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B cTaTbe npencTaBneH peTPOCNEKTVBHLIA aHanM3 rpynmbl NaLUMeHToB C AeOULMTOM NUPYBaTKNHASbI
aputpoumTos (n = 41; MeanaHa BospacTa—>5 neT 1 Mecsil: oT 4 MecsiLes [0 26 NeT 6 MecsiLieB), MPOXOAMBLLIMX
obcnenosaHne B HMULL AFON M. iIMutpus Porayesa no noBopy HeyTOYHEHHOW HaCfeACTBEHHON
reMonuTnyeckoi aHemum B nepuop ¢ 2013 no 2020 r. JaHHoe nccnepnoBaHWe ofobpeHo MoKasbHbIM
3TUYECKUM KOMUTETOM U YTBEPXAEHO peLleHneM yyeHoro coseta HMUL IFOU M. mutpus Porayesa.
BceM naumeHTaM gnarHo3 6bin NoaTBEpKAEH MOMEKYNAPHO-TEHETUYECKUM UCCIEN0BaHNEM, BbIMONHEHHbLIM
METO/OM BbICOKOMNPOU3BOAUTENBHOrO cekBernpoBaHist IHK (NGS). MoMoanroTHbie MyTaumm B reHe PKLR Gbinm
0bHapyseHbl y 10 (24,39%) naumeHToB, KOMMNayHA-reTepo3uroTHble MyTaumm —y 31 (75,61%). Cpenm Hux

Pediatric Hematology/Oncology and Immunopathology
2021 | Vol. 20 | Ne 2 | 84-96



FfematTonorwus m

77,78% cocTaBuiv MUCCEHC-MyTaumn. Pacnipenereque no nosty (MyscKoi:skeHckuid) cocTasmrio 1:1,73. Xots
Bbl OIHOKPATHO TPAHCY3MA SPUTPOLIMTHON B3Becu noTpebosanack 40 (97,56%) nauveHTaM. MuHUMarbHbIA
BO3pacT Ha MOMEHT fiebioTa TpaHCY3VMOHHON 3aBUCUMOCTY — 1 CYTKM XU3HWU, MaKCUMarnbHbIM — 4 ropa.
3aMeHHoe nepenmBaHWe KpoBM Bbino BbINOMHEHO 13 AeTAM, TAKeNas HOpMOLMTapHas rvneppereHepaTopHas
aHeMusi C MPOBEAEHVNEM 3aMeCTUTESIbHON Tepanun IPUTPOLIMTHON B3BECHIO B MEPBbIE MECALIbI U3HU
O0TMeueHa y 12 naumeHToB: Ha 1-M MecsiLe —y 9, Ha 2-M Mecsiue — Y 8, Ha 3-M Mecsue —y 6, Ha 5-M MecsLe —
y 2 petei, Ha 1-Mropy su3Hn —y 1 pebeHrka, a 'y 2 geteit TpaHcy3um Bbinn BoINoTHEHbI OBHOKPATHO Ha choHe
MHAIEKLIMOHHBIX 330008 B 3 11 4 ropa. CneHIKTOMYS B CBA3M C BbICOKOW TPAHCDY3VMOHHOW 3aBUCMMOCTBIO
BbinosiHeHa 10 nauveHTaM: TpaHCAY3MOHHAs HE3aBUCUMOCTb JOCTUrHyTa y S AeTew, y 5 — yBenmueHvie
WHTEpBasa Mexay reMoTpaHcdysvsaMu. MeavaHa Bo3pacTa NpoBENEHUs ONepaTMBHOIO BMELLATENbCTBa
cocTaeuna 7 net 4 mecsaua (ot 1 roga oo 14 nert). Beero y 41 naumnerTa 6biro onmcaHo 36 reHoTUMOB:
c.1529G>A -y 3 peteit, ¢.1137_1139del/c.1456C>T -y 2, ¢.1079G>A/c.1529G>A -y 2, ¢.1130T>C/
€.1456C>T -y 2, ocTasbHble FEHOTUMbI BCTPeYanucb 0aHOKpaTHO. C Hanbornblue YacTOTON BCTpeYanuch
2 MyTaumm: €.1456C>T (16,67%) v ¢.1529G>A (16,67%). Y 19 (46,34%) naumeHToB 3acpMKCMpOBaHbI paHee
He OnMCaHHble MyTaLmK.

KnioueBble cnoBa: reMosmTuyecKas aHeMmsl, 4echmumnT NupyBaTKUHA3bI, TMPYBAaTKNHA3a, HACIIEACTBEHHAS
HecghepounTapHas aHeMus, AeTH, FreHeTUYeCKMe MyTaLumn, MyrbTULIEHTPOBOE NCC/IEA0BaHNE

YepHsik E.A. 1 coaBT. Bonpockl reMaTonorun/oHKoNornm 1 MMMyHonatonorun B neanatpumn. 2021; 20 (2): 84-96.
DOI: 10.24287/1726-1708-2021-20-2-84-96

Non-spherocytic hemolytic anemia caused by erythrocyte pyruvate © 2021 by «D. Rogachev NMRCPHOI-

kinase deficiency: the analysis of genetic defects in pediatric patients, ﬁecewefé 22‘;%1222%2211
= . H H ccepte .02.

living in Russian Federation

E.A. Cherniak?, N.E. Sokolova?, K.V. Semiglazova!, |.N. Lavrentyeva®, E.K. Donush?*, O.l. Plaksina®,

M.V. Borisova®, N.A. Danilyuk’, E.S. Mitrofanova®, |.P. Baturskaya’, N.G. Revina®®, T.I. Burlutskaya!, M.A. Rakov?,

A.V. Evstratov®, 0.M. Tselousova'4, V.V. Lebedev?®, N.V. Chaplygina®, |.V. Koryakinal’, N.S. Osmulskaya®®,

E.l. Afanasyeva®, 0.E. Nikonova?, L.I. Sokolova?, E.Kh. Tsedenisheeva?, I.M. Yunusova?®, E.O. Zauralov?,

I.V. Osipova®, K.S. Aslanyan®, E.V. Sipacheva?, 0.P. Boldyreva®, G.R. Kazaryan®, E.V. Basharova®, S.G. Mann',

M.A. Kurnikova?, E.V. Raikina?, N.S. Smetanina!

1Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology, Ministry of Healthcare of the Russian

Federation, Moscow

2Children’s City Multidisciplinary Clinical Specialized Center of High Medical Technologies, Saint-Petersburg

3Morozov Children’s City Clinical Hospital, Department of Health in Moscow, Moscow

“Russian Children's Clinical Hospital of the N.I. Pirogov Russian National Research Medical University of Ministry of Healthcare of the Russian

Federation, Moscow

°Regional Children's Clinical Hospital, Nizhny Novgorod

SKrasnoyarsk Regional Clinical Center for Maternity and Childhood Protection, Perinatal Center, Krasnoyarsk

’Regional Oncological Dispensary, Penza

8Children’s Regional Clinical Hospital, Tula

’Amur Regional Children’s Clinical Hospital, Blagoveshchensk

’Regional Children's Clinical Hospital named after P.G. Vyzhletsova, Arkhangelsk

YChildren’s Regional Clinical Hospital, Belgorod

2Regional Children's Hospital, Bryansk

“*Regional Clinical Children's Hospital, Kaluga

*Kirov Research Institute of Hematology and Blood Transfusion, FMBA of Russia, Kirov

*Children’s Regional Clinical Hospital, Krasnodar

“Regional Children's Clinical Hospital, Kursk

Y’Regional Children's Hospital, Lipetsk

8Regional Children's Clinical Hospital, Omsk

“"Regional Children's Clinical Hospital, Orenburg

2Perm Regional Children’s Clinical Hospital, Perm

2IChildren'’s city hospital. Republican Children’'s Oncohematological Center, Yoshkar-Ola

22Children’s Republican Clinical Hospital, Ulan-Ude

ZN.M. Kuraev Children’s Republican Clinical Hospital, Ministry of Healthcare of the Republic of Dagestan, Makhachkala

2Children's Republican Clinical Hospital, Saransk

#Regional Children’s Clinical Hospital, Kazan

%Regional Children's Clinical Hospital, Rostov-on-Don

2?’Regional Children's Clinical Hospital, Tambov

2Regional Clinical Hospital Nel, Tyumen

2’Regional Children’s Clinical Hospital, Nizhnevartovsk

%Regional Children's Clinical Hospital, Chelyabinsk

The article presents retrospective data analysis of a cohort of patients with PKD (n = 41 patients, aged 4 months — 26,5 years, median Correspondence:

of age — 5 years 1 month) who were examined at the Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Ekaterina A. Cherniak,

Oncology and Immunology for unspecified hereditary hemolytic anemia during the period 2013-2020. The study was approved scientific co-worker of the department of

by the Independent Ethics Committee of the Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology optimizing of treatment of hematological

and Immunology. In all patients, the diagnosis was confirmed by Next Generation sequencing (NGS). The homozygous mutations in diseases, Dmitry Rogachev National

the PKLR gene were found in 10 patients (24.39%), compound heterozygous mutations in 31 patients (75.61%), 77.78% of them were
missense mutations. Gender distribution (male:female) was 1:1.73. At least once transfusion of erythrocyte suspension was required
to 40 (97.56%) patients. The minimum age at the time of the debut of transfusion dependence was the first day of life, the maximum

Research Center of Pediatric Hematology,
Oncology and Immunology, Moscow, Russian

was 4 years. Exchange blood transfusion was performed in 13 children, severe normocytic hyperregenerative anemia with transfusion Federation

of red blood cells in the first days of life was noted in 12 children, at the 1%t month of life — in 9 children, at the 2™ month of life — in Address: Russia, 1179971,

8 children, at the 3 month —in 6 children, at the 5" month — in 2 children, at the 1** year —in 1 child, and 2 children underwent single Moscow, Samory Mashela st., 1
transfusions on the background of infectious episodes at 3 and 4 years respectively. Splenectomy due to high transfusion dependence E-mail: ekaterina.chernyak@fccho-moscow.ru

was performed in 10 patients: transfusion independence was achieved in 5 patients, in 5 — an increase in the interval between blood
transfusions. Median of surgical intervention (9 patients): 7 years 4 months, minimum age — 1 year 4 months, maximum — 14 years
4 months. In total, 36 genotypes were described in 41 patients, among them were: ¢.1529G>A in 3 patients, ¢.1137_1139del / ¢.1456C>T -
in 2 patients, ¢.1079G>A/c.1529G>A in 2 patients, ¢.1130T>C/c.1456C>T in 2 patients, other genotypes occurred once. Two mutations
were the most frequent: ¢.1456C>T (16.67%) and ¢.1529G>A (16.67%). 19 (46,34%) of patients had previously not described mutations.
Key words: hemolytic anemia, pyruvate kinase deficiency, pyruvate kinase, hereditary non-spherocytic anemia, genetic
mutations, multicenter study
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acneacTBeHHas HecdhepoumMTapHas reMonuTuye-

CKas aHeMus B pesynbTaTe feddekTa NMpyBaTKu-

Hasbl (OMK) 3aHMMaeT ogHO M3 MepBbiX MecT no
pacnpoCTPaHEHHOCTH Cpean BCex HechepounTapHbIX
remMonMTUYecknx aHemuit [1], a Takwe sBnsieTca camoit
yacToh dhepMeHTONaTUeN FNIMKOMUTUUYECKOrO MyTH
aputpounTos [2, 3]. W.N. Valentine u coasT. onucanu
paHHoe 3abonesaHue B 1961 r. [4]. Bnepsble ToueuHble
MyTauuu B reHe PKLR, pacnonoeHHOM Ha XpoMocoMme
1921 u cocTosLweM 13 12 3k30HOB, onucaHbl B 1991 r.
(5, 6].

B pesynbTate romMosmroTHbix Nnbo KomnayHa-re-
TEPO3UroTHbIX MyTaumii B reHe PKLR cHuaeTcs Bbipa-
boTka dpepMeHTa nupysaTkuHasbl (MK). 3To oamH 13
OCHOBHbIX (DEPMEHTOB MIM30MM3a, KaTaau3npyIoLLmWii B
umkne Kpebca npouecc npespalueHusa dpocdoeHonnm-
pyBaTa B nMpyBaT ¢ 06pa3oBaHneM MOSIEKyIbl afeHO3NH-
Tpudpocdpata (ATD). B ycnosusx nedpuumta doepmerTta
HapyLlaeTCcAa KloYeBas peakuus rivkonvaa, pawoLwas
okono 50% AT® sputpoumToB. HegoctaTouHoe Konunye-
CTBO 3HEPrUM HapyLUaeT 3N1EKTPOXUMUYECKUI FPaANEHT
MeMOpaHbl 3pUTPOLMTOB, COKpaLLas NPOJOIIKUTESb-
HOCTb WX }M3HW, C MPEXLEBPEMEHHON SMMMUHALMENR X
13 KPOBOTOKa cerieseHkon [7, 8]. B HacTosLee BpeMs
B reHe PKLR onucaHo 6onbuie 300 myTaumin [9, 10]. He
onucaHHble paHee MyTauun reHa PKLR BcTpeyvaloTcs
npuMepHo y 25% naumenTos [11].

OnucaHbl MyTaLmMmK Bo Beex 12 aKk3oHax (uallle Bcero
BCTPEYaloTCsl 3K30HbI 7, 8, 9 1 11), a TaksKe eAnHUYHbIE
MyTauuu B NPOMOTOPHOWM oBnactu reHa [12]. bornbluyio
YyacTb MyTaUMi COCTaBNSAIOT TOYEYHbIE MUCCEHC-MY-
TauuW, NPUBOAALLME K (DYHKLMOHAMbHBIM U/UN CTPYK-
TYPHbIM HapyLleHnaM benka (66—70% ot obLuero uncna
MyTaLWi B 3aBUCMMOCTU OT reorpacdiMyeckoro pervoHa),
1 MyTauuu caita cnnaicuira (13%) [11-14]. [ins Heko-
TOpbIX CTpaH obHapy»eHbl Bonee yacTble MyTauuu
reHa PKLR: 3ameHa ¢.1529G>A (p.R510Q) y nauveHTos
CeBepHo¥ 1 LleHTpanbHon EBponbl u CLLA; ¢.1456C>T
(p.R486W) — B cTpaHax I0skHoI 1 3anagHoit EBponsbi;
c. 1468C>T (p.R490W) — B cTpaHax Asuu [15-18].
[JaHHble MexpyHapoaHbix nybnukaumii, B KOTOPbIX BbIn
BbIMOJSTHEH aHanu3 KIAWHUYECKON KapTUHbI, MHAOpP-
Maumsi 06 akTmBHOCTM T1K in vitro, a Takse pesynbTarthl
MOJNEKYNIAPHO-TEHETUYECKOr0 UCCMEefoBaHNA Npoae-
MOHCTPMPOBasM B3aMMOCBS3b MeXAY Donee TAKENbIM
TeyeHveM 3abofieBaHnA 1 HanMUYMeM HOHCEHC-MyTaLui
NN MUCCEHC-MYyTaLUUi, 3aTparvMBaloLLIMX aKTUBHbLIN
LeHTp dhepMeHTa Unm BAUAIOLLMX Ha ero cTabunbHocTb
[17, 19].

MHoroobpasvie nNaToreHHbIX BapuaHTOB, Kaxabln 13
KOTOPbIX OKa3bIBAET Pas3fIMUHOE BIUSHWUE Ha aKTUBHOCTb
MK, np1BOAMT K LLMPOKON BapuabenbHOCTU cheHoTUNMYe-
CKMX ocobeHHocTe 3aboneBaHus 1 3aTPyOHAET aHanua
KOPPENALMM FEHOTUMA W TSKECTU KIIMHUYECKNX NPOSIB-
neHunn y naumeHToB. OTCYTCTBME XapaKTepHbIX NPOSB-

nenui, otnuyatowmx AMNK oT gpyrux HacneacTBEHHbIX
HecdhepoLMTapHbIX FEMONTUTUYECKUX aHEMUIA, TPYAHOCTU
LMarHoCTUKM ¢ He0BXOAMMOCTbIO MCMOSIb30BaHUA CeLm-
(hbMYECKMX METO0B UCCefoBaHusa (MoneKynsapHo-re-
HeTMYeCKOe UCCMefoBaHWe, onpenesieHne akTUBHOCTM
tbepMeHTa) 3aTPYAHAIOT OLIEHKY 4acTOTbl BCTpeYae-
MOCTM JaHHON HO30/10rnYecko popmel. B 3aBncumMocTm
OT reorpadpnMyecKkoro permoHa gaHHble 0 YacToTe BCTpe-
YaeMocTv BapbupyloT oT 3 0o 5 Ha 1 000 000 yenoeek
[20].

BospacTt maHndecTaumm MK Takske MoxeT oTnu-
yaTbCs: OT febioTa B aHTeHaTanbHOM NEPUOE C BOLAHKM
nnoga v NoTpebHOCTU B perynspHbiX TpaHcdysuax
3PUTPOLMNTHOM B3BECU C POMAEHUS LO TpaHcdysu-
OHHO HEe3aBWCMMOro TeueHus 3abonesaHuns ¢ aHeMUEn
NErkon CTEMEHN TAKECTU U XPOHUYECKUM CyBKOMNEH-
CMPOBaHHbIM reMonu3oM. Kpome Toro, ¢ BO3pacToMm
BO3MOKHO M3MEHEHME TSXECTU TeueHus 3abonesBaHus
B CTOPOHY KaK YBENIMUEHWS], TaK U COKPaLLEHUs UHTep-
BasIoB Mesxay TpaHcdysusaMu. K obLimMM nposiBneHusM
3aboneBaHMs OTHOCATCA MOBbLILEHHAA YTOMIIAEMOCTD,
ObILLIKA, UKTEPUUYHOCTb KOMHbIX MOKPOBOB M CKIlep,
CNIIEHOMEeranus, a TakXe sKenyHokaMmeHHas bonesHb
(*KKB) v BTOpMUHan neperpysKka enesoMm. MpuMepHo y
10% nauueHTOB pa3BMBAIOTCA OYaryv 3KCTpaMenynnsap-
HOrO KPOBETBOPEHMSI B pe3ynbTaTe Hea(hEKTUBHOMO
aputponoasa [20]. Takxe onucaHa Koppensums onpe-
LeneHHbIX FTEHOTUNOB C NEYEHOUHOW HelOCTaTOYHOCTLIO
[21].

Ha ceromHAWHUA feHb «30M0TbIM CTaHOAPTOM»
omnarHoctukm AMNK sBnsetca onpepenieHne akTUBHOCTH
hepMeHTa ¢ 0b6sA3aTenbHbIM NPOBEAEHUEM MOJSIEKY-
NSPHO-FeHeTUYECKOoro nccnepoBaHuna reHa PKLR, uto
3aTPYOHAET MOCTaHOBKY [MarHo3a LNns NauuveHToB B
Poccuitckoin Gepepaumm (PP) B cBA3M C ManNogoCTynHO-
CTbl0 A@HHbIX METOLOB.

Llenb paHHO# paboTbi: NPOBECTU aHaNMU3 reHHbIX
HapyLleHWn npu HecdepOLMTapHON FreMONIMTUYECKON
aHeMuu, Bbi3BaHHoW LMK apuTpounToB, y NauMeHToB
LeTckoro BospacTa B PO.

MATEPUAIbI U METO[1bl UCCIIEQOBAHUA

[laHHOEe MHOroLEeHTPOBOE PETPOCMEKTUBHOE UCCHIEe-
[oBaHWe 000bpeHO NOKanbHbIM 3TUYECKUM KOMUTETOM U
YTBEPXAEHO peLleHneM yyeHoro coseta ®IBY «HMUL
OION um. Omutpus Porauesa» Munappasa Poccum.

Hamu bb1n npoaHanuanpoBaHbl aHHbIE MaLMEHTOB,
obpawaswuxca B ®IBY «HMUL OIFOU um. Omutpus
PoraueBa>» MuHagpaBa Poccum B CBSI3V C HeYTOUHEHHOM
HacnencTBEHHOW reMONIUTUYECKON aHeMWeEN B Nepuop C
2013 no 2020 r. MNpoaHan1avpoBaHa MeloLLLasca Mefu-
LMHCKas BOKyMeHTaums (BbINUCKM, pesynbTaTsl obcne-
posanus). Pacnpenenenue nauueHToB N0 pervoHam
Poccuv npenctaeneHo Ha pucyHke 1.
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PucyHok 1

Pacnpenenexve naumenTos ¢ ANK no pervioHam PO (n = 41)
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LleHTpanbHbIi dhepepanbHbii okpyr — 15 naumeHToB; CeBepo-3anapHbivi dhenepasbHblil okpyr — 4; 0xHbIN thenepanbHbIii okpyr — 2; Ceepo-Kas-
Ka3ckuit hepepanbHbifi okpyr — 1; MpuBomKkckuii dpepepanbHbii okpyr — 11; Ypanbckuin doefepanbHbii oKpyr - 3; Cubupckun dhenepanbHbIn

okpyr — 3; [lanbHeBOCTOUHbIV chefepasbHbIi OKpyr — 2
Figure 1

Distribution of patients with PKD in the regions of the Russian Federation (n = 41)
Central — 15 patients; Northwestern — 4; Southern — 2; North Caucasian — 1; Volga — 11; Ural — 3; Siberian — 3; Far Eastern — 2

BceM nauveHTaM npoBefeHO MOJIeKYNAPHO-reHe-
TUYeCKoe MCCNefoBaHWe MeTOAOM BblICOKOMPOM3BO-
ouTenbHoro cekseHuposanusa OHK (NGS) Ha npubope
NextSeq (Illumina, CLUA) MeTonoM napHO-KOHLEBOro
uTeHns (120 x 2) co cpeaHeit rnybuMHOM NpouTEHMA
He MeHee 100x u nokpbiTMeM LeneBoro pernoHa 99%
npu rnybuHe npoyTeHus He MeHee 20x ¢ ncnonb3oBa-
HWEM KaCTOMHOW naHenu «[ eMofMTuYeckne aHemMmmn»
(Roche, LLseituapus), Brmiovatowen 75 reHos: ABCB7,
ADA, ADAMTS13, AK1, ALDOA, AMN, ANK1, BPGM,
C150RF41, C3, C3AR1, CASP10, CD46, CDAN1, CFB,
CFH, CFl, CUBN, CYB5R3, DGKE, DHFR, EPB41, EPB42,
FAS, FASLG, G6PD, GATA1, GCLC, GPI, GPX1, GSR, GSS,
GYPA, GYPC, HBA1, HBA2, HBB, HBG1, HBGZ2, HFE, HK1,
KCNN4, KIF23, KLF1, MTR, NT5C3A, PFKL, PFKM, PFKP,
PGK1, PIEZO1, PIGA, PIGT, PKLR, PUS1, RHAG, SEC23B,
SLC19A2, SLC25A38, SLC2A1, SLC40A1, SLC46A1,
SLC4A1, SPTA1, SPTB, SRD5A3, TCN2, TF, TFR2, THBD,
TMPRSSé, TPI1, UGT1A1, XK, YARS2 (Ha3BaHus reHos
paHbl B cooTBeTcTBMM ¢ HUGO Gene Nomenclature
Committee). [Ins npobornogroTosku Gbina Ucnonb3oBaHa
MeToAMKa rMbpnansaumnoHHOro cenekTnBHoro obora-
weHus dparmMeHtamu [IHK, oTHOCALMMKUCS K KOAMPY-
oMM 06nacTAM nepeyncrnieHHbix reHos. [1na novcka
MPOTSKEHHBIX AeNeumnn, BkloyaloLwmx reH PKLR niv ero
dparMeHThl, ucnonb3osancs MLPA-aHanus. Pogutenu
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NauMeHTOB M COBEPLUEHHOMETHUE NaUMeHTbl MOANMcanu
[0bpoBosIbHOE MHPOPMMPOBaHHOE COrflacue Ha npoBe-
LEeHNe MONeKyNAPHO-TEHETUYECKOr0 UCCefoBaHuS.

Cratuctuyeckas obpaboTka pesynbTaToB BbINOSI-
HEHa MeToAaMu OnucaTenbHOW CTaTUCTUKKU C NpuMe-
HEeHWEM MPUKNAgHOro nakeTa nporpamm Statistica 10
(StatSoft Inc., CLLUA). [aHHble aHanu3WpoBanuch Ha
COOTBETCTBME pacrnpefesieHns 3HayeHun n3yyaemoro
MoKasaTensa 3aKoHY HOPManbHOro pacrnpepeneHns
(W-tecT LWanupo-Ywusnka). [laHHble NpeacTaBfieHbl Kak
cpenHee 3HauyeHWe + cTaHmapTHoe oTKroHeHue (SD)
ONA NepeMeHHbIX C HOpPMarbHbIM pacnpeneneHmeM v
MenuaHa (Me) (HUMHUIA KBAPTUIIb; BEPXHUI KBapTUIb)
0J15 MepeMeHHbIX C pacnpepesnieHneM, OTAMYHbIM 0T
HopMasbHoro. CpaBHeHWE MepeMeHHbIX Mexny 2 rpyn-
namu NauneHTOB MPOBOAMIM C NoMolubio U-kpuTepus
MaHHa-YuTHU. Pasnuumna cumtanucb CTaTUCTUYECKU
3HaumMbiMu npu p < 0,05.

PE3YJIbTATbl UCCJTIELOBAHUA

KnuHnueckune paHHbie

Mo pesynbTaTaM MOMEKYNSPHO-TEHETUYECKOIO
nccnepoBaHua ans aHanusa bbinu oTobpaHbl faHHbIE
41 nauueHTa C NOATBEPKAEHHbIM OUarHO30M: Hacnen-
CTBEHHas HecdepouMTapHas reMOSIMTUUECKAs aHeMus,
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Bbl3BaHHaa [lK aspuTtpountos. Pacnpepenexue no
nony (Mysckoit:skeHckuit) coctasuno 1:1,73. Meamana
BO3pacTa NaLMeHTOB Ha MOMEHT HacTOfLLero uccne-
nooBaHua — 5 net 1 MecAu, MUHMManbHbIA BO3pacT —
4 MecsLa, MaKCcMMarnbHbI — 26 neT 6 MecsiLes.

MpoBepneHue xoTs Bbl 0gHOW TpaHCcy3nmn 3puTpo-
uMTHo B3Becu notpebosanock 40 (97,56%) nauueHTam;
HEe MPOBOAMINCH FeMOTpaHCdy3un ToNbKo 1 pebeHky B
BO3pacTe 2 NIeT C KOHUeHTpauuein remornobuHa (Hb)
83-89 r/n. MuHMManbHbIi BO3pacT Ha MOMeHT febioTa
TpaHCy3MOHHOW 3aBUCUMOCTY — 1 CYTKU SKU3HU, MaKCK-
ManbHbIh — 4 rofa. 3aMeHHOe NepefiMBaHne KpPOBM
(3MK) B paHHEM HeoHaTanbHOM MEpMofe BbINOSHEHO
13 (31,71%) nauuenTaMm. Tasenas HopMouUWUTapHas
runeppereHepatopHas aHemus, notpebosaBsLuas 3ame-
CTUTENbHON TpaHCcdy3un 3pUTPOLMUTHON B3BECH, B
nepBble MecsiLibl }13HKU 0TMedeHa y 12 (29,27%) neteit:
Ha 1-M Mecsiue skm3Hn —y 9 (21,95%), Ha 2-M Mecsiue —
y 8 (19,51%); Ha 3-M Mecsiue — y 6 (14,63%); Ha 5-M
mecsue —y 2 (4,88%); Ha 1-M rogy su3HM (MeouumH-
CKas AOKYMEHTauuWsA C TOYHOW [aToW nepBoOM TpaHC-
yaun yTepsaHa) —y 1 (2,44%) peberka. Y 2 (4,88%)
LeTen 3aMecTuTenbHble TpaHcy3un noTpeboBanuch
O[HOKPATHO 3a BpeMs HabniofeHnsa Ha choHe nHdpekum-
OHHbIX 3M130408B B 3 1 4 ropa.

B KNMHWMYecKoW KapTWHe cpeay OCHOBHbIX MPOSB-
newunit sabonesanusa (pucyHok 2) bbinu: cnieHoMe-
ranua — y 28/35 (80%) nauueHTOB; renatoMeranus — y
28/41 (68,29%); MKTEPUUHOCTb KOXM 1 CKiep —y 19/41
(46,34%); neperpyska xenesom —y 11/41 (26,83%);
KKB —y 7/41 (17,07%); vKTepuuHoCTb KoM — y 6/41
(14,63%); nkTepuuHocTb ckinep —y 5/41 (12,2%).

PucyHok 2

KnuHuueckasn xapaktepuctuka naumeHtos c ANK
3MONT - apuTpoumnTHas Macca, obefHeHHas NelkouMTaMm U TPOM-
6ountamu

Figure 2

Clinical characteristics of PKD patients
RBC - red blood cells
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CnneHskToMus Gbina BbinonHeHa 10 (24,39%)
nauueHTaM. B cBA3M C BbICOKON TpaHCHY3NOHHOMN 3aBU-
CUMOCTbIO (exeMecsayHble TpaHCdy3nu SpUTPOLIMTHOM
B3BeCM) onepaTMBHOE BMEeLLATENbCTBO BbIMOJHEHO
9 petaM, ewle 1 naumeHTy onepaumsi NpoBEAeHa B CBA3M
C XpoHuyeckon runepbunupybuHemunenn. ¥ 4 naum-
EHTOB [0 NMPOBENEHNS XUPYPrMYECKOro BMeLLaTeNbCTBa
Habnioganacb cnnieHoMeranus, gaHHble 0 pasMepax
CeneseHkn A0 CMNEHIKTOMUM Y 6 nauneHToB Bbinu
HepocTynHbl. MefnaHa Bo3pacTa NpoBeAeHWs onepa-
TUBHOro BMewatenscTea (n = 9) coctasuna 7 net
4 mecsua, MMHUManbHbIM Bo3pacT — 1 ron 4 mecsua,
MaKcuMarnbHbin — 14 neT 4 Mecsita. [IByM naumeHTam
nepBOHayasnbHO Obifia BbINOSHEHA 3HOOBACKYNspHas
OKKJI03MsA ceneseHkn. OpHoMy pebeHKy nepBoHayasibHo
nposefeHa aMbonMsauus cene3eHOYHON apTepuun B
Bo3pacTe 1 ropa, B 2 roga 5 MecsLEB y 3TOr0 nauveHTa
Bblna oTMeueHa BblpaxeHHas runepTpodmsa ocTaB-
LLIENCSA MOCIIe OKKIII03MK NapeHXVMbl Cefle3eHKu, nocre
yero B Bo3pacTe 6 net 4 MecsLeB eMy bbifa BbINONHEHA
CNneHaKToMus. Bropomy pebeHKy onepaTuBHOe BMeLLa-
TenbCTBO MPOBOAMIOCL B 3 3Tana: B 6 U 9 Mecsaues —
OKKNo3ua cocynos Ha 75% u 90% cooTBeTCTBEHHO, B
1 rop 2 Mecsila — OKKITI03KS JOMONHUTENBHOW apTepuu,
B pe3ynbTaTte yero bbia JOCTUrHyTa TpaHcy3noHHas
He3aBMCKUMOCTb. TpaHCy3nOHHAs HEe3aBWCUMOCTb
nocrie CnneHsKToMun focturHyta y 5 (50%) pmeteit,
npu 3ToM HopManusauus Hb ¢ nonHow koMneHcaumen
remMonun3a He NPoM3oLLNa HK y ogHoro naumenta (Hb ot
78 no 101 r/n, peturynoumtos 1,7-31,32%, npu 61oxu-
MWUYECKOM UCCIef0BaHUM CbIBOPOTKM KPOBW rnnepbunmn-
pybuHemus cocTtasuna 28,9-171,6 Mkmonib/n). Y 5 (50%)
nauneHTOB Mocfle CNMEH3KTOMUK BbINIO0 LOCTUIHYTO
yBenuUyeHne nHTepsana Mexay reMotpaHcdysmamu: y 1
pebeHka B TeueHne 5 neT nocne onepaTMBHOro BMeLla-
TENbCTBA BbIMNOSIHEHO 3 TPaHCY3UN 3PUTPOLUTHOWM
B3BeCKu no TpeboBaHuio, y 1 — yBenmueHne uHTepBana
Meskay TpaHcdy3usMm oo 2 Mec, y 2 — o 3 Mec, y 1 — o
4 mec. ¥ 1 naumeHTa B NocreonepaumMoHHOM nepuoae
OTMEYEHO OCMOXHEeHWe B BUAE ATPOrEeHHOro CrfieHosa.

YKKB npu obcnepoBaHum obHapyskeHa y 7 (17,07%)
NnauMeHToB: B 2 cnydasx notpeboBanock NpoBefeHue
XOMeunCTIKTOMMK, 5 OeTein Mnofy4vanu KoHcepBa-
TueHylo Tepanuio. Takke y 11 (26,83%) 6onbHbIX 0TMe-
UeHa BTOpWYHas Nneperpyska xenesoM. OgHa naumeHTKa
He nomnyyaeT XenaTOpHylo Tepanuio B CBA3W C UHAM-
BMAYanbHOMW HenepeHoCMMOCTbio Ledepasmpokca.
XenaTtopHylo Tepanuio gedepasmMpokcoM B feKkap-
CTBeHHOM chopMe TabneTka gucneprypyeMas nosyyaioT
6 bonbHbIX, B fekapcTBeHHOW chopMe TabneTka,
MOKPbITasA MeHouYHoi obonoukoit, — 3 aeteit (2 nauu-
€HTaM CMeHa feKapcTBeHHo dhopMbl Aedhepasnpokca
NpOBEfeHa B CBA3W C MIOXOW KOMMIAEeHTHOCTLIO), Y
1 naumeHTa yepes 6 Mec nocre Havana Tepanuu npenapat
BPEMEHHO OTMEHEH B CBSI3W C MOBbILLEHNEM aKTMBHOCTM
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MEYEHOYHbIX TpaHcaMWHas. CpegHuid Bo3pacT Havana
XenaTopHow Tepanuu coctaeun 4,8 + 3,8 roga.

Cpean conytcTBylowmnx 3abonesaHui y nauu-
EHTOB OnucaHbl: cMHAPOM Kunbbepa — y 3 (7,32%)
neteit, bonesHb Bunnebpanpa —y 1 (2,44%), 6onesHb
Kpora —y 1 (2,44%), HelpoceHCOpHas TYroyxocTb — Y
1 (2,44%), paciuenuHa rybbl, TBepaoro u MArkoro Heba
(onepaTuBHOE BMeELUATENIbCTBO: XEMOPUHONMIACTHKA
nepsuuHas cripasa no Munnapay) —y 1 (2,44%).

Tabnuua 1

PesynbTathl nabopaTtopHoro uccnenosaHus

y nauuenTos ¢ [AMK (n = 41)

Table 1

Results of laboratory studies of patients with PKD (n = 41)

MapameTtp Pesynbrathl m
Indicator Results
06Lwmit aHanm3 KpoBm
Routine blood test
Hb, r/n
Hb, g/l 84,3+ 11,7 41

PeTukynouutsl, %
Ret, %

SpuTpounTsl, x 10%%/n

11,1+£111 40

RBC, x 10%%/ 28+05 “
mgy,ﬂd)ﬂ 89,2+9.2 37
mggﬂ,pgr 30,1+26 36
mgﬁc(;,g;{n 336,7+17,5 35
gfﬁr:ﬁfogﬂm x 107/n 4325+1975 41
e e |

Bruoxummuecknin aHanus Kposu
Blood chemistry test

06Lwmit 6GUNUpPY6UH, MKMOSb/N
Total bilirubin, pmol/L

MpsMoit BUNUpYBUH, MKMOnb/n
Conjugated bilirubin, umol/l

79,7+ 60,8 36

92+32 33

JlakTataerugporeHasa, En/n
Lactate dehydrogenase, U/l

DeppuUTUH, MKI/n
Ferritin, pg /1

850,4 + 729,7 35

723,6 +791,10 37

lMpumeyanne. MCV — cpearHuii obbem aputpountos; MCH — cpenHee conep-
saHue remornobura B aputpounte; MCHC — cpeaHsisi KOHL@HTpaLms reMoro-
buHa B apuTpounTe.

Note. RBC — red blood cells; MCV — mean corpuscular volume; MCH — mean
concentration hemoglobin; MCHC — mean corpuscular hemoglobin concentration; PLT
— Platelets; WBC — white blood cell, Ret — reticulocytes.

PesynbTatbl nabopatopHoro obcnenosaHusa naum-
eHToB ¢ [II1K npenctasnexsl B Tabrmye 1.

[lo npoBeneHns MOMeKyNAPHO-TEHETUYECKOro
“ccrnenoBaHNsa, NO3BOMMBLLIEI0 YCTaHOBUTb OKOHYa-
TenbHbIn guarHo3 [AMNK, 24 nauveHTa Habnioganuch
reMatonoramMm C AMarHo30M: HEYTOYHEHHas remo-
nmMTnYeckas aHemus, 6 — ¢ AMArHO30M: BpPOXAEHHas
AM33PUTPONO3TMYECKAA aHeMusi, 1 — ¢ AnarHo3om:
HacneacTBEHHbIN 3MAMATOUMTO3 U 1 — ¢ anarHosom:
HacneACcTBEHHAs reMONUMTUYeCKas aHeMus BCreacTaue
LMK, BepndmumMpoBaHHOIO MO oueHKe akTuBHOCTM MK
aputpouuTos. KpoMe Toro, 9 yenosek Habnoganucs ¢
AMarHo3oM: HacrneAcTBeHHaa cdpepounTapHas reMonm-
Tuueckas aHemust (HCTA), 4 U3 HUX B LENAX CHUKEHUS
TpaHCdY3MOHHOW 3aBUCUMOCTM U rnepbunupybrHemMum
Bbina npoBefeHa CNIEHIKTOMMS. B CBA3M C OTCYTCTBMEM
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3dbdrekTa 0T NPOBELEHHOIO ONEPaTUBHOIO BMeLLaTeSb-
CTBa Moce MOSIBIEHNA TEXHUYECKOW BO3MOXHOCTU Bbifo
NPUHSTO peLLeHue o npoBegeHun JHK-gnarHocTvkm ons
YTOUHEHUA AMarHosa.

YuunTbiBas HEOQHO3HAYHOCTb Pe3ynbTaToB, Nonyya-
€MbIX MpW UCMOMb30BaHWUM CTaHAAPTHLIX METOLOB AMarHo-
CTVKM HacfefCTBEHHbIX FTEMOSTMTUYECKUX aHEMUI, Bbino
MPOBELNEHO CpPaBHEHWe JaHHbIX 0BCefoBaHUsA NaLMEHTOB
¢ AMNK, BbINONHABLUMX B paMkax nepsuyHoro obcnepo-
BaHus apuTpoumToMeTpuio (n = 24) ¢ pacuetom cpen-
Hero onameTpa 3pUTPOLMTOB, MHAEKCA CHEPUYHOCTH
(UC), c pesynbTatamMu obcrenoBaHns 6ombHbIX ¢ HCIA
(n = 25) (tabrmua 2). B aHanm3 Bbinu BKMIOYEHbI Pesyrib-
TaTbl 24 nauneHToB ¢ [I1K ¢ nepBMYHBIMK OMarHo3aMmu:
HacneacTBeHHbIN cchepounTos (n = 7), HeyTouHeHHas
reMonUTUUecKas aHemus (n = 16), BpomaeHHas aM3apuTPO-
noatuyeckas aHemus (n = 1). Mo pesynbTataM cTaTUCTU-
YECKM 3HAUMMBbIX Pa3numniA B KONUYECTBE PETUKYIOLMTOB
He BbifiBneHo (p = 0,56). ¥ nauvenTos ¢ OMNK MCV Bbin
BbiLLIe, YeM y naumeHToB ¢ HCI'A, npy Bonee HU3kux 3Haye-
Husx MCHC. Y naumnenTtoB ¢ HCI'A no paHHbIM 3puTpoLmM-
TOMETPUM 3HAUYMMO HUXKE OKa3anucCb CpPefHW ouameTp
sputpouwmTta, NC 1 konmuecTso cchepoumToB B Maske. [pu
3TOM obpalLiaeT Ha cebs BHYMaHWe, YTo CpefHNe 3HAYEHUS
NC nnsa koropTbl nauueHToB ¢ [INK HMxe HOpManbHbIX
nokasatenen (3,4-3,9), uto noaTeepsxaaeT Heobxoam-

Tabnuua 2

PesynbTtatbl 06cnenosanus naumenTtos ¢ ANK n HCIA
Table 2

Results of examination of patients with PKD and hereditary
spherocytos hemolytic anemia (HSHA)

MokasaTtenb ANK (n=24) HCrA (n=25)
Index PKD (n=24)  HSHA (n = 25) p
06LUmMin aHanns KposK
Routine blood test
b, i 87,08+1130 104,80+17,37 <0,001
Petakynountsl, % 10164986  737:280 0,560
ApuTpoumTsl, x 1012/n
REG PIa 296+052  368+052  <0,001
MCV, con
MOV, ﬂcb 88,65 + 8,63 77,92+ 6,39  <0,001
MCH, nr
MCH, ng 30,13 + 2,33 28,28 + 2,81 0,014
MCHC, r/n 340,70 +
MCHC, g/t 17.98 361,29 + 14,32 < 0,001
IpUTpOLIMTOMETPHS
Erythrocytometry
Cpennuin anameTp
GnIOIpnRE), M 7,10 £ 0,39 6,35 + 0,29 < 0,001
Average erythrocyte
diameter, pm
nc
Sl sraey s e 3,24 + 0,68 2,57 £ 0,25 < 0,001
CchepoumTbl, %
Sﬁe?ocytes. % ° 1,01 + 1,09 16,01 + 10,57 <0,001
MovikunnoumnTos, %
i ayaes, O ° 19,09 +7,11 23,08 + 11,62 0,312
AHUIOUMTOS, o 773+158 9214135 0,002

Anisocytosis, %

MOCTb KOMIIIEKCHOMN OLieHKU pe3ynbTaToB obcnenoBaHus
BonbHbIX BS19 BEPHOM NMOCTAHOBKM AMarHo3a.
AHanus MyTaumi



N3 41 cembm petert ¢ AMNK ana obcnenosaHus Bbinm
pocTynHbl 16, B KoTopbix Bbinu obcnepoBaHbl 29 poau-
Tenei NauUMeHToB, Npu 3ToM B 13 ceMbsax Bbinu AOCTYMHbI
ons aHanusa oba poguTens npobaHaa, a B 3 — TOMIbKO
oauH us pogutenei. Mo pesynbtatam aHanusa JHK y
27 uenoBek 13 29 HbiM 0BHaApPYsKEHbI FETEPO3UrOTHbIE
MyTauum B reHe PKLR.

"oMO3uroTHblE MyTauun B reHe PKLR Bbinu obHa-
pyseHbl y 10 (24,39%) nauneHToB, KOMMayHO-rete-
PO3UroTHble MyTaumn — y 31 (75,61%). Bcero 6bino
npoaHanuaupoBaHo 72 MyTauuun B reHe PKLR, cpenu
HMX BONbLUMHCTBO COCTaBWUIM MUCCEHC-MyTauun —
56 (77,78%), Takxe onucaHbl Takue BapuUaHThbl, Kak
MyTaumuu caita cnnaicudra — 7 (9,72%), HoHceHc-My-
Taumn — 5 (6,94%), neneuun 6e3 casura pamku
cuntbiauna — 2 (2,78%), MyTauma co CABUrOM
paMku cumntbiBanmsa — 1 (1,39%) n 1 (1,39%) kpynHas
aeneuus.

AHanus pacnpepeneHus no kKoaupylowmm obna-
CTAM reHa A9 YHWKanbHbIX MyTaLuin BbiABU Havbonee
YacTyI0 BCTPEYAEMOCTb MyTaLMi B 3k30He 8 — 8 MyTaumi,
B 3K30He 10 — 7 MyTaumin; B 3K30Hax 7 n 9 — 5 MyTauui;
B 9k30He 4 — 4 myTaumu; B 9K30Hax 1, 5, 6 n 11 —
1 MyTauua;, NpoOTAMeHHas Oeneuns 3K30HoB 1-2
(pucyHok 3). B ak30Hax 3 1 12 MyTaumu He 0BHapysKeHbI.

Bcero npu obcnepnoBaHun 6bino obHapyxkeHo
36 pasnuuHbix reHoTunos. Hanbonee yacTto BCTpe-
yaloLMMmKCs cpean Hux Boinun: ¢.1529G>A/c.15629G>A
(n=3; 7,32%), c.1079G>A/c.1529G>A (n = 2; 4,88%),
¢.1130T>C/c.1456C>T (n = 2; 4,88%), ¢.1137_1139del/
c.1456C>T (n = 2; 4,88%). CaMbiMK yacTbiMK cpeau
0bHapyeHHbIX B reHe PKLR mMyTaumii ctamu: ¢.1456C>T
(n =12; 16,67%), ¢.1529G>A (n = 12; 16,67%), uTo
COOTBETCTBYET MEXAYHAPOAHbIM AaHHbIM, TaKXe 4acTo
BCTPEYanuCb TakMe naToreHHble BapuaHThbl, Kak c¢.101-
1G>A (n = 5; (6,94%), c.1079G>A (n = 4; 5,56%),
¢.1130T>C (n = 3; 4,17%), ¢.1318G>T (n = 3; 4,17%),
€.1137_1139del (n = 2; 2,78%), ¢.1436G>A (n = 2;

PucyHok 3
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2,78%), c.1583A>T (n = 2; 2,78%), c.665G>A (n = 2;
2,78%), c.994G>A (n = 2; 2,78%).

Takwe Bbln NPOBEAEH aHarn1s reHoTUMOoB MauMeHToB
nocne cnneHakTomun. Cpenun TpaHCcdy3MOHHO He3aBu-
CMMbIX MOCMe OMNepaTUBHOrO BMeLLATeNbCTBA NaLUeHToB
y 2 BblnvM npeHTUdULMpPOBaHbl KOMMayHA-reTepo3n-
roTHble MucceHc-myTaummn (c.1021G>A/c.1456C>T;
c.1223C>T/c.1529G>A), y 1 - romosuroTHas
MucceHc-myTaumsa (c.1529G>A), y 1 — MucceHc-MyTaums
(c.1529G>A) v BCTaBKa HyKNeoTuaa CO CABUMOM PaMKu
cuutbiBanuna (c.415dupG), y 1 — MucceHc-MyTaums
(c.1456C>T) v peneuus 6es coBura pamMKu CUUTbIBAHMA
(c.1137_1139del).

KnuHuueckada U MonekynspHo-reHeTuuyeckas
XapaKTep1CTUKa rpynnbl NaLMEHTOB C BNepBble BbiAB-
neHHbIMM BapuaHTamu B reHe PKLR

Y 19 (46,34%) ns 41 nauneHTa obHapyM)eHbl He
onucaHHble paHee MyTaumu reHa PKLR (rabnmuya 3):
B 2 Cry4yasix OHM Bblnu BbISIBIEHbI B FOMO3WUIOTHOM
cocTosHun (c.1318G>A un ¢.1269+1G>A), B 1 cnyvae —
B KOMMayHA-reTeposnroTHoM coctosHum (c.1583A>T/
¢.1510C>T), B ocTanbHbix 16 cnyyasx paHee He
OMMCaHHble BapuaHTbl BCTPETUNNCL B KOMNAayHA-reTe-
PO3WUIrOTHOM COCTOSIHUM C paHee OMUCaHHbIMU BapuaH-
TaMu. Y Bcex 6osbHbIX aHeMUA Bblnia HOPMOXPOMHOW,
HOPMOLMTapHOW rMneppereHepaTopHon. YeTbipeM naum-
eHTaM MpoBefeHa crnneHakToMmus: 3 peberka (reHo-
Tunbl ¢.415dupG/c.1529G>A, ¢.1021G>A/c.1456C>T,
c.1137_1139del/c.1456C>T) B panbHeinweM ocTasa-
MCb TPaHCY3MOHHO HE3aBUCHMMbBIMU, HECMOTPSA Ha
COXpaHsIoLLYiocs aHeMuio 40 78 /N MUHUMAnbHO; Y
1 pesoukm (c.1130T>C/c.1318G>T) nocne onepauum
OTMEYEHO YyBeNMYeHne MHTepBana Mexay TpaHcdy-
3uamu ¢ 4 Hep 0o 4 mec. XKKB 3adpmkcupoBaHa y 2 naum-
eHToB (C.415dupG/c.1529G>A, ¢.1021G>A/c.1456C>T),
1 »3 HMX NMpoBeAeHa XONeuucTakToMusa. BropuuHas
neperpyska enesoM, noTpeboBaBLIas xenaToOpHOM

PacnpeneneHune yH1KanbHbIX MyTaumii No sk3oHam reHa PKLR

Figure 3
Distribution of unique mutations by exons of the PKLR gene

o B N N B~ OO0 N 0 O

Promoter Exon 1 Exon 2 Exon 3 Exon 4 Exon 5

MpomoTop 3K30H 1 OK30H2 OK30H3 IK30H4 OK30HS 3Kk30H6 OK30H 7 OK30H8 3k30H 9 3k30H 10 Ok30H 11 Ok30H 12
Exon 6 Exon 7 Exon 8 Exon 9

Exon 10 Exon 11 Exon 12
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Tabnuua 3
Pe3yanaTb| MOJIeKyINAPHO-reHeTU4YeCKoro nccregoBaHnsa
Table 3
Results of genetic research
x3on/ 9k30H/
No MMauuent, non MyTauus MHTPOH  Tun MyTauum [lpuMeyanue MyTtauus Tun MyTauun lpumMevanne
- Patient, gender Mutation Exon/ Mutation type Note Mutation E MHT RO Mutation type Note
Intron xon/Intron
1 2 3 4 5 6 7 8 9 10
1 B.M., Myskckoi c.1079G>A 3K30H 7 MucceHc [22] c.1079G>A 3K30H 7 MucceHc [22]
B.M., male (p.C360Y) Exon 7 Missense (p.C360Y) Exon 7 Missense
o T.Y., sKeHcKuii c.1528C>T 3k30H 10 HoHceHc [23] c.1528C>T  3ksoH 10 HoHceHc (23]
G.U., female (p.R510Ter) Exon 10 Nonsense (p.R510Ter) Exon 10 Nonsense
3 TN, Mysckoi c.1529G>A 3k30H 10 MucceHc [24] c.1079G>A 3K30H 7 MucceHc [22]
G.l., male (p.R510Q) Exon 10 Missense (p.C360Y) Exon 7 Missense
4 [1.3., sKeHCKui c.1529G>A 3k30H 10 MwucceHe [24] c.1529G>A 3k30H 10 MwucceHc [24]
D.E., female (p.R510Q) Exon 10 Missense (p.R510Q) Exon 10 Missense
BnepBble
5 KY. meHckuit c.1637T>C 9k30H 11 MwucceHc BbiABMEHA c.1529G>A  3kson 10 MucceHc [24]
K.U., female (p.L546P) Exon 11 Missense First (p.R510Q) Exon 10 Missense
discovered
6 KA. Mysckoit €.1594C>T 3k30H 10 MucceHc [25] c.1456C>T  3ksoH 10 MucceHc [24]
K.D., male (p.R532W) Exon 10 Missense (p.R486W) Exon 10 Missense
Bnepebie
7 K.C., seHckuit c.1429A>G 3K30H 9 MucceHc [26] €.665G>A 3K30H 5 MucceHc BbISIBIIEHA
K.S., female (p.T477A) Exon 9 Missense (p.G222E) Exon 5 Missense First
discovered
Briepsble
g K., meHckuit ¢.1130T>C 3K30H 8 MucceHc BbISIBIIEHA c.1456C>T  3ksoH 10 MucceHc [24]
K.D., female (p.M377T) Exon 8 Missense First (p.R486W) Exon 10 Missense
discovered
[eneums bes Bnepsble
9 J1M., seHckuit c.1137_1139del 3k3oH 8  cmBura pamku BbISIBSIEHA c.1456C>T  3kson 10 MucceHc [24]
L.M., female [pKSSOdel) Exon 8 CYUTbIBAHUA First [pR486W] Exon 10 Missense
Deletion discovered
10 M-A.. MycKoit c.1529G>A 3k30H 10 MucceHc [24] c.994G>A 3K30H 7 MucceHc [28]
M.A., male (p.R510Q) Exon 10 Missense (p.G332S) Exon 7 Missense
Bnepsble
11 M.P., senHckuit c.1583A>T 3k30H 10 MucceHc BbIIBNIEHA c.1436G>A  3k30H 9 MucceHc [27]
P.R., female (p.D528V) Exon 10 Missense First (p.R479H) Exon 9 Missense
discovered
BnepBble Brepebie
12 M.E., Mysckoii c.1318G>A 9K30H 9 MucceHc BoisenieHa  C.1318G>A  3k3oH 9 MucceHc BbISIBNEHA
P.E., male (p.E440K) Exon 9 Missense First (p.E440K) Exon 9 Missense First
discovered discovered
= Cawt Cant
13 Cyﬁ_?ﬁ‘::gfg” c.101-1G>A Mlt:-trg)?lel cniaitcuHra [25] c.101-1G>A Mlﬂzﬁ)%”ll cnnaicuHra [25]
Splicing site Splicing site
. Cant
C.[0., MyxcKoi c.1529G>A 3k30H 10 MucceHc _ MHTpoH 1 Z
14 S.D.,Xﬂale (p.R510Q) Exon 10 Missense [24] c.101-1G>A Intr%n 1 CSI'IJ'IaMCMHra (28]
plicing site
15 C.B., eHckui c.401T>A 3K30H 4 MucceHc [24] c.401T>A 3K30H 4 MucceHe [24]
S.V., female (p.v134D) Exon 4 Missense (p.v134D) Exon 4 Missense
Brepsbie
16 T.M., sKeHCKui c.1529G>A OKk30H 10 MucceHc [24] c.1072G>T 3K30H 7 MucceHc BblSIBNEHa
T.M., female (p.R510Q) Exon 10 Missense (p.G358W) Exon 7 Missense First
discovered
17 M., xeHckui c.1529G>A 3k30H 10 MucceHe [24] c.1529G>A  3ksoH 10 MucceHe [24]
Ya.M., female (p.R510Q) Exon 10 Missense (p.R510Q) Exon 10 Missense
Bnepsble
18 B-T.. Mysckoit c.665G>A 9K30H 5 MucceHc BbIABEHA c.1318G>T  3k3oH 9 HoHceHc [30]
B.T., male (p.G222E) Exon 5 Missense First (p.E440Ter) Exon 9 Nonsense
discovered
19 B.A., eHckuit c.1181C>T 3K30H 8 MucceHc [26] c.1456C>T  3ksoH 10 MucceHc [24]
B.A., female (p.A394V) Exon 8 Missense (p.R486W) Exon 10 Missense
Briepsble
o0 B-A., seHckuii ¢.1130T>C 3K30H 8 MucceHc BbISIB/IEHA c.1318G>T 9K30H 9 HoHceHc [30]
V.A., female (p.M377T) Exon 8 Missense First (p.E440Ter) Exon 9 Nonsense
discovered
91 KA., MyxcKoil c.1174G>A 3K30H 8 MucceHc [25] c.1456C>T  3ksoH 10 MucceHc [24]
K.A., male (p.A392T) Exon 8 Missense (p.R486W) Exon 10 Missense
= Cant
K.H., Myskckoit _ WHTpOH 1 5 c.787G>A OK30H 6 MwucceHc
22 KAN..)ll'hale c.101-1G>A Intr%n 1 csnn_a_mcmura [25] (p.G263R) Exon 6 Missense (31]
plicing site
BnepBble
23 MP., Myxckoii €.394G>C 9K30H 4 MwucceHe BblsIBNEHA .1456C>T  OksoH 10 MucceHe [24]
M.R., male (p.A132P) Exon 4 Missense First (p.R486W) Exon 10 Missense
discovered
94 C.B., seHckui c.1436G>A 3K30H 9 MucceHe [27] c.487C>T 3K30H 4 MucceHe [32]
S.V., female (p.R479H) Exon 9 Missense (p.R163C) Exon 4 Missense
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1 2 3 4 5 6 7 8 9 10
“ Brepsbie “ Bnepsbie
- Cant Cant
X.P., weHokuit  €.1269+1G>A  UnTpoH 8 5 BoisBrieHa  C.1269+1G>A  UutpoH 8 = BblsIBlIEHa
25 “HR female (p.?) \ntr%n 8 cnyiancutra First (p.?) Intr%n 8 crancuHra First
Sl it discovered Sfplleiitg it discovered
CoBur paMkum Brepsble
96 T.T., MyKCKOIf ¢.415dupG OK30H 4  CuMTbIBaHUA BbIIB/IEHA c.1529G>A  3k3o0H 10 MucceHe [24]
T.7., male (p.E139fsx82) Exon 4 Frameshift First (p.R510Q) Exon 10 Missense
mutation discovered
27 C.C., skeHCKui c.994G>A OK30H 7 MucceHc [28] c.1456C>T  3k3oH 10 MucceHc [24]
S.S., female (p.G332S) Exon 7 Missense (p.R486W) Exon 10 Missense
Brepsble
0g  3-A., eHcKkuii c.1021G>A 3K30H 7 MwucceHe BbIfBIIEHa c.1456C>T  Okson 10 MucceHc [24]
ZA., female (p.G341S) Exon 7 Missense First (p.R486W) Exon 10 Missense
discovered
99 H.K., seHcKui c.15629G>A 3k30H 10 MucceHc [24] c.1079G>A OK30H 7 MucceHc [22]
N.K., female (p.R510Q) Exon 10 Missense (p.C360Y) Exon 7 Missense
30 T.W., MyskcKoit c.1456C>T 9k3oH 10 MucceHc [24] MpoTsixeHHas
G.l., male (p.R486W] Exon 10 Missense neneums,
3K30HbI 1-2
Large deletion,
exons 1-2
31 M.A., sKeHCKUi ¢.1529G>A 9k30H 10 MwucceHe [24] ¢.1007C>T 3IK30H 7 MucceHe Brepsble
M.A., female [p.RSlOQ] Exon 10 Missense [p.A336V] Exon 7 Missense BblABIeHa
First
discovered
32  P.A., seHCKuit c.101-1G>A  WHTpoH 1 Cawnt [25] c.1318G>T 3K30H 9 HoHceHc [30]
R.A., female Intron 1 cnnancuHra [p.E440Ter] Exon 9 Nonsense
Splicing site
33 3.A., JKEHCKUi c.1529G>A 3k30H 10 MucceHe [24] €.1223C>T 3K30H 8 MucceHe [33]
Z.A., female [p.R5lOQ) Exon 10 Missense (p.T408|] Exon 8 Missense
34 M.3., MysKCKOM c.1462C>T 9Kk30H 10 HoHceHc [26] c.1462C>T  OksoH 10 HoHceHc [26]
M.E., male [p.R488Ter] Exon 10 Nonsense [p.R488Ter] Exon 10 Nonsense
35 @.A., JKeHCKui c.1583A>T 3k30H 10 MucceHc Bnepebie c.1510C>T  Ok3oH 10 MucceHc BnepBbie
F.A., female [p_D528V] Exon 10 Missense BblsIBNIeHa (p_R504C] Exon 10 Missense BblABIeHa
First First
discovered discovered
36 3.E., MysKCKOM ¢.11307>C OK30H 8 MucceHc Brepsbie ¢.1456C>T  Ok3oH 10 MucceHc [24]
Z.E., male [p.M377T] Exon 8 Missense BblABIIeHa [p.R486W] Exon 10 Missense
First
discovered
37 C.H., )eHckui c.101-1G>A  Wwutpon 1 Cair [25] c.1079G>A  3k3oH 7 MucceHe [22]
S.N., female Intron 1 cnnancuHra [p.CSéOY] Exon 7 Missense
Splicing site
38 C.A., )KeHCKui c.1178A>G OK30H 8 MucceHc [29] ¢.1436+5G>C  WHTpoH 9 Cant Bnepsbie
S.A., female (p.Asn393S) Exon 8 Missense (p.?) Intron 9 cnnaicuHra BbISIBMEHA
Splicing site First
discovered
39 YK, xeHckui ¢.1137_1139del 3k30oH 8  [eneuus bes Brnepsbie ¢.1456C>T Ok30H 10 MwucceHc [24]
Ch.K., female (p.K380del) Exon 8 COBWra paMKu BbISIBIIEHA (p.R486W) Exon 10 Missense
CUMTbIBAHUSA First
Deletion discovered
40 $.M., eHCKui ¢.1456C>T 3k30H 10 MucceHc [24] c.1157C>T 3K30H 8 MucceHc BnepBbie
Ya.M., female (p.R486W] Exon 10 Missense [p.A386V] Exon 8 Missense BblABIeHa
First
discovered
41 K.C., My)cCKoil ¢.1529G>A 9Kk30H 10 MucceHc [24] c.15629G>A  3ks3oH 10 MucceHc [24]
K.S., male [p_R51OQ] Exon 10 Missense [p_R51OQ) Exon 10 Missense

Tepanwuu, Habniopanacb y 5 geten: y 1 nauneHTku ¢
reHoTunom c.1637T>C/c.1529G>A B Bospacte 10 net
NPV KOHLEeHTpaLuun doeppuTHa CbIBOPOTKM KpoBu 468,2
MK/ N0 pesynbTaTaM MarHUTHO-PE30HAHCHOM TOMO-
rpacum B pexume T2* — neperpyska nevenu lll ctenexu
(LIC 7,9 Mr Fe/r c.B.), neperpysku M1okapaa He obHa-
py)eHo; y 1 nauuMeHTKM ¢ reHotunom c.1583A>T/
c.1436G>A B Bo3pacTe 1 roga; y 1 maumeHTKu
(c.1130T>C/c.1318G>T) B 7 neT;, y 1 mauueHTKu
(c.1269+1G>A/c.1269+1G>A) B 1,5 rofa, 0AHaKo B CBA3M
C NeYyeHOYHOW TOKCUYHOCTbIO Yepes 6 Mec Tepanus
oTMeHeHa; y 1 nauumeHTta (c.415dupG/c.1529G>A)
Tepanusi nposoaunach ¢ 12 net B Teuenue 1 ropa.
KnuHuyeckas xapakTepucTuka BomnbHbIX, UMEeLMX He
OnucaHHble paHee MyTauuu, NpeacTaBneHa B Tabnuue 4.

OBCYXOEHUE PE3YJIbTATOB UCCITENIOBAHUA

Ha Tepputopumn PO cpeaun naumentos ¢ [lK, npoa-
Hanu3npoBaHHbLIX B faHHOW paboTe, 3abonesaHue valle
BCTpeuYaeTcs y [eBoYeK (COOTHOLLEHWe Manbuvku:ie-
Boukn — 1:1,73). XoTa bbl ofHy TpaHCY3Mio B TeueHue
Mu3Hu nonyunnu 40 (97,56%) BonbHbIX, NpyU 3TOM Ha
nepBoM roay sku3Hu — 38 (92,68%) peteir. OTMeueHa
HeBbICOKas 3Q(PEKTUBHOCTb CNIIEHIKTOMUU: fAxe Mpu
LOCTUMEHWUN TPAHCPY3MOHHOW HE3aBUCUMOCTH COXPaHsi-
eTcs aHeMus |-Il cTeneHn TAKECTH C PETUKYNOLMTO30M,
runepbunupybuHemuen.

Ha cerogHawHui peHb B reHe PKLR onwucaHo
6onee 300 MyTaumit, BonbLUyI0 YacTb KOTOPbIX COCTaB-
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FfematTonorwus

NAT MUCCEHC-MYyTauWW, OLHAKO TaKXe OnucaHbl
HOHCEHC-MyTauuK, Oefeunn y4yacTKOB reHa v npoTa-
KEHHblEe Jeneunn, MyTauuy CABUra PaMKuM CUUTbIBAHUS
M MyTauum canTa cnnancuHra. B paccMoTpeHHon Hamu
rpynne y 46,34% nauveHTOB BbISIBNIEHbI HE OMWUCaHHbIE
paHee KaK MaToreHHble reHeTUYECKNe BapuaHTbl, YTO
npesbiwaeT nopor B 25% HOBbIX MyTauui B mony-
NAUMK, corfacHo onybrmMKoBaHHbIM MeKAYHaPOAHbIM
naHHbiM [11]. B ak3oHax 3 u 12 mMyTauuun obHapy-
KEHbI He BbinK, 0HaKO, COrnacHo MexayHapoLHbIM
OaHHbIM, B 3TUX 0BNacTAX TaKKe BO3MOXHO Hanuuve
naToreHHblx BapuaHToB [12]. Ha cerogHAwwHM
LOEeHb, YYMUTbIBAA FeTeporeHHoCTb ODHapyKeHHbIX
MyTaLuui 1 HebonbLUYI0 BbIDOPKY NauMeHToB, Npocie-
OMTb B3aMMOCBSI3b reHoTuna c Haubornee xapak-
TEPHBIMU KITMHUYECKUMU MPOABMNEHUAMU, a TaKKe
TAKECTbIO TeueHus 3aboneBaHusa He npencTaBnseTcs
BO3MOKHbBIM.

[lo nosiBNeHMs BO3MOXHOCTU MPOBefeHNsa Mone-
KY/ApPHO-reHeTUYecKoro uccrnepoBaHus metogoM NGS
nauneHTaM ¢ LaHHOW Ho3oMormyeckon copmoii B PO
OvarHos He Mor 6bITb BepuUchMLMpPOBaH. YacTb naumMeHToB
Habroganucb No MeCTy KUTENbCTBA C HEYTOUYHEHHOM
HacnenCTBEHHOW FeMONIMTUYECKON aHEMWEN, OPYrUM
6bina yctanosnena HCI'A ¢ nocnepytoLwym npoBeAeHneM
CMNMEH3KTOMUM, YTO HE UMENIO JOCTaTOYHON IPAEKTUB-
HocTu B cnyyae [IK.

3AKITIOYEHUE

YunTbIBaA OTCYTCTBME NATOrHOMOHUYHbIX MPU3HAKOB
OJ1S HacneLCTBEHHON HecdepoLMTapHON reMonuTnye-
CKol aHemum Bcnepcteue [MNK 3puTpoumnToB, a Takke
PUCK MPOBefeHMs Kaneyallux onepaTuBHbIX BMeLLa-
TENbCTB MPW HEBEPHO YCTAHOBIIEHHOM [JuarHose,
HeobxoaMMo paccMoTpeTb Bonpoc 06 obsasaTenbHoM
NpoBefeHNN MONEKYNAPHO-TeHeTUYeCKoro nccneno-
BaHWA MauMeHTaM Npu NaaHWpPOBaHUKM ONEepaTUBHOMO
BMeLLlaTeNnbCTBa, €CNN TOYHbINA AuarHo3 He bbin ycTa-
HOBMEH Mo pesynbTaTaM PYTUHHbIX NnabopaTopHbIX
TEcTOB.

WCTOYHUK dUHAHCUPOBAHUSA
He yka3saH.

KOH®JIUKT UHTEPECOB
ABTOpbI CTaTby NMOLTBEPAMIN OTCYTCTBUE KOHCDNMKTA MHTEPEecoB, O
KOTOPOM HeobXxoanMo COooBLLUTL.
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