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AHHOTAIIUA

BBegeHUue. Pazimuyusd BYaCTOTE U CIIEKTPE MYTAI[UH ITPU OCTPBIX MUEJIOUTHBIX JIeliKo3ax (OMJI) MOTryT OBbITH CBSI-
3aHBI C PETHOHAJIBHBIMHU OCOOEHHOCTSIMH BO3/IEUCTBUS (PAKTOPOB OKPYKAIOIIEHN cpe/ibl (HOHU3UPYIOIEro U3JIydeHHs N
XUMHUYECKUX MyTareHOB) U TeHeTHYeCKOH NpeApaciosIoKeHHOCTIO HaceJIeH A, IIPYU 3TOM JIaHHBIE I10 POCCUHCKOH IIOITy-
JISIAY OTPAHUYEHbI U MPE/ICTABJIEHBI eJTUHUYHBIMU MyOJUKAIIUAME C «y3KOol» reorpadueir © HeOOJIBIIUM pa3MepoOM
06c1eI0BaHHBIX BBIOOPOK.

Il e 1 b . KoMIUIEKCHBIN aHATU3 MyTaIllUi B «TOPAYUX» TOUKax reHoB DNMT3A, NPM1, FLT3, IDH1 v IDH2 y 60JTbHBIX
OMUJI, nposkuBawmux B r. HoBocubupcke.

MaTtepuaabs W MeToOasbl . W3yganack renomuas JIHK, BbiesreHHast U3 KOCTHOTO MO3Ta 128 GOJIBHBIX ¢ de
novo OMJI. CkpunuHTr MyTaiiuu p.W288Cfs*12 renoB NPM1 u FLT3-1TD npoBoiu/Ii METOZOM ITOJTUMEPA3HOM I[eIMHOM
peaxknuu (I11IP) ¢ drankupyonumMu npaiiMmepamu; mytanuii p.R882 rena DNMT3A, p.D835 rena FLT3, p.R132 rena
IDH1 u p.R140 rera IDH2 — metoom ITL[P ¢ ananuzom noauMopdusMa JJIHH PeCTPUKIMOHHBIX (pparmenTos (ITL[P-
IIIP®). TouHyio BepudUKALINY MyTAI[UU BBIITOJIHSIN MIPSMBIM KalIWJIIPHBIM CEKBeHHpOBaHUEM 110 CoHTEDY.
PesynpTarTsl . Brpynne uccaenoBanus 42,2 % ManueHToOB UMeJIN Te WX UHblEe KIMHUYECKU, IPOTHOCTUYECKHU
U TepaleBTUYeCKU 3HaYKMMble HaxoAku. CyMMapHO y 22,6 % NalleHTOB I'PYIIIbl UCC/Ie/JOBAHUA BbIABJIEHDBl MyTalluu B
«TOPSTYUX» TOYKAX T€HOB AIIUTEHETHYECKOU perysisaiuu reHoma: IDH1, IDH2 u DNMT3A. I1pu 3TOM B ITOJIOBUHE CIyYaeB
(51,9 %) ¢ HaXOIKAMU UMEJIH MEeCTO MyTaIllH B IBYX U 60Jiee MpOaHaTM3UPOBAaHHBIX reHaX. JacToTa MyTallui B rpyIime
rcesenoBanusa cocrapuia 7y p.R882 rena DNMT3A — 9,3 %, p.W288Cfs*12 rena NPM1 — 14,8, FLT3-TKD u FLT3-1TD —
18,0, p.R132 rena IDH1 — 5,5 u p.R140 rena IDH2 — 10,2%, 4TO COOTBETCTBOBAJIO JJaHHBIM I1aTopmbl cBioPortal for
Cancer Genomics (p > 0,05). B usonupoBannom Bapuanre myranus p.W288Cfs*12 rera NPM1 GbLia BbISBIEHA Y 7 U3 19
(36,8 %) mamueHTOB ¢ 3TOUM MyTaIueN.

3aKJ0YeH U e. Brepsole nosiydeHa KOMIUIEKCHAS KapTHUHA CIIEKTPa MyTaIluii B aHAJTU3UPYEMBIX «TOPSUUX» TOU-
kax renoB DNMT3A, IDH1, IDH2, FLT3 u NPM1 upu de novo OMJI y nariueHTOB, MPOKUBAONUX B CHOMPCKOM PETHOHE.
BoJiee uem B TpeTu cirydaeB 3a00JIeBaHUs aHATIN3 «TOPSIYUX» TOUEK U3yUaeMbIX T€HOB ITO3BOJISIET IIPEIOCTaBUTh HHMOP-
MAITUIO, BAXKHYIO JIJIA IPUHATHSA KIIMHUYECKN 3HAUNMBIX PEIleHU .

Kaoueesle caoea: ocTpblii MUETIOUIHBIN Jietiko3, DNMT3A, IDH1, IDH2, FLT3, NPM1, MmyTanuu, CEKBEHUPOBaHUE,
IIPOTHO3, TAPreTHAs TePAINsA, MIHUMAIbHAA OCTATOYHAs 60JIE3Hb.
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ABSTRACT

Introduction. Differencesin thefrequencyand spectrum of mutations in acute myeloid leukemia (AML) may
be related to regional environmental factors (ionizing radiation or chemical mutagens) and the genetic predisposition of
the population, while data on the Russian population are limited and presented in isolated publications with a “narrow”
geography and a small sample size.

A i m . Comprehensive analysis of mutations in the hot spots of the DNMT3A, NPM1, FLT3, IDH1 and IDH2 genes in
AML patients living in Novosibirsk.

Materials and methods. Genomic DNA isolated from the bone marrow of 128 patients with newly
diagnosed AML was studied. p.W288Cfs*12 mutations of the NPM1 and FLT3-ITD genes were screened by polymerase
chain reaction (PCR) with flanking primers; screening for the p.R882 mutation of the DNMT3A gene, p.D835 of the
FLT3 gene, p.R132 of the IDH1 gene, and p.R140 of the IDH2 gene was performed by PCR with analysis of restriction
fragment length polymorphism (PCR-RFLP). Exact verification of the mutation was carried out by direct capillary
sequencing according Sanger.

Results. Inthestudy group, in 42,2% of cases revealed some clinically, prognostically, and therapeutically sig-
nificant findings. In total, 22,6% of the patients in the study group had mutations in the hot spots of the genes of epigenetic
genome regulation: IDH1, IDH2 and DNMT3A. At the same time, mutations in two or more analyzed genes occurred in
half of the cases (51,9%) with findings. In the study group, the mutation rate was 9,3% for p.R882 of the DNMT3A gene,
14,8% for p.W288Cfs*12 in the NPM1 gene, 18,0% for FLT3-TKD and FLT3-ITD, 5,5% for p.R132 of the IDH1 gene, and
10,2% for p.R140 in the IDH2 gene, which corresponded to data from the cBioPortal for Cancer Genomics (p > 0,05). In
an isolated variant, the p.W288Cfs*12 mutation of the NPM1 gene was detected in 77 out of 19 (36,8%) patients with this
mutation.

