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OcobeHHOCTU Nnyna xpaHeHuUs

n mopchonorun TpoMboLUTOB Yy fleTen
C HEYTOYHEHHbIM reMopparMyeCckumM
CUHAPOMOM

.M. NMonoxog?, A.B. MwonkuH!, A.A. UrHaToeal, E.A. MoHoMapeHKo!, [1.B. depnoposal,
M.I0. AnekceHko?!, K.A. BoponuH!, E.A. Ceperunal, A.B. Monetaes?!, I.A. Honukoga?,
M.A. NanTenees'™, MN.A. }Kapkos!

1PrBY «HaumoHanbHbI¥ MeAUUMHCKNIA UCCIIeA0BATENbCKUI LIEHTP AETCKOM reMaTosiornm, OHKOSIOriu M UMMYHO-
norvm nm. [imutpus Porayesa>» MuHsapasa Poccun, Mocksa

20rbYH «LleHTp TeopeTnyeckux npobriem chusnko-xumMmyeckori chapmaronorum»> PAH, Mocksa

S®60Y BO «MockoBckuii rocynapcTBeHHbIN yHuBepeuteT uM. M.B. JToMoHocoBa», Mocksa

‘PrAOY BO «MoCKOBCKMi (h3NKO-TEXHNYECKIME MHCTUTYT (HALUMOHaTbHBINA MCCIBA0BATENTbCKMI YHUBEPCUTET)>,
[HonronpyaHbii

HecMoTps Ha coBpeMeHHble BO3MOKHOCTY NlabopaTopHOI AMarHOCTHKW reMopparnyeckoro CUHAPOMa, Y HeKOTOPbIX
NalMeHTOB MPUYMHBI KPOBOTOUMBOCTM OCTAIOTCS HEYTOUHEHHbIMU. Cpenu AaHHbIX MPUYMH NOTEHLMANBHO MOTyT
CKpbIBaTbCA Nnerkve aedekTbl TpoMboLMTapHOro 38eHa remocTasa. Lienb paboTbl: BbIfgBUTL 0COBEHHOCTH (OYHKLMM
TPoMbOLMTapHOr0 3BeHa reMocTasa y ieTel C HeYTOYHEHHbIM reMopparMYeckuM CUHAPOMoM. [laHHoe uccneanoBaxme
00006pEHO HE3ABNCUMbIM STUYECKWMM KOMUTETOM U YTBEPXAEHO peLleHneM yyeHoro coseta ®rbY «HMUL A0 um.
ImuTpusa Porauesa» Munsgpasa Poccun. O6cneposaHbl 50 nauneHToB B BO3pacTe OT 2 40 17 neT ¢ pasfnnyHbiMu
NPOSIBNEHUSIMU KPOBOTOUMBOCTY M OTCYTCTBMEM NabopaTopHbIX LaHHbIX 3@ KOArynonaTuio u/unu TpoMbouuToneHuo,
nposefeHa umTodnyopumMeTpus TpoMboumnTos ¢ akTneaumen. OueHeHbl MOPAONOrMYECKNe XapaKTEPUCTUKM
TpoMbouuToB no pasMepy/rpaHynapHoctu (FSC/SSC), nnoTHocTh peuentopa CD62p Kak Mapkepa cekpeuuu
o-rpaHy”n, d-rpaHysbl TpoMBoLMTOB MO dONyopecLeHLMN 3arpyXeHHOr0 MenakpuHa. AKTuBaums TpoMbounTos
npow3eoaunack cMecbto CRP + TRAP. CpaBHeHWe npoBoauny ¢ pesynbtatamu obcnenoBaHus 50 yCNOBHO 300pOBbIX
peteit (koHTponbHas rpynna, KI) B BospacTte oT 2 Ao 17 net. BbipaskeHHOCTb reMopparMyeckoro CUHAPOMa
OLleHMBanach npu NOMOLLM CTaHOApPTU30BaHHOW wWKanbl ISTH BAT. TasecTb reMopparMyeckux NposiBEHW No
wkane ISTH BAT cocTasuna ot 2 no 6 6annos. B pesynbTate NnpoBefeHHOro MccnenoBaHns Bbiin BbiaeneHbl
2 rpynnbl NauMeHTOoB, PasfnualoLMecs No pacyeTHoMy napameTpy oTHoweHus FSC/SSC, ans HeakTMBUPOBaHHbIX
TpombounTos. B KI" MenvaHa FSC/SSC coctasuna 1,235 (o1 1,1 5o 1,4), 8 rpynne 1 (n=19)-0,97 (o1 0,9 30 1,05), u e
rpynne 2 (n = 31) — 1,24 (o7 1,11 po 1,43). KonnyecTso TpoMBOUMTOB AOCTOBEPHO He pasnuuanoch Mexay KI
¥ rpynnamu nauveHtos 1 u 2. B rpynnax nauneHToB Habnioaanach LOCTOBEPHas KOPPENALUMOHHAs CBA3b Mexay
YMEHbLLEHUEM KONMYyecTBa TPOMOOLIMTOB 1 YBENTUYEHUEM MX Pa3Mepa U FPaHyNAPHOCTU C COXPAHEHUEM BbICOKOM
KOPPEensALMOHHON CBA3K MEeXOy pasMepoM W rpaHynsapHocTbio. B rpynne 1 obuian rpaHynspHocTb Bbina nosbilleHa
He3aBMCMMO OT pa3Mepa W KonuuyecTsa TPOMBOLMTOB, Bbinu yBenMYeHbl 06bEM MIOTHBIX FPaHyn M MeMbpaHHbIi
CD62p, HO cHWeH rpaHynsapHbii CD62p. MexaHn3M aerpaHynsumm He Bbin HapyLleH B 06enx rpynnax nauneHTos.
MonyyeHHble HaMK pe3ynbTaTbl ybeauTenbHO yKasbiBaloT Ha BKMaA HapyLUEHWA Nyna xpaHeHWs u Mopdonorum
TPoMBOoLMTOB B pa3BUTUE FrEMOPPArNYECKVX NPOSIBIIEHUI Y AETEN C HEYTOUYHEHHBIM FreMOPParuyeckuM CUHLPOMOM.
KnioueBble cnoBa: geTu, KpOBOTOYMBOCTb, reMOPParMYeCcKuii CUHAPOM, TPOMBOUMTLI, TpombouuTOonaTus
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Specifities of the storage pool and morphology of platelets in children
with unspecified hemorrhagic syndrome

