW, ONpPeAesieHNst PO/ BHEKNETOUHbIX BE3WKY/1 B AAHHOM MpoLecce.

[nsa untnpoBaHus: Bacunses I'A. et al. CB® 2025 C60pHMK Te3ncoB koHdepeHums Cb®; 3 (4) 2025 S1 cc. 52-53 52




Introduction

The main task of platelets, non—nuclear blood cells, is to form a stable aggregate at the site of damage to the
vessel wall. The phenomenon of platelet aggregation is known in response to a small (2 orders of magnitude
smaller) addition of tumor cells. Platelets protect tumor cells from the immune system, thereby contributing to
metastasis. Determining the mechanisms of platelet aggregation in the presence of tumor cells has potential
practical applications in therapy. The purpose of this work is to determine the possible mechanisms of platelet
aggregation in the presence of tumor cells.

Materials and methods

Due to the inapplicability of continuous approximations in the description of the phenomenon, computer
modeling based on cellular automats was chosen as a method. Within the framework of the model, the initial
distribution of cells over discrete states is set for the grid. With each time step, they change their states
according to the rules (diffusion, activation, aggregation, etc.).

Results

The following results were obtained. The model is capable of high-quality reproduction of the main characteristic
features of the aggregometry data obtained in the experiment. In the configuration without hydrodynamic flow,
it was found that the final distribution of cells by states is the result of competition between the processes
of formation and disintegration of aggregates and depends on the probabilities of these processes. When
adding the flow to the model, small aggregates (1-3 platelets) make up the majority of the final distribution.

Conclusions

A possible mechanism of platelet aggregation in the presence of tumor cells has been identified: aggregation
by interaction with a rapidly diffusing activator secreted by the tumor cell. Further research in this area may
concern clarifying the mechanisms of platelet aggregation, in particular, determining the role of extracellular
vesicles in this process.
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BgedeHue

HeiiTpothmnbl — KIOYEBbIE KNETKM BPOXAEHHOTO UMMyHMUTETa. NMomMumMo charounTosa u gerpaHynsauun

Ba)XXHbIM MEXaHN3MOM VX aKTUBHOCTU AB/ISETCA BbIOPOC CTPYKTYP, COCTOALLMX U3 PACTNIETEHHOIO XpOMaTUHa 1
AHTUMUKPOGHbIX hepMeHTOB. Takune cTpykTypbl HasbiBatoTCA NET-amu. NET-03 urpaeT ABONCTBEHHYIO POJib:
C OAHOI1 CTOPOHbI, NET-bl yHUYTOXAKT NaTOreHbl, C APYron — mx n3bbITOYHOE 06pa3oBaHne CnocobCTByeT
XPOHMYECKOMY BOCMa/IEHNIO, AYyTOMMMYHHbIM M TPOMOOTUYECKMM OC/IOKHEHUAM. [Mpy OHKOSTIOTMYECKNX
3a60neBaHuAX, BKIKOYaA pak MoMo4YHol xenesbl (PMXK), HabnogaeTca nosbiweHHbIM ypoBeHb NET-03a,
4YTO MOXET B/INATL Ha NPOrpeccupoBaHue 601e3HN.

Mamepuasibl U MemoobI

VccnepgoBaHme NpoBOAMAIOCH HA Maskax nnasmbl, 06oraléHHon nelikoumntamu (MBJ1), 0T 340pOBbLIX AOHOPOB
N OHKO/I0rMyeckux nauneHToB. O6pasubl pukcnposanu 1-2% dopmannHom (7-30 MyH), 6noknpoBan 1% BSA
1 npombiBann PBS. nsa uMMmyHod)/lyopecueHTHOro aHasin3a 1cnosib3oBaiv aHTuTena K Mmmesionepokcmgase
N HENTPOGIM/bHON anacTase (NepBUYHBIE), a Takke pIyopecLeHTHO-MeYeHbIe BTOPMYHbIE aHTUTeNa (anti-
Mouse AF488, anti-Rabbit AF568). HK su3yanunsnposanv kpacutesniem Hoechst33342. AHan13 BbINOHAN
Ha KOHhoKaslbHOM MuKpockorie Ti2-E.