Conclusion. Forthefirsttime, acomprehensive picture of the spectrum of mutations in the analyzed hot spots
of the DNMT3A, IDH1, IDH2, FLT3, and NPM1 genes was obtained in de novo AML in patients living in the Siberian
region. In more than a third of cases, the analysis of the hot spots of the studied genes provides information important for
making clinically significant decisions.

Keywords: acute myeloid leukemia, DNMT3A, IDH1, IDH2, FLT3, NPM1, mutations, sequencing, prognosis, targeted
therapy, minimal residual disease.
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BBEJAEHHNE

Octpble MuesouHbIe Jieiko3bl (OMJI) xapakTe-
PHU3YIOTCS KJIOHAJIPHOU DYKCIIAHCHEUW JIEWKO3HBIX
HeinddepeHIINPOBAHHBIX KPOBETBOPHBIX KJIETOK B
nepudepuyecKorl KPOBH, KOCTHOM MO3T€ U JIPYTHX
OpraHax U sIBJISIIOTCSI TeT€POTeHHBIMU 3a00JIeBAHU-
SIMU, CBSI3AHHBIMH PA3JIMIHBIMU IIUTO- U MOJIEKY-
JIIPHO-TEHETUYECKUMHU AaHOMAaIMAMU. Kpurude-
CKYIO POJIb B BOBHUKHOBEHUHU U MPOTPECCUPOBAHUN

INTRODUCTION

Acute myeloid leukemias (AML) are characterized
by clonal expansion of undifferentiated leukemic hema-
topoietic cells into the peripheral blood, bone marrow,
and other organs, and are heterogeneous diseases asso-
ciated with various cytogenetic and molecular genetic
abnormalities. Epigenetic alterations in the genome of
leukemic cells play a critical role in the initiation and
progression of these hematologic malignancies [1].
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JIAHHBIX TeM00JIaCTO30B UTPAIOT HAPYIIIEHUS SITUTe-
HETUYECKOH PeryssAinuu paboThl TeHOMA JIEHKO3HbIX
KJIETOK [1].

3a mocseiHUe IECATUIIETUS PA3BUTHE TEXHOJIO-
TUU TTO3BOJIMJIO TIPOBECTH ITOJTHOTEHOMHBIN aHAIN3
narrepHoB MetunupoBanusa JIHK B remomostnue-
CKUX KJIETKaX. Y CTAaHOBJIEHBI OIIPEEIISAIONIast POJib B
nporieccax AuddepeHInPOBKY KPOBETBOPHBIX 3Jie-
MEHTOB JIMHAMUKU METHJINPOBAHUA U 3HAUYUTEb-
Hble H3MEHEHUs] METHJIOMAa IIpU TpaHChOpMaIlu
37I0POBBIX KJIETOK B JieHiKO3HbIE [2]. AGeppaHTHOE
metunmpoBanue JTHK paccmaTpuBaercsa Kak OTIIH-
9uTebHbIM Tpu3Hak OMJI, KOTOpPBIA CUHTAETCS
MOII[HBIM 3TUTE€HETUYECKUM MapKePOM JIJIs paHHEH
JMIUAaTHOCTUKU U MPOTHO3WPOBAHUS HCXoza 3abote-
BaHUA. B oTinume OT reHEeTHYECKUX H3MEHEHUH,
obparuMas Ipupo/a SIUTeHETHIECKUX MOIUpUKa-
IR ABJIsAeTCA TepaleBTUYeCKH IPUBJIeKATeIbHOU
MUIIIEHbI0 11 tedenns OMJI [3].

MetunupoBanue JIHK — 3T0 suHaMuueckas smu-
reHeTuyeckas MoAudUKanuA, KOTopas peryjiupyer
sKcnpeccuro reHos. Merwiuposanue JIHK kartanu-
3upyercsd Tpems KoHcepBatuBHbIMHU JIHK-mern-
tpancdepazamu (DNMTS). DNMT1 moxkeT TOUHO
BOCIIDOM3BO/IUTH paHee CyIIeCTBOBABIINU IATTEPH
METHJIMPOBaHUA B poautTenabckodl nenu JJHK Ha
BHOBB CUHTE3UPOBAHHYIO JIOUEPHIOIO IIeIlh BO BpeMs
pemnukanuu JIHK, Torna kak DNMT3A u DNMT3B
OTBevaroT 3a de NOVO METWJINPOBAHME HEHM3MeHEeH-
Hou JIHK-marpuiner [2]. Myramuu B DNMT3A
HUMEIOT BBICOKYIO PACIIPOCTPAHEHHOCTD Y ITAI[UEHTOB
¢ JIEKO30M, COCTaBJIAA 20—25 % MPHU MEPBUYHOM
OMJI u 10 % UpuU MHUEJOIUCILJIACTHYECKOM CHH-
npome. I1pu aToM posb myTanuii B DNMT3B B neii-
KeMoreHe3e MeHee CyIllecTBeHHaA [4].

B Hacrosiiiee BpemsA H3BECTHBI JECATKH T'€HOB,
accouumupyeMbix ¢ pazputueM OMJL. OpHako cpenu
HUX BBIJEJIAIOT TPYIILy T€HOB, XapaKTEPUBYIOIIMXCS
HaJIMYeM PEKYPPEHTHBIX (TIOBTOPSIIOIINXCS) KITUHU-
YeCKH 3HAUMMBIX MyTallUi, KOTOPbIE BJIMIOT Ha IIPO-
THO3 3aboJieBaHUs, ONpPenessioT 3h(EeKTUBHOCTh
JIEUeHVs], SIBJISTIOTCS MUIIEHSMU /IS TEPAIHU U CIIy-
JKaT MapKepaMU Ul OTCJIEKUBAHUA MUHUMATIbHON
ocraroudoii 6osiesau (MOB) [5]. K TakoBBIM OTHO-
csres p.R882 rena DNMT3A (Mendelian Inheritancein
Man (OMIM), https://www.omim.org/entry/602769),
p-W288Cfs*12 rema NPMi1 (OMIM, https://www.
omim.org/entry/164040), p.D835 renos FLT3u FLT3-
ITD (OMIM, https://www.omim.org/entry/136351),
p-R132 rena IDH1 (OMIM, https://www.omim.org/
entry/147700), p.R140 rena IDH2 (OMIM, https://
www.omim.org/entry/147650).