D.M. Polokhov?, A.V. Pshonkin!, A.A. Ignatova?, E.A. Ponomarenko?, D.V. Fedoroval, M.Yu. Aleksenko?,
K.A. Voronin?, E.A. Seregina?, A.V. Poletaev?, G.A. Novichkova!, M.A. Panteleev'™, P.A. Zharkov!
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2Center for Theoretical Problems of Physicochemical Pharmacology, Moscow
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“Moscow Institute of Physics and Technology, Dolgoprudny

Despite modern possibilities of laboratory diagnosis of hemorrhagic syndrome, in some patients, the causes of bleeding remain
unspecified. Among these reasons, mild defects in the platelet link of hemostasis can potentially be hidden. The aim of the work
is to identify the features of the function of the platelet hemostasis in children with unspecified hemorrhagic syndrome. This
study is supported by the Independent Ethics Committee and approved by the Academic Council of the Dmitry Rogachev National
Medical Research Center of Pediatric Hematology, Oncology and Immunology. We examined 50 patients aged 2 to 17 years
with various manifestations of bleeding and lack of laboratory data proving coagulopathy and/or thrombocytopenia; platelet
cytofluorometry with activation was performed. The morphological characteristics of platelets in terms of size/granularity
(FSC/SSC), the density of the CD62p receptor as a marker of a-granule secretion, and 8-granules of platelets were assessed by
the fluorescence of loaded mepacrine. Platelet activation was performed with a CRP + TRAP mixture. Comparison was carried
out with the results of examination of 50 healthy children (control group - CG) aged 2 to 17 years. The severity of hemorrhagic
syndrome was assessed using the standardized ISTH BAT score. The severity of hemorrhagic manifestations according to BAT
ISTH score ranged from 2 to 6 points. As a result of the study, two groups of patients differing in the calculated parameter of
the FSC/SSC ratio for non-activated platelets were identified. In the CG, the median FSC/SSC was 1.235 (from 1.1 to 1.4), in
group 1 (n = 19), the median was 0.97 (from 0.9 to 1.05), and in group 2 (n = 31), the median was 1.24 (from 1.11 to 1.43).
The number of platelets of the CG and the groups of patients did not differ significantly. A significant correlation between a
decrease in the number of platelets and an increase in their size and granularity, while maintaining a high correlation between
size and granularity was observed in groups of patients. In group 1, the overall granularity was increased regardless of the
size and number of platelets, the volume of dense granules and membrane CD62p was increased, but the granular CDé2p was
decreased. The degranulation mechanism was not impaired in both groups of patients. Our results indicate convincingly the
contribution of the storage pool and platelet morphology disorders to the development of hemorrhagic manifestations in children
with unspecified hemorrhagic syndrome.
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FemMmatTonorwus

poMmbouuTonaTum NpencTaBnsioT cobow retepo-

reHHylo rpynny 3aboneBaHui, ToYHas pacnpo-

CTPaHEHHOCTb KOTOPbIX HEM3BECTHA, HO OHa
MOeT BapbupoBaTb oT 2/1 000 000 ana HeKoTopbIX
ayToCOMHO-peLieccuBHbix chopm ao 1/100 ans Heko-
TOpbIX NEerkux AedeKToB cekpeuuu TpombouuToB
[1-3].

Ha cerogHsWwHMi feHb Takme TpombouuTonaTum,
Kak TpoMbacTeHus [naHuMaHa unu cuHopoM bepHapa—
Cynbe, 0OBOMbHO NEerko MaeHTUdULMPOBaTb, ANarHo-
CTvKa BonbLUMHCTBa ApYrux hopm 3aTpydHeHa n TpebyeT
KOMMMeKCHoro aHanuaa. OfHako efuHble OMarHoCTU-
Yeckue KpuTepuu O pemkux U ocobeHHO Heknac-
cMduumMpoBaHHbIX TpoMboumTonaTuii O CUX MOp He
paspaboTaHbl. MHorne nabopaTopHble MeTofbl, MCNOSIb-
3yeMble ANS OLEHKWU, HeLlOCTaTOYHO CTaHAapTU3MPO-
BaHbl, TEXHUUYECKU CIOXHbI U NIOX0 BOCMPOU3BOLAMUMSI [4,
5]. B MexnyHapooHOM MccrefosaHuu ¢ yyactuem 202
nabopaTopuii n3 37 cTpaH onuncaHbl pe3ynbTaTsl obcre-
poBaHusA > 14 000 naumeHTOB C ANarHO30M: BPOKAEHHbIE
HapyLweHus dyHkuum TpombounTtos. Cpean obcnepo-
BaHHbIX nauuneHTos ~ y 60% (~ 8600 naumeHToB) He
BbIN0 BbIABNEHO HapyLueHne dOyHKUMKM TpOMBOLMTOB, a
cpeam ocTanbHbIX 6onbHbIX (~ 5800) y 53,9% (~ 3100
nauueHToB) Bbinu 06HapysKeHbl U3BECTHbIE paHee TPOM-
BounTonaTuM, 0fHaKO, HECMOTPSA Ha YCTaHOBIEHHbIE
hYHKUMOHabHbIE 0COBEHHOCTU, KOHKPETHbIN fedeKT
TpoMbouuTapHoro 3seHa He 6bin BepudhuumposaH y 34,1%
(~ 2200 naumenTos) [1].

HapyweHus konuuyectBa TpoMbBoOUMTOB, MX
mMopcponoruu, peHoTUna n BHYTPUKIETOYHBIX Mexa-
HW3MOB Nepefayn CUrHasoB ONPenensioT cneunduky
BMCAOYHKUMM TPOMBOLMTAPHOro 3BEHa reMocTasa M
KIIMHWUYECKYIO KapTuHy. MauneHTbl C MUKPOLMPKYNS-
TOPHLIMU KPOBOU3MUAHUAMM B aHaMHe3e (ceMeiiHbiMu
WU HET), Y KOTOPbIX BbINK UCKMIoUeHbI NPUoBpeTeHHbIe
NeKapCTBEHHbIE MPUYMHBI BUCHYHKLMKM TPOMBOLMTOB,
MMMyHHasa TpoMmboumToneHus, bonesHs Bunnebpanga u
HapyLUeHuUs Nia3MeHHOro 3BEHa reMocTasa, HysKaalTcA
B nabopaTopHbIX UCCNefoBaHUsAX AN BbIABNEHUA TPOM-
BouuTonatum.

