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BBDKMBAEeMOCTM TaKMX ITAIIeHTOB. B Hacrosmee Bpems
IyOMUKaIyM, MOCBAIIEHHbIE aHAINM3Y [O3UPOBKM (Pu3nu-
YeCcKOJI Harpy3Ky Y HALMEHTOB JITCKOTO BO3pacTa IIOCTIe
TTCK, B pamkax ¢puandeckoit peabuanTaLnny, IOIHbI IPO-
TUBOPEUMBLIX [AHHBIX M METOJONOIMYECKNMX BapMaIuii,
He [JAIOIINX afeKBaTHOTO IPENCTABICHNs O (U3MIECKUX
BO3MOXKHOCTAX [JAaHHON KaTeropmy peTeit. Mbl mpepjiara-
eM KPUTIYeCK) B3IJLIHYTb Ha COBPEMEHHDIX TPEH/[, OLIeHKI
TOJIEPAHTHOCTHU (PUSUIECKOI HATPYSKY Y [ieTell, MOITydaro-
mux TI'CK n paccMarpuBaeM anbTepHaTHMBHBIE TTOAXOMbI K
atoit mpobneme. Lenu paboter: 1. CpaBHUTENbHAS OLIEHKA
CHIDKEHVsI MBIILIEYHO CUJIBI U TOMEPAHTHOCTU K (usnde-
CKoli Harpyske y nauueHToB B otfiennenny TI'CK Ha pasHbIx
3Tallax Tepanmu. 2. AHaIM3 IUTepaTypHBIX JaHHBIX Ha TEMY
OLIEHKI ITOKa3aTeslell MbIIIEYHO CUJIbI ¥ TOIEPAHTHOCTU K
¢busnIecKoit Harpy3Ke y MaI[eHTOB JeTCKOr0 BO3PAaCTa, II0-
nyyaromux TTCK.

06beKTbl U MeToAbl

b0 IpoBefieHO MPOCIEeKTVBHOE CPaBHUTEIbHOE HEpaH-
ToMU3MpoBaHHOe MccrnefoBanne. OLeHnBany MbIIIEYHYIO
CUITy U TeMOfIMHaMM4ecK/e TOKa3aTely IpY BBITOTHEHUN
OPTOK/IMHOCTATUYECKOJ MPOODI Y MAIMEHTOB Ha PasHbIX
JTanax NPOBEfEeHMS Tepanyy: OO TOCHUTANIMU3ALUU B OT-
menenue TI'CK (-5 cyTkuM KOHAVIIMOHMPOBAHMUA), IOCTIE
nposepenns npouenypsl TTCK (+5 cytku ot TTCK) 1 npu
Boinucke u3 orgenenns TT'CK (+ 30 cyrkn ot TTCK). s
VICCIE0BAHMA TIOKa3aTeslell MbIIIeYHOM CUJIBL M TOJIEPaHT-
HOCTM K (U3MYECKOIl Harpy3Ke OblIV OTOOPaHBbI MAIMEeHTE,
npoxopamue nedenve 8 ®I'bY HMUIL JTOM um. [I. Po-
raueBa M3 P® (n=27) c menguanoit Bodpacra 9 yet. Peabu-
JUTALYIOHHbIE MEPOTIPUATHUA [0 NMOCTYIITIEHNA B OTeNIeHNe
TI'CK e npoBogmImch.

Pe3ynbrathl

CpepHee BpeMs OT HMOCTaHOBKM [MArHo3a y IAI[VIEHTOB C
ocTpbiM M obmacTHbIM nteiikosoM (OJII) u ocTpeiM Mu-
enobmacTHbIM erikosoM (OMIJI) mo BKIIIOYEHMS B MCCIIe-
[IOBaHNUe COCTAB/UIO 3 MeCAL, y MALMEHTOB C IIPOYMMI
AMArHO3aMM, BKIIOYAIOLMMI MMMYHOAe(ULNTHL 1 aIlia-
cTudeckyo aHemuio (AA) — 5 Hemenb. AHamus my6nMKauii
npoBefieH Mo 3ampocy «physical therapy, hematopoietic
stem cell transplantation, physical rehabiblbtation, physitial
activity»sa mocmegame 10 mer u3 PubMed, Elseivier,
ClinicalKey.

BbiBoabl

B rpynmne manuentos ¢ O/l u OMJI ewe o nposeseHNs
noaroroBky K TTCK Obl10 3aMeTHOEe CHUKEHIE KaK reMo-
IOVHAMITYECKVX, TaK VM CUJIOBBIX ITOKa3aTesiell B CpaBHEHUN
C OPYTMMU TPyIIIaMM TMAIVIeHTOB, TOTOBALIMXCA K IIPOBe-
mennio TT'CK. IIpnanHOIT 3TOMY ABUICSA OCTOKHEHHBIN [0
TPAHCIIAHTAIVIOHHBIN MIEePNOJ] B BUJie IJIMTETHHON BBICO-
KoToKcnm4HOI Tepanuu. Ilocme mposepmennoint TI'CK ma-
I[MEHTBI 00eNX IPYIII ellle CHIbHee IOTePsSUIN MbILIEYHYI0
CIWIy U CHUSWIV TOJICPAaHTHOCTb K (DM3MYECKOIl Harpyske.
Pusnyeckas TepanysA IMO3BOMANWIA YIYYIINTb KOHTPOIN-
pyeMble IOKa3aTeIy MBIIIEYHOI CHJIBI ¥ TONEPAHTHOCTH K
¢usnueckoil Harpyske, HO He /0 ONTUMAaJIbHOIO YPOBHA.
Hanbornee mepcrieKTUBHBIM, IO JaHHBIM aKTYa/IbHBIX ITy-
OnmKaumit, BUAUTCS IOAXOJ, NPOdUIAKTUYECKOr0 Ha3Ha-
yeHus1 GU3NYECKOI Tepamuy HalyeHTaM, TOTOBSILIVMCS K
npouenype TTCK.

KnioyeBble c/ioBa

dusnveckas Tepany:d, TpaHCIJIAHTau A T€MOIIO3TNYECKUX
CTBOJIOBBIX KJIETOK, (bmsmqecxaﬂ Harpyska, JOo3MpOBKa.
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Introduction

Gene therapy is one of the most perspective methods of the
treatment for a number of hereditary, infectious and on-
cological diseases. Recently this therapeutic approach has
received a new development through the discovery of ge-
nome editing tools which have great potential due to their
high specificity. However, the absence of safe and effective
methods to delivery genetic constructs inside relevant cells
is a key limitation for the wide application of this technology

in clinical practice. Viral vectors have already been applied
in medical practice, but there are several limitations associ-
ated with their use, such as immunogenicity, mutagenesis,
inflammatory response. The need to comply with specific
technical requirements also determine the high cost of the
final product. Thus, the development of new non-viral in-
tracellular genetic materials delivery tools is an urgent task.
Recently, polyelectrolyte micro- and nanocapsules have been
considered as one of the promising carriers for the safe and
effective delivery of biologically active compounds. The use
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of biodegradable nanocapsules provides many advantages
compared to other delivery systems: high loading capaci-
ty, the relatively cheap manufacturing, low toxicity, and the
ability to protect the transferred material from the aggres-
sive effects of biological environments of the body. This work
aimed to study the effectiveness of the polyelectrolyte cap-
sules as a platform for genetic material delivery.

Materials and methods

The capsules were prepared by layering of oppositely charged
of Polyarginine/Dextran sulfate polymers (PARG/DEXS)
using Layer-by-Layer technology on calcium carbonate
core obtained by co-precipitation of sodium carbonate and
calcium chloride aqueous solutions. The following genetic
constructs were used: plasmid DNA and messenger RNA,
encoding green fluorescent protein (GFP), messenger RNA,
encoding TALEN nuclease which causes the deletion of the
dTomato gene, and small interfering RNAs (siRNAs) that
inhibit the synthesis of GFP. For evaluate the effectiveness
of the genetic material delivery by means of polyelectrolyte
capsules HEK293T dTomato, HeLa, Mk4 cell lines, and pri-
mary cell cultures of human bone marrow mesenchymal
stromal cells (hBMSCs) and macrophages were used.

Results

During the research intracellular genetic material delivery
platform at the form of polyelectrolyte capsules with a size
300-500 nm have been developed. Such carriers showed low
cytotoxicity (viability of more than 90%) in case of using 25:1
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capsule to cell ratio. The transfection efficiency of HEK293T
dTomato and hBMSCs was 70% for messenger RNA and
40% for plasmid DNA encoding GFP. In the experiment
with mRNA delivery to primary human macrophages, trans-
fection efficiency was 60%. Upon transfection of HEK293T
dTomato with messenger RNAs encoding TALEN nuclease,
knockout of the dTomato gene was observed in 70% of cells.
In an experiment with siRNA, suppression of GFP synthesis
was detected in 98% of HEK293T HeLa and MK4. For mac-
rophages, mRNA transfection efficiency was about 50%.

Conclusions

We demonstrated that polyelectrolyte capsules are a highly
effective and safe platform for in vitro genetic material de-
livery to the cells. In the future, it is planned to conduct in
vivo experiments to study the opportunity of polyelectrolyte
capsules usage for the genetic material delivery.
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BeepeHune

lenHas Tepammus — NepCHEKTUBHDIN IOAXO[OB B JIeYEHUN
pAIa HaCNeICTBEHHbIX, NH(EKIVOHHbIX ¥ OHKOJIOTMIeCKIX
3aboneBaHuil. B mocnenHee BpeMs 3TOT TepaneBTUYECKMIT
MIOZIXOf, TIONTY4M/I HOBO€ pasBUTUE B CBA3K C OTKPLITHEM
MHCTPYMEHTOB pellaKTUPOBaHNUsA TeHoMa. brarogaps Beico-
KOW crenyuIHOCTH, cucTeMbl PI' MMEIOT KOTOCCATbHBIN
MIOTEHIAJI IPMMEeHEHM, OJHAKO, K/II0UeBbIM OrPaHIYeHN -
eM JI/Il IIMPOKOTO BHEIPEHNUA JAHHON TeXHONOTUY B K/INU-
HIYECKYIO TIPAKTHUKY ABJAeTCA MpobieMa 3GpPeKTUBHON U
6e30TacHOI JOCTaBKY F'€HeTUIECKUX KOHCTPYKTOB BHYTPb
pe/eBaHTHBIX K/IeTOK. BMpycHble MeTOfibl JOCTaBKM Y>Ke
MICIIOZIB3YIOTCA B MEMIIMHCKO IPaKTHUKe, OJJHAKO C UX VIC-
II0/Ib30BAHMEM CBA3aH PAJ, OTPAaHMYEHNI, TAKMX KaK MMMY-
HOTeHHOCTb, MyTareHe3 I BOCIIA/IMTENbHbII OTBET, a TAKKe
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He0oOXOMMOCTD COOIOfIeHNs 0COOBIX TEXHIYECKUX TPebo-
BaHMIT IPON3BOACTBA, 0OYCIABINBAIOINX BBICOKYIO CTOU-
MOCTb KOHEYHOTO MpoAykTa. Takum o6pasom, paspaboTka
HOBBIX CITI0COOOB HEBUPYCHOI BHYTPUKIETOYHOM JOCTABKI
FeHeTMYECKOTO MaTepyasia sAB/IAETCSA aKTyalIbHON 3a/jadell.

O,[[HI/IM "3 MEPCIIEKTUBHBIX HOCUTeJen JUTA 6e30macHoi 1
SQ)CI)CKTI/IBHOI/UI OTOCTAaBKN OMONIOTMYECKN aKTUBHBIX coegum-
HEHUI SBSAIOTCA TIO/IMI/IEKTPOINTHBIE MUKPO- M HAHO-
KaIICyJIbl, IIOTY9Y€HHDbIC ITy TEM ITOC/TOITHOTO HaHECEeHUs O1O0-
AerpagnpyeMbIX IMOMVMMEPHBIX CJIOEB Ha ANPO 13 KaPGOHaTa
KaznmpbuyA € NpeaBapuUTEIbHO I/IMMO6I/IHI/I3I/IPOBaHHbIM no-
CTaB/IIeEMbIM KOMIIOHEHTOM. B CpaBHEHU!N C aJIBTEPHATNB-
HBIMU CUCTEMAMU TOCTABKM, IIO/IMI/IEKTPOINTHDIC KAIICY/IbI
06)1a;[a10T pAROM CYIIECTBEHHDBIX IPEVIMYIIECTB: BbICOKasA
3arpy’xaromias CHOCO6HOCTI), OTHOCUTE/IbHAA IIPOCTOTA 1N
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IellleBM3HA WUSTOTOBJIEHMs, OMOCOBMECTMMOCTD, HM3Kas
TOKCMYHOCTD, @ TaK)XKe€ BO3MOXXHOCTb 3aIIMUThl IIePEHOCHU-
MOTO MaTepyaza OT arPeCCHBHOTO BO3JIENCTBUS OMOIOrU-
JecKMx cpen opranmsma. Llenpio faHHOI paboThI SABISIOCH
uccnenoBanue 9¢HeKTUBHOCTI UCIIONb30BAHS TIOINATIEK-
TPOJIMTHBIX KAICY/ B KaueCTBe IUTAT(OPMBI /IS JOCTaBKU
reHeTNYeCKOro MaTepuana.

MaTepmanbl N MeToAbl

B pabore O6bUM MCIONB30BaHBI KAICY/IbI, IIOYYCHHBIE
IIyTeM HaHEeCeHNUSA Pa3HO3APsDKEHHBIX CI0EB IIONMMEPOB
Polyarginine/Dextran sulfate (PARG/DEXS) no Texnonorun
Layer-by-Layer Ha sfjpa n3 kap6oHaTa Ka/lbIyA, TOTyYeH-
HbIE METOJIOM COOCXK/IEHVsI BOJIHBIX PaCTBOPOB KapbOoHa-
Ta HATPWs U XJIOPU/A Kanblus. B KauecTBe OCTAB/IsIEMBIX
TeHeTVYEeCKUX KOHCTPYKTOB ObUIV MCIIO/NB30BAHBL: IIa3-
mupuas JHK u marpuunas PHK (MPHK), xopupyromie
3eneHblit ¢piyopecuentHsi 6enok (GFP), MPHK, xopupy-
tomast Hykneasy TALEN, ocyliecTBIIAOIIYIO Jeelyio TeHa
dTomato, a Taxxe mansle unrepdepupyromme PHK (mMuP-
HK), yrueraromme cunres GFP. [Ina ouenkn sddexrus-
HOCTY JIOCTaBKM T€HETMYECKOTO MaTepuasa MOCPeCTBOM
IIO/IMATIEKTPO/IUTHBIX KAaICyl ObUIM JICIONb30BAaHBI KIle-
tounble uHuy HEK293T_dTomato, HeLa, Mk4, a Taxxe
IIepBIYHbIE KIeTOUHbIe KYIbTYPbl ME3eHXVIMATbHBIX CTPO-
MaJIbHBIX KIETOK KOCTHOTO MO3Ta I Makpogaros 4eoBeka.

Pe3ynbrarthl

B xope uccnegoBanmit 6bu1a paspaborana mwiatdopma ms
BHYTPMK/IETOYHOI JTOCTaBKM T'€HETUYECKOIO MaTepuaia B
BIJIE TTONIM3NIEKTPONUTHBIX Kancyn pasmepom 300-500 HM.
JlaHHBIe HOCHTENMV IPOAEMOHCTPMPOBAIN HUSKYIO LIUTO-
TOKCUYHOCTh (KM3HecrmocobHOCTh Gomee 90%) mpum mc-
MO/Ib30BAHMM KAIICy/l B COOTHOIIEHMM C KaeTKamm 25:1.
SddexruBrHocTs TpaHchexunu kiaetox muuun HEK293T
dTomato n xmetounoi kynsTypsl MCK 4emosexa cocTaBu-

na 70% s matpuanoit PHK 1 40% mia mnasmupsoi JHK,
kogupyromux GFP. B skcriepumente ¢ gocraskoit MPHK B
nepBUYHbIE MaKpodaru demoBeka 3pGeKTUBHOCTD TPAHC-
¢exuun cocraBmna 60%. IIpu TpaHcheKuuM KIeTOK 1u-
i HEK293T dTomato MPHK, xopupyromumu Hykieasy
TALEN, HoxayT rena dTomato Ha6momanca y 70% KIeTok.
B akcniepumente ¢ MuPHK nopasnenne cnuatesa GFP 6p110
3apeructpuposaso y 98% xnerok nmuanit HEK293T HeLa n
MK4 B TeyeHne 48 yacoB mocie TpaHcHeKIuML.

BbiBogbl

B xopme paboThI MONMMANEKTPONIUTHDIE KAIICY/IbI ITOKa3aIn
BBICOKYIO 3 (PEeKTUBHOCTb JOCTABKU IeHEeTHYECKOrO MaTe-
puana B KAETKNU in Vifro, HapsAKYy ¢ HU3KOW TOKCMYHOCTHIO
npouenypsl Tpancekunu. CregyetT OTMETUTD, YTO TPAHC-
(dex1s TOCPEACTBOM KAIICY/I SIB/IAETCS IPOCTON B YICHION-
HEHUM MIPOLeypoli, He TpeOyIolell CIelaabHOro 060py-
TOBaHUA U cpef. B nanbHelileM mIaHUpPYyeTcs MpOBeNeHne
9KCIIEpMMEHTOB IO [OCTaBKe KIMHUYECKU DPeleBaHTHbIX
TeHeTUYeCKMX KOHCTPYKTOB B KJIETKU C/IO>KHO MOJJalolye-
cs1 TpaHcdeKIny, a TakoKe MCCIefOBaHNs BO3MOXHOCTH YIC-
MOIb30BaHNA MONMMANIEKTPONUTHBIX KaICy/l I HOCTaBKU
TeHeTYEeCKOT0 MaTepuania in vivo.

bnarogapHocTb

VccnenoBaHne BBIMONTHEHO HpyU (PMHAHCOBOI IOffEPXK-
ke PO®J B pamkax HayyHOro mpoekra Ne 19-015-00098.
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Introduction

Juvenile myelomonocytic leukemia (JMML) is an aggressive
malignant disease bearing the features of myeloproliferative
disease and myelodysplastic syndrome. Allogeneic hemato-
poietic stem cell transplantation (allo-HSCT) is the standard
treatment for patients with JMML. Relapses of the disease
and non-engraftment remain main causes of the treatment
failure.

Our goal was to analyze the effectiveness of HSCT and iden-
tify factors affecting the outcome in children with JMML.

Patients and Methods

The study included 22 patients (pts), age 8 month to 12 years
(median, 4 years) who received 30 allo-HSCT (22 cases, first
transplant; 8 cases, second HSCT) from 2002 to 2019. The
diagnosis was established in accordance with international
criteria. Patients’ gender: boys, 18; girls, 4. Cytogenetic find-
ings: normal karyotype, in 10 pts (45%); monosomy 7, in 7
cases (31%), other cytogenetic changes, in 5 pts (23%). Mo-
lecular genetic analysis was performed for 14 pts showing:
PTPN11 (n=8), NRAS (n=3), KRAS (n=1), NF1 (n=2), CBL
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