Pe3ysibmamel

OtpabotaHa meToauka nccnegosaHns yposHA NET-o3a Ha BJT n nogo6paHbl onTMMasibHble YC0BUSA
nosly4yeHunsa nnasmbl 1 ukcaumm. TOT noaxon obecneyvBaeT CNeUNUUYHOCTb U YyBCTBUTE/IbHOCTb MpK
oueHke NET-03a, 1 MO3BONSAET KOJIMYECTBEHHO M KAYECTBEHHO aHa/In3poBaTb 06pasoBaHne 3TUX CTPYKTYP.
BasoBbiii ypoBeHb 0b6pa3oBaHua JHK noBywwek HenTpohmnnos He npesbiwan 9 %. Y nauMeHToB C pakom
MOJI0YHOM Xenesbl A0 Tepanun ypoBeHb NET-03a okasasics Bbiwe (MegmnaHa 22,9%), yeM y 340poBbIX. B
TOXe Bpems y naumeHTos ¢ TH PMXX meanaHa okasasniacb paBHon 7,2%][2,6; 17,5].

BbI1800bI

PaspaboTaHHas MeToaMKa No3BoNsieT nuyuntb NET-03 Ha Ma3kax niasmbl KPOBU, YTO BaXKHO /19 MOHUMaHUSA
ero ponn B nartoreHese HeKOTOpbIX 3abosieBaHuii, a TakkKe OUEHUTb (YHKUMOHa/IbHYI0 aKTMBHOCTb
HeTPOhNNIOB. Y NayMeHTOB C PakoOM MOJIOYHOW esle3bl BbiSiB/IEHA NOBbILLEHHAsA CKITIOHHOCTb HENTPOU/I0B
K o6pazoBaHnio NET-0B, UTO MOXET ObITb CBAA3aHO C NPOrpeccnpoBaHneM 601e3HN.

Bnaz2odapHocmu

4..-M.H, npod., CeewwHnkoBa A.H.

PaboTa nogaepxaHa rpaHtom PH® 23-45-10039
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Introduction

Neutrophils are key cells of the innate immune system. In addition to phagocytosis and degranulation, an
important mechanism of their activity is the release of structures consisting of unwound chromatin and
antimicrobial enzymes. Such structures are called nets. NET-osis plays a dual role: on the one hand, NET-s
destroy pathogens, on the other — their excessive formation contributes to chronic inflammation, autoimmune
and thrombotic complications. In oncological diseases, including breast cancer (BC), there is an increased
level of NET-osis, which can affect the progression of the disease.

Materials and methods

The study was conducted on smears of plasma enriched with leukocytes (PBL) from healthy donors and
cancer patients. The samples were fixed with 1-2% formalin (7-30 min), blocked with 1% BSA, and washed with
PBS. For immunofluorescence analysis, antibodies to myeloperoxidase and neutrophil elastase (primary), as
well as fluorescently labeled secondary antibodies (anti-Mouse AF488, anti-Rabbit AF568) were used. DNA
was visualized with Hoechst33342 dye. The analysis was performed on a Ti2-E confocal microscope.

Results

A methodology for studying the level of NET-osis on PBL has been developed and optimal conditions for
plasma production and fixation have been selected. This approach provides specificity and sensitivity in the
assessment of NET-osis, and allows quantitative and qualitative analysis of the formation of these structures.
The baseline level of neutrophil trap DNA formation did not exceed 9%. In patients with breast cancer before
therapy, the level of NET-osis was higher (median 22.9%) than in healthy subjects. At the same time, in
patients with breast cancer, the median was 7.2% [2.6; 17.5].