OnTunueckas arperometpusi (OA) ocTaeTcs «30M10TbIM
CTaHOapTOM» A1 TECTUPOBaHUA dyHKLMM TPOMBOLMTOB
“3-3a ee HU3KOW CTOMMOCTY M LUMPOKOW pacnpocTpa-
HEHHOCTW, HO NPeMUMYLLIECTBA MPOTOYHON LMTOMETPUM
N5 obHapyskeHusa heHoTMNa HOBbIX, paHee Hepacnos-
HaHHbIX POpPM ANCYHKLMKM TPOMBOLMTOB OYEBUOHDI
[4, 6]. NMpoTouHas umToMeTpusa TpebyeT HeBOMbLIOro
obbeMa 0bpasLia KpoBM 1 MO3BOSIAET OLEHMBATb KOMYe-
CTBO, pa3Mep 1 rpaHynsipHOCTb TPOMBOLMTOB, NX PYHK-
LIMOHambHbIE MapKepbl, Takue Kak rnukonpotenH Ib/V/IX,
rnvkonpoTeu lib/Illa, CD62p, nnoTHble rpaHynbi (§-rpa-
HyIbl), NPOKOAryNAHTHAA aKTUBHOCTb W ., UX U305IMpO-
BaHHble UJIM COYETaHHbIE HApPYLUEHWS B NMOKOE W nocre
aktuBaumm [4, 6-9].
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MATEPWAIbI U METO[1bl UCCIIELOBAHUA

HaMu npoBefeHO peTpocrneKTUBHOE WUCCnefoBaHue,
080BpeHHOEe HEe3aBUCUMbIM ITUYECKMM KOMUTETOM
(npotokon Ne8/2016 ot 18.10.2016) v yTBepmaeHHoe
pelueHneM yuyeHoro coseta ®IBY «HMUL OTON um.
OmuTpus Porayesa» MuHsgpasa Poccun. B kauecTse
KOHTPOsbHOW rpynnbl (KI) Bbinv ncnonb3oBaHbl 06pasLibl
kpoBu 50 ycrnoBHO 300poBbIX fOBPOBONBLLEB B BO3pacTe
2-17 net (MeaunaHa 10 neT), KOTOpbIE NPOXOAMIM NNaHOBOE
nabopaTtopHoe obcnepnoBaHve B ycroBusx LleHTpa no
MPUYMHaAM, He CBSA3aHHbIM C Kaniobamn Ha MOBbILLEHHYIO
KpPOBOTOUMBOCTb MM apyroe 3abonesaHue Kposu (obcrne-
[OBaHWe B paMKax €)erofHblX LucraHCcepu3auni unm
MPY HeobXxoAMMOCTW NMPOBEAEHNS MNAHOBbIX OMePaTUBHbIX
BMeLuaTenbcTs). B nepvon ¢ Mapta 2016 r. no doesparb
2019 r. nop HabropeHneM Haxogunmcb S50 nauneHToB C
reMopparMyeckuM CMHOPOMOM HeyCTaHOBJIEHHON 3TUO-
NOrMK, KOTOPbIM MO pe3ynbTaTaM npoBefeHHOro obcne-
00BaHWs BbINKU UCKIIIOYEeHbl AMarHo3bl: KoarynonaTus,
TpomboumToneHus unv bonesHs Bunnebparna. MpossneHns
remMopparmyeckoro CMHAPOMa Bbinv 3aA0KYMEHTUPOBaHDI B
COOTBETCTBUM C TPeDOBaHMEM CTaHOAPTU30BaHHOM LLKarbl
BAT ot ISTH SSC [10]. MucbMeHHoe MHGIOPMMPOBaHHOE
cornacwe bbiro NosyYeHo OT Bcex ogomLManbHbIX NPeacTa-
BUTENEN NMaLMEHTOB W yyacTHMKOB K.

dyHKUMOHaNbHasA aKTMBHOCTb TpomMb6ouuTOB:
NPOTOYHAA LUTOMETPHUSA

B uvTOMETpMUECKOM MCCnefoBaHNM Mbl MpoaHanu-
31poBasiM MopdHoSIorMYeCKrE XapaKTePUCTVKN TpoMbo-
unTos no npsmoMy (FSC), xapakTepuayioLeMy pasmep,
1 BokoBoMy (SSC) ceeTopaccesHmnio, XxapakTepuayioLLeMy
FPaHyNAPHOCTb KIETKU B COCTOSIHWM MOKOS U MOCIE aKTh-
BaumW. AKTMBaLMIO nNpoBoamiu cMmecbio TRAP-6 (aHanor
TpoMbBuHa, aroHucT peuenTtopa PAR-1) u CRP (aHanor
KonnareHa, aroHucT rnvkonpoTeunHa VI). CD62p (P-ce-
NEKTUH) ABMNSAETCA MapKepPOM o-CEeKpeLmnn, a MemnakpuH
MCNonb30BaH AN MASHTUMKALIMM HaPYLLEHWA d-rpaHyn
TpoMbouuToB. locne akTuBauuu BbicBOBOKAEHME
0-FpaHyn OLeHMBANOCh C NMOMOLLIbIO OMpPefesieHnst OTHO-
LeHUss 3KCMaHUpoBaHHOro (rpaHynapHoro) CD62p K
MeMbpaHHoMy CD62p (MHOeKC aerpaHynauumn o-rpaHyn).
MHpekc perpaHynaumm NioTHbIX FPaHyn ONpenensinm Kak
OTHOLLEeHVe hriyopecLieHLMM MenakpyHa B NOKOe 1 nocre
aktuBauuu. OnpenenexHne onucaHHbIX MapkepoB 6bi1o
MPOBEAEHO Ha 060PYROBaHNMN U MO METOANKE, OMUCaHHBIM
panee [7, 11, 12]. Ina xapaKTepUCTUKN COOTHOLLEHMS
pasMepa 1 rpaHynspHocTu TpombounToB 6binl BBEAEH
napametp FSC/SSC po 1 nocne aktueauuu. KonmyecTtso
TPOMBOLIMTOB ONpenensanu ¢ UCNonb30BaHNEeM MPOTOY-
HOro LIMTOMETPa OAHOBPEMEHHO C PeHOTUNUPOBAHNEM
06pa3LoB. CpaBHeHWe NPoOBOAMIM C pe3ynbTaTamu obene-
poBaHus nimy, KI.