Coo6111a710Ch, UTO KJIOHAJIBHBIN T€MOII033, KOTO-
Pblil ABJIETCA MOITHBIM (PAKTOPOM PHCKA Pa3BUTUA

Over the past decades, technological advance-
ments have enabled genome-wide analysis of DNA
methylation patterns in hematopoietic cells. The piv-
otal role of methylation dynamics in hematopoietic
cell differentiation and the significant changes in
DNA methylome during the transformation of
healthy cells into leukemic ones have been estab-
lished [2]. Aberrant DNA methylation is considered
as a hallmark of AML, which is a powerful epigenetic
marker for early diagnosis and prediction of the dis-
ease. Unlike genetic alterations, the reversible nature
of epigenetic modifications represents an attractive
target for AML treatment [3].

DNA methylation is a dynamic epigenetic modifi-
cation that regulates gene expression. DNA methyla-
tion is catalyzed by three conserved DNA methyl-
transferases (DNMTS). DNMT1 can faithfully propa-
gate the pre-existed methylation pattern in the
parental DNA strand to the newly synthesized
daughter strand during DNA replication, while
DNMT3A and DNMT3B are responsible for de novo
methylation at the unmodified DNA template [2].
Mutations in DNMT3A are highly prevalent in leuke-
mia patients, accounting for 20-25% in de novo
AML and 10% in myelodysplastic syndrome. At the
same time, the role of mutations in the DNMT3B in
leukemogenesis is less significant [4].

Currently, dozens of genes associated with the
development of AML are known. However, among
them, there is a group of genes characterized by the
presence of recurrent clinically significant mutations
that influence the disease prognosis, treatment effi-
cacy, and serve as targets for therapy and markers
for minimal residual disease (MRD) [5]. These
include p.R882 of the DNMT3A gene (Mendelian
Inheritance in Man (OMIM), https://www.omim.
org/entry/602769), p.W288Cfs*12 of the NPMi
gene (OMIM, https://www.omim.org/
entry/164040), p.D835 of the FLT3 and FLT3-ITD
genes (OM1M, https://www.omim.org/
entry/136351), p.R132 of the IDH1 gene (OMIM,
https://www.omim.org/entry/147700), p.R140 of
the IDH2 gene (OMIM, https://www.omim.org/
entry/147650).

It has been reported that clonal hematopoiesis,
which is a strong risk factor for development of AML
in the future, is often associated with somatic muta-
tions in DNMT3A. Hematopoietic stem cells with
mutations in this gene are in a preleukemic state and
are prone to malignant transformation by acquiring
additional genetic alterations, namely mutations in
FLT3, NPM1, and IDH1/2 [6, 7].

Although the mutational spectrum of AML has
been extensively studied, the mutation rate may vary
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B mocsemytoneM OMJI, wacTo cBsi3aH ¢ coMaTuye-
ckumu myrtanusamu 8 DNMT3A. CTBOJIOBbIE KPOBET-
BOPHBIE KJIETKU C MyTaI[UsIMH B JITAaHHOM reHe HaXo-
JIATCA B IPeAJIEHKO3HOM COCTOSHUU U JIETKO IIOJ-
BepraioTcs 3JI0OKQUeCTBEHHOU TpaHchopManum,
npuobperass ~ JIOTIOJIHUTEJIbHbIE  TeHETHUECKHe
u3MeHeHusd, a uMeHHO MyTtaruu B FLT3, NPM1 u
IDH1/2[6, 7].

HecmoTps Ha TO, UTO MyTalIMOHHBIH criekTp OMJI
IINPOKO H3y4yaeTcs, YacToTa MyTaluii B pPa3HBIX
pernoHax Mupa MOKeT OBbITh pasJyInJHa [3], a JaHHbIe
[0 POCCUUCKOW TOMYJIAIMU OTrpaHUYeHbl. B gocTyn-
HOHI JinTeparype HaWJleHbl HECKOJIBKO OTeYeCTBEH-
HBIX UCCIJIEJIOBAHUH MyTaIl[MOHHOTO criekTpa B NPM1,
FLT3, IDH1/2 u DNMT3A, BHIIIOJTHEHHBIX BO B3POC-
Jio# koropre marnuenToB ¢ OMJI. [TyGiukanuii, omu-
CBIBAIOIIIUX MYTAIIIOHHBIN CIIEKTP B AHAIN3UPYEMBIX
reHax npu OMJI y mamueHTOB, IPOKUBAIOIIUX 34
Ypanom, B AOCTYIIHOW JUTEpaType He HaUEeHO.
IToMmumo «y3koW» Teorpapuu IpPeACTABJIEHHBIX
pabot, obpaiaer Ha ce6s1 BHUMaHUE TeTePOreHHOCTD
1 HeOOJBIION pa3mep 06C/IeJOBAHHBIX BBHIOOPOK, a
TaKKe IMUPOKUH pas3dpoc IOJyYaeMbIX YaCTOT.
Hanpuwmep, yacrota BBIABIEHUS WHCEPIMH B 12-M
9K30He, 110 JAHHBIM OTEYEeCTBEHHBIX paboT, cocra-
BIJIA 10,7—33,3 % [8—11]. YacToTa MuCcCceHC-3aMEH B
«ropstyei» Touke reHa DNMT3A — kofone 882 — ot
7,1 10 12,2 % [9, 12, 13]. 3yuenue myranuii B FLT3
MIPOBOJTIJIOCH HanboJsiee aKTUBHO. YacToTa MyTaIui
tuna FLT-ITD, o jasHbIM aBTOPOB, BApbUPOBaja OT
13,8 10 25,0 % [9, 13, 14], TOTZIa KaK MyTaIlli THIIA
FLT-TKD - ot 5,5 10 13,6 % [11—15].

ITEJIb NCCJIEJOBAHUA

IIpoBecT KOMILJIEKCHBIN aHAIW3 MyTallliil B
«TopstTynx» TO4YkKax reHoB DNMT3A, NPM1i, FLT3,
IDH1 u IDH2 y 6onbabix OMJI, pOKHUBAIOIIKX B
KPYITHOM CHOMPCKOM METaIloJIHCe.