Conclusions

The developed technique makes it possible to study NET-osis on blood plasma smears, which is important
for understanding its role in the pathogenesis of certain diseases, as well as to evaluate the functional activity
of neutrophils. Patients with breast cancer have an increased tendency of neutrophils to form nets, which
may be associated with the progression of the disease.
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BsBeodeHue

B HacToslee BpeMsa B 3CTETUYECKON MeAuLMHE LUMPOKO NPUMEHSATCA npenapatbl Ha OCHOBE CLUUTOM
rMaslypoOHOBOW KMCNOTbl. OCHOBHbIE MEXaHU3Mbl B/IMSHUS YMCTOrO COEAMHEHWUs Ha KNeTKW, a Takke ero
CUMHTE3 1 brogerpajaLmnsa B MEXKIETOYHOM MaTpuKce Yxe uccnefoBaHbl. Pe3ynbTaTtbl aHHON paboThbl
Hanpas/ieHbl Ha MOHVMaHWe BANSHUSA NPOAYKTOB HA OCHOBE BbICOKOMOJIEKY/IAPHON FMalypoOHOBOW KUCNOTHI,
CLUMTOWN ANBUHUACY/TbDOHOM, Ha K/TETOUYHY MOPC010r M0, NPOoIMdepaLuio, CTapeHne  MUTOXOHAPUA/TbHBIN
6uoreHes.

Mamepuasibl u MemoobI

PaboTta npoBoguiacb Ha KNeTOYHOWN Ky/bType MOJIOAbIX U cTaperowmux gurbpobnactoB KOXM Yenoseka.
KynbTypa Benacb npu cTtaHAapTHbIX YC/NOBUSX B NosiHoi cpege OMEM. Ons uccnenoBaHusi BAUSIHUA
NnpofyKta Ha OCHOBE BbICOKOMOIEKYNAPHOM [Ma/lypOHOBOW KUC/MOTbl, CLUATOW AUBUHWUIICYIbGIOHOM,
roOTOBUINCb PacTBOPbI MOJIHON cpefbl pas/IMyHON O06beMHON KoHUeHTpauun. Onsa oueHkn mopdponoruu,
nponudepaunm 1 CTapeHun KIeToK NPOBOAM/IOCH OKpalumBaHue no ['Mm3e-PomMaHOBCKOMY, cBeToBas
MUKPOCKONUA 1 0By4YeHHas nporpamMmma Aasa nogcuyera knetok. OnA muccnefoBaHus MUTOXOHOPUAIBHOMO
6uoreHesa npUMeHAINCb METOAbI MPOTOYHON LLUTOMETPUN M KOHADOK&/TbHO MUKPOCKOMMK C UCMOJIb30BaHNEM
Kpacutensa Mitotrack red.

Pe3ynbmameli

B pe3synbTate nccnegosaHua BAUSHUA Ha IMOpo61acTbl KOXN YesioBeKa 6bl10 BbISIB/IEHO, YTO NPOAYKTbI
Ha OCHOBE TMa/lypOHOBOW KUCMOTbl CTUMYMPYIOT Nponvdiepaumio gaxe B 06bEMHOW KOHUeHTpauun 1
%. YBennyeHve Konuyectsa KI1eTok HabnwgaeTcs, Kak y Monofbix hrbpobnactos, Tak n'y ombpoumnTos.
Mopcdhonornsa npu aToM Ha paHHUX Naccaxax He MEeHSETCH, a Ha CTapetoLL X 3aMmeTeH apPeKT «OMOSTOKEHNSA>
KyNbTypbl. 10 AaHHbIM UTepaTypHbIX UCTOYHMKOB NOAOOHbLIN 3hdeKT co3gaeTcsa U YNCTON rManypoHOBOA
KACNOTOW NyTeM yBenuueHus akcnpeccum 6enkoB PGC-la M mTFA, koTopble HanpsiMytd BAUSIOT Ha
MUTOXOHAPUAIbHbIA G1oreHes. MoaToMy aKCNepuUMeHTasIbHO Gbla BbiSiB/IEHA 3aBUCUMOCTb KOHLEHTpaL MK
NpoAyKTa Ha MUTOXOHAPUA/TbHYO Maccy KNeTokK.