OPUTUHAJNIbHBIE CTATbU

CTaTMcTUYECKMA aHanu3

AHanua cTaTUCTUYECKUX PasfMyvMin NPOBOAMIU
C MCNOJIb30BaHWEM HenapamMeTpUyecKoro KpuTepwus
MaHHa—-YuTHu ¢ ypoBHeM 3HauuMocTu p < 0,05. na
KOpPPEensLMOHHOro aHanuaa bbin paccuntaH koaddu-
uneHT koppensiuun MNupcoHa n 95% poBepuTenbHbIE
uuTepsans! (OW). [Ins aHanu3a nNuMHeNHoN 3aBUCMMOCTU
ncnonb3oBanach NIMHENHas perpeccus.

PE3YJIbTATbl UCCJTIEAOBAHUA

0O6LaA xapaKTepUMCTUKA NaLMEHTOB MO KONMYeCTBY
TPOoMbOLMTOB, KITMHMYECKON KapTUHE U OLIEHKE KPOBO-
TOYMBOCTH

06cnenoBaHbl 22 Manbunka M 28 fesouyek (cooT-
Howenune 1:1,27). MeamaHa BospacTa oBpalleHus
coctasuna 9 (2-17) net. Konuuecteo TpomMBoumnToB
BapbupoBasno ot 141 no 470 Tbic/MKN ¢ MeamaHoit 307
Toic/MKN. K[ cocTasunu 23 Manbunka u 27 OeBoyek
(cooTHowwenwue 1:1,17). MepunaHa BospacTa cocTaBuna
10 (2-17) net. KonnuecTso TPOMBOLIMTOB BapbUpOBasio
oT 157 o 459 Tbic/MKN ¢ MeamnaHol 274 Tbic/MKN.

MauneHTbl UMenu TSKEeCTb reMopparuyeckoro
cuHppoMa oT 2 fo 6 Bbannos. KpoBOTOUMBOCTL MpOsiB-
NAnach B pasnmnyHbIX KOMOMHALMAX IKXMMO30B U MeTe-
XWaribHOM ChiMW, HOCOBbIX KPOBOTEUEHMI (B TOM uuche
06UnbHbIX, TPeBYIOLWMX rocnuTanu3aumnm), KPOBOTOUM-
BOCTbIO CO CIIM3UCTbIX POTOBOM MOMOCTU, MEHOPParuamu,
MOBbILIEHHOW KPOBOTOYMBOCTbIO NPV OMNEpaTUBHbIX
BMeLLaTeNIbCTBaxX M U3 MENMKUX paH, Nnocne ynaneHus
3yba, remaTypuen, KenyaoyHO-KULLEYHbIM KPOBOTEYE-
HUeM (MpOMUMKKM KpoBW B Karne), reMaptposamu. Y 25
NauMeHTOB CUMMTOMbl KPOBOTOUMBOCTM OLEHWBANUCH B
2 banna, y 25 - ot 3 po 6 6annos no wkane BAT.

PucyHok 1
Pasnunums FSC n SSC mMexay KI' 1 rpynnamu naumeHToB

MpoTouHas umtoMeTpus

AHanu3 mopdhonorun no FSC n SSC Tpom-
BouMTOB B KOropTe MaLMeHTOB MNO3BOSMI BbiAe-
nute 2 rpynnbl (pucyHok 1A). B KI MenuaHa
FSC/SSC ana HeakTUBUPOBAHHbIX TpoMbouuToB
coctaeuna 1,235 (ot 1,1 go 1,4), B rpynne u3
19 (38%) naumenTos (rpynna 1) — 0,97 (o7 0,9 oo 1,05),
B rpynne u3 31 (62%) nauvenTa (rpynna 2) — 1,24 (ot
1,11 po 1,43) (pucyHor 1). OTHoweHune FSC/SSC B
rpynne 1 6o [OCTOBEPHO HUsKe Npu cpaBHeHWUM ¢ Kl 1
rpynnoit 2 (p < 0,001). Koppensaums Mupcoxa meskay FSC
n SSC TpoMboumnToB B cocTosiHum nokos B KI™ 300poBbIx
geTeit Bbina BbICOKOM M pgoctosepHoi (p < 0,001),
B rpynnax 1 n 2 — BecbMa BbICOKOW U [OCTOBEPHOM
(p < 0,001) (prcyHok 1A).

"pynnbl nauneHToB 1 1 2 [OCTOBEPHO He OTnnYa-
nuck oT KIM no Konunyectsy TpombounTos (p = 0,62 1
p = 0,45 cootetcTBeHHO) (pucyHok 2A) n FSC B nokoe
(p = 0,34 n p = 0,9 cooTBeTcTBEHHO) (pUCyHOK 25B). B
rpynne 1 3HayeHne SSC B nokoe 6bino [LOCTOBEPHO
Bbille Mo cpasHenuio ¢ K[ u rpynnon 2 (p < 0.001)
(pucyrHok 2B), uTo NO3BOMNMIO CAENaTh BbIBOL O TOM, UTO
y NauMeHToB rpynnbl 1 rpaHynsapHOCTb NOBbILLIEHA HE3a-
BMCKMMO OT pa3Mepa W KonmyecTsa TPOMBOLIMTOB.

B KI' He Habnoganock LOCTOBEPHON Koppensaumu
MupcoHa Mexay KonuuyecTBoM TpoMbouutoB u FSC
(p = 0,5) (pucyror 3A), SSC (p = 0,6) (pucyHok 3b5)
n oTHoweHuem FSC/SSC (p = 0,67) (pucyHok 3B).
Y nmauuwenToB B rpynne 1 Habniopanacb 3amMeTHas v
LoCcToBepHast Koppensiumsi [TMpCoHa MeXLy YMeHbLUe-
HMEM KonuyecTBa TpoMbouuToB U yBenuuenmem FSC
(p = 0,01) (pucyHok 3A) n SSC (p = 0,04) (pucyHox
36), HO Koppensauua Mesxay KONMYeCTBOM TPOM-
6ountoB M oTHoweHuem FSC/SSC 6bina HepocTo-

MaHenu A v B nokasbisaloT paznmums 8 FSC, SSC v otHowenne FSC/SSC Meskay K 1 rpynnamu nauneHTos. [JaHHble NpencTasneHbl B BULE rpa-
(PMKOB annpOKCUMUPOBaHHbIX KPKBbIX (A) M MPAMOYrOSbHBIX MarpamMMm C NepeKpbITUEM OTAENbHbIX TOUeK AaHHbIX (B)

Figure 1

The differences in FSC and SSC between the control group (CG) and groups of patients
Panel A and B show the differences in FSC, SSC and FSC/SSC ratio between the control group (CG) and the groups of patients. The data are presented in the form

of a fitted line plot (A) and a box plot with some overlapping data points ().

A Koppensauus MupcoHa (95% AU):
The Pearson correlation (95% CI):
150 - W™ 3poposble aeTu: koppensuus 0,88 (0,8; 0,93), p < 0,001

Healthy children: correlation 0.88 (0.8; 0.93), p < 0.001
® Ipynna 1: FSC/SSC < 1,05, koppensuus 0,96 (0,91; 0,98), p < 0,001

Group 1: FSC/SSC < 1.05, correlation 0.96 (0.91; 0.98), p < 0.001
A Tpynna 2: FSC/SSC > 1,1, koppensuus 0,91 (0,82; 0,96), p < 0,001
130 Group 2: FSC/SSC > 1.1, correlation 0.91 (0.82; 0.96), p < 0.001

o

140 |

120 4

-

-

o
1

100

SSC B nokoe, %
SSC at rest, %

90

80+

70

60 T U U L DL T 1
60 70 80 90 100 110 120 130 140
FSC B nokoe, %
FSC B nokoe, %

B 1 3gpoposbie gety (n = 50)
Healthy children (n = 50)
18- =3 rpynna 1: FSC/SSC < 1,05 (n = 19)
] Group 1: FSC/SSC < 1.05 (n = 19)
1.7 - [ Ipynna 2: FSC/SSC > 1,1 (n = 31)
| Group 2: FSC/SSC > 1.1 (n = 31)
16 p=0.85
1,54 < 0,001
* p<0,001 i
o &
= 1,3 .. ': A:e. w»%*—¢
R3] Petemaese d, o 8 % Lo
D5 1,2 * N ¢ %o : R .
PR 4 Cooui 8
2% 11 ‘3 ol

ST
© o
! 1
L4
*

(I
o0
1

T
3poposble aeTu
Healthy children

T T
FSC/SSC < 1,05 FSC/SSC > 1,1

Pediatric Hematology/Oncology and Immunopathology
2021 | Vol. 20 | Ne 1 | 58-65



FemMmatTonorwus

PucyHok 2

KonunuecTBeHHbIE M MOPHONOrMYeCcKne XxapakTepu-
CTUKMN Tp0M60L|,l/ITOB 300pPO0BbIX J]OﬁpOBOJ'IbLI,EB nrpynn
nauneHToB

MaHenn A v b NokasbIBalOT OTCYTCTBME PasfMunii B KONMYECTBE
TpoMmboumToB 1 FSC mexay KI™ 1 rpynnamu naumexTos. MaHens b
LEeMOHCTPUPYeT MOBbILLEHHbIV ypoBeHb SSC B rpynne 2. [laHHble
MPeLCTaBieHbl B BUAE NMPSMOYTOfbHbIX AMarpaMM C NEPEKPbITUEM
OTAESbHBIX TOUEK AaHHbIX

Figure 2

Quantitative and morphological characteristics of platelets
in healthy volunteers and the %roups of patients

Panel A and b show no differences in the number of platelets and FSC
between the CG and the groups of patients. Panel b shows an increased SSC
level in group 2. The data are presented in the form of box plots with some
overlapping data points
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BepHoi (p = 0,1) (pucyHok 3B). B rpynne 2 Takxe
Habniopanacb 3aMeTHas M [LOCTOBepHas Koppe-
nauva MupcoHa MeXay YMeHblleHWEeM Konuue-
cTBa TpoMbounToe 1 ysenuueHneMm FSC (p = 0,01)
(pucyror 3A) n SSC (p = 0,006) (pucyHok 36), Ho Koppe-
NISAILMS MEsKOY KOJNIMUYECTBOM TPOMBOLIMTOB 1 OTHOLLEHUEM
FSC/SSC otcytctoBana (prcyHok 3B). Takum 0bpasom,
CX0fHO ¢ petbMu 13 KI™ y naumeHToB rpynn 1 u 2 koppe-
NAUMSA MeLY PasMepoM U KONMUYecTBOM TPoMBOLMTOB,
a TaKKe Meskay rpaHynspHOCTbIO U KONIMYECTBOM TPOM-
HouUMTOB ABMAETCA HE3ABUCUMON, T. €. HET NMPSIMOW CBSAI3M
MEMXOY YMEHbLUeHMeM KonnuecTBa TpoMBOUMTOB, WX
Pa3MepoM Y rpaHymIsipHOCTLIO.

B rpynne 1 Ha HeCTUMynMpPOBaHHbLIX TpoMbBouuTax
MeMBpaHHbIi CD62p Bbin LOCTOBEPHO BbILLE MPU CpaB-
HeHumn ¢ K[ (p < 0,001) u rpynnoit 2 (p = 0,003). KI
W rpynna 2 QOCTOBEPHO He pasnuyanuch (p = 0,67)
(pucyHok 4A). VHoekc merpaHynauuu o-rpaHysn no
CDé62p B rpynne 1 6611 [OCTOBEPHO HMKe, YeM B KI
(p < 0,001) u rpynne 2 (p = 0,003), HO HOCTOBEPHO He
pasnuuancs meskay K v rpynnoit 2 (p = 0,28) (pucyHok
4B). Mocne aktuBaumu B K™ Habniopanack yMepeHHas
nocToBepHas koppensauus MNupcona mexxny CD62p n FSC
(p = 0,002), CD62p v SSC (p < 0,001) (prcyHok 4B, T).
B rpynne 1 koppensums MNupcoHa Mexpy CD62p u FSC,
CD62p n SSC otcytcTteoBana (—0,07 u 0,008 coot-
BeTCTBeHHO) (pucyHok 46). B rpynne 2 Habniopanach
cnabas HepocToBepHas koppenauusa lMupcoHa mMexpy
CD62p v FSC (p = 0,13) u yMepeHHas nocToBepHas
koppensauusa CD62p n SSC (p = 0.02) (pucyHok 4B, T).
TakuM 06pa3oM, BbISIBIIEHO, UTO Y MaLMeHToB B rpynne 1
MeMBpaHHbI CD62p NOBbILLEH, @ FPAHYAPHbIA CHUMKEH.

dnyopecueHUMA MenakpuHa NII0THbIX FpaHyn Bbina
OO0CTOBEPHO NoBbilLeHa B rpynne 1 no cpasHeHuio ¢ KI
(p = 0,04), Ho mOCTOBEpPHbIX Pa3fnuumMii He HabioaaNoCh
mexay K[ u rpynnoit 2 (p = 0,35) 1 Mexaoy rpynnamu
naumnenToB (p = 0,38) (pucyHok 5A). TMocrne akTMBaLMK
pasnunumnii He Habniopanock Mexay KI™ v rpynnamu nauu-
eHToB (p > 0,05) (prcyHok 56). iHpnekc nerpaHynauum
MMOTHBIX FPaHyn [OCTOBEPHO He pasnuyancs Mexny
Kl v rpynnamv naunentos (p > 0,05), Ho Bbin focTo-
BEPHO CHUKEH B rpynne 2 Mo CpaBHeHuIo ¢ rpynnon 1
(p = 0,02) (pucyHok 5B). Takum obpasoM, obbeM
MAOTHBIX rpaHy”n bbin yBeNMUEH y nauneHToB B rpynne 1,
a Ccekpeums NMIOTHbIX FpaHys COXpaHHA Y MaUMeHTOB B
obewnx rpynnax. B nokoe B KI' koppensaunoHHasa cBs3b
Meskay cpriyopecLieHUein MenakprHa NioTHbIX FrpaHyn v
SSC 6bina 3aMeTHoOM 1 gocToBepHoi (p < 0,001), y nauu-
€HTOB rpynnbl 1 Koppensaums bbina yMepeHHon 1 ocTo-
BepHoit (p = 0,05), B rpynne 2 — BLICOKOI M IOCTOBEPHOI
(p < 0,001) (pucyHox 5. Koppensaums mMeskay donyopec-
LeHUMEeN MemnaKpyHa MAOTHBIX FPaHyN U OTHOLLEHUEM
FSC/SSC otcytctBoBana B KI, bbina cnaboit n Heno-
ctosepHoi (p = 0,3) B rpynne 1, HO Bbina yMepeHHO 1
pocTosepHoit (p = 0,007) B rpynne 2 (pucyHok 5E).



OPUTUHAJNIbHBIE CTATbU

TsKeCTb NPOSIBMEHWI reMopparnyeckoro CMHOpPoMa
no BAT B rpynne 1 BapbupoBana ot 2 oo 6 bannos c
MeomaHoun 2 Hbanna, B rpynne 2 — ot 2 ao 5 6annos ¢
MefnuaHoi 3 Banna, rpynnbl LOCTOBEPHO HE pa3nuyanucb
ctatuctnueckm (p = 0,52) (pucyHok 5E), uto ykasbiaet
Ha HEOLHO3HAYHOCTb B3aMMOCBS3EN MeKay BbISBMEH-
HbIMW HapyLLUEHUAMU MOPAIONOrUM U Myfia XpaHeHus C
TSKECTbIO FEMOPParuyecKmx NPosIBIEHUN.

OBCYXXIAEHUE PE3YJIbTATOB UCCITELOBAHUSA

OcHoBHas uenb faHHoW paboTbl 3akmoyanach B
BbISIBJIEHUM BO3MOXHbIX CBA3EN Mexay Mopdonormye-
CKUMU XapaKTepuUCTWKaMy TPOMBOLIMTOB ¥ MpU3HaKamu
HapyLUEHWI Myna XpaHEHUs y NaLUMEHTOB C HeyTou-
HEHHbIM reMopparmyeckuM CUHAPOMOM.

B xope npoBepeHHOro aHanusa Hamu bbino ybeau-
TenbHO NMPOAEMOHCTPMPOBAHO, UTO, UCXOAA M3 MOpdoso-
FMYECKUX U CDYHKLIMOHAMBHBIX XapaKTePUCTUK, BO3MOXKHO
BblOENeHVe NOArpynMbl NAaLMEHTOB C XapaKTepHbIMM Nlabo-
paTopHbIMK ocobeHHocTAMK. BeisisneHo, uto y 38% neten
C HeYTOUHEeHHbIM reMopparuyeckiuM cuHapoMoM (rpynna 1)

uMmeeTcs psg obwmx cneundomyeckmx vyepT MopdhodDyHK-
LMOHanbHbIX 0COBEeHHOCTEN TPOMBOUMTOB, TakMX Kak:
1) nosblleHWe rpaHynapHOCTM TPOMBOUMTOB 3a cueT
yBENMUYEeHUA KOIMYeCcTBa MIOTHbIX FPaHys BHe 3aBUCK-
MOCTW OT pa3Mepa W KOnMyecTea TPOMBOLMTOB; 2) MoBbI-
LeHne KonuuecTBa CD62p Kak MOTeHUManbHOro Mapkepa
BHYTPMCOCYOMCTOW akKTuBauuu TPOMDOOUMTOB M €ro
CHWKeHVe Nocne akTvBaumm TpomboumTos in vitro.
Hackonbko HaM W3BeCTHO, paHee B NMTepaType
He onucbiBanach Takas B3auMMOCBSA3b MeXay Konuue-
CTBEHHbIMM ¥ MOPAIONOrMYECKUMU N3MEHEHUAMW TPOM-
BouMTOB B COYETaAHWU C NMPM3HAKAMM HapYLUEHUA UX
rPaHys y NaLUMEHTOB C HEYTOUYHEHHbIM FEMOpPParnyeckuM
cuHapomoM. lNpu obcnenoBaHuM NaUMEHTOB MHAVMBUAY-
asnbHO BbISIBMIEHHbIE OTKIIOHEHWSI Mano3aMeTHbl BBUOY
CBOEW HEMHTEHCMBHOW BbIPAXKEHHOCTU U MO3aWUYHOCTH,
HO OHW OCTOBEPHbI NPU U3YYEHWUM KOTOPT NaLIMEHTOB.
M3BecTHO, YTO pa3Mep TPOMBOLIMTOB MOKET yBENN-
YyMBaTbCH MPU TPOMOOLMTONEHNYECKUX COCTOSIHUSX, B
TOM uyucne BCNeacTBME U3MEHEHUI XapakTepa Tpombo-
unTonoasa [13]. Y naumeHTOB, BKIIOUEHHbBIX B UCCIIENO-
BaHue, TpoMboumToneHus He Habnoganacb, HO pasMep

PucyHok 3
KoppenswumnoHHble CBSA3N MexOy KONMYECTBOM, pas-
MepOoM U rPpaHynAaApHOCTbIO TpOMGOLLI/ITOB Y 300POBbIX

pobpoBonbLEB ¥ FPyNM NauUeEHTOB

Manenun A n b nokasbiBatoT oTcyTCcTBUE CBAA3e Mexxay FSC, SSC

1 KonnyecTsoM TpoMboLmToB B KI, HO IeMOHCTPUPYIOT Hanuune
AOCTOBEPHbIX KOPPENSALIMOHHBIX CBA3EH MEKAY HUMU B rpynnax
naumeHToB. MaHenb B neMoHCTpUpyeT oTCyTCTBUE KOPPESALIMOH-
HbIX cBA3ei Meskay FSC/SSC 1 KonmyecTBOM TPOMBOLIMTOB BO BCEX
rpynnax. [laHHble NpeAacTaBneHbl B BULE rpaduKoB annpoKCUMUPO-
BaHHbIX KPUBbIX

Figure 3

Correlation between the number, size and granularity of
platelets in healthy volunteers and the groups of patients
Panel A and b show that there is no significant correlation between

FSC, SSC and the number of platelets in the CG, unlike in the groups of
patients. Panel B shows no correlation between FSC/SSC and the number
of platelets in all groups. The data are presented in the form of fitted line
plots
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TPOMBOLMTOB YBESIMUMBASCS NPU YMEHBLLIEHUM UX KOMW-
YecTBa, YTO MO3BOJAET 3aNof03pUTb NOBbILLEHWE TEMMOB
KnMpeHca TpoMbouuToB NogobHo TOMy, Kak 3T0 npowc-
XOAMT Y NaLMEHTOB C MMMYHHOI TpoMmbBoumToneHueit [7],
1, BO3MOXHO, 0BycrnoBnuBaeT Habniogaemble aHoManmm
W KIIMHUYECKYIO KapTUHY.

MapKepoM BHYTPWUCOCYAWUCTOW MpefaxkTuBaLuu
TpoMbouuToB sBnAetca MembpaHHbin CD62p, Ho
MOCKOMbKY 3TOT peuenTtop bBbicTpo pacTBopsieTca in
Vivo, TPYLHO YBUIETb €ro 3HauMTeNbHOE yBENUYEHNE
Ha MemBpaHe TpoMboumuToB 6e3 ctumynaumm [14, 15].
MbI npennonaraem, 4To y nauueHToB rpynnbl 1, noBbI-
weHne CD62p B nokoe, ero JOCTOBEPHOE CHUXKEHWE
nocrie akTMBaumu u oTcyTcTBue Koppensuum ¢ FSC u
SSC MoxeT bbITb 06yCNOBNEHO YaCTUYHBIM BHYTPUCO-
CYONCTbIM BbICBODOXAEHNEM oi-rpaHyfl TpoMbounTOoB
[15].

PucyHok 4

PaHee N. Boknas u coaBT. B cBoel paboTe mnoka-
3anu HamMune HeKOTOPOro NPEAMKTMBHOMO NOTEHLMANa
MCNONb30BaHUSA MaHeNM aroHWCTOB, BKIOYaloLLen
apeHosunHandocdat, TRAP 1 CRP B HU3KMX KOHUEH-
Tpauuax, LNA BbISBNEHWA HapyLUeHUWA CBA3blBaHUS
ubpuHoreHa un BoicTaBnexnus CD62p y naumneHTOB
C reMopparuMyeckumMu MpPOABAEHUAMU Pa3fIMYHOM
TaecTn [8]. BosMoxHO, uTO HabniogaeMsle MapKepbl
npenakTUBaUumM TpoMBOUMTOB MOTyT BbiTb CBSi3aHbI C
MX NOCreayloLen YacTUYHOW feceHcubununsaumen u
rMNOPEaKTUBHOCTLIO in vivo, NofobHO TOMYy Kak 3TO
BbIN0 NOKas3aHoO Ha MbllUMHBIX Mogensax [16] v y naum-
eHTOoB ¢ AuabeToM [17]. OgHako in vitro Mbl He Habsio-
0anun BbIPasKEHHOr0 HapyLUeHWs caMoro MexaHu3ama
LerpaHynaunm o~ U 8-rpaHyn, BO3MOXHO, MO NpUYMNHe
MCMNOJIb30BaHNA BbICOKMX KOHLIEHTpaLMiA arOHUCTOB ANA
CTUMYNALMM.

HapyLueHus o-rpaHyn TpomMboumnToB, oueHnBaemMble no CD62p

MaHenb A nokasbiBaeT yBenmyeHne MembpaHHoro CD62p Ha HECTUMYNMPOBaHHbIX TPOMBoLMTax, a naHenb b — cHuxkeHve rpaHynspHoro CD62p
nocne aktvMauum B rpynne 1 npu cpaBHeHuu ¢ K™ v rpynnon 2. MNManenu B u I nokasbiBaloT Hanuuve JOCTOBEPHON KOPPENSALMOHHOM CBA3M Mexay
ysenuuenneM FSC, SSC v rpaHynsproro CD62p B KI', Ho oTCyTCTBME Takux Koppensaumii B rpynne 1. B rpynne 2 foctoBepHas KoppensuMoHHas
cBA3b HabmiopaeTcsa Tonbko Mexay CD62p n SSC. laHHble Ha pucyHKax A 1 b npefncTaBneHbl B BUAE NPAMOYrOfbHbIX AnarpamMM € NepeKpbITueM
OTAENbHBIX TOUEK iaHHbIX, Ha B v " — B BUAe rpachnkoB annpoKCMMUPOBAHHBIX KPUBbIX

Figure 4
Disorders of platelet a-granules assessed by CD62p

Panel A shows an increase in membrane CD62p on non-activated platelets, and panel b shows a decrease in granular CDé2p after activation in group 1 in
comparison with the CG and group 2. Panel B and I" show significant correlation between an increase in FSC, SSC and granular CDé62p in the CG, but no such
correlation is found in group 1. In group 2, significant correlation is observed only between CD62p and SSC. The data are presented in the form of box plots with
some overlapping data points (on panel A and B) and in the form of fitted line plots (on panel B and I')
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OPUTUHAIJIbBHBIE CTATbMU

PucyHok 5
HapyLLIGHVIFl 8—rpaHyn Tp0M60LIMTOB, oueHuBaeMble Nno cpnyopecueHuMM MenakpuHa, n CpaBHeEHNE TAXECTU reMop-

parmyeckoro cmHgpoMa B rpynnax naumeHToB

[NaHenb A nokasbiBaeT LOCTOBEPHOE yBeNMyeHe 06beMa MIoTHbIX FPaHys B HECTUMYMMPOBaHHbLIX TPOMBoLMTaX Y NaLUMeHTOB rpynnsl 1 npu
cpaBHeHuu ¢ KI™. MaHenu b 1 B npeMoHCTpUpytoT oTCyTCTBUE pasnuunin Mexay KIM v rpynnaMu naumMeHToB No ocTaTouHon dhslyopecLeHumnmn Mena-
KPUHa ¥ MHAEKCY AerapaHynsaumm NNoTHbIX FPaHys, YTo YKa3blBaeT Ha COXPaHHOCTb ee MexaHu3Ma. [aHens [ [eMOHCTpUpYeT KOPPEensLMOHHYI0
CBA3b Mexay yBenmyeHneM obLLeit rpaHynapHOCTY M 06beMOM NNOTHbIX rPaHyn; naHenb [l NoKasbiBaeT OTCYTCTBME KOPPensaLmMmM Mexay obbemMom
nroTHbIX rpaHyn u FSC/SSC 8 KI™ 1 rpynne 1, Hanuuve Takoi Koppensaumm B rpynne 2. MaHenb E [eMOHCTPUpYeT OTCYTCTBUE JOCTOBEPHbIX Pa3-
NNYUA B TAXKECTU reMOppParnyecknx NposiBIEHUI B rpynnax nauneHTos. [laHHble Ha nanensx A, b, B u E npencTasneHb! B BUae NpsMOyrofibHbIX
AMarpamMMm ¢ nepekpbITUeM OTAENbHbIX TOUeK faHHbIX; [ 1 [l — B Buae rpachmkoB annpoKCMMUPOBAHHbIX KPUBbIX

Figure 5

Disorders of platelet 8-granules assessed by the fluorescence of mepacrine and the comparison of the severity of
hemorrhagic syndrome in the groups of patients

Panel A shows a significant increase in the volume of dense granules in non-activated platelets of the patients from group 1 in comparison with the CG. Panel

B and C show no difference between the CG and the groups of patients as assessed by the residual fluorescence of mepacrine and the index of degranulation of
dense granules, which indicates that the mechanism of degranulation of dense granules is retained. Panel D shows correlation between an increase in the overall
granularity and the volume of dense granules; panel E shows no correlation between the volume of dense granules and FSC/SSC in the CG and group 1; in group
2, such correlation is observed. Panel F shows no significant difference in the severity of hemorrhagic manifestations in the groups of patients. In panel A, B, C, F,
the data are presented in the form of box plots with some overlapping data points, in panel D and E - in the form of fitted line plots
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FemMmatTonorwus

Moaxogdb! K BbIABMEHWIO HAPYLUEHUN OYHKLMKU TPOM-
BouMTOB y AEeTEN OCMOMKHATCA HEAOCTAaTOYHON U3YYUeH-
HOCTbIO BO3pacT-3aBUCUMbIX pasnuuui. B uactHocTy,
€CTb COO0DBLLEHUA 0 TOM, UTO PYHKLMOHANbHbIE MapKepbl
TpombouunTOB, onpenenseMble METOLOM MPOTOYHOW
UMTOMETPUM, MOTYT BbITb 3HAUUTENBHO YMeHbLUeHb! [7,
18-20] vnu ysenuuenbl [20, 21] y neteit no cpasHeHWIO
CO B3POCHIbIMM.

3AKJTIOYEHUE

Takum o0bpa3oM, npobrieMa gMarHOCTUKM UCCPYHKLUMK
TpoMboumMTOB cerogHsi TpebyeT KOPPEKTVPOBKM U Bann-
[aumy nokanbHbIX (B paMkax MeAUUMHCKOMO YUpesaeHus)
TECTOB, OCHOBAHHbIX Ha METOAaX MPOTOYHOM LMTOME-
TPUW ¥ arperoMeTpumn, nossonsiomx oxeatutb oo 80%
M3BECTHBIX HO30SI0rUA N UMEIOLLMX ANArHOCTUYECKNN
noTeHUMan Ans BbISBNIEHUS HOBbIX (DOPM HapyLLieHuit [4,
6, 8]. MepcneKTUBHLIM NPeACTaBAETCA UCMOMNb30BaHWe
HU3KMX KOHLIEHTpaLMIA aroHUCTOB LS BbISIBEHUA Hapy-
LLEHWA aKTMBaLMK TPOMBOLIMTOB.

BK/1a HapyLLEHW Nyna XpaHeHus u Mopdposiornm Tpom-
BounToB B pa3BUTUM reMOpPparnyecknx MposBEHUN.
OnHOBpEMEHHO [aHHble pe3ynbTaTbl YKa3blBalOT Ha
MEPCNEeKTMBHOCTb AMArHOCTUYECKOrO NMOWUCKA B AAHHOM
HanpaBneHWn WCCNefoBaHWMM LNs Heknaccuduum-
poBaHHbIX TpOMBoOUMTOMATMI, B TOM uucre y LeTen C
HEYTOYHEHHbIM FreMopparnyeckMM CMHOPOMOM.

UCTOYHUK ®PUHAHCUPOBAHUSA
He yka3saH.

KOH®JIUKT MHTEPECOB
ABTOpbI CTaTbW MOATBEPAUNM OTCYTCTBUME KOHCDNMKTA WHTEPECOB, O
KOTOPOM HeobxoanMo CooBLLUTb.
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