MATEPUAJIBI 1 METO/bI

O6pa3siibl KOCTHOTO MO3ra ObLIM IIOJyYEHBI OT
128 MaIeHTOB TOPOJCKOTO TeMaTOJIOTHYECKOTO
nenrtpa r. HoBocubupcka ¢ BIiepBbI€ JHATHOCTHPO-
BaHupIMu OMJI. JTuarao3 OMJI GbLI HOCTaBJIEH B
COOTBETCTBHH C TEKYIIUMU KpuTepusmu Kinaccudu-
Karuu BceMUPHOM OpraHu3amuu 3[paBOOXPaAHEHHUsI
[16, 17]. UccnemoBanue 6bLI0 0/J06PEHO KOMUTETOM
mo 6mosTHKe HOBOCMOWUPCKOTO TrOCYZIapCTBEHHOTO
MEUIMHCKOTO YHUBepcuTeTa. PaboTa mpoBOAIOCH
B COOTBETCTBUM C XeJTbCHHKCKOU JleKapaiuei Bee-
MUPHOI MeaunuHcko# accoruanuu (World Medical
Association) 2000 r. u IIporokosom KoHBeHIUH 0O
mpaBax uesioBeka u 6uomenunune (Protocol to the
Convention on Human Rights and Biomedicine)

across different regions of the world [3], and data on
the Russian population remain limited. Several
domestic studies on the mutation spectrum in NPM1,
FLT3, IDH1/2, and DNMT3A in adult patients with
AML have been found in the available literature.
There are no publications in the available literature
describing the mutation spectrum in the analyzed
genes in AML patients living beyond the Urals. In
addition to the “narrow” geography of these studies,
attention is drawn to the heterogeneity and a small
size of the cohorts, as well as the wide range in fre-
quencies reported. For example, the incidence of
insertions in exon 12, according to domestic studies,
ranged from 10,7% to 33,3% [8—11]. The incidence of
missense substitutions in codon 882, the hot spot of
the DNMT3A gene, ranged from 7,1% to 12,2%
[9, 12, 13]. Mutations in FLT3 were studied most
actively. The incidence of FLT-ITD mutations,
according to the authors, varied from 13,8% to 25,0%
[9, 13, 14], while the incidence of FLT-TKD muta-
tions ranged from 5,5 to 13,6% [11—15].

AIM OF THE RESEARCH

To perform a comprehensive analysis of muta-
tions in the hot spots of the DNMT3A, NPM1, FLT3,
IDH1, and IDH2 genes in AML patients residing in a
major Siberian metropolis.

MATERIALS AND METHODS

Bone marrow samples were taken from 128
patients of City Hematological Center (Novosibirsk)
with newly diagnosed AML. The diagnosis of AML
was made in accordance with the current classifica-
tion criteria of the World Health Organization [16, 17].
The study was approved by the Bioethics Committee
of Novosibirsk State Medical University. The study
was carried out in accordance with the World Medical
Association’s Helsinki Declaration of 2000 and the
Protocol to the Convention on Human Rights and Bio-
medicine of 1999. All patients signed a voluntary
informed consent to participate in the study.

Genomic DNA was isolated using a magnetic par-
ticle kit (Biolabmix, Russia), according to the manu-
facturer’s protocol, and then quantified using an
Epoch spectrophotometer (BioTek, USA). Then, the
DNA obtained was used as a template for amplifica-
tion of the fragment of interest in genes studied.

Primers specially selected using Vector NTI soft-
ware (Thermo Fisher, USA) for detecting mutations
p-R882 of the DNMT3A gene, p.W288Cfs*12 of the
NPM1 gene, p.D835 of the FLT3 and FLT3-1TD
genes, p.R132 of the IDH1 gene, and p.R140 of the
IDH2 genes (their sequences are given in Table 1)
were synthesized by Biosynthesis LLC (Russia).

10
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Ta6una 1. [TocseoBaTeIbHOCTH TPAHMEPOB, TEMIIEPATYPbl OTXKHUTA U IJINHBI TPOAYKTOB peaKIun
Table 1. Primer sequences, annealing temperatures, and product lengths

e P —— Jnuna I[P JH/OHYKJIea3a

Tvpe g'f'r 1 Iloc/iej0BaTeIbHOCTD PaliMepPOB Tm NpoAyKTa (ILH.)*  pecTpuKnuu

mylftation Primer sequences (°Q) PCR product Restriction

length (b.p.)* endonuclease

p.R882 DNMT3A 5’-ggcagaactaagcaggcgt-3° 66 232 Hinfl
5'-gcagtctctgcctegegaat-3°

p-W288Cfs*12 5°-ttttttccaggctattcaag-3° 52 107 u 6os1ee -

NPM1 5'-ctgttacagaaatgaaataagacgg-3° 107 and more

FLT3-TKD 5'-ctatattcactttgtttgttgcacatcatcatgg-3" 56 293 Hinfl
5°-tgcccctgacaacatagttggaatcactcatggaat-3°

FLT3-ITD 5°-cctctatctgcagaactgee-3° 66 375 u 6oJiee -
5'-cattttgacggcaacctg-3° 375 and more

p.R132 IDH1 5'-caaatgtgccactatcactc-3° 59 202 Taql
5°-ttgatccccataagcatgt-3°

p-R140 IDHZ2 5°-aattctggttgaaagatggc-3° 64 289 Hpall

5'-agagacaagaggatggctag-3°

* IL.H. - 1ap HyKJIEOTH/IOB.
*b.p. - base pairs.

1999 1. Bce marueHThl, BKJIIOUEHHbBIE B HCCJIE/I0BA-
HUe, MOJIHICATN J00POBOIFHOE HH(POPMUPOBAHHOE
corJIacve Ha yJacTHe B UCCJIEOBAHUM.

T'eromuas JIHK BbIzessach ¢ moMoIpo Habopa
Ha MarHuTHbIX dactunax (Biolabmix, Poccus),
COTJIACHO TIPOTOKOJIy IIPOU3BOAUTENSI, U 3aTeM
KOJIMYECTBEHHO ONPEEIACh C ITOMOIIBIO CIIEK-
tpodoromerpa Epoch (BioTek). B mambHeliem
noaydyeHHyro JIHK wucnosip3oBasim B KauyecTBe
MAaTPHUITHI JIJIs1 aMITUDUKAITAN HY»KHOTO (pparMeHTa
HCCJIETyEMbBIX T€HOB.

CrenmasibHO Mo/I00paHHbIe B IpoTrpaMmMe Vector
NTI (Thermo Fisher, CIIIA) mpaiimMepsl A1 IeTEK-
nuu mytanui p.R882 rena DNMT3A, p.W288Cfs*12
rena NPM1,p.D835 renoB FLT3 v FLT3-1TD, p.R132
re"a IDH1 u p.R140 rena IDH?2, niocjie0BaTeIbHO-
CTH KOTOPBIX IPUBEJEHBI B Ta0JI. 1, CHHTE3UPOBAHBI
00O «buocunted» (Poccus). AMIutuduKauio
poBoAWIN Ha TepMonukiepe «Tepruk» («JHK-
TexHosorusa», Poccus).