BbiBOObI

MpoAyKTbl HA OCHOBE CLUATON BbICOKOMOJIEKY/IAPHON TMaslypOHOBOW KMCNOTbl OKasblBAlOT BIUSHME Ha
nponvdpepaunio MosIoAbIX U cTapbiX hMbpo61acToB N NPOBOAAT K 3NEKTY «OMOJIOXKEHUSA» MOCNESHNX.
Takke NpoAyKTbl NPUBOAAT K YBE/IMYEHUIO MUTOXOHAPUA/IbHON MacChl KNeToK.

BnazodoapHocmu
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Introduction

Currently, crosslinked hyaluronic acid preparations are widely used in aesthetic medicine. The main
mechanisms of the effect of the pure compound on cells, as well as its synthesis and biodegradation in the
intercellular matrix have already been investigated. The results of this work are aimed at understanding
the effect of products based on high-molecular hyaluronic acid crosslinked with divinylsulfone on cellular
morphology, proliferation, aging, and mitochondrial biogenesis.

Materials and methods

The work was carried out on a cell culture of young and aging human skin fibroblasts. The culture was
conducted under standard conditions in a complete DMEM environment. To study the effect of a product
based on high molecular weight hyaluronic acid crosslinked with divinylsulfone, solutions of a complete
medium of various volume concentrations were prepared. To assess the morphology, proliferation, and
aging of cells, Giemse-Romanovsky staining, light microscopy, and a trained cell counting program were
performed. The methods of flow cytometry and confocal microscopy using Mitotrack red dye were used to
study mitochondrial biogenesis.

Results

As a result of a study of the effect on human skin fibroblasts, it was found that products based on hyaluronic
acid stimulate proliferation even at a volume concentration of 1%. An increase in the number of cells is
observed in both young fibroblasts and fibrocytes. At the same time, the morphology does not change in
the early passages, and the effect of “rejuvenation” of the culture is noticeable in the aging ones. According
to literature sources, a similar effect is created by pure hyaluronic acid by increasing the expression of
PGC-1a and mTFA proteins, which directly affect mitochondrial biogenesis. Therefore, experimentally, the
dependence of the product concentration on the mitochondrial mass of cells was revealed.

Conclusions

Products based on crosslinked high molecular weight hyaluronic acid have an effect on the proliferation of
young and old fibroblasts and lead to the effect of “rejuvenation” of the latter. The products also lead to an
increase in the mitochondrial mass of cells.
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BsBeodeHue

OCHOBHbIM CPeACTBOM KOPPEKLMM reMopparmyeckoro CocTosaHns npun cuHagpome Bruckotta-Ongpuya (WAS)
ABNAETCA rpynna aroHucToB peuenTtopa c-Mpl Tpomb6onoatuHa (TPOr). IByMSA OCHOBHbIMY UCMNOJb3YEMbIMU
aroHnctammn TPOr asnaioTca dntpombéonar n Pomunsioctum. dntpombonar HenocpeacTBEHHO akTUBMPYeT
TPOr, Pomunsioctum KoHkypupyeT ¢ TPO 3a TPOr. OCHOBHbIM TepaneBTUYeCKUM 3EeKTOM AaHHbIX
npenapartoB SABNAETCA YBE/IMYEHME KONMYecTBa TPOMOOUMTOB. BnuaHve Ha (YHKUMOHANILHOCTb
TPOMOOLMTOB OCTAETCA HEACHBIM.

Mamepuasibl U MemoobI

B nccneposaHne 6binn BkAoYeHbl 10 300poBbIX AeTeii—aoHopoB u 30 geTei—nauueHToB ¢ WAS (19 —
Pomunnoctum, 5 - 9ntpombonar, 6 - 6e3 Tepanun). 151 OLEHKN KaNbLNEBOW CUrHaAn3aunm TpoMooLnToB
N (PYHKUMOHANbHbLIX peakumii 6blM UCMNOMb30BaHbl HeMpepbiBHAasA MpPOTOYHasd umtomeTpua n TIRF-
MUKPOCKOMUS.

Pe3ysibmamel

AHaNn3 ¢ NOMOLLBI NPOTOYHONM LUTOMETPUM NoKasasl, YTo pa3mep TPOMOOLMTOB OCTa/ICA YMEHbLUEHHbIM
y Bcex naumeHToB ¢ WAS. B oTBeT Ha aktmBauuio ¢ nomowbio ADP nin SFLLRN v3mMeHeHne dhopmbl
ObININ 3aMETHO CHUXEHbI Y BCEX NauueHToB. VIHTepecHo, 4YTo B OTBET Ha aktuBauumio CRP Habnioganoch
3HauUUTE/IbHOE CHWKEHMEe BCexX nokasaTenel aktmBauun (Mobunmsaums Kasibuus, U3MeHeHne (opMbl,
cBA3blBaHWe dmbpuHoreHa). Of4HaKo BCe MepeyncrieHHble HabNiAeHWs He 3aBucesiv OT Tepanuu.
Kanbuvesasa curHamsaums B eOMHUYHbIX TpombouuTax, MMMOOWMIN30BaHHbLIX Ha Ko/lareHe, nokasana
CHWKeHMe peakumn y naumeHToB, NoslydyasLUunxX POMUNIOCTUM, MO CPABHEHWUIO C APYTUMK rpynnamu.

BbI1800bI

KanbumeBas curHanmsaumsa TPoOMO60UUTOB U U3MeHEHUe UX DOPMbI B OTBET Ha aKTMBALMIO 3aMETHO CHUXXEHDI
npn WAS. Hanbonee 3Haunmasi pasHula Habiloganach B 0OTBET Ha akTuBauuio peuentopa GPVI ¢ nomoulbio
CRP. Kak anTpom6onar, Tak 1 pOMUN/IOCTUM HE BAUSIIOT HA U3MEHEHME peakumn TpombouuTos npu WAS.

Bnaz2odapHocmu
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Introduction

The main therapy for hemorrhagic condition in Wiskott-Aldrich syndrome (WAS) is a group of thrombopoietin
c-Mpl receptor agonists (TPOr). The two most widely used TPOr agonists are Eltrombopag and Romiplostim.
Eltrombopag directly activates TPOr, Romiplostim competes with TPO for TPOr. The main therapeutic effect
of these drugs is an increase in the number of platelets. The effect on platelet function remains unclear.

Materials and methods

The study included 10 healthy pediatric donors and 30 patients with WAS (19 — Romiplostim, 5 — Eltrombopag,
6 - without therapy). Continuous flow cytometry and TIRF microscopy were used to evaluate platelet calcium
signaling and functional reactions.

Results

Analysis by flow cytometry showed that platelet size remained reduced in all patients with WAS. In response
to activation with ADP or SFLLRN, shape changes were markedly reduced in all patients. Interestingly, in
response to CRP activation, there was a significant decrease in all activation parameters (calcium mobilization,
shape change, fibrinogen binding). However, all of these observations were independent of therapy. Calcium
signaling in single platelets immobilized on collagen showed a decrease in response in patients treated with
romiplostim, compared with other groups.

Conclusions

Platelet calcium sighaling and shape changes in response to activation are markedly reduced in WAS.
The most significant difference was observed in response to activation of the GPVI receptor by CRP. Both
eltrombopag and romiplostim do not affect the change in platelet response in WAS.
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