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OnHa M3 KnoyeBbix 0cobeHHocTen cuHapoMa Buckotta-Ongpuua (CBO), penkoro X-cuensieHHoro
MMMYHOOe(ULUTHOrO COCTOSIHUSA, — MUKPOTPOMBOLIMTONEHUS, NPUBOLAALLAS K CMOHTaHHLIM/NOCT-
TpaBMaTUYECKUM KpOBOTeueHuaM. lMpuunHon pa3sutua cuHapoma Buckotta—Onppuua aensetcs
MyTauusi B reHe benka WASP, yyacTsyioLlero B nonsipusaumm akTMHa U NepecTpoike akTUHOBOMO
umTockeneta. MexaHn3M BAMSAHUSA AaHHON MyTaLmn Ha BHYTPUKIIETOYHYIO KanbLIMEBYIO CUrHANM3aLmio,
a Takxke PyHKUMOHanbHble 0TBEThI TpoMbouwmToB nauneHToB ¢ CBO He yTouHeHsbl. Llenb nccnenosaHms:
aHanu3 KanbLyeBON CUrHanmM3aLmm, n3MeHeHus opMbl U CBA3bIBaHKUSA dmbpuHoreHa TpoMboumTamm
nauneHtos ¢ CBO. [laHHoe uccnepoBaHune nopaepskaHo He3aBUCHMbBIM 3TUYECKUM KOMUTETOM U
yTBEPXAEHO peLueHneM YueHoro coBeta HMULL AIFON um. OMuTpus PorayeBa MuHsppaBa Poccum.
B nccnenosaHve bbinun BkioyeHbl 3 nauventa ¢ CBO v 3 3nopoBbix gobposonbua. BHyTprkneTouHas
CUrHanusaumsa u qyHKUMOHamnbHble 0TBETbI TPOMBOLMTOB Habnofanucb Ha NPOTOYHOM LIMTOMETPE
BD Facs Canto Il. insi usMepeHns KOHLEeHTpaLmMmn Kanbuusa B LMTO3051e TPOMBOLMTOB MCMONb30Basm
dnyopodpop Fura-Red; nameHeHve chopMbl TPOMBOLIMTOB NpU aKTUBALMK OLleHUBanM no BokoBoMy
CBETOpPAaCCesHUIO KNEeTOK Ha AnuHe BONHbl 488 HM; akTMBauUMiO TPOMBOUMUTAPHBIX UHTErPUHOB —
no CBA3bIBaHWMIO PryopecLeHTHO-MeueHHoro dmbpuHoreHa. Bo BpeMst akTvBaLmMM KOHLEeHTpaums
TpoMmbounToe cocTtasnana 1000 KneTok/MKn BO n3bexaHne 3P eKTa BTOPUUHON aKTMBALMM.
B nokosiLLieMcsa cocTosiHUmM TPOMBOLMTOB Habniopganach NOBbILLEHHAA KOHLEHTPaLUS KarnbLms B LMTO3051e
TPOMBOLIMTOB NaLMEHTOB MO CPaBHEHMIO C TPOMBOLMTaMM 300POBbIX JOHOPOB. B 0TBET Ha CTUMYnALMIO
MaKCUMasbHO JOCTUKMMbIe KOHLEHTPaLMK KanbLms bbinn conocTaBuMbl B 060omx criyyasix. CBsidbiBaHne
hubpuHoreHa ¢ TpoMBoLMTaMM NALMEHTOB He BbIfo 3HaUMMO M3MEHEHO MO CPABHEHMIO CO 3M0POBbIMUI
poHopamu. C opyroi CTOpPOHbI, N3MeHeHWe OpPMbl KIIETOK B OTBET Ha aKTMBALIMIO, BbIPaXKEHHOE B
MPOLEHTaX, y NaLmMeHTOB oKasanock bonee 3HaUMMbIM, YeM n3MeHeHne hopMbl TPOMBOLIMTOB 3A0POBbLIX
OOHOPOB. [1pU CXOMUX MaKCcHUMasbHbIX OTBETaxX Ha CTUMYIALMIO BCEMW arOHUCTaMM KOHLEHTpaums
KanbLua B NOKOALMXCSH TpoMBoLuTax, a Takke n3MeHeHne chopMbl TpoMBoumMTOB Y naumeHTos ¢ CBO
3HauMMO BbIle, YeM Y TPOMBOLMTOB 300POBbLIX AOHOPOB. [laHHblE pe3ynbTaTbl MOXHO 06BACHUTL
YBESIMYEHHBIM OTHOLLIEHWEM MO MeMbpaHbl TPOMBOLIMTOB K KX 06beMy.

KnioueBble cnosa: TpombounTsl, cuHapom Buckotra—0napuya, Kanbumesas CUrHanm3aums,
MpOTOYHasA UMTOMETPUSA, opchaHHble 3aboneBaHns
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Specific features of intracellular calcium signalling, distinctive
for Wiskott-Aldrich syndrome patients
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Wiskott-Aldrich syndrome (WAS) is a rare X-linked immunodeficient disease accompanied by microthrombocytopenia, which
leads to spontaneous/post-traumatic haemorrhages. It has been demonstrated that WAS is caused by gene mutation of WASP
protein, which is participating in the processes of actin polarization and actin cytoskeleton re-organisation. It is yet unknown
how this mutation affects intracellular signalling and functional responses of platelets of patients with WAS. Assessment of the
intracellular calcium signalling, shape change and fibrinogen binging by the platelets of WAS patients. The study was approved
by the Independent Ethics Committee of the Dmitry Rogachev National Medical Research Center of Pediatric Hematology,
Oncology, and Immunology. Three patients with WAS and three healthy volunteers were included in the study. Intracellular
signaling and platelet functional responses were observed on a BD Facs Canto Il flow cytometer. To measure the calcium
concentration in the platelet cytosol, the Fura-Red fluorophore was used, platelet shape change upon activation was evaluated by
side scattering of cells at a wavelength of 488 nm, platelet integrin activation was evaluated by binding of fluorescently-labeled
fibrinogen. During activation, the platelet concentration was 1000 cells per ul to avoid the effects of secondary activation. In
quescent state of platelets, an increased concentration of calcium in the cytosol of platelets of patients was observed compared
with platelets of healthy donors. In response to stimulation, the highest achievable calcium concentrations were comparable
in both cases. The binding of fibrinogen to platelets in patients was not significantly changed compared to healthy donors. On
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the other hand, the change in the shape of the cells in response to activation, expressed as a percentage, was more significant
in patients than the change in the shape of the platelets of healthy donors. With similar maximum responses to stimulation by
all agonists, the concentration of calcium in resting platelets, as well as the change in the platelet shape of patients with WAS
is significantly higher than that of healthy platelet donors. These results can be explained by the increased ratio of the platelet
membrane area to their volume.
Key words: platelets, Wiskott-Aldrich Syndrome, calcium signalling, flow cytometry, orphan disease
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nHapom Buckotta—Onppuua (CBO) — pepdkoe

X-cuenneHHoe MMMyHofnedULMTHOE COCTOSHNE,

XxapakTepusyplweecs TpoMbouuToneHuen,
BOCMPUMMUYMBOCTBIO K MHIDEKLMSIM U TaKMMU OCIONKHE-
HUAMM, KaK aTOMUYECKWUI 0epMaTUT, ayTOMMMYHHbIE U
3nokavecTeeHHble 3abonesanus [1, 2]. Itnonorus atoro
CUHIPOMa 3aKJII0YaeTCA B PasnMyHbIX MyTauuMsx reHa,
kopmpyiotero 6enok WASp [3]. laHHblit 6enok urpaet
BasKHYIO POSib B MONMMEPU3aLIMM aKTUHA, NEPeCTpoiike
LMTOCKENEeTa reMaTono3TUYECKMUX KIETOK MPU aKTu-
Baumu [4], B TOM uncne npu hopMMPOBaHUM UMMYHOSTO0-
rMyeckoro cuHanca [5].

CBO xapakTepusyeTcsa pasfIMYHON TAMKECTbIO U
CTeneHblo BblpaeHHOCTH cuMnToMoB. OQHaKO TPOM-
BounTONEHUA, B OTNMUME OT OCTasbHbIX NPOSBIEHUNA, —
MOCTOSIHHBIVA CUMMTOM 3TOr0 3abo1eBaHNs, MPUBOASLLMM
K CMOHTaHHbIM WM/WUI NOCTTPABMaTUUECKUM 3NM30LaM
KPOBOTEYEHMsl. 3a PeOKUM WUCKIIIOYEHWUEM, MaNleHbKUI
pasMep TPOMbBOLMTOB SIBNAETCSH NaTOrHOMOHWYHbBIM
npuaHakoM CBO [6]. MexaHU3Mbl BO3HUKHOBEHWS
TPOMBOLMTONEHNN U3YUEHbl He A0 KOHLA: UCCrefo-
BaHWS NaLMEHTOB C AaHHbIM CUMHOPOMOM W HOKAYTHbIX
no reHy WASp Mbilleli nMokasbiBaloT Kak HapylleHue
TpoMBornosasa B KOCTHOM Mo3re [7], Tak 1 HopMasibHyio
npoaykumio TpoMbounTos [8]. [ipyrue uccnenosaHus
0BBbACHAIOT TPOMBOLMTONEHMIO YCUIIEHHBIM charoum-
TO30M TpoMboUMTOB MaKpodparamu ceneseHku [9],
BO3MOKHO, B CBSI3U C YBESNMYEHHbBIM 3KCTOHUPOBAHWEM
dhocchatmamncepuHa Ha ux nosepxHoctvt [10] nnu Hamm-
uneM aHTUTpoMbBouuTapHbix aHTuTen [11]. HecmoTps
Ha To yTo Bonbluas yacTb PyHKUMIA TPOMBOLMTOB NpU
CBO coxpaHeHa, cyLlecTByloT paboTbl, MOKasbiBaloLLMe
aeduumnT NNoTHbIX rpaHyn [12, 13], a TakKe CKMoH-
HOCTb K 3anflaHMPOBaHHON KIETOYHON rnbenu B CBS3U
C MasbIM KONMYEeCTBOM MUTOXOHOPWIA B JaHHbIX TPOM-
BoumTax [14].

[unarHoctuka CBO npoBoaMTCA Yy ManbyuKoB C
M301MpoBaHHOM TpoMmbouuToneHmen unu Tpomboum-
TOMEHWEN C CONyTCTBYWOLIMMU [epMaTUTOM, peLu-
OMBUPYIOWUMU UHDEKUMUAMU, ayTOUMMYHHBIMU U
3110KayecTBEHHbIMM 3aboneBaHnaMKU. OfHako Kommue-
CTBO TPOMBOLMTOB y pa3HbiX MaUMEHTOB CUIIbHO Bapbu-
pyeT, uTo 3aTpyaHseT nabopaTopHyio aMarHocTuky [15],
Mo3TOMY HeoDXOAMMO TaKKe YuuTbiBaTb ManeHbKuN
pasMep TpoMBOLMUTOB, BbICOKWUWA MPOLLEHT HE3perbIX
TpoMBounToB [16], TPOMBOLMTOB C MOBbILLIEHHbBIM 3KCMO-
HupoBaHueM cboccpaTtuamncepura [17] v nokasatenu
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remMocTaTuueckux TectoB [18]. OkoHuaTeNbHbIN AUarHo3
MOXET ObITb MOATBEPXKAEH NPU OMnpefeneHnun MyTaumum
reHa WAS [19]. Vicnonb3oBaHve NpoTOYHOM LMTOME-
TpUM — 3TO MEeTOA, MO3BONSAIOLLMIA BbICTPO NoATBEP-
OMTb QMAarHo3 Npy MOSTHOM OTCYTCTBMM MU CHUXKEHHOM
akcnpeccun WASp B numdpounTax nepudepuyeckom
KPOBM NauUMeHTOB, OfHAKO B peakux cryvaax CBO
akcnpeccus WASp octaetcst HopmarbHoit [20].

BonbLLMHCTBO CUrHamnbHbIX NyTen B TpomboumTax
MPUBOLMT K U3MEHEHWIO KOHLIEHTPaLMK cBOBOHbIX MOHOB
Kanbuua B LUMTO30M1Ee, KOTOpas, B CBOIO Oo4yepefb, 3any-
CkaeT (PyHKLUMOHanbHble 0TBETHI TPOMOOLMTOB — n3Me-
HeHne dhopMbl, MPoarrperaHTHYI0 1 NMPOKOArynsHTHYIO
akTuBHOCTb [17, 21]. AHanu3 KanbuWeBoi CUrHamIu-
3auMn B OTBET Ha CTUMYMALMIO Pa3fMYHbIMU aroHU-
CTaMu N03BOSISET BCECTOPOHHE OLEHUTb MOTEHLMATbHbIE
dhyHKLMOHamMbHbIE HapyLLEHWsI B TpOMOOLUMTaX, a Takxke
MAEHTUULMPOBaTb HOBblE MapKepbl, cneundgunyHble
0J19 pasnuyHbIX 3abofieBaHuiA, B JaHHOM cryyae — s
cuHopma Buckotta—Ongpuya.

Llenb uccnepoBaHuA: aHanu3 W3MEHEHWUS KOH-
LeHTpauun Kanbuusa U OYHKLMOHaNbHbIX OTBETOB
(M3MeHeHns hopMbl 1 CBA3bIBaHUA UBPUHOreHa) TpoM-
BounToB 300pPOBbLIX AOHOPOB U MALMEHTOB C CUHOPOMOM
BuckotTa—0Ongpuya METOLOM NPOTOYHOW LIUTOMETPUM.

MATEPWAIbI U METO[bl CCNELOBAHUA

[laHHoe uccnepoBaHve nopgepskaHo Hesasu-
CUMbIM 3TUYECKMM KOMUTETOM W YTBEPXKAEHO PELLEHNEM
Yyuenoro coseta HMUL, AFON um. Omutpus Porauesa
Munsppasa Poccuu. lpoananusnpoBaHbl obpasubl oT
Tpex nauueHToB B Bo3pacTte 8 mec., 10 mec. u 2 net
¢ TpombouuToneHnern B cocTaBe cuHLpoMa Buckotta—
Onppuua (27-51 x 10%/n TpoMBOUMTOB), FrOCMIMTANIUEN-
poBaHHbIX B HMULL peTckoi remaTonoruv, oHKONOrnm
U MMMyHonorun uMm. [Imutpua Porayesa MuH3gpaBsa
Poccun B 2019 rogy. [ImarHo3 noaTBepKOEH BbISB-
neHvem MyTaumit reHa WAS (rabnmua 1). Ha MoMeHT
NMOCTaHOBKM 3KCMEepUMeEHTa Tepanuio aroHuctamu TMP
He nMpoBoaMnu. B KauecTBe KOHTPOMSA MCNOMb30BasM
KPOBb 3[40POBbIX MOMOAbIX A0HOPOB (1o 20 neT).

B nccnepoBaHuu bbinn Mcnonb3oBaHbl Clepy-
loLMe MaTepuansbl: YyBCTBUTENbHbIA K KOHLEHTpaLuum
KanbLusi, MPOHWKAIOLLMIA CKBO3b NUMUAHbIE MeMBpaHbI
KneToK donyopodoop Fura-Red-AM (Molecular Probes,
Eugene, OperoH, CLLUA); cdbykoupaH 13 sogopocneit
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Tabnuua 1

MauuneHTbl, BKIIOUYEHHbIE B UCCefoBaHue
Table 1

Patients, included in the study

Fatient Age WAS mutation WASP expression

Maunewtl — 6Mec. . 1055 1041delCACC -

Patient 1 6 months
1ron
MauueHT 2 6 Mec. _
Patient 2 1 year c.775delG
6 months
lron
MauneHT 3 9 Mec. _
Patient 3 1 year c.121C>T
9 months

Fucus Vesiculosis, A0®, EGTA, HEPES, bbiumnii cbiBo-
POTOYHbINA anbbyMuH, anvpasa (cTeneHb ouncTtkm VI,
TRAP-6 (Sigma-Aldrich, St Louis, Muccypu, CLLA);
NaCl; Na,HPO,; KCL; NaHCO,; MgCL,; CaCl, (Arat-Meg,
MockBa, Poccus).

KpoBb 300pOBbIX OOHOPOB M nauueHToB ¢ CBO
3abupanu us fIOKTEBOW BEHbI B BaKyyMHble NpoBupKy,
comepsKallme rupyann (Sarstedt Monovette®). Kposb
Bbina okpalleHa KanbLUA-YyBCTBUTENbBHLIM GOyopo-
thopom Fura-Red B KOHUEHTpaLUMn 2 MKM B NpucyTCTBUM
0,1 en/mn anupasbl B TeyeHne 35 MuH npu 37°C. Mo
ncrteyeHun 35 MuH otbupanu boratyio TpoMbounTamm
nnasMy, 0bpas3oBaHHYI0 NPU OCAXAEHUWN 3PUTPOLIMTOB,
v passoannu Bycpepom Tupoaa (134 MM NaCl; 0,34 MM
Na,HPO,; 2,9 MM KCL; 12 MM NaHCO,; 20 MM HEPES;
5 MM rniokosbl; 1 MM MgCL,; 2 MM CaCl,; BCA 2%
no macce; pH 7,3) 00 KOHUEHTPaUMM TpoMBOLMTOB
1x10%8 M1

MccnenoBaHne npoBefeHo MOCPeACcTBOM MPOTOY-
Horo unTomeTpa BD FACS Canto II. K npobam gobasnsmnu
oryopecLeHTHO-MeueHHbIN hnbprHoreH yenoBeka B
KoHUeHTpauuu 100 mMkr/mn. Mocne aToro npobbl aHanu-
3MpoBanu B KMHETUYECKOM pexunme. Yepes 60 cek oT
Hayana vccnenoBaHusa K npobam gobaBnanu akTuea-
Topbl (2 MkM Al®; 2,5 MkM TRAP-6; 5 Mkr/mn CRP;
100 mkr/mMn dpykoupaH). [ins nepecueta donyopecLeHLmm
Fura-Red B KOHUEHTpaLMK KanbLusa NocnenoBaTenbHO
pobasnsanu 1 MKM noHommumHa n 10 MM EGTA. lNepecyet
npowseoaunu no dpopmyne punkesnya [22]. Oonon-
HWUTENbHO NPOBOAUM HOPMUPOBKY Ha TEOPETUYECKM
PacCUMTaHHYI0 KOHLLEHTPaLMIO KanbLusa B NPUCYTCTBUM
10 MM EGTA Ha ocHose [23]. CeasbiBaHue conbpuHo-
reHa CuyMTanu MakcuMarbHbIM nocne MHKybauum npobsbl
¢ 1 MKM 1OHOMMUMHA B TEYEHME 3 MUH.

CTaTUCTUYECKMIN aHann3 pe3ynbTaToB MPOTOYHOM
LMTOMETPUM BbIMOJHEH C MpuMeHeHueM Python 3.7.
L1 OLEeHKM CTaTUCTUYECKOW 3HAUMMOCTM UCMONb30BaNy
KpuTEpUii MaHHa—YUTHM.

PE3YJbTATbl UCCITELOBAHUSA

XapakTepHasa 0cobeHHOCTb TPOMOBOLMTOB Yy nauu-
eHToB ¢ CBO — MeHbLUnit nx pa3Mep MO CPaBHEHUIO C
TpoMbouuTamMn 300pOoBbIX AoHOPOB [14]. C noMoLbio
MeTOAa MPOTOYHON LUTOMETPUU MOATBEPXKAEHO, UTO
TpombounTbl nauneHtoB ¢ CBO obnapaiT MeHbLIUM
npamMbIM ceetopaccesHueM (FSC, pucyHok 1 A), uem
TpoMBouUTbI 300POBbIX NOHOPOB (pucyHok 1 B). Mpu
aKTMBaLMW TPOMBOLMTOB NPOUCXOANUT U3MEHEHME WX
chopMbI C IMCKOMAHOM Ha COEPUYECKYIO, UTO MPUBOOMUT K
YMeHbLLEHWIO BOKOBOr0 CBETOPACCESHUA Ha MPOTOYHOM
umTomeTpe. [laHHOe fiBNeHWe Habsiofanock 1 npu nccne-
[oBaHuM TpoMbounToB nauveHTa ¢ CBO (pucyHok 2 B),
“ TpoMbBoUMTOB 300pOBOro AoHopa (pucyHok 2 ).
Bbino Takxe nokasaHo, YTO OTHOCWUTENbHOE U3MEHeHWe
chopmbl TpomboumToB NaumeHTos ¢ CBO npu akTvBaLmm
BCEMW arOHUCTaMuM MPOVUCXOAMUIIO CUSIbHEE, YEM Y TPOM-
BOoUMTOB 300POBLIX AOHOPOB (Tabsmua 2).

OnipepeneHne KoHUeEHTpaumu cBobOAHbIX MOHOB
Kanbuua B UMTO30/1e TPOMBOLUMTOB Y MaUMeHTOB C
cuHApoMoM Buckotta—Ongpuya. B nokosiumxca TpoMbo-
LMTax 3[0POBbIX AOHOPOB KOHLEHTPALIMSA KanbLysi NOCTO-
AHHa 1 peaKo npesbiwaeT 20 HM (pucyHok 2 B). OgHako
MpY aKTUBaLWK B TPOMBOLMTax HAUMHAETCS KarbLMEBbIN
CNaNKWHI — KPaTKOBPEMEHHOE MHOMOKpaTHOe yBenu-
YeHMe KOHLIeHTPaLIMKN KarnbLyWs B HECKOJbKO pas, BMoThb
o 1 MkM B MakcuMMyMe, C nocnepyioLlein penakcaumem
po 6a3oBoro ypoBHA. KanbLueBble Cnaiku XopoLlo
HabnogaeMbl B 3KCMEPUMEHTAx MO MUKPOCKOMWM
OTAenbHbIX TpoMbouuTos [24]. OpHako npu aHanuse
CyCneH3un TpoMBOLMTOB C MOMOLLbIO NMPOTOYHON LMTO-
METPUM MPOUCXOANT yCpPeHEHNe CMaiKoB MO BPeMEHM,
4TO MPMBOAMT K HabriofaeMoMy MOCTENEHHOMY yBeSu-
UEHMIO KOHLIEHTPaLMW KasbLMs B LEEMOM MO CYCMeH3uu.

CpaBHEHME KOHLEeHTpauuMu Kanbuua B LUTO30/1e
TpomMboumTos naumeHTos ¢ CBO (pucyHok 2 A) v TpoMm-
BounTax 300pOBbIX JOHOPOB (pucyHoKk 2 B) nokasarso,
UTO B MOKOE KOHLIEHTpauua Kanbuus B TpoMbouuTax
naumeHTa coctaBnseT 35-65 HM; y 300poBbIX 4OHOPOB
— 5-15 HM, 10 ecTb B 2—4 pasa Bbile. Mbl 0bHapy-
UM TaksKe, 4TO Mocsie NepeMeLLnBaHns B pesynbTaTte
MUNETUPOBaHNS KOHLIEHTPaLMA KanbLuus B TpoMbouuTax
NauneHTOB BO3pPacTaeT C MOCMEAYIOLLMM CHUKEHUEM A0
6a30B0ro ypoBHs, @ B TpOMbBoLMTax 300pOBbIX 4OHOPOB
coxpaHsieT cTabubHOCTb BHE 3aBUCKUMOCTH OT NepeMe-
wmBaHua (pucyHok 2 A, B).

MakcumarnbHas KoHUeHTpaunsa cBobOoAHbIX MOHOB
KaNbUMsi U MakCuMasibHoe CBsi3biBaHue (hubpuHo-
reHa coBnagaiT y TpPOMBOLUMTOB 340POBbIX JOHOPOB M
nauneHToB ¢ cuHAPoMoM Buckotta—Ongpuua. Kaue-
cTBeHHoe (pucyHOK 2) n KonuyecTBeHHoe (pucyHok 3)
CPaBHEHME U3MEHEHMS KOHLIEHTPaLMW KanbLvisi U CBA3bl-
BaHWs cpubpuHoreHa TpomboumTamu naumeHtos ¢ CBO
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PucyHok 1

CpasHeHue pasmepa (FSC) v copmbl (SSC) TpoMBoumnToB naumeHTa ¢ cMHAPOMOM BuckoTTa—0napuya 1 34opoBoro foHopa:
TpomBouuTapHas obnacTb 3aBucumMocTn 6okoBoro ceetopaccesHus (SSC) oT npsiMoro cBeTopaccesHWs Ha TOYeUHbIX LuarpaMMax
(FSC, ykasaHo HanpsikeHue Ha aeTektopax) ansa naunenta (A) n 3poposoro goHopa (B); usMeHeHne 6OKOBOrO CBETOPACCEAHNS
(SSC-H) npw aktuBaumm TpomBoumTtos nauverTa (B) u 3poposoro noHopa ()

Figure 1

Comparison of the size (FSC) and shape (SSC) of platelets of WAS patients and platelets of healthy donors: platelet area on the dotplots of side scattering
(SSC) vs forward scattering (FSC, detector voltages are given) for WAS patient (A) and healthy donors (B); change of the side scattering (SSC-H) upon
activation of platelets of patients (B) and healthy donors (I')
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(BbloeneHbl CTaTUCTUUECKM 3HAUMMO pasnnyaiLmecs pesynbrtaTsl; p < 0,01)

Table 2

Averaged values of the platelet activation parameters (significantly different values are given in bold; p < 0.01)

WAS 3p0poBble AOHOPbI
A WAS Healthy donors
KTUBAaTO

Activator 5 Kansumii. HM ®unbpurHoreH, N3MeHeHune Kanbumii. HM ®unbpunHoreH, N3mMeHeHune

Calcli-lm "M OTH. ef. chopmebl, % Calc:-lm "M OTH. ef. chopmbl, %

Al Fibrinogen, r.u. SSC Change, % clutk Fibrinogen, r.u. SSC Change, %

Mokoit _ _ — -
Resting 56+17 9+6
Hekop. AP _ -
Nom-ayed ADP 17+4 63+7 20+2 4916
ALD 117 +12 1744 67+7 97 +26 15+6 48+3
TRAP-6
TRAP-6 165£15 19+4 6717 208 + 40 16+5 4619
CRP 75+ 15 7+3 60+3 77 +45 8+4 40+6
dykompaH _ _
R 5+1 63+4 9+5 46+7
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KIMIWHUYECKOE 3HAYEHUE ®YHOAMEHTANbHbBIX UCCNEAOBAHUN

PucyHok 2

KauecTBeHHOE cpaBHeHWe aKTuBaLMM TPOMBOLMTOB NaumeHTa ¢ CMHAPOMOM BuckoTTa—0napvya v 300poBOro AoHopa:

3aBMCHMOCTb KOHLLEHTPaLMu CBOBOAHBIX MOHOB KarbLus B LuTo305e TpoMboumTos nauvenTa (A) u sgoposoro goHopa (B) npu akTusaumu;
cBa3biBaHue ubpuHoreHa TpoMbounTamu naumenta (B) u 3goposoro goHopa () npu akTuBauuu; [ — M3MeHeHUe KOHLEHTpaLumu ceobog-
HbIX MOHOB Karbuus B unTo30s1e (cnnoLwHblie nuHnm) v ces3biBaine ubpuHoreHa (MyHKTUp) TpoMBourTaMu nauventa (CuHsas nuHus)

1 300POBOro AOHOPa (KpacHas NuMHWA) Mpu MOCeAoBaTENbHOM akTUBauMM doykonpaHom n ALl ¢ uHTepsanom B 5 MuH

Figure 2

Qualitative comparison of the activation of platelets of Wiskott-Aldrich patients and healthy donors (A, B) — dynamics of free calcium ions concentration in the
platelet cytosol of WAS patients (A) and healthy donors (B) upon activation. (B, ') - fibrinogen binding by platelets of patient (B) and healthy donor (I') upon
activation; [l — cytosolic calcium concentration (solid lines) and fibrinogen binding (dotted lines) by platelets of WAS patients (black) and healthy donor (red)
upon sequential activation by fucoidan and ADP delayed by 5 minutes
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PucyHok 3

KonnuecTBeHHoe cpaBHEHWe MapKepoB aKTUBaLMW TPOMOBOLMTOB MaLMEHTOB C CUHAPOMOM BuckotTa-Onppuuya M 340pOBbIX AOHOPOB!
A — KOHUeHTpauus Kanbuua B nokosiumxcsa TpombounTax; B — cBAsbiBaHue cubprHoreHa HeokpalleHHbIMKM TpoMbouuTaMu nNpu CTUMY-
nauun 2 MKM ALL®; MakcMMarbHO LOCTUXMMAs KOHLEHTpauus cBoBOAHbIX MOHOB Kanbuusa (B) M MakcuMansHoe cBsisbiBaHWe PuUbpUHO-
reda (I) npu ctumynaumn 2 MKM AL® okpallueHHbix Fura-Red TpomGoumtos (I); MakcMManbHO OOCTWMKMMAs KOHLEHTpauus cBoBof-
HbIX WMOHOB Kanbuus (M) » MakcuMmanbHoe cBsisbisaHue cpubpuHorena (E) npu ctumynsaumm 2,5 MkM TRAP okpaleHHbix Fura-Red
TpomBoumToB (MccrenoBaHbl 3 NauMeHTa v 3 300poBbIX AOHOPA)

Figure 3

Quantative comparison of the platelet activation parameters of WAS patients and healthy donors: A — cytosolic calcium concentration in the resting platelets;
B - fibrinogen binding by non-dyed platelets upon stimulation by ADP 2 uM; B, ' — maximally achieved concentration of free calcium ions (B) and maximally
achieved fibrinogen binding () of Fura-Red loaded platelets upon activation by 2 uM of ADP; [, E — maximally achieved concentration of free calcium ions (B)
and maximally achieved fibrinogen binding () of Fura-Red loaded platelets upon activation by 2.5 pM of TRAP (3 patients and 3 healthy donors were included

in the study)
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KNMWUHUYECKOE 3HAYEHUE ¢YHOAMEHTANbHbLIX UCCNEAROBAHUN

MoKasano, YTo, HECMOTPS Ha YBENUYEHHYIO KOHLEH-
Tpaumio Kanbums B nokoe (pucyHok 3 A), npu akTusaumm
BCEMMW BUAAMW aKTMBATOPOB MaKCMMarbHble KOHLEH-
TpauuW KanbLus COBMafaloT C TakOBbIMU Y 340POBbIX
noHopos (pucyHok 3 B, [). Bbino Takxe 0TMeueHo, uTo
cBA3bIBaHWe hbpUHOreHa Npu KauyeCTBEHHOW U KOMU-
UECTBEHHOM OLeHKax He oTnuuaeTcs (pucyHku 2 B, [ u
3 b, I, [1). MonyyeHo CXOACTBO ¥ MpM NocrenoBaTerbHOi
akTmBaumn CRP yepes 150 cek nocne ctumynsumm ALD
(pucyHok 2 A-T), MHOYUMPYIOLLMM Pas3fnyHble BETBY
curHanusaummn B TpombounTax (CRP mHayumpyet Tvpo-
3UHKMHa3Hylo curHanusaumio, Al — GPCR-curHanum-
3aumio), a Takke ALID yepes 300 cek nocne akTUBaLIMM
dhyKoMaaHOM, 3amyCcKaloLmM TUPO3UHKMHA3HYI0 CUrHa-
nusauuio (pucyHok 2 []). KonnyecTBeHHOe CpaBHEHMe
XapaKTePUCTUK aKTMBaLMKU TPOMBOLIMTOB MaLMEHTOB U
3[10POBbIX JOHOPOB NPeLCTaBMeHo B Tabmue 2.

OBCYXXIEHUE PE3YJIbTATOB UCCITELOBAHUA

MccnepoBaHne BHYTPUKIETOYHOM CUMHanmM3aumm
M PYHKUMOHANbHOW aKTUMBHOCTM TpombBouuToB npu
cvHopoMe Buckotrta—Onpgpuua 6bino HampaBrneHo Kak
Ha BbifiBNIEHME NAaTOPU3NONOrMYECKNX MEXAHWN3MOB
3aboneBaHnsA, Tak M Ha onpefefieHne XapakTepHbIX
UEepT, BaXHbIX AN AMArHOCTWKM AaHHOro 3aboneBaHus.
MeTof0M MPOTOYHOM LMTOMETPMM NPOBEAEH aHanu3
BHYTPUKIETOYHOW KaflbLMEBOW CUIHANM3aLMmM, a Takxe
n3MeHeHuns opMbl TPOMBOLMTOB 1 CBA3bIBaHUA hnbpu-
HoreHa TpombouuTamu y naumeHToB ¢ CBO u 300poBbix
LOHOPOB MPW aKTUBALMMN Pa3NNYHbIMK arOHUCTaMM.

Hamu 6bino nokasaHo, 4to Ana TpombouuToB
nauneHTos ¢ CBO xapakTepHa MOBbILLEHHAA LUMTO30-
NbHasi KOHLEHTPALMSA KafibLmMsl B COCTOSHUM MOKOSt (CM.
pucyHku 2, 3, Tabnuyy 2). 3T0 X0OPOLLO corfacyercs
C maHHbIMK onybnnkoBaHHOro mccnegosawms [10].
C Bpyrov CTOPOHbI, MaKCUMMarbHO OOCTUKUMbIE KOHLIEH-
Tpaumu KanbLys B OTBET Ha MHOYKTOpPbI kak G-benkoson,
Tak W TUPO3WHKMHA3HOM CUrHanM3auun He oTnnya-
I0TCA [OCTOBEPHO OT TaKOBbIX Yy 3A0POBbIX AOHOPOB
(cM. pucyHok 3, Tabnmuy 2), uTo TaKske cornacyercs
C paHee ony6nvKoBaHHbIMK UccnenoBaHuamm [10], roe
“cnosb3oBanack cTuMynsaumus TRAP (akTusaums accoum-
npoBaHHoOro ¢ G-6enikom peuentopa K TpoMbuHy PAR1).
[laHHble MO CTUMYMALUMM aHamnoroM KonnareHa (aktu-
Bauus peuentopa GPVI, 3ageicTByloLEero TMPO3NHKN-
Ha3HYI0 CUrHANM3aLwMio) NO3BONAIOT NPEeAnono}kuTb, YTO
KOHLIeHTpaums Kanbuus y naumeHtoB ¢ CBO HapacTaet
BricTpee, YeM y 300pOBbIX LJOHOPOB.

YMeHbleHHbIn obbeM TpoMboOUMTOB y nauu-
eHToB ¢ CBO MoxeT BblTb OQHOWM M3 MPUYMH MOBbI-
LUEHHON KOHLEHTPauUUKU KamnbLus B COCTOSHWUM MOKOS
Mo CpaBHeHWIo C TpoMBouMTaMm 300POBbIX AOHOPOB [6].
C ppyroi cTopoHbl, bonee cunbHoe M3MeHeHne hopMbl
TPOMBOUMTOB Y NaLMEHTOB C CMHAPOMOM BuckoTTa-—

Onppurya MOXET NOTEHLMANbHO KOMMEHCUPOBaTb U3Ha-
YyanbHOe pasnuuue B pa3Mmepax. [aHHbIM pesynbTar,
BO3MOMHO, 06bACHAET CXOACTBO MaKCMMasIbHO JOCTU-
MUMbIX KOHLIEHTPaLMA Kanbuusa Npy akTMBaLMK TPOM-
BouNTOB MauUMEHTOB W 3A0POBbLIX JOHOPOB, HO ANS
YCTaHOBMEHUA NPUPOAbI 3TOr0 ABIEHUs HeoBXoaMUMbI
LOMOSTHUTENbHbIE NCCIENOBaHNS.

M3BecTHO, YUTO, HECMOTPS Ha YMEHbLUEHHbIN pas-
Mep, KONMYECTBO KIOYEBBLIX CUMHASIbHbIX U LUTOCKE-
neTHbIx 6enkoB B Tpombouutax naumeHtoB ¢ CBO wn
3[0pOBbIX AOHOPOB coBnapaeT [14]. Bonee cunbHoe
n3MeHeHne opMbl TPOMBOLMTOB Y MaLMEHTOB MOXKET
BbITb 006ycrnoBneHo HBoOMbLUMM 3HAaUYEHWEM OTHOLLEHUS
nnowanm membpaHbl K 06bEMY LUMTO30M15 ANA TPOM-
BounToB NauMeHTOB, MpPeAcKa3aHHbIM MOCPEACTBOM
KOMMbIOTEPHOro MOLENMPOBaHUA B paHee onybnuko-
BaHHbIX paboTax [14]. Bonbluee oTHOLWeEHWE nowaau
MeMbpaHbl kK 06beMy TpoMbouMTa Takke npennonaraet
YCMOXHEHHYIO OTKPbITYIO KaHarbLEBYIO CUCTEMY.

YBenuueHue nnowagn mMeMbpaHbl MoseT BbiTb
OOHWM U3 CMEeACTBUN HAPYLLUEHHOrO MexaHu3Ma TpoMbo-
no3sa y nauneHToB ¢ cMHApoMoM BuckoTtTa—Ongpuua,
B YaCTHOCTW, HapyLLEHWs NpoLecca OTLUHYPOBbIBAHMUSA
NpoTPOMBOLMTOB OT MErakapuouuToB, NMpU KOTOPOM
BaskHYIO0 posib BbinonHseT 6eriok WASp [25]. C opyroit
CTOPOHbI, M13MEHEHHOE OTHOLLEHWE MoLLaay MeMbpaHbl
K 06beMy [14] MoxeT NpMBOAUTL K HecTabunbHOCTH
OTKPbITOW KaHamnbLEeBOW cucTeMbl TPOMBOLMTOB, UTO, B
CBOIO 0Yepefib, BefleT K NOBbILLEHHON YyBCTBUTENbHOCTM
TPOMOOLUMTOB K CLBUrOBbIM CTPECCaM U, BO3MONKHO, UX
BbicTpoit rnbenu.
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MoBbILUEHHAsA KOHLEHTPaUMsA KanbLus, a Takke
Bonee 3HauMMoe u3MeHeHWe hopMbl TpOMBOLMTOB
MpV aKTMBaALMWN — XapaKTepHble NPOABIIeHUs CMHOPOMA
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