Hanuune myranuit p.W288Cfs*12 renos NPM1
u FLT3-1TD, xoTOpble OTINYaOTCA 3HAYUTEIbHbIM
paszHooOpa3reM Kak I10 CBOEH JIOKATU3AIUH, TaK U
10 BEJWYWHE BCTABOK HYKJIEOTHJIOB, BBISABJISIIIN
IIpU TIOMOINY IIOJINMEPA3HOU IENHOU peaKIuu
(ITOP) c dumankupyoUMu npaiimepamu [18].
Herexnusa p.R882 rena DNMT3A, p.D835 renon
FLT3u FLT3-ITD, p.R132 rena IDH1 u p.R140 rena
IDH2 npoBoaunack Metozom IIIP ¢ anaauzom
nosuMop@usMa JJINH PeCTPUKINOHHBIX parMmeH-
toB (ITIP-TI/IP®). [lsgs TOUYHOU BepudUKAIAU
MyTamuu 00pasIlbl CEKBEHHPOBAHbI HAa aBTOMATH-
yeckoM cekBeHatope Applied Biosystems 3500

Amplification was performed using a thermocycler
Thercyc (DNA Technology, Russia).

The presence of p.W288Cfs*12 mutations of the
NPM1 and FLT3-ITD genes, which are characterized
by significant diversity both in their localization and
in the size of nucleotide insertions, was detected
using polymerase chain reaction (PCR) with flanking
primers [18]. Such mutations as p.R882 in the
DNMT3A gene, p.D835 in the FLT3 and FLT3-ITD
genes, p.R132 in the IDH1 gene, and p.R140 in the
IDH2 gene were detected using PCR with restriction
fragment length polymorphism analysis (PCR-
RFLP). For exact verification of mutations, the sam-
ples were sequenced on an Applied Biosystems 3500
automated sequencer (USA) according to the manu-
facturer’s protocol, using the same primers as for the
stage of screening.

A visualization of the spectrum of mutations in
the hot spots of the FLT3, NPM1, IDH1, IDH2, and
DNMT3A genes for each AML case was achieved
using the Oncoprinter tool [19].

RESULTS

A set of oligodeoxyribonucleotide primers
designed for rapid screening and subsequent exact
identification of the recurrent mutations
p-W288Cfs*12 of the NPM1 gene, p.D835 in the
FLT3 and FLT3-ITD genes, p.R132 in the IDH1 gene,
and p.R140 in the IDH2 gene in AML demonstrated
high specificity and diagnostic accuracy (Fig. 1).

In 9,3% of all patients from our cohort, single
nucleotide substitutions in p.R882 of the DNMT3A
gene were detected, including p.R882H in 8 cases

Journal homepage: http://jsms.ngmu.ru
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(CIIA) mo mpoTOoKONy (GUPMBI-U3TOTOBUTEINSI C
[IpUMEHeHNEM TeX Ke IpalMepoB, UYTO U HA dTare
CKpPUHUHTA.

BusyaspHOe mpejicTaBiieHHe CIIeKTpa MyTaluil B
AHAIU3UPYEMBIX «TOpAYUX» TOUKax reHoB FLT3,
NPMai, IDH1, IDH2 u DNMT3A B KaXXJ0M U3 CJIy-
yaes OMJI mosyuyeHO C TpUMEHEHHWEM CepBHCA
Oncoprinter [19].

PE3YJ/IBTATDBI

PazpaboTaHHbIlI HAbOp OJIUTO/IE30KCUPUOOHY-
KJIEOTHTHBIX ITPAUMEPOB JIJIs1 OBICTPOrO CKPUHUHTA
U TIOCJIEIYIONIEN TOYHON HAEHTUDUKAIUU PEKYP-
peHTHBIX wMyTanuii p.W288Cfs*12 rema NPMi,
p-D835 renos FLT3 u FLT3-ITD, p.R132 rena IDH1,
p-R140 rena IDH2 npu OMJI mokasays BBICOKYIO
CrenuGUIHOCTh ¥ TOUHOCTD JUATHOCTUKH (pHC. 1).

¥ 9,3 % J1u11 rPYIIIbI KCCIIEIOBAHUS OBLIIA BBISB-
JIEHBI OJTHOHYKJIEOTH/IHbIE 3aMeHbI B P.R882 rena
DNMT3A, B tom uucie p.R882H B BochMu wu
p-R882P B ogHOM citydae, a TakKe TP CHHOHUMUY-
HbIE 3aMEHBI.

Y 14,8 % OOJBHBIX BBISIBJIEHA MyTallMs
p-W288Cfs*12 rena NPM1, u3 HUX 16 YeJIOBEK C
WHCEpIMed Thma A, OJIMH 4YeJIOBEK C HHCEPIUeH
Tuma B v Ba uesioBeKa ¢ HOBBIMU paHee He OMHCaH-
HBIMH BCTaBKaMH.

Cymmapho vacrota mytanuid FLT3-TKD u FLT3-
ITD cocrasuia 18,0 %. Y 3,9 % nanueHToB 0OHApY-
s)keHa mytanus p.D835 rena FLT3, u3 HUX IO JiBa
ciayyas p.D835H u p.D835Y, a Takke ofluH caydai
p-D835N. Eme 14,1% 6osbubix umenu FLT3-ITD
Pa3JIMYHON TPOTSKEHHOCTH U JIOKAJIM3AIUH, a
MMeEHHO: €.563_564ins18b.p., ¢.574_575ins56b.p.fs11X,
€.594ins36b.p., ¢.597_598ins48b.p., c.600ins12b.p.,
€.601ins18b.p., ¢.601_602ins36b.p., c.602_603ins18b.p.,
¢.605_606ins18b.p., ¢.606_607ins137b.p.,
c.612+1ins48b.p., c.612ins70b.p., ¢.613ins63b.p.,
€.613_614ins45b.p., ¢.612-613ins60b.p., ¢.613_614ins63b.p.,
€.612-613ins84b.p., c.613_614ins167b.p.

¥ 5,5 % nainueHToB o6Hapy:keHa MyTanus p.R132
re"a IDH1, u3 Hux Tpu 4esioBeka ¢ p.R132H, aBa — ¢
p-R132C u o ogaomy — ¢ p.R132S u p.R132L coot-
BETCTBEHHO.

¥ 10,2 % GoypHBIX BBIABJIEHA MyTanusa p.Ri140
reHa IDH2, u3 HUX OIMHHAIIATh ciaydaeB p.R140Q
U 0/1uH cirydait p.R140W.

B menom B 00ciie/ToBaHHOU TPYIIIE MMAIUEHTOB
YaCcTOTHI MyTaIlMi COOTBETCTBOBAJIU JAHHBIM ILJIaT-
dopwmnl cBioPortal for Cancer Genomics /1s1 manu-
eHtoB ¢ OMJI (tabs. 2): ana myranun DNMT3A
p-R882 — 11,0 %, NPM1 p.W288Cfs*12 — 18,1, FLT3-
ITD — 16,1, FLT3-TKD - 5,8, IDH1 p.R132 — 7,8 u
IDH2 — 9,8 % manueHToB [20].

and p.R882P in one case, as well as three synony-
mous substitutions.

In 14,8% of patients, the p.W288Cfs*12 mutation
of the NPM1 gene was detected; among them, 16 indi-
viduals had insertion type A, one individual had
insertion type B, and two individuals had novel, pre-
viously undescribed insertions.

The overall rate of mutations of FLT3-TKD and
FLT3-ITD genes was 18,0%. In 3,9% of patients, the
p-D835 mutation of the FLT3 gene was found (among
them by two cases of p.D835H and p.D835Y), as well
as one case of p.D835N. Also, 14,1% of patients had
FLT3-ITD of varying lengths and localization,
namely: ¢.563_564ins18b.p., ¢.574_575ins56b.p.fs11X,
€.594ins36b.p., ¢.597_598ins48b.p., c.600ins12b.p.,
€.601ins18b.p., c.601_602ins36b.p., c.602_603ins18b.p.,
¢.605_606ins18b.p., ¢.606_607ins137b.p.,
¢.612+1ins48b.p., c.612ins70b.p., c¢.613ins63b.p.,
¢.613_614ins45b.p., ¢.612-613ins60b.p., ¢.613_614ins63b.p.,
¢.612-613ins84b.p., ¢.613_614ins167b.p.

In 5,5% of patients, the p.R132 mutation of the
IDH1 gene was detected. Among them, three indi-
viduals had p.R132H, two had p.R132C, and one each
had p.R132S and p.R132L, respectively.

In 10,2% of patients, the p.R140 mutation of the
IDH2 gene was found. Among them, 11 cases of
p-R140Q and one case of p.R140W were registered.

In general, in the cohort examined, the mutation
rate corresponded to data from the cBioPortal for
Cancer Genomics for AML patients (Table 2): for the
DNMT3A p.R882 mutation - 11,0%, NPMi1
p-W288Cfs*12 — 18,1%, FLT3-ITD — 16,1%, FLT3-
TKD - 5,8%, IDH1 p.R132 — 7,8%, and IDH2 — 9,8%
of patients [20].

Fig. 2 presents a co-mutation pattern in the hot spots
of the genes analyzed. As can be seen from the figure,
42,2% (54/128) of patients had various clinically, prog-
nostically, and therapeutically significant findings.

DISCUSSION

It has been established that without a study of the
molecular genetic characteristics of AML, performed
in a short time frame at the onset of the disease, the
modern adequate and effective treatment of this dis-
ease is not possible.

This study has, for the first time, provided a com-
prehensive pattern of the spectrum of mutations in
the hot spots of the DNMT3A, IDH1, IDH2, FLT3, and
NPM1 genes analyzed in patients with newly diag-
nosed AML residing in Novosibirsk, which is of sig-
nificant practical importance. A total of 29/128
(22,6%) patients from the cohort studied have muta-
tions in the hot spots of the genes that are responsible
for epigenetic regulation of genome: IDH1, IDH2, and
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Puc. 1. ®parMeHThI XpOMaTOrpaMM CHKBeHCOB 00pasioB THK, comepskaux MyTaium:
A — p.R882H (ciiea) u p.R882P (cripaBa) rena DNMT3A; B — p.W288Cfs*12 rena NPM1 (BcraBka tumna A (csieBa) u Tuna B (cipasa));
C — p.D835H (cneBa) u p.D835Y (cupasa) rena FLT3; D — ¢.597_598ins48b.p. (cieBa), ¢.613_614ins167b.p. (110 1ieHTpy)
u ¢.612+1ins48b.p. (cupasa) rena FLT3; E — p.R132H (cieBa), p.R132C (o uentpy) u p.R132L (cupasa) rena IDH1;
F - p.R140Q (cieBa) u p.R140W (cripaBa) rena IDH2
Fig. 1. The fragments of DNA sequence chromatograms of the samples with following mutations:

A — p.R882H (left) and p.R882P (right) of the DNMT3A gene; B — p.W288Cfs*12 of the NPM1 gene (insertion type A (left) and insertion
type B (right)); C — p.D835H (left) and p.D835Y (right) of the FLT3 gene; D — ¢.597_598ins48b.p. (left), c.613_614ins167b.p. (center)
and c.612+1ins48b.p. (right) of the FLT3 gene; E — p.R132H (left), p.R132C (center) and p.R132L (right) of the IDH1 gene;

F — p.R140Q (left) and p.R140W (right) of the IDH2 gene
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Ta6smua 2. CpaBHEeHMe YaCcTOT MyTalMH B «TOPSYHUX» TOYKAX aHAJIM3UPYEeMbIX '€HOB B COOGCTBEHHOM IpyIIe UCCIe0BaHUs

1 BbIGOpKe 6a3bl JaHHBIX cBioPortal for Cancer Genomics

Table 2. Comparison of mutation rate in hot spots of genes analyzed between our study group and the sample

from the cBioPortal for Cancer Genomics

Co6cTBeHHas BbIGOpKAa BriGopka cBioPortal for Cancer Genomics

ﬂﬁ:ﬁ:& Our study cBioPortal for Cancer Genomics’ Sample P
(n=128) (n=1567)

DNMT3A p.R882 12 173 0,393
NPM1 p.W288Cfs*12 19 283 0,316
FLT3-1TD 5 253 0,537
FLT3-TKD 18 91 0,371
IDH1 p.R132 7 122 0,343
IDHZ2 p.R140 12 154 0,905

Ha puc. 2 npejcraBieHa KapTUHa COYETAHHOCTH
MyTallUll B aHAJIU3UPYEMBIX «TOPAUYUX» TOUKAX
reHoB. Kak BUJIHO W3 PHCYHKA, 42,2 % (54/128)
IIallUE€HTOB TI'DYIIIIbI HUCCI€JOBAaHUA HMMEJIU TE€ WU
HWHbIE€ KJIMHUYECKH, IDOTHOCTUYECKHN U TE€paIll€eBTU-
YeCKU 3HAYUMbI€ HAXOOKH.

OBCYK/IEHUE

VYcraHosiieHo, uTO 6€3 HCCIIEOBAHUA MOJIEKY-
JIApHO-TeHeTHu4ecKux Xxapakrepuctuk OMJI, BoImos-
HEHHOTO B CKaTble CPOKHU B JieOroTe 3ab0seBaHUs,
COBpeMeHHOe a/ieKBaTHOe U 3(pPeKTUBHOE JieueHue
JIAaHHOTO 3a00JI€BaHUS HE TIPEZCTABIISIETCS BO3ZMOMK-
HBIM.

B xoze maHHOTO HCCIeOBAaHUSA BIEPBBIE IIOJIY-
JyeHa KOMIUJIEKCHAs KapTHHA CIIeKTpa MyTallui B
QHAJIUBUPYEMBIX  «TOPAYHX»  TOYKAX  TEHOB
DNMT3A, IDH1, IDH2, FLT3 u NPM1 upu de novo
OMJI y manueHTOB, MpOoKUBapImMuX B T. HoBocubup-
CKe, YTO UMeeT OOJIbIIIOe MPAKTUUeCKOe 3HAUEHUeE.
CymmapHo 29/128 (22,6 %) MaIlMeHTOB T'PYIIIIBI
HCCIeZJOBAaHUA UMEIOT MyTallud B «TOPAYUX» TOY-
KaX TeHOB JIUTEHETHYECKOH pEeryJAluy TeHOMa:
IDH1, IDH2 u DNMT3A. 3Tu JjaHHblEe NOJTBEPK-
JIaIOT BaXXHOCTD HapylIeHusa Metwinposanusa JJHK B
matoreneze OMJI. Ilpu stom y 28/54 (51,85 %)
00CJIeZIOBAaHHBIX BBIABJIAIOTCA MyTalllH B 2 U Gosiee
MIPOAHAJIU3UPOBAHHBIX I'€HAX, YTO OTpPa’KaeT Ipo-
Iecchl HAKOIUIEHHWS TeHEeTHYeCKHX HapyIIeHHH B
XO7Ie 9BOJIIOIUU OILyXO0JIEBOTO KJIOHA OT 3Tara KJo-
HAJIBHOTO KPOBETBOPEHHUA B KJIMHUYECKH MaHU-
dectapii OMJI [21].

VYcraHoBiieHo, uTO G0jIee YeM B TPETHU CJIyYaeB
3abosieBaHus (42,2 %) aHAMIU3 «TOPSAYUX» TOUEK
HU3y4JaeMbIX TeHOB II03BOJISIET IPEZOCTaBUTh HH(MOP-
MAaIUio, BAXKHYI0 JUIS IPHUHATUA KIUHUYECKUX
pemtennii. [lepcoHUMUITUPOBAHHBIN MOJIX0J], OCHO-
BaHHBIM HAa 3HAHWHM MYyTallHOHHOTO CIIEKTpa JIeH-
K032 Y KOHKPETHOT'O IaI[HeHTa, II03BoJIsAeT B O0JIb-

DNMT?3A. These data confirm the significance of DNA
methylation abnormalities in the pathogenesis of
AML. At the same time, mutations in 2 or more genes
were detected in 28/54 (51,85%) patients, which
reflects accumulation of genetic mutations during the
evolution of the tumor clone from the stage of clonal
hematopoiesis to clinically manifest AML [21].

It was found that in more than a third of cases
(42,2%), the analysis of the hot spots of the genes stud-
ied allows to provide important information for making
clinical decisions. A tailored approach, based on knowl-
edge of the spectrum of mutations in a specific AML
patient, allows for achieving remission in a higher per-
centage of cases, increasing its duration, and enabling
early pre-clinical diagnosis of disease relapse.

Thus, the presence of the mutations analyzed sig-
nificantly influences the management tactics, prog-
nosis, and choice of a therapy regimen. For example,
isolated p.W288Cfs*12 of the NPMi1 gene was
detected in 7/19 (36,8%) patients from our cohort,
which is prognostically favorable regardless of the
patient’s age, and shows the absence of indications
for allogeneic hematopoietic stem cell transplanta-
tion during the first complete remission. At the same
time, co-mutations in other genes (FLT3, IDH1, and
IDH2) occurring in the rest 12/19 (63,2%) patients
offset the favorable prognostic value of p.W288Cfs*12
of the NPM1 gene.

No less important is the fact that, provided the
mutation type is accurately identified, mutations can
be used for minimal residual disease (MRD) moni-
toring in AML patients. Thus, in every seventh
patient from the studied group, the p.W288Cfs*12
mutation of the NPM1 gene can serve as an indepen-
dent target for the molecular assessment of MRD,
whereas mutations in the FLT3, IDH1, and IDH2
genes are only complementary to other markers [18].

All patients with mutations in the FLT3 gene —
which, as it was shown in the study, accounts for
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IIIeM IIPOIIEHTE CIy4aeB JOOUThCS PEMUCCUH, YBEJIH-
YHUTH €€ IPOJIOJIKUTEIbHOCTD, a8 TaK}Ke MPOBOJTUTH
PaHHIOID JOKJIMHUYECKYIO JIMaTHOCTUKY PeIyiBa
3a00J1eBaHUS.

Tak, HaJIMUYUE AaHATU3UPYEMBIX HAMH MyTaIui
CYIIIECTBEHHO BJIMSIET HA TAKTHUKY BEAEHUS Mallu-
€HTa, ero IMPOTHO3 U BHIOOP Tepanmuu 3ab0JIeBaHMUS.
Hampumep, B M30JIMPOBAaHHOM BapUaHTE MYyTaIlUs
p-W288Cfs*12 rena NPM1 Oblia BbIsABIEHA V 7/19
(36,8 %) manMeHTOB TPYMIIBI HCCIEAOBAHUS, UTO
uMeeT 0JIArONPHUATHOE MPOTHOCTHYECKOE 3HAUEHHE
BHE 3aBHCHMOCTU OT Bo3pacTa OOJILHOTO M CBHjE-
TEJIbCTBYeT 00 OTCYTCTBHH IOKAa3aHUU K BBIIIOJIHE-
HUIO aJ/UJIOTEHHOHW TPAHCIUIAHTAIIUUA TeMOIIO3THYE-
CKHUX CTBOJIOBBIX KJIETOK B TE€UEHHE MEPBOM MOJTHOU
pemuccuu. B To Ke BpeMs coueTaHHbIE MyTallUHU B
npyrux reHax (FLT3, IDH1 wn IDH2), umemoliue
MecTo OBbITh ¥ ocTaBIIMXCA 12/19 (63,2 %) marueH-
TOB, HUBEJIUPYIOT OJIaTOMPUATHOE ITPOTHOCTHYECKOE
snauenue p.W288Cfs*12 rena NPM1.

He mMeHee BaykeH TOT (pakT, YTO IPU YCJIOBHUU TOU-
HOU uieHTU(PUKAINY TATIA MyTallid MOTYT UCIIOJIb-
30BaThCA JIJIA OTCJEKHBAHUSA MUHMMAaJILHOM OCTa-
touHo¥ 60se3uHu (MOB) y manuentos ¢ OMJI. Tak, y
KaK/IOTO CEJbMOTO TallMeHTa U3 TPYIIIbI UCCIIE0-
Banus myranus p.W288Cfs*12 rena NPM1 MoKeT
CJIY’KUTh CAMOCTOSATEIbHON MUIIIEHBIO JJIsI MOJIEKY-
nspHou onteHku MOB, Torga kak MyTaniii B TeHax
FLT3, IDH1 u IDH2 — TOJIBKO B JOIIOJIHEHUE K JPy-
ruM Mapkepam [18].

Bce nmamuenTs! ¢ Mmytauuamu B rese FLT3, a aTo,
Kak IIOKa3aJi0 JaHHOE WCCIeNOBaHue, KaKIbId
nAThid nanueHT ¢ OMJI Hamel BBIOOPKU, MOTYYaloT
Tepanui0 TapreTHBIMH IIpelapaTaMu — WHTUOUTO-
pamu FLT3. [Iyia HUX B IlepedyeHb OL€HUBAEMBIX
muieHed MOB 0643aTeIbHO O/DKHBI OBITH BKJIIO-
vensl FLT3-1TD u/wnu p.D835 rena FLT3 B 3aBUCH-
MOCTH OT THIIA BBISIBJIEHHON MyTamuu [20].

B HacTosIIIee BpeMs HHTHOUTOPHI H30IUTPAT/IE-
THUPOTeHAa3, TAKKWE KaK MBOCUIEHUO U SH3AIyTaMu/l,
He BXOJIAT B IPOTOKOJIBI Tepanuu nanueHTos c OMJI,
corjacHO PoccHMCKMM KJIMHUYECKUM pPeKOMEeH/ia-
nusaM  [22]. OmHako pekoMmeHzaanuu European
LeukemiaNet cBUIETEBCTBYIOT O HEOOXOIUMOCTH
BKJIIOUEHUs] B IE€pPEUeHb OIEHMBAEMbIX MHUIIIEHEH
MOB wmyrarmuii B renax IDH1 u IDH2 y GOJIbHBIX,
MTOJTyYAOIIIUX TEPATIUIO IAHHBIMH TAPTeTHBIMH IIpe-
maparamu [5, 23].

3AK/IOYEHUE

Cpenu JecAATKOB T€HOB, MyTallUH B KOTOPBIX
IpUBOAAT K paszButuio OMJI, yacTh XxapakTepusy-
eTcsd HaJIMYUeM PeKyppPEeHTHBIX KJIMHUYEeCKU 3Ha-
YUMBIX MYyTaIlU#, KOTOpBIE BJIUAIOT HA IIPOTHO3

every fifth AML patient from our cohort — receive
targeted FLT3 inhibitor therapy. For these patients,
FLT3-ITD and/or p.D835 of the FLT3 gene must
necessarily be included in the panel of evaluated
MRD targets, depending on the type of mutation
identified [20].

Currently, isocitrate dehydrogenase inhibitors,
such as ivosidenib and enzalutamide, are not
included in the treatment regimens for AML patients
according to the Russian Clinical Guidelines [22].
However, the European LeukemiaNet Guidelines
indicate the necessity of including mutations in the
IDH1 and IDH2 genes into the panel of MRD action-
able targets for patients receiving therapy with these
targeted drugs [5, 23].

CONCLUSION

Among dozens of genes whose mutations lead to
developing AML, some are characterized by the pres-
ence of recurrent clinically significant mutations.
These mutations influence the disease prognosis,
determine treatment efficacy, and serve as therapeutic
targets and as markers for MRD monitoring. As part
of this study, a set of oligodeoxyribonucleotide prim-
ers was developed for rapid screening and subsequent
exact identification of a number of several mutations
by direct capillary sequencing: p.R882 of the DNMT3A
gene, p.W288Cfs*12 of the NPM1 gene, p.D835 of the
FLT3 and FLT3-ITD genes, p.R132 of the IDH1 gene,
and p.Ri140 of the IDH2 gene. The mutation rate
obtained during the study corresponded to data on
studies of AML patients using next-generation
sequencing from the cBioPortal for Cancer Genomics.
A comprehensive analysis of tumor tissue DNA from
128 AML patients showed that in the examined group,
42,2% of patients had some clinically, prognostically,
and therapeutically significant findings. Thus, the
study of the proposed panel of gene mutations during
the diagnosis carrying out in specialized medical insti-
tutions may enable a tailored approach to manage-
ment of AML patients, based on knowledge of the
spectrum of mutations of leukemia, leading to achiev-
ing remission in a higher percentage of cases, increas-
ing its duration, and facilitating early pre-clinical
diagnosis of disease relapse.
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3abosieBaHusl, ONPENENAIOT 3(PPEKTUBHOCTD Jieue-
HUsA, ABJIAIOTCA MUIIEHAMU JJ1s1 TEPAIUH U CIYKaT
Mmapkepamu uisi orcaexkuBanusi MOB. B pamkax
JITAHHOTO HCCJIeIOBaHUs pa3paboTaH HabOp OJIUTO-
JIe30KCUPUOOHYKJIEOTUAHBIX ~ MpPAlMEpPOB  JJIs
OBICTPOTO CKPUHHHTA W IOCIEAYIOIIed TOYHOH
UeHTUUKAIUYI DPAZla TAKUX MyTalluid MeTOZ0M
MIPAMOTO KalWJIAPHOTO ceKBeHUupoBaHus: p.R882
rena DNMT3A, p.W288Cfs*12 rena NPM1, p.D835
resa FLT3 u FLT3-ITD, p.R132 rena IDH1 u p.R140
rerna IDH2. TlosydeHHBbIE YaCTOThI MyTaI[uil COOT-
BETCTBOBAJIN JJAHHBIM HCCJIEOBAHUA MAIUEHTOB C
OMJI meTo/1aMU CEKBEHUPOBAHUs HOBOTO MOKOJIE-
HUsA, TpeacTaBieHHbBIM B cBioportal for Cancer
Genomics. Kommiekcusiii ananus JTHK omyxose-
BOM TKaHu 128 OGosibHBIX OMJI mokasaj, 4YTO B
obcrieZloBaHHOM TpyIIe 42,2 % MalueHTOB UMeJTH
Te WJIN WHble KJINHWUYECKU, IPOTHOCTHYECKU U
TepaneBTUYECKU 3HAUNMble HaxoKku. Takum obpa