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CuHppoM BuckotTa-Onppuua (CBO) siBnseTcs peakuM X-cLenneHHbIM NepBuyHbIM UMMYHOLEULNTOM,
XapaKTepuayoLLMMCa MUKPOTPOMBOLIMTONEHMENR, 3K3EMON, YaCTbIMU UHDEKLIMOHHBIMU 3NM304amu,
MOBBILLIEHHBIM PUCKOM ayTOMMMYHHbIX MPOSBIIEHNUIA U 3MTOKaYeCTBEHHbIX HOBOOBpa3oBaHui. «30m0-
TbIM CTaHAApPTOM>» AMArHOCTUKM 3TOr0 3abonieBaHWs SBNAETCSH BbiABMEHUe MyTauuu B reHe WAS.
HOaHHbin reH kopgupyeT Benok WASP, aBnsiolmincss perynsaTopoM LMTOCKeNeTa U y4acTBYIOLMIA B
nepepaye MHOMECTBa BHYTPUKIETOUHbIX CUrHanoB. B HacToAWMIA MOMEHT OTCYTCTBYeT BbICTpbIN
1 HaJeXHbI MeTof, NO3BOMAIOLLMIA B KpaTUailLuMe CPOKM ycTaHoBUTbL anarHo3 CBO. PaHHas ana-
FHOCTMKa Y NauMeHTOB C nopo3peHneM Ha CBO no3BonseT He TOMbKO CBOEBPEMEHHO MHULIMMPOBATH
MOWCK AOHOPA U HauaTb MOArOTOBKY K TPAHCMIAHTaLMM reMOMNO3TUUECKMUX CTBOSOBbIX KneTok (TFCK),
HO Take n3bexaTb pasBUTUA THKESbIX, KU3HEYrPOXAIOLLMX COCTOSHUIA B OXUAAHUN FEHETUYECKOrO
NOATBEPKAEHUA InarHo3a nyTeM MCNosib30BaHUA MaTOreHETUUECKON Tepanun. Ha ceropHALHNI AeHb
NpoTOYHas LMTODyOpUMETPHUS SBNAETCA OOHUM M3 BeOyLLMX SlabopaTopHbIX METOLOB, MO3BONSAIOLLMX B
TeUYeHWE HECKOSIbKMX YacoB MoMyYuTb MHPOpMaLMio 06 SKCNpeccum B KNeTkax Toro unm nHoro bernka. B
[aHHoi paboTe onvcaHa pa3paboTka HapexHoM v bbicTpoit nabopaTopHON METOAMKM SIS IMArHOCTUKM
CBO, ocHoBaHHOW Ha NpoTOYHOM LUMTOohnyopumeTpuun. laHHOe uccnenoBaHue onobpeHo He3aBUCHUMbIM
3TUYECKMM KOMUTETOM U YTBEPKOEHO pelleHneM yyeHoro coBeta ®IBY «HMUL, AFOU um. Omutpus
Porauesa» MuHappaBa Poccun. B nccnepoBaHue 6binmu BKloyeHbl 46 nauneHTOB C NOJO3PEHMEM Ha
CBO B Bo3pacTe oT 2 MecsueB 1o 17 net, obcnenosaHHbIX B nepuof ¢ sHBaps 2018 r. no aHeapb 2020
r. U3 Hux y 35 yenoBek anarHo3 bbin noaTeepAeH BoiseneHneM aedekTta reHa WAS. B paHHoi paboTte
BbII10 paccuMTaHo HopMasibHoe NMoporoBoe 3HadeHue uHAekca akcrnpeccun WASP, coctasnsiowee
7,07, nokasaHo, YTO YyBCTBUTEMbLHOCTb M CMELMUYHOCTb LlaHHOrO MeToda B anarHoctuke CBO
coctaensioT 100% v 93,1% cooTBETCTBEHHO, OTMEUeHa oTpuuaTenbHasa Koppenauus Tsxecty CBO u
uHaeKca skenpeccum 6enika WASP (r = -0,63). Takske NokasaHa NpakTMyecKas 3HauMMoCTb METOLA ASiS
onpepeneHus NMHenMHoro xumepusma y naumeHtos ¢ CBO nocne TMCK. MeTop oLeHKM BHYTPUKIETOUHOM
akcnpeccun benka WASP ¢ noMoLLbio MPOTOYHOM LMTODTyOpUMETPUM Y MALMEHTOB C NMOAO3PEHNEM Ha
CBO sBnsieTcs 6bICTPLIM, BbICOKOYYBCTBUTENbBHBIM U BEICOKOCTELIMTDUYHBIM, YTO MO3BONIAET MaKCUMarbHO
YCKOPUTb AMAarHOCTUKY 3Toro 3abonesaHus.

KnioueBble cnoBa: cuHapoM Buckotra—Ongpuya, skcnpeccusa benka WASP, npotoyHas uuto-
briyopuMeTpus, TpaHcnIaHTaums reMorno3TMYEeCKUX CTBOITOBbIX KITETOK, XUMEepPN3M
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Development of flow cytometry assay for Wiskott—Aldrich syndrome
diagnosis by WASP protein evaluation
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Wiskott—Aldrich syndrome (WAS) is a rare X-linked primary immunodeficiency characterized by microplatelet thrombocytopenia,
eczema, frequent infections and an increased risk of autoimmune disorders and malignant neoplasms. Mutation detection in
WAS gene is the gold standard for diagnosis of this disorder. This gene encodes a WASP protein, which works as regulator of cell
cytoskeleton and is involved in the transmission of many intracellular signals. Nowadays there is no rapid and reliable method
that allows to confirm WAS in a short period of time. Early detection of WAS in patients enables initiation of a donor search and
preparation for the HSCT procedure. It also helps to avoid the development of severe and life-threatening conditions during waiting
for genetic confirmation of the diagnosis by using pathogenetic therapy. Currently flow cytometry is one of the leading laboratory
methods that permits to get the information about the expression of a protein in several hours. The study below describes rapid
and reliable based on flow cytometry assay for WAS diagnosis. The study was approved by the Independent Ethics Committee
and the Scientific Council of the Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology, and
Immunology. The study included 46 patients with suspected WAS from 2 months to 17 years old. Patients were examined from
January 2018 to January 2020. WAS gene defect was confirmed in 35 patients. It was calculated that normal threshold value
for WASP expression is 7.07 with sensitivity and specificity 100% and 93.1% respectively. Besides negative correlation between
WASP expression index and WAS clinical severity was shown (r = =0.63). This flow cytometry assay can be used for chimerism
detection in WAS patients after HSCT. The flow cytometry assay for WASP protein evaluation is rapid, highly sensitive and highly

specific. It allows to speed up diagnosis of this disorder.
Key words: Wiskott-Aldrich syndrome, immune deficiency, Wiskott-Aldrich syndrome protein, diagnostic assay, flow
cytometry, hemaptopoietic stem cell transplantation, chimerism
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uHapoM Buckotta-Ongpuua (CBO; Wiskott—

Aldrich syndrome, WAS) — 310 peakoe X-cue-

nneHHoe 3aboneBaHue, B OCHOBE KOTOPOro
nesaT MyTauuu B reHe WAS [1, 2]. MpoaykTom ero
akcnpeccun sensetcs benok WASP, yuyacTteylowwuii Bo
MHOMeCTBe NPOLIECCOB, TaKMX Kak Tpapuk BHYTPUKIe-
TOYHbIX CTPYKTYP, MEXKIETOYHOE B3auMopencrsue,
TPaHCOYKLMS BHYTPUKNETOUHbIX CUrHanos u ap. [3-5].
HaHHbin Benok npenctasneH 502 aMUHOKUCIIOTHBIMU
OoCTaTKaMu, CUHTE3MpyeTCs K/1eTKaMu remMonoaTnye-
CKOro psiila U HaxoLUTCS NMPEVMYLLECTBEHHO B LUTO-
nnasMe KNeTKn ¢ NporpagneHTHbIM yYBEeIMYEHNEM ero
Mo HanpaeneHuio K MemBpaHe [6]. B cTpyKType camoro
Benka WASP MOHO BbIENUTb HECKOSbKO (PYHKLUM-
OHanbHO BasHbIX fOoMeHoB: N-koHueBo WASP-ro-
MOJIOrMYHbIA JOMEH 1, pacnonoeHHbIN 3a H1UM Basic
Region, panee GTPase-cBA3blBAIOLLMA AOMEH, PEermoH
Polyproline-rich n C-koHuesoit Verprolin homology/
Central region/Acid region (VCA) pomen [4, 7, 8].
MauneHTbl ¢ MyTaumnel B reHe WAS xapakTtepusyioTtcs
Pa3HOM CTEMEHbIO BbIPAMKEHHOCTU TUMUYHBIX CUMMTOMOB:
MMKPOGIOPMHON TPOMBOLIMTOMNEHUEN, YacTbIMU MHADEK-
LIMOHHBIMU 3MM30[4aMW, HapyLLEeHeM creunmdguyeckoro
aHTMTenoobpasoBaHns, ayTOMMMYHHbIMW MposiBfe-
HUAMK, 3K3EMOW 1 MOBbLILLIEHHOW YaCTOTON OHKOMOrnye-
Ckux 3aboneBaHuii. CornacHo NUTepaTypHbIM OaHHbIM,
reTEPOreHHOCTb KITMHUYECKOrOo heHOTUMa MOXKET ObITb
obycnoBneHa TUMOM W fIOKanM3auven MyTauuun no
OTHOLLEHMWIO K OCHOBHbIM (DYHKLMOHAMbHbIM JOMEHaM
Benka. MucceHc-MyTaLUmmn B 3k30Hax 1-4, Kak npasuso,
npuBoaOAT K Bonee nerkoMy TeueHuio 3aboneBaHus,
BMSI0Tb A0 M30NTMPOBAHHOM TPOMBOLIMTOMNEHUM, TaK Ha3bl-
BaeMoit X-cuennieHHoit TpomBounToneHuun (XCT). Bepo-

ATHO, 3TO CBA3AHO C BO3MOMHOCTbBIO peannsaumm 4acTm
byHKUMA Benka npu aTux MyTaumax [9]. NaHHble naum-
EHTbl UMeloT bonee BNaronpUSTHBIA MPOrHO3 TeUEHUs
3aboneBaHus, 1 NpPoBedeHWe TPaHCMaHTaumun reMono-
3TUYECKMX CTBOMOBLIX KNeTok (TFCK) ang Hux 3avacTyio
SIBNAETCHA NPEOMETOM ANCKYCCUM, B TO BPEMS Kak nauu-
EHTbI C pa3BepHyTOM kKnNMHukon CBO HyskpaloTcs B npoBe-
OEHMM OaHHOM npouenypbl B KpaTyanwmne cpoku [1, 10].
TakuM 0bpa3oM, BO3MOKHOCTb paHHEr0 NPOrHO3MPOBaHUA
TsskecT CBO MMeET BakHOE KIIMHUYECKOE 3HAYEHME.

HecMoTpA Ha [OCTATOYHO BbIPasKEHHbIA KIMHK-
yeckuit peHoTmn 3abonesanus, CBO nHorpga TpyaHo
onddepeHLmMpoBaTb 0T APYrMX COCTOSIHUIA, CONPOBO-
YKOAOLLMXCA TPOMBOLMTOMNEHWEN, U 3a4acTylo COCTOsIHUE
naumneHTa TPaKTyeTCs Kak UMMyHHasi TPOMBouMToNeHuns,
YTO MOXKET MPMBECTU K HEMPaBUIIbHOMY JIEYEHUIO U
oTcpouke TICK [11].

Ha HacToAWMIN MOMEHT «30M0TbIM CTaHLapPTOM>
onarHocTtuku CBO aBnsetcs obHapyeHue MyTauun
B reHe WAS. OpgHako 4acTo KNMHUYeCKas 3HaYMMOCTb
paHee He OMUCaHHbIX MyTauuin MOXeT bblTb HeAcHa
n TpeboBaTb OOMNOMHUTENBHOrO NOATBEPNKAEHUA. Kak
npaBuno, reHeTuyeckne Metoabl obcnenosaHuns TpebytoT
BonbLIOro KonuyecTsa BPEMEHW, a UX MHTeprpeTaums
1 hOpPMMPOBaAHME OKOHYATENbHOrO pesynbTara MoryT
3aHMMaTb oT 2 0o 4 Hep. KpoMe TOro, B pefikux cryyasix
onucaHbl NaToreHHble MyTauWW, KOTOPbIe HE BbISBMA-
I0TCA CTaHAAPTHbIMW METOAAMWU MONEKYNISPHO-TEHe-
TUYECKON OMArHOCTUKM, TaKUMKU KaK CEeKBEHMPOBaHWE
no CaHrepy Mnn BbICOKONPOWU3BOAUTENbHOE CEKBEHU-
poBaHWe 3K30Ma/TapreTHOW MaHenu reHoB: MyTaluu,
NMOKann3oBaHHble B HEKOAMPYIOLWMX 0bnacTax reHa
(rnyboKo B MHTPOHAX UMK B PerynsaTopHbIX 3MeMeHTax),
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MPOTAMKEHHbIE AeNneLunn B reTepo3nroTHOM COCTOSHUM,
WHBEpCUK yacTu reHa u ap. [12-14]. B Takux cryvasx
MONEKYNSAPHO-TeHETUYECKAA AMArHOCTVKa JaeT JIOKHO-
oTpuuaTenbHbl pesynbTaT. [103TOMy AONOSHUTESbHbIE
nabopaTopHble TeCTbl HEOBXOAMMBI, TaK Kak OHW NMO3BO-
NS0T COCTaBUTb LIENOCTHYIO KapTuHYy 0B aKcnpeccun v
dhyHKUMOHaANBbHON akKTMBHOCTY berka. [poToyHas umto-
MeTpus fBMNAeTCS OfHUM M3 Hanbonee 3dHEKTUBHBIX
METOLOB AJ19 CKPUHWHIOBOMO UCCIefoBaHUA 3KCNPeccum
pasnuuHoro poaa benkos, B yacTHoctn WASP, y nauu-
€HTOB C nopo3peHneM Ha CBO [3, 15-18]. Kpome Toro, B
nuTepaType HEOQHOKPATHO YNOMWHAMOCh, YTO YPOBEHb
3KCnpeccuun BHyTpukeTouHoro benka WASP y nauu-
eHToB ¢ CBO MoxeT BbiTb pelaolimm ¢akTopoM B

MPOrHO3MPOBaHMMN KITMHWYECKOro MCxoja U onpege-
NeHnn KNHUYeckoro doeHotvna CBO/XCT, B To Bpems
Kak Koppensums reHoTuna ¢ doeHotunom CBO anckyTa-
6enbHa [9, 19, 201.

Ha paHHbI MOMEHT B MUpe HeT yeTkux nabopa-
TOPHbIX PEKOMEHAALMA OTHOCUTENbHO CTaHOapTM3aLmum
nccnepoBaHua akcnpeccun benka WASP, onpepens-
€MON C NOMOLLbI0 NPOTOYHOM LUTODNYOpPUMETPUM,
B CBSI3W C PSIAOM MPWUYMH. OTCYTCTBME efuHOO0bpas-
HOrO MOAXOAa K METOAMKE OLEHKM JKcnpeccumn Benka,
CMOKHOCTW, CBSi3aHHble C BapuabenbHOW SKcnpeccuen
Cpenv 30OPOBbIX MHAMBMAYYMOB, OTHOCUTENBHO BbiCTpas
perpapgaums berka B npouecce TPaHCMOPTMPOBKM MaTe-
puanau T. A.

Tabnuua 1
KnuHuyeckasa u MONEeKYNAPHO-reHeTnyeCcKaa Xxapaktepnuctumka MccnenyeMon rpynnbl nauneHToB

Table 1
Clinical and genetic features of the patients in the study

KnuHuueckas . OueHKa
P k30H/ Knuuunueckwii
MauuneHTt Bospact FeHeTuqecKuv; RapHMay WHTPOH Tun BapuaHTa 3"“""“?’ cheHoTUN UELTE,
Pati : BapMuaHTa i wi 6annbi
atient Age WAS . N Exon/ Mutation type . Clinical .
sequence variants | Sequence variant Clinical
ntron P P ) phenotype
clinical significance! score
3 ropa 3K30H 1 Mwuccenc HescHas 3HaunMocTb* CBO
la 3y.0. c.4A>T, p.Ser2Cys Exon 1 Missense Uncertain significance* WAS 0.82 2
13 net OK30H 1 MwucceHc HesicHas 3HaunMocTb* CBO
2a 13 y.o0. c.4A>T, p.Ser2Cys Exon 1 Missense Uncertain significance* WAS 0.96 5
17 net OK30H 1 MwucceHc HesicHas 3HaunMocTb* CBO
5a 17 y.o0. ¢.4A>T, p.Ser2Cys Exon 1 Missense Uncertain significance* WAS 0.79 5
16 net OK30H 1 MucceHc HesicHas 3HaunMocTb* CBO
4a 16 y.o. c.4A>T, p.Ser2Cys Exon 1 Missense Uncertain significance* WAS 0383 4
Jynnukauns/
5 2 ropa ¢.11dupG, 3k30H 1 COBUI PaMKu [MaToreHHbIN CBO 0.50 4
2y.0. p-MetbAsnfsTer32 Exon 1 Duplication/ Pathogenic WAS ’
Frameshift mutation
6 13 MecAueB c.37C>T, OK30H 1 HoHceHc MaToreHHbIN CBO 0.54 6
13 months p.Argl3Ter Exon 1 Nonsense Pathogenic WAS ’
7 2 roga ¢.121C>T, 3K30H 1 HoHceHc MaToreHHbIN CBO 0.27 5
2y.0. p.Arg41Ter Exon 1 Nonsense Pathogenic WAS ’
2 ropa 3K30H 2 MucceHc [MaToreHHbIN CBO
8 2y.0 €.134C>T, p.Thr45Met Exon 2 Missense Pathogenic WAS 0.79 2
16 MecAues OK30H 2 MwucceHc MaToreHHbIN CBO (XCT)
7 16 months €.134C>T, p.Thr45Met Exon 2 Missense Pathogenic WAS (XLT) 3,10 8
10 net 3K30H 2 MucceHc lMaToreHHbIn CBO
= 10y.0. EAdL T L Exon 2 Missense Pathogenic WAS L <
18 mecsues 3K30H 2 MucceHc MaToreHHbIM CBO (XCT)
1L 18 months 6.167C>T, p.AlaseVal Exon 2 Missense Pathogenic WAS (XLT) 2oL 5
18 net 3K30H 2 MucceHc MaToreHHbIi CBO (XCT)
12b 18 y.0. €.223G>A, p.Val7oMet Exon 2 Missense Pathogenic WAS (XLT) 1.95 5
10 net OK30H 2 MwucceHc MaToreHHbIV CBO (XCT)
13b 10 y.o. €.225G>A, p.Val75Met Exon 2 Missense Pathogenic WAS (XLT) 2,24 5
15 mMecsiueB 3K30H 2 MucceHc MaToreHHbIN CBO (XCT)
L 15 months BLZEER, Exon 2 Missense Pathogenic WAS (XLT) 1,62 &
2 ropa 3K30H 2 MucceHc [MaToreHHbIN CBO
15 2y.0. €.256C>T, p.Arg86Cys Exon 2 Missense Pathogenic WAS 1,50 2
3 ropa OK30H 2 MwucceHc HeacHasa 3HauMMocTb* CBO
16 3y.o. C.265G>A, p.Gly89Ser Exon 2 Missense Uncertain significance* WAS st 1
3 roga : 3K30H 2 MucceHc HescHas sHaunmocTb*  CBO (XCT)
= 3y.o. ELET R L Exon 2 Missense Uncertain significance* WAS (XLT) e ¢
6 MecAueB OK30H 3 MwucceHc aToreHHbI CBO
18 6 months ¢.314T>C, p.Leul05Pro Exon 3 Missense Pathogenic WAS 1,40 5
BeposaTtHo
19 77MeCH"leB ¢.383T>G, p.Phel128Cys IK30H 4 M.”CC‘?”C NaToreHHbIN* CBO 0,16 7
months Exon 4 Missense . WAS
Likely pathogenic
BeposTHo
8 net 3K30H 4 MucceHc 3 a3 CBO (XCT)
20c e c.413G>A, p.Arg138Gln Exon 4 Missense HeMTpasbHbIi WAS (XLT) 15,60 4
Likely benign
BeposaTtHo
6 net 3K30H 4 MucceHe 2 . CBO (XCT)
21c By, c.413G>A, p.Arg138GIn Exon 4 Missense Hﬁﬂ;@a&z}-‘i&!@ WAS (XLT) 14,70 1
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Hynnvkaums/
29 14 net c.442dupA, 3K30H 4 COBUI pPaMKu lMaToreHHbIn CBO 0.84 5
14y.0. p.Argl48LysfsTer21 Exon 4 Duplication/ Pathogenic WAS ’
Frameshift mutation
DNeneuns/casur
23 6 MecsLeB c.775delG, OK30H 8 paMku HET%E%TEL?W CBO 0.38 6
6 months p.Asp259ThrfsTer2 Exon8  Deletion/ Frameshift Li - WAS ’
: ikely pathogenic
mutation
DNeneuns/casur
o4 3mecAaua  c.1058_106delCACC,  3ksoH 10 pamku naBT%Pr‘;‘:L*L?M CBO 016 8
3 months p.Pro353GlInfsTer91 Exon 10 Deletion/ Liki - WAS ’
Frameshift mutation Ty pritiegie
Deneuvs/cosur
o5 15 net ¢.1073delG, 3Kk30H 10 paMKi 0 aBT%pr‘;’:L*L‘I’M CBO 140 5
15y.0. Gly358AspfsTer87 Exon 10 Deletion/ Liki . WAS ’
Frameshift mutation LEl el
leneuvs/caosur
2% 2 Mecsila c.1031delC, 3k30H 10 paMKku lMaToreHHbIN CBO 0.18 4
2 months p.Pro344LeufsTer101 Exon 10 Deletion/ Pathogenic WAS ’
Frameshift mutation
27d 3 Mecsua ¢.1430G>A, 3K30H 11 MucceHc HescHas sHauuMocTb  CBO (XCT) 1874 1
3 months p.Arg477Lys Exon 11 Missense Uncertain significance WAS (XLT) ’
284 4 roga ¢.1430G>A, 3K30H 11 MucceHe HesicHas sHaummocTe  CBO (XCT) 1953 4
4y.o. p.Argd77Lys Exon 11 Missense Uncertain significance WAS (XLT) ’
29 6 MecsLeB c.274-1G>A, WHTpoH 2  Cant cnnavicuHra MaToreHHbIN CBO (XCT) 057 3
6 months p.(?) Intron 2 Splice site Pathogenic WAS (XLT) J
30 44r0n,a c.274—27dupA, NHTpOH 2 Pf;}:'g;ciﬂ?_;a HeHCHafI SHaH.ﬂMOCTI::* CBO 1,46 5
y.o. p.(?) Intron 2 Splice si Uncertain significance WAS
plice site
31 2 roga €.273+2T>C, WHTpoH 2  Cant cnnavcuHra lMaToreHHbIN CBO 0.39 11
2y.0. p.(?) Intron 2 Splice site Pathogenic WAS '
PeruoH caiita .
32 ]ij ner c.559+§G>A, VHTpOH 6 SEETE MaToreHHbIi CBO 0.90 4
y.o. p.(?) Intron 6 Splice si Pathogenic WAS
plice site
33 2 ropa c.777+1G>T, 8 uHTpoH  CalT crinaiicuHra n;%&%ml?w CBO 027 7
2y.0. p.(?) Intron 8 Splice site Li L WAS
ikely pathogenic
34 3 MecAua c.777+1G>A, WHtpoH 8  CaiT cnnaicuHra MaToreHHbIN CBO 0.37 7
3 months p.(?) Intron 8 Splice site Pathogenic WAS ’
35 3 ropa c.777+3_777+6delGAGT, WHTpOH 8 Pfgj:'ggciﬂga Bepo_ﬂTHo naToreHHbIN CBO 0,47 8
3y.0. p.(?) Intron 8 Splice site Likely pathogenic WAS

Mpumeydanme. ! — reHeTndeckue BapuaHTsl WAS ykasaHbl coriacHo HoMmerknatype Human Genome Variation Society (http://varnomen.hgvs.org/), no
TpatHckpunty NM_000377.2 (RefSeq; https://www.ncbi.nlm.nih.gov/refseq/); ? — oueHKa KIIMHNYECKOM 3HaUYMMOCTU reHeTUYECKMX BAPUAHTOB AAHA COrIacHO
pexomeHgaumam American College of Medical Genetics and Genomics (ACMG; (PubMed ID: 25741868); * — naumeHT seHckoro nona, a/b/c/d — o6osHauerns
nauneHToB N3 OQHOM CeMbu; * — reHeTUYECKUI Bap1aHT, paHee He 0rybrIMKOBaHHbIA B HayYHOM MEANLIMHCKOM nuTepaType.

Notes. ! — sequence variants in WAS gene defined according to Human Genome Variation Society nomenclature (http://varnomen.hgvs.org/), by transcript NM_000377.2 (RefSeq;
https://www.ncbi.nlm.nih.gov/refseq/); ? - clinical significance assessment of sequence variants was made according to American College of Medical Genetics and Genomics (ACMG)
recommendations (PubMed ID: 25741868);* - patient is a female, a/b/c/d - indicates individuals from the same family; * — Unpublished sequence variant; XLT — X-linked thrombocytopenia.

PucyHok 1

INokanusauua MyTaumin y naumeHToB ¢ CBO, onvcaHHbIx B [aHHOM UCCMER0BaHWUU, Ha NPOTs)eHun reHa WAS
MpsSAIMOYrONbHUKM CXeMaTUUYECKM NPEeLCTaBASAIOT 9K30HbI FeHa, IMHUN MEXAY HUMU — UHTPOHBI. Kaxabli CUMBON
npeacTaBnseT oTAeNbHOro MHAMBKMAYYyMa ¢ MyTaumein WAS, cnbnuHrn obbeamHeHbl 4ONOMHUTENBHON NnHKeENn. 3a-
MOJTHEHHbIE CUMBOJIbI 00603HaYaIOT paHee He OMyBrIMKOBaHHbIE FTEHETUYECKME BapUaHThbI

Figure 1

A schematic illustration of WAS gene mutations described in current research. Rectangles represent exons, lines between
them are introns

Each symbol represents single individual with WAS mutation, siblings joined by additional line. Filled symbols represent
unpublished sequence variants

¢.121C>T, p.Arg41Ter €.134C>T, p.Thr45Met
¢.37C>T, p.Argl3Ter ¢.143 C>T, p.Thr48lle
¢.11dupG, p.MetbAsnfsTer3?2 ¢.167C>T, p.AlabéVal
c.4A>T, p.Ser2Cys €.223G>A, p.Val75Met ¢.1430G>A, p.Arg477Lys
¢.383T>G, p.Phel28Cys ¢.1073delG, Gly358AspfsTer87
¢.413G>A, p.Arg138GIn ¢.1058_1061delCACC, p.Pr0353GlnfsTer91l

¢.442dupA, p.Arg 148LysfsTer21 ¢.103delC, p.Pro344LeufsTer101

Tc.314T>C, p.Leul05Pro €.559+5G>A c.777+1G>T

€.273+2T>C c.777+1G>A

c.274+1G>A ¢.777+3_777+6delGAGT
€.273+2dupA €.775delG, p.Asp259ThrfsTer2

€.256 C>T, 0.ArgBéCysTI
€.256G>A, p.Gly89Ser
€.269T>A, p.Leu90His

|

O MucceHc-MyTauus O HoHceHc-MyTaums <> Calt cnnaiicuHra
Missense mutation Nonsense mutation Splice site mutation
A CpBUr paMKu CUMTbIBaHUSA O PervioH caita cnnaicuHra 8' CuBMHIM M3 0IHOI CeMbM

Frameshift mutation Splice site mutation Siblings from the same family
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Tabnuua 2
BannbHasa wkana oueHkM TAecTn TeueHns 3abonesannsa y nauneHtos ¢ CBO
Table 2
Scoring system to define clinical severity of the disease in WAS patients
WMMyHopeduumt
»:y;:::;ly::ble OHKonorusa Immunideficiency Tpomb6ouuTonexus JK3ema
(XL . Malignancy MHCpeKUNOHHbIE OnnopTyHUcTU4eckue Thrombocytopenia Eczema
Autoimmunity OCJI0XKHEHUs nHcpeKuun
infections opportunistic infections
AyTOVMMYHHBbIN NpO- JTumcpoma, Cencuc/MeHuHIuT B "eHepann3oBaHHbIN TpombouuTonenns | Sk3eMa — XPOHUYECKWUI
LiecC — XPOHWUYECKUI MIC, 0N, aHaMHese MHCDEKLMOHHbIV niobon npouecc, Tpebyetcs
npoLecc, nnoxo oTee- MM3 s Sepsis/meningitis in past npouecc, Tpebyiomii BbIPaEHHOCTU C AnuTenbHoe
YaIOLLMIN Ha MOHOUM- BO3pacTe A0 medical history MOCTOSAHHOMO JKN3HEYrPOXKAIOLLMMM NpUMeHeHne
MYHOCYMPECCUBHYIO 2 net HaxOoX[OeHWA naumeHTa KPOBOTEYEHUAMU cucteMHbix [KC
Tepanuio Lymphoma, Ha creumndmryeckon (kpoBoTeuenus KT, | Chronical eczema with a
Chronical autoimmune MDS, ALL, MPD Tepanuu MHTpaKpaHuanbHble | long-term corticosteroids
process that poorly re- under 2 years Generalized infection with | KDOBOU3NUAHNA U np.] using
sponds to monoimmuno- of age permanent specific therapy Life-threatening
supressive therapy bleeding due to any
thrombocytopenia
severity
(Gastrointestinal
bleeding, intracranial
bleeding, etc.)
AYTOMMMYHHbI Npo- Jlumdboma, PeuvnusupytoLume Hannuve <20 x 10%/mn, Ok3eMa —
Liecc — XPOHWUYECKMI MAC, 0N, THOViHblE OTUTI, ONMNOPTYHUCTUYECKON YKU3HEYrpoKaloLLme MHTEPMUTUPYIOLLIMI
npowecc, oTeevalo- MM3 s MHEBMOHUU 1 Apyrue MHeKUnK C KpOBOTEYEHMA xapakTtep, Tpebyetca
LM Ha UMMYyHOCY- BO3pacTe OT HakTepuanbHble KIIMHUYECKUMU (snmucTakcuce, 3MM30anyecKoe
NMPeCcCuBHYIo Tepanuio 200 9 net MHDEKLMN B aHaMHe3e Npu3HaKamu, 3KXMMO3bl, npuMeHeHne
Chronical autoimmune Lymphoma, Recurrent otitis, pneumonia, oTBEevaloLLEeN Ha neTexuanbHas Cbirb) cucTeMHbIx TKC
process that responds MDS, ALL, MPD | and other bacterial infections cneumndmyeckyio <20 x 10%/mL, Intermittent eczema
to immunosupressive at the age of in past medical history Tepanuio life-threatening with an occasional
therapy 2-9 years old Specific therapy responsive bleeding (nosebleed, corticosteroids using
opportunistic infection ecchymoses, petechiae)
AyTOMMMYHHbI Npo- Jlumdboma, OTcyTCTBME TAXKENBIX Hannuve > 20 x 10%/mn, Ok3eMa —
Liecc — caMopaspe- MAC, 01, 6aKTepuanbHbIX ONMNOPTYHUCTUYECKON 6e3 BbIpaXKeHHOro MHTEPMUTUPYIOLLIMI
LUMBLLUXIACA 3MNM304 B MM3 B anu3opnos, CD3- MHPEKLMK C reMopparn4yeckoro xapakrep, Tpebyetcs
aHaMHese BO3pacTe nuMmdponenus < 1000/Mkn, MUHWUMaTTbHbIMU CuHApoMa Tonnyeckas Tepanus
Autoimmune process nocne 9 net | aucrammarnobynuHenmus/ | npusHakamu (nokasbHbIi | > 20 x 10%/mL without | Intermittent eczema with
— prior self-resolved Lymphoma, HapyLUeHHast BLUXXuT, LIMB-Bupemus, severe hemorrhagic topical corticosteroids
episode MDS, ALL, MPD | cneuncOMyYHOCTb aHTUTEN | KaHOMAO3 MPOMEXHOCTM syndrome using
at the age of 9 Lack of severe bacterial n J:Lp.)
years and older infections, CD3- Opportunistic infections
lymphopenia < 1000/mkKL, with a minimal clinical
dysgammaglobulinemia/ features (local BCG
alteration of antibody abscess, CMV-viremia,
specificity candidiasis etc.)

Mpumeyarne. MAC — muenoaucnnactuyeckuii cuHapom, OJ1/T — ocTpbivi nuMgbobnacTHbIi nevikos; M3 — muenonponugepatusHbie 3abonesamus; [KC —
rroKokopTukocTepouabl, LIMB-Bupemmns — Bupemus, BbiaBaHHas untomeranosupycom, KT — smenyno4yHO-KMLLIEYHbI TPaKT.
Note. MDS — myelodysplastic syndrome, ALL — acute lymphoblastic leukemia; MPD — myeloproliferative disorders; CMV-viremia — viremia caused by cytomegalovirus.

Llenb paHHow paboTbi: pa3paboTka HaoEeXHOro u
BbICOKONPOM3BOAMTENBHOIO NlabopaTopHOro MpoTo-
KOMa MOSTyKOSIMYECTBEHHOM OLEHKM BHYTPMKIETOYHOM
akcnpeccun benka WASP numdboumntamu nepudpepuye-
CKOW KPOBW.

MATEPUAIbI U METO1bl NCCINEAOBAHUA

[aHHoe uccnepoBaHve ofobpeHO He3aBUCHMMBIM
3TUYECKUM KOMWUTETOM W YTBEPKAEHO PeELUEeHUEM
yueHoro coseta ®I'BY «HMUL A ON um. Mutpms Pora-
yeBa» MuH3gpasa Poccum.

MauueHTbl. Hamm bbinv NpoaHanMavpoBaHbl LaHHbIE
46 naumeHTOB, YbM 0bpasLbl BEHO3HON KPOBU MOCTY-
nunu B nabopaTtopuio TpaHCMMaHTaLMOHHON UMMYHO-
noruu n uMMyHoTtepanuu remobnactozos HMUL, IFOU
uM. [IMnTpusa Porayesa B nepuog ¢ sHeapsa 2018 r. no
AHBapb 2020 r. B uccnenosaHue Bbinv BKITIOYEHbI TONBKO
obpasupbl NauUMEHTOB, Y KOTOPbIX B AanbHenweM bbino
NPOBEAEHO MONEKYNAPHO-TEHETUUYECKOE UCCIEROBAHME
reHa WAS. Bce naumeHTbl UMeNU KIMHUKO-aHaMHeCcTu-
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YeCKMe faHHble, CXOKMe C KapTUHOW, HabriogaeMon npu
CBO. Bce obpasubl bbinv pasneneHsl Ha 2 rpynnbl: nawu-
€HTbl, Y KOTOPbIX BbINKM B fanbHeNLLEM HalAeHbl MyTaLum
B reHe WAS (35 naumentoB us 29 cemeit, Tabrmuya 1,
pucyHok 1), n bofibHbIe, Y KOTOPbIX TakUX MyTaLuii He
6bino (n = 11), y HUX B manbHeiweM bbinm noaTeepsK-
LEeHbl Apyrue cocTosHua. MegmaHa Bo3pacTa B 1-#
rpynne cocTaeuna 27 mecaues (2 mecaua — 17 ner),
34 obcrnenoBaHHbIX BbinK Myskckoro nona (cormacHo
[aHHbIM 06 X-cuenneHHOM xapakTepe 3abonesaHus).
Y 1 nauveHTKu B panbHENLeM BbisiBfiIeHa HEpaBHO-
BECHasA MHaKTuBaums X-xpoMocoMbl. MeamaHa Bo3pacTa
BO 2-i1 rpynne 6bina 22 mMecsiua (2 mecaua — 12 net), B
Hee BOLUIM TOMbKO NiNL@ MYKCKOro nosa. Kpome Toro,
B MccrnegoBaHue Bowu 64 3n0poBbix jobposonbLa B
Bo3pacTe oT 18 po 50 ner.

LWkana Taxectn CBO. [Ina 6onee petanbHon
OLeHKKM dheHoTuna Hamu Bbina paspaboTaHa paclumn-
PEHHas LUKana OLEHKN TAKECTU COCTOAHWA MauneHTOB
¢ CBO, ocHOBaHHast Ha opuruHanbHoW BannbHon Knac-
cudpukaumm 0. Zhu v coasT. [21], yunTbiBaoLLas Bbipa-
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)KEHHOCTb TPOMbOUMTOMEHUN U FeMopparnyeckoro
CUHAPOMa, 3K3EeMbl, YaCTOTY U TAKECTb MHDEKLIMOHHBIX
OCIIOXHEHWI, ayTOMMMYHHbIX MPOLLECCOB U pa3BUTHE
onyxonen (tabnumua 2).

OueHka akcnpeccuu 6enka WASP. O6pasLbl Kpou
Bbinn cobpaHbl B npobupku ¢ EDTA (aTuneHanaMuHTe-
TpayKcyCcHas KUCoTa) U NpoaHanmu3nMpoBaHbl B TeueHue
24 4 nocne BeHenyHKUMK. [1Ns KOHTpONs KayecTBa npe-
aHanMTMUYECKOro M aHanMTUYECKOro 3TamnoB B Kaaoe
nccrnepoBaHWe BKIlOYany LOMNOMHUTENbHbIA obpasel
KPOBW, MOJyYEHHbIN OT 300POBOro MHAMBMAYYMa. 3abop
KPOBW 300POBOr0 MHAMBMAYYMA M NauMeHTa npous-
BOAMIM B OOHO M TO sKe BpeMs, 0bpasLbl XpaHUUCh U
TPaHCMOPTMPOBASIMCL MPU OLMHAKOBLIX YCnoBuax (He
bonee 24 y ot MomeHTa 3abopa, npu Temnepatype
18-25°C).

OcHoBHble 3Tanbl NpoboONOAroTOBKM BKlOYanu:
BbleNleHNe MOHOHYKMeapHbIX KeTok nepudepuye-
CKOW KPOBM METOAOM LIeHTpUDyrupoBaHusa B rpagu-
eHTe nnotHoctu (Lymphocytes Separation Media,
Capricorn Scientific), dmkcaumio 1 nepMeabunusaumio
pearentamu Cell Fixation & Permeabilization Kit (Flow
Cytometry, Abcam). [lanee npoBoamnacb OKpacka
PucyHok 2
CrtpaTterusa remtnposaHus numMdooumtos (QoT-nnotsl) 1
akcnpeccws 6enka WASP (ructorpaMmbl) B pasfimuHbix
cybnonynaumsx nMMcoLUmnTOoB
Cepasi rMcTorpaMMa OTpaskaeT U30TUM-KOHTPOSIb, LBET-

Has — aKcnpeccuio benka B numMdoumuTax 300poBoro
MHEMBMAYYMa

Figure 2

Lymphocytes gating strategy (dot-plots) and WASp
expression (histograms) in different lymphocyte
subpopulations

Grey histogram — isotype control, colored histogram —
protein expression in healthy individual lymphocytes

B- fimaddbidigm Tl |

> : IE - -
‘ WASE
| HR = mamMcp oL e
-+ d | MK Cymg
= & o
1) |
£ T I
El i i
\ 1
I
- N N o -
WASP

MOHOKJI0HaNbHbIMK aHTUTenamu: Mouse Anti-Human
IgG CD45 PerCP (Clone 2D1, Becton Dickinson), Mouse
Anti-Human CD14 IgG V450 (MgP9, Becton Dickinson),
Rabbit Anti-Human WASP IgG pure (Clone EP2541Y,
Abcam), Rabbit IgG pure (Clone EPR25A, Abcam), Goat
Anti-Rabbit IgG H&L Alexa Fluor® 488 (polyclonal,
Abcam). [ina yact obpasuos bbina npuMeHeHa bonee
LeTanu3nMpoBaHHas oLeHKa — NUHENHO-cneuuduyHoe
onpenenexHue akcnpeccun WASP ¢ ucnonbsoBaHuneM
Recombinant human IgG CD45 VioBlue (Clone REA747,
Miltenyi Biotec), Mouse Anti-Human IgG CD16 PE
(Clone B73.1, Becton Dickinson), Mouse Anti-Human
IgG CD56 PE (Clone NCAM16.2, Becton Dickinson),
Mouse Anti-Human IgG CD3 PerCp (Clone SK7, Becton
Dickinson), Mouse Anti-Human IgG CD19 PC-7 (Clone
J4.119, Beckman Coulter), Mouse Anti-Human IgG
CD14 APC (M@P9, Becton Dickinson), Recombinant
human IgG CD8 APC-Vio770 (Clone REA734, Miltenyi
PucyHok 3

3kcnpeccus benka WASP B HopMe v npu CBO

A — BapuaHT akcnpeccum benka WASP 3nopoBoro
UHOMBMAYYMa; B — pe3ko CHuskeHHas/oTCyTCTBYIOLLas
akcnpeccuss WASP npu Hanmuum KNMHUYECKon kap-
TuHbl CBO 1 MyTaumn B rene WAS; B — BumopanbHas
akcnpeccust WASP y naumnenTkn Ne31; ' — HopMasnbHas
akcnpeccus WASP npu Hanuunm KNMHUYECKON KapTUHbI

CBO u runomopdoHoit MyTaummn B reHe WAS (naumeHt
Ne28d)

Figure 3

WASP expression in WAS patient and in healthy individual
A — WASP expression in healthy individual; B — WASP
expression is markedly reduced/absent (clinical features
and WAS gene mutation are present); B — bimodal WASP
expression in the female patient (patient Ne31); I' — normal
WASP expression (clinical features and hypomorphic WAS
gene mutation are present, patient No28d)

A KouTpons B CBO
Control WA
Wi=1%1 c.5B3T>G, p.Phel28Cys
Wi =0.16
€
3 r ﬂ
. /
B ri]
| B
CBO (%) CBO [XCT]
WAS (V)] WAS [XLT]
c.273+2T>C[GT>GC) c. 1430G=A, p.Argd77Lys
|5 :
2 | ﬁ
W
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Biotec), Recombinant human IgG CD4 Vio Green (Clone
REA623, Milteniy Biotec). AHanns obpasLoB NpoBo-
OV Ha npoTouHoM uuToMeTpe FACS Canto Il (Becton
Dickinson). [ins kasknoro obpasua 6bifio cobpaHo He
mMeHee 20 000 cobbiTuin B pernoHe numcboumntos. Mpu
aHanu3e JaHHbIX UCMOMb30Bann NporpamMmHoe obecne-
ueHue Kaluza Analysis (Beckman Coulter) cornacHo
cTpaTernu remTUpPOBaHUs, YKa3aHHON Ha pUCYHKe 2.
Nccnenosanne akcnpeccun benka WASP 6bino npose-
LEHO B MonynsauuMun numdountoB nepudpepuyeckomn
KpoBW. OLIEHKY NMPON3BOAMITN HA OCHOBAHWM MOMYYEHHbIX
3HayeHun geoMFI no kaHany dhnyopecueHumm cooTBeT-
cTByloeMy aHTU-WASP 1 n30TUNMMYECKOMY KOHTPOSb-
HOMYy aHTuTeny. lonyyeHHble 3HayeHWs Bbinu B3ATHI B
pacueT uHgekca akcrnpeccun Benka WASP (WASP Index,
WI) cornacHo cneaytoLeit doopmyne:

WI = geoMFI (o6pasua, okpalueHHoro aHTu-WASP) —
geoMFI (o6pasua, oKpalLleHHOr0 U30TUMUYECKUM aHTK-
Tenom)/100.

3kcnpeccus WASP knaccudpmumpoBanach Kak
HOpMarbHasi B CllyYae HaxosaeHus 3HaueHuss WI Bbiwe
yCTaHOBMEHHOro NMoporoBoro nokasarens (pucyHok 3A, b).

[na yactu nauneHToB 6bINT NpUMeHeH bornee petanwu-
31POBaHHbIN NMOOXOA, 3aKTI0YALLMIACS B OLLEHKE NTMHEN-
HO-cneuMdnyHOM 3Kcrpeccun, a nMeHHo B CD3*CD4",
CD3*CD8* (T-nuMmdboumtax), CD19* (B-numdpountax) un
CD56" (NK-numdpoumTax). K TakoMy Tuny oLeHKu npube-
ranu B cnyyae obHapys)eHus B1MofanbHON/HETUMMYHO
akcnpeccuu bernka, B OCHOBHOM BCTPEYaBLUENCS Y nauu-
eHTOoB, nepeHeclumx TICK.

MMpu oLEHKe BNWSHUA YCIOBUI XpaHEHUA MaTepuana
Ha akcnpeccuio benka WASP yacTb 0bpasuoB fepskanu

PucyHok 4

B nabopaTopHOM xonoaunbHWKe npu Temnepatype 4°C,
OPYryto YacTb — MPY KOMHATHOW TeMnepaTtype 21-24°C.
Cratuctuueckasa obpaborTka paHHbIx. Hamu bbinun
paccuuTaHbl pedpepeHcHble WHTepBasbl (Ha ocHoBse
2,5 1 97,5 nepuenTuneit) WI ansa crnegyiowmx Koropr:
300POBble MHAMBULYYMbI, NALMEHTbI C NOATBEPIKAEHHBIM
CBO v bonbHble, He nMelowme MyTaumii B reHe WAS. B
panbHeiweM npoeefeH ROC-aHanu3 onsa onpepenexvs
OMNTUMarbHOro NOpPoroBoro 3HaveHus WI ¢ Lesnbio Makcu-
MU3MPOBAaTb YyBCTBUTESILHOCTb M CNELMAUYHOCTb TecTa.
Ona ROC-aHanusa ncnonb3oBanu faHHbIe, 38 UCKIIO-
yeHueM cubnuHros, Bbibop HabniogeHus npoBoannu
cnyyainHbiM 06pa3oM. OLeHKY KOppensaumm aKCnpeccum
WI 1 TAKECTU KIIMHUYECKOro COCTOSIHUSI NPOBOAMIIN
npu NOMOLLUM paHroBon oueHkn CnupmeHa. O6paboTky
OaHHbIX OCYLLECTBMAMN NPU MOMOLLM NPOrpaMMHOro
obecneyenus PRISM 6 (GraphPad Software).
MonekynsipHo-reHeTM4YeCcKUM aHanus. [[eHOMHas
OHK 6bina BbineneHa M3 nepudpepuyeckoin KpoBu C
ucnosnb3oBaHnmeM Habopa «[AHK-cop6-B» (UHTepllab-
Cepsuc, Poccus) unm ¢ moMoLlbio aBTOMaTMUYECKOA
ctaHumn NorDiag (Hopserws). Bce KoampyioLme 3K30HbI
reHa WAS v npuneraioLime K HUM y4yaCTKU MHTPOHOB
(B npemenax MuHMMYM 25 nap OCHOBaHWIA OT rpaHuL
9K30Ha) 6bINK aMNAMULMPOBaHLI C MOMOLLBI0 MOJK-
MepasHoit uenHoit peakuun (MUP) ¢ nocnenyouwmm
cekBeHMpoBaHueM no CaHrepy ¢ MCNofb30BaHUEM
Habopa peareHToB BigDye Terminator v1.1 u aBToO-
MaTuyeckoro cekseHatopa ABI Prism 3500 (Applied
Biosystems, CLLIA). MonyyeHHble pe3ynbTaTbl CPpaBHU-
BafiM C FEHOMHON MmocnepoBaTefibHoCTbi0 reHa WAS,
NpencTaBfieHHOW B ped)epeHCHOM FeHOMEe YerloBeka

WI B rpynnax nauneHTOB 1 3MOPOBbIX JOHOPOB, @ TakKe rpadnyeckoe nsobpaskeHne YyBCTBUTENBHOCTM U

CI'IeLLVIq.)M‘-IHOCTVI MeTona

A — BOKC-NNOTbI, HEMOHCTPUPYIOLLME pacnipenesienne 3HadveHuii WI cpeay KoropTbl 300POBbIX MHAMBULYYMOB
(KoHTpOnb), Cpean naumMeHToB ¢ Nofo3peHneM Ha CBO, 1 He MOATBEPMAEHHbIM B AanbHeileM auartHo3oM (WAS-) n
cpeau nauueHTos ¢ CBO (WAS+); B — rpadovk ROC-aHanusa ¢ ykasaHneM 3HaueHus (KpacHbIi KpecT) onTUMarnbHoro

COOTHOLUEeHUA YyBCTBUTEJTIbHOCTU U CI'IeLI,VICbVILIHOCTVI
Figure 4

WI in patients and in healthy individuals; sensivity and specificity graphical depiction
A — box-plots demonstrated WI distribution within healthy cohort (Control), within patients with suspected but not confirmed
WAS (WAS-), within WAS patients (WAS+); b — ROC curve analysis demonstrates optimal value of sensivity and specificity
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(NC_000023.11:48683753-48691427). [Ins HECKOMbKMX
NaLMEHTOB NMOWUCK MyTaLWi MPOBOANIN METOLOM BbICOKO-
NPOU3BOAMUTENLHOO CeKBeHupoBaHusa (next generation
sequencing, NGS) Ha nnatdopme NextSeq (Illumina,
CLUA). Ona npobBonoaroToBkM bbina Mcnonb3oBaHa
cucTeMa rubpuausaumoHHoro oborawleHuns bubnuotek
SeqCap EZ (Roche, LUseiiuapus) ans TapreTHoi naHenu
reHoB «MIMMyHonoruyeckas». lMocnegyiowas sepudu-
Kaumsa HalOeHHbIX BapuaHTOB, @ TaKkXe UCCreaoBaHmne
POLCTBEHHUKOB NaLMeHTa NPOBOAWIIM C NMOMOLLbIO CEKBe-
HUpoBaHus no CaHrepy. KnuHuyeckas 3HauMMoCTb BbIsiB-
NEHHbIX FEHETUYECKMX BapuaHTOB, OTNINYAIOLUMXCA OT
pedepeHCHoOW nocneaoBaTeslbHOCTH, onpefensnach Ha
ocHoBaHuM pekoMeHpaumin American College of Medical
Genetics and Genomics [22]. OueHKy NonynsAUMOHHbIX
4acTOT HaWAeHHbIX BApMaHTOB NPOBOAMIM Ha OCHOBaHMWM
paHHbix B 6ase gnomAD (The Genome Aggregation
Database, https://gnomad.broadinstitute.org/).
OueHKa KNeToyHoro xumepusma. XvMMepusMm
onpegensnu B knetkax CD3*, BbiAeneHHbIX METOAOM
MarHUTHOW cenapauMyM Ha MarHWTHbIX YacTuuax
Daynabeads (Life Technologies, Thermo Fisher
Scientific, CLLIA) ns 0bpa3LoB nepudoepruyeckoin KPoBsM.
OHK pnsa npoBepeHuss aHanus3a 6bina BbigeneHa c
MOMOLLIbIO KOMMMeKTa peareHToB A4 BblgeneHns JHK
u3 KnuMHnyeckoro matepuana «[JHK-cop6-B» B cooT-
BETCTBUM C NPOTOKOSIOM Npou3BoanTens. [anbHenhLmm
aHanua nposoavnu MetopnoM lNLP ¢ neTtekumeii B peskume
peanbHOro BpeMeHU C UCMOb30BaHWEM PEaKTMBOB LS
MUP (000 «LleHTp MeamuUMHCKOA reHeTukm>», Poccus) v

PucyHok 5

BrnvsHve TemMnepaTypbl U ANUTENBHOCTU XPaHEHWS
MaTepuana Ha akcnpeccuio 6enka WASP 3n0poBbix
UHOMBMOYYMOB (+4, +24 1 +48 u)

KpacHasi myHKTUpHas NIMHWS COOTBETCTBYET ONTUMU3U-
pOBaHHOMY MOPOrOBOMY 3HAUYEHWIO 417 ANArHOCTUKM
nauMeHToB ¢ nopo3peHueM Ha CBO

Figure 5

Impact of temperature and storage duration on WASP
expression in healthy individuals ?+4h, +24h, +48h)

Red dotted line represents optimal threshold value for
diagnostics of patients with suspected WAS

20+
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crneumasbHo nopobpaHHbIX NpaMepoB, cneundnUHbIX K
yuacTkaM [IHK ¢ nonumopdpusmamm Insertion/Deletion
(«EBporen», «Cunton», Poccus).

PE3YJbTATbl UCCITIELOBAHUA

Uccneposanue akcnpeccun WASP y 3nopoBbix
mHAnBMAYyMoB. Hamu bbin paccumTaH pediepeHCHbIN
nHTepean WI B Koropte 340pOBblIX MHOMBULYYMOB,
KOTOpbIi cocTasun 8,64-23,2 (MeanaHa 16,06; pasbpoc:
8,26-23,31). Ero HumHee 3HaueHue BbIfo MPUHATO Kak
OVCKPUMUHMPYIOLLIEE B NPEAnofiaraeMoin AMarHocTuKe
naumnenTos ¢ CBO (pucyHok 4A).

Uccneposanune ctabunbHoctu WI npu pasnuunbix
YCNOBHUAX XPaHEeHUs AMarHoCTUYecKoro Matepuana.
Hamu bbina npoBepeHa oueHKa cTabunbHOCTU 3HaYEHNA
WI| MaTepuana 300pOBbIX MHOMBUOYYMOB C YYE€TOM
BIIMSAHWA Takunx (pakToOpoB NpeaHanMTUYecKoro aTana,
Kak BpeMsi U TeMnepaTypa XpaHeHus. B pesynbrate
bbina nonyyeHa MHopMauma o bonee cTabunbHbIX
3HaueHusx WI npu ycrnoBum TpaHCNOPTUPOBKM B NepUOL,
00 24 y npu Temnepatype 18-25°C, He ponyckas nsnuLu-
Hero oxnaskaeHus obpasua (pucyHok 5).

UccnepoBanmne akcnpeccun WASP y nauueHToB ¢
MyTauusamu B reHe WAS. 13 35 obpasuos c noaTeepk-
LeHHoN MyTaumen B reHe WAS B 31 cnyuyae obHapyxeHo
cHuskeHne WI| OTHOCMTENbHO MOPOroBOro 3HaYeHus
(Meanana 0,83; pasbpoc: 0,16-5,36). WcknioueHue
cocTaeunu 0bpasupl 4 naumeHToB (2 napbl CUBMHIOB
13 2 HepoOACTBeHHbIX ceMeit) ¢ MyTaumamu c.1430G>A,
p.Arg477Lys (pucyHok 3I) v c.413G>A, p.Arg138Gln.
3Hauenus WI aTmx obpasuoB Haxoounuch B npepenax
HopMarbHbIX 3HaueHuin (MeaomaHa 17,17; pasbpoc: 14,7-
19,53).

UccneposaHue akcnpeccum WASP y nauueHToB
6e3 MyTauuit B reHe WAS. lNpu oueHke 3Kkcnpeccum
6enka WASP B rpynne 13 11 naumeHTOB, He UMEIOLLMX
MyTaumin B reHe WAS, WI Haxoauncst BblLLe YCTaHOBIEH-
HOr0 Moporosoro 3HayeHus (MeanaHa 15,16; pasbpoc:
8,78-24,81).

MonyyeHne ONTUMU3MPOBAHHOrO MOPOroBOro
puarHoctTuueckoro sHavyeHus WI. Hamu Bbin npoums-
BeneH ROC-anann3 WI nauneHToB C NOATBEPKAEHHBIM
CBO v bonbHbIX, HE MMeloWwMX MyTauuin B reHe WAS,
MO3BOMMBLUMIA NOJTYYUTb ONTUMU3UPOBAHHOE NMOPOrOBOE
OMarHoCTUYEeCKoe 3HayeHne nHaekca okpalumeanus 7,07
C BbICOKVMM MOKA3aTENsAMN YyBCTBUTENMBHOCTW U CNeum-
donurocTn: 93,1% 1 100% cooTBeTcTBeHHO (prcyHok 45).

OueHka Koppensuuu akcnpeccuu 6enka WASP u
TAXECTU TeueHUs 3abonesaHusa y naumentos ¢ CBO.
Hamu 6bino obHapyseHo, uTto cpean 35 maumeHToB
c omarHosoM CBO Mexpy TasecTblo 3aboneBaHus,
pacCuMTaHHOW NPU MOMOLUYM BbILLIEONMCAHHOW BansbHON
cuctembl (Meamana 5, pasbpoc: 1-11), u WI (Meamana
0,86, pasbpoc: 0,16—19,53) cyLiecTsyeT oTpuLaTenbHas
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Tabnuua 3

CpasHeHue akcnpeccum WASP no onucaHHoMy B
nccnefoBaHUy NPOTOKOMY U faHHbIX O XMMepusme
(MUP) B T-nuMdpoumnTax nepndeprnyeckoin Kposu y
naumenTos ¢ CBO nocne TICK

Table 3

Comparison of WASP chimerism data between PCR and
flow cytometry methods in WAS patients after HSCT

9kcnpeccia WASP KneTouHbl# xuMepusm B
MauuneHT T-numcbouutamu
- . T-numcpoumTax (MLIP)
Patient WASP expression % .
. T cell chimerism (PCR)
inT cells
1 CHukeHa B 20% 16,5% KkneTok peuunueHTa
Decreased in 20% 16.5% recipient cells
9 CHuxkeHa B 26% 20% KNeToK peumMnueHTa
Decreased in 26% 20% recipient cells
He MeHee 99% BOHOPCKUX
3 BNﬂ?rEWI:Le KNeToK
>99% donor cells
He MeHee 99% ROHOPCKMX
4 BHiopHe KIEeTOK
Normal

>99% donor cells

Note. HSCT — hematopoietic stem cells transplantation; PCR — polymerase chain reaction.

koppensauma (r = —0,63; 95% KoBepUTENbHbIA MHTepBan:
-0,799~-0,365; p = < 0,0001).

Uccneposanne akcnpeccun 6enka WASP y nauu-
eHToB ¢ CBO, nepenecwux TFCK. Hamu bbina oueHeHa
akcnpeccus WASP y 4 naumentos ¢ CBO, nepeHecLumx
TICK v uMelowwmMx pasnunuHbll ypoBEHb KMETOYHOr0
xuMepusMa. [1Ba naumeHTa MMeM CMeLLaHHbIN XuMe-
puaM B T-kneTkax 20% v 26% (nons WASP/low cpeau
kneTok CD3*), B To BpeMa Kak Metop [NLP nemMoHcTpu-
poBan 16,5% n 20% cooTBETCTBEHHO. Y 2 naumMeHToB ¢
MOMNHbIM JOHOPCKNM XMMEPU3MOM B > 99% CD3*-num-
dhounToB 3kcnpeccus benka bbina B Npepenax fOoKeH-
CTBYIOLLIET0 YpoBHA (Tabnmua 3).

OBCYXAEHUE PE3YJIbTATOB UCCJIENOBAHUSA

CBO, kak n nwoboe nmMMyHopedmUMTHOE COCTO-
siHue, TpebyeT cKopelLlen BepumKaumMmn gmarHosa oo
Pa3BUTUS TaKMX TAXKESbIX MOCNEACTBWIA, KaK MaCCUBHbIe
KPOBOTEUEHUS, TAXeNble MH(PEKLUMOHHbIE 3NMU304bl U1
OHKOMoruuyeckune 3abonesaHus. B cBA3M ¢ 3TUM Hamu
Bbina nocTasneHa uenb paspaboTku 1 Banupaumm nabo-
paTopHOro MeTofa, MO3BOMAIOLIErO BLICTPO U TOYHO
omarHoctupoBaTb nauueHToB ¢ CBO. PaspaboTaHHas
HaMW MeToAuKa oueHku akcnpeccun benka WASP ¢
MOMOLLbIO MPOTOYHON LUUTODNYOPUMETPMM MOKa3ana
BbICOKYIO UyBCTBUTESIBHOCTb M CMELNdUYHOCTb MEeToAa,
MO3BONVWB BbISBUTH MPeBanupyioLLiee H0MbLUMHCTBO naum-
eHToB ¢ fnarHo3oM CBO. Ognako WIy 2 nap cnbnuHros
Bbin BbILLE NOPOrOBOr0 AMArHOCTUYECKOrO 3HaYeHus,
YTO He NOo3BONSANO MOATBEPAUTb UM AmarHo3 CBO
LaHHbIM MeTofOM. B opHoM ceMbe bbina obHapyskeHa
MUCCEeHC-MyTauusa B 9K30He 11 — 370 3aMeHa Hykneo-
™na 1430G>A, npuBoasLlas K 3aMeHe aMUHOKUCHIOTbI
p.Arg477Lys B C-koHLEBOM lOMEHe, HeOBX0aMMOM Lnis
B3aMMOLENCTBUS C aKTUHOM; MUCCEHC-MyTaLWK B 3TOM
goMeHe 0bblYHO He BNMAIT Ha cTabunbHOCTb Benka

Bonpock! reMaTonorin/OHKONOM M 1 MMMYHONATOMOM MM B NeauaTpum
2020 | Tom 19 | Ne 2 | 141-151

WASP [11]. llaHHbIn reHeTUYeCKuit BapuaHT Bbin paHee
onucaH B nuTepatype y 1 naumeHTa, MMEIOLLErO TOMbKO
MSArKO NPOTeKaloLLyi0 TPOMBOLUMTONEHUIO, HO CDYHKLMO-
HasbHbIA aHanu3 MyTauuK U OLEHKa akcnpeccumn benka
y Hero He nposoamnuce [23]. Y BTopoit napbl cMBNMHIOB,
MMEBLUMX HOpMarnbHbIA ypoBeHb akcnpeccun WASP,
Bbina BbISBIeHa 3aMeHa HykneoTupa c.413G>A, npuso-
OAWas K 3aMeHe aMuHokucnoTbl p.Arg138GIn. JaHHbIv
annens uMeeT nonynaumoHHyto yactoty 0,00094 cpenn
eBponenLeB HEPUHCKOro MPOUCXONKAEHUSA, MPUYEM
Bcero B 6ase paHHbIx gnomAD 3aperuncTpupoBaHbl 27
3[0pOBbIX JOHOPOB-MYXUuMH B Bo3pacTe oT 30 go 80
NeT, FEMU3UIOTHBIX NO 3TOMY BapuaHTy. [1pucyTcTBy-
foLasa B HopMe B no3uummn 138 aMMHOKMCNOTa apruHuH
XMMUYECKM Mario OTNINYaeTCs OT BbIIBIIEHHON Y HALLEro
nauueHTa aMMHOKUCNOTHI rioTaMuH. Bece atu apry-
MEeHTbI 3aCTaBMsANM HAC TpaKkToBaTh 3aMeHy p.Arg138Gln
Kak runomopdoHyio. MauneHtbl ¢ XCT M HopManbHoOR
akcnpeccueit WASP 6binu onucaHbl 1 paHee [24], xota
WCTUHHYIO Y4aCcTOTy 3TOro oeHOMEHa OLIEHUTb NOKa He
NpeacTaBnAeTcA BO3MOKHbBIM B CBA3W C HeHOMbLIMM
yncnom onybnmkoBaHHbIX HabnopeHu. OcTanbHas
KOropTa UCCRefoBaHHbIX HaMU NaLUEHTOB AEMOHCTPU-
poBafna CHukeHHble nokasatenu WI. Mpu 3HauyeHusax WI
< 1 skcnpeccus benka WASP TpakToBanacb Kak 0TcyT-
CTBYIOLLIAsA/PE3KO CHUKEHHAS.

HeobxoomMMo 0TMeTWUTb, UYTO HaMMK yuuTbiBanachb
CneundMUHOCTb MOHOKJIOHAMIBHOMO aHTUTeNa, UCMnonb-
3yeMoro B Metope. AHTUTeNo Bbino cneumduyHo K
C-KoHLeBOMY yuacTky benka (o6nact VCA-gomeHa)
6e3 yueTa ocobeHHOCTel ayTOMHIMBUPOBAHHON UMK
aKTUBHOM chopMbl benka. B cBsisan ¢ 3TUM BonbLUMH-
CTBO BapuvaHTOB CUHTE3UPYEMbIX MyTaHTHbIX BENKoB B
TEOpPUN JOMKHbI BbITb JOCTYMHBI AN OLEHKMU [aHHOWM
METOOMNKOW.

MpoTouHas uUUTONYOPUMETPUSI HE SIBASIETCH
MeTOLOM, MO3BOMAIOWMM KOIMYECTBEHHO OLIEHWUTH
cofepskaHue BHyTpukneTouyHoro benka. M Bce xe
NPUHLUMN OEeNCTBUA, Nexaluuni B ero 0CHoBe, No3Bo-
NSET CyAWTb O ero OTHOCUTESIbHOM KonnyecTBe. Taknm
0bpa3oM, NpenMyLLeCcTBOM JaHHON METOOUKM ABMAETCS
BO3MOKHOCTb MOJTYKOSIMYECTBEHHOr0 onpepefieHns
akcnpeccum benka WASP Ha ocHoBaHMM 3HaveHust WI. B
HaCTOSALLMIA MOMEHT B NUTepaType ourypupyeT MHOXe-
CTBO paboT, YCMOBHO OMUCbLIBAIOLLMX KONMYECTBO berka
B BMAe ero npucyTcTsus/oTcyTcTBuUA Nubo Hanuuus
yKopoyeHHoi chopmbl [9, 19, 20]. Hawa MeToauKa ¢
MCMOMb30BaHWEM KOJIMYECTBEHHOrO MHAEKCA NO3BONSET
NpoBOAWTL DBoflee LUMPOKMIA CPaBHUTENbHbIV aHanmn3
pa3nUUHbIX XapakTepucTuk nauuneHTtoB ¢ CBO. Tak, Ha
OCHOBaHUWN 3HAYEHMUI OLLEHKM TAMKECTM COCTOSAHUS M
WI b6bina obHapyseHa oTpuuaTtenbHas Koppensauus
MEOY TAMECTbI0 COCTOSHUA NauMeHTa U BETMYMHON
WI. [laHHasi MHdopMaLmMsi MOXeT MOMOYb Bpauy cocTa-
BUTb LEMIOCTHYI0 KapTUHY COCTOSHMA NauueHTa,
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ocobeHHO Korpa BOMPOC KacaeTCcs MPOrHO3MpPyeMOoM
TSKECTU COCTOSIHUA WS OMPefEeNeHNs MHTEHCUBHOCTM
Tepanuu.

PaspaboTaHHas MeTooMKa NpUMEHMMa He TONbKO
ona vpeHTudmkaumm nauventoB ¢ CBO u paHHew
OLIeHKM CTEMNEHM TSKeCTU 3aboneBaHus, HO MOXeET BbiTb
nofnesHa B MOATBEPKAEHUWN MPUNKUBIIEHWNA AOHOPCKUX
reMono3TUYECKUX CTBOJIOBbLIX K/IETOK y MauWMEeHTOB,
nepeHecunx npouenypy TICK. OnucaHHas Hamu MeTo-
OMKa NO3BOMSET M30NMPOBAHHO OLEHWBATb IKCMPECCHIO
WASP B pasnuuHbix nonynauuax numdoumToB. Tak,
NpU CpaBHEHWM Pe3ynbTaTOB NIMHENHO-chneuunduye-
cKoit akcnpeccun berika WASP (npoTtounas umtodony-
OpUMETpUsA) M NIUHERHOrO XMMepusMa T-NUMAIOLMTOB
(MarHuTHaA KneTouHas cenapauus C nocleayloLle
MUP B peanbHoM BpeMeHu) Bbiv NoMyyYeHbl ConocTa-
BWUMble pe3ynbTaTbl. Micnonb3oBaHue faHHOW METOAMKM
y nauunenToB ¢ TI'CK nossonset nonyuntb vHdop-
MaLMio O COCTOSIHUM KITETOYHOrO XMMepum3ma B bonee
KOPOTKME CPOKM U CO CBOWCTBEHHOM NPOTOYHOW LMTO-
hNyopuMMETPUM NNACTUYHOCTHIO OLLEHKM KIMETOYHOrO0
MoNynsALUMOHHOr0 CoCTaBa.

XoTenocb 6bl OTMETUTb NONb3y faHHOro nabopa-
TOPHOr0 MeToAa B AMArHOCTUKE HETUMUYHBIX U CIOKHbIX
KIIMHUYeCKMX cnyyaeB. Hamu Bbin nccneposaH obpased
KPOBM MaUMEHTKW, UMeloLed NOCTAaTOYHO TAXKENYyo
KnuHuyeckylo kapTuHy CBO, y koTopou B reHe WAS
Bbina obHapyxeHa reTepo3nroTHas MyTauus B canTte
cnnaicuura (c.273+2T>C). Y aToit nauueHTKM Bbino
BbISIBJIEHO OTK/TIOHEHME B YPOBHe 3Kcrpeccumn benka
WASP, nposiBrsioLLieecs B BUAe KapTuHbl bumopanbs-
HOro pacnpepeneHusa akcnpeccun (pucyHok 3B). B
HacTosLlee BpeMs UMeeTcs psd nybnukaumi, onucbiea-
towmx CBO y naumeHTOB KEHCKOro nona ¢ MyTaumsamm
B reHe WAS v npeumyLlecTBEHHOM MHaKTMBaLMEN
X-XpOMOCOMbI C HOpMasibHOM Konuen reHa [25-27].
MopobHble peakne cryyan NpOABEHUS Y MaLMEHTOB
)KEHCKOr0 nona X-cuenfeHHbIX peLeccuBHbIx 3abone-
BaHWI onucaHbl B CBA3KN ¢ (DeHOMEHOM HEPABHOBECHOM
MHaKTMBaLUMM X-XxpoMocoMbl [28, 29].

YuntbiBas 0COBEHHOCTU CPOKOB U YCIOBUK
XpaHeHus MaTepuana, UCNofb3yeMOro B NMPOTOYHOW
umMTocbnyopuMeTpum, Hamu bbina NnpoBefeHa OUeHKa
cTabunbHOCTM onpepenexus akcnpeccun benka WASP
C YYETOM BNUAHUS BHELLHWUX (DaKTOPOB MpeaHanuTu-
yeckoro atana. 1o utoram 3ToN OLEHKM Mbl CMOIIM
ONpenenuTb ONTUMarnbHblE YCIOBUS TPAHCMOPTUPOBKM
MaTepuana s KaueCTBEHHOrO BbINOMHEHUS TecTa.

[aHHasa uHdopMaLms sBnseTcsa KpaliHe HeobxoanMow
npv paboTe c MaTepuanoMm, Nofy4YeHHbIM U3 yoaneHHbIX
pervoHoB Poccuiickon ®epepaumu.

3AKIIOYEHUE

MeTonbl oueHKkn akcnpeccun benka WASP npwu
OMArHOCTMKe NaumMeHTOoB C nopjo3peHueM Ha CBO
LOCTaTOYHO YacTo YNOMUHaTCA B 3apybeskHon nuTe-
patype. OgHako paboT, onucbiBalOWNX METOAUKY,
cpenu poCcCUMCKMX nybnukauui Ha AaHHBIN MOMEHT
He cylwlecTtByeT. Hamu Bbin pa3paboTaH MeTOR OLEHKM
BHYTPUWKIIETOUHOM 3Kcnpeccun benka WASP Ha ocHoBe
LaHHbIX OCTATOYHO KPYMHOW KOropTbl NaUMEHTOB C
CBO. XoTenocb bbl 0TMETUTb, UTO pa3paboTaHHas Hamu
MeTOfMKa MOXeT ABNATbLCA He0bXOAUMbIM WMHCTPY-
MEHTOM Aase Mocre NPoBeAeHNS reHETUYECKOro TeCTU-
pOBaHMS, MO3BOMIAA AOMNOMHUTL UMEIOLLYIOCA KapTUHY
B OTHOLUEHUWU NATOrEHHOCTU HANOEHHbIX reHeTnye-
CKUX BapunaHToB. TaknM o0bpas3oM, KOMBUHMPOBaHHbIN
Nnoaxof B LMarHOCTMKe MaLMeHTOB C MOAO3PEHUEM
Ha CBO paeT BO3MOMHOCTb BbICTPO U CBOEBPEMEHHO
AvarHocTMpoBaTb AaHHoe 3abonesaHne, YTo 0cobeHHO
Ba)XHO B CBETE TOr0, YTO HA HAaCTOALLMI MOMEHT 6onb-
LUMHCTBO BOMBbHBIX HYXXOAIOTCS B CKOPENLUER UHMLN-
auuu Moucka AOHOPa WM MOArOTOBKE K mpoueaype
TICK.

MCTOYHUK ®UHAHCUPOBAHUSA

MccneposaHne nposefeHO Mpu CMOHCOPCKOM MOAAEepKKe Bnarotso-
putenbHoro doraa «floaapn XusHb» 1 HoHLA NMOAAEPIKKM U pPasBu-
i B obnacTv [eTcKoi reMaTosioruu, OHKOMOrMM W UMMYHOMOrUM
«Hayka — [leTsim».

KOH®JIUKT UHTEPECOB
ABTOpbI CTaTbW MOATBEPAUNM OTCYTCTBME KOHC(DIIMKTA WHTEPECOB, O
KOTOPOM HeobxoamMMo CcoobLLUNTb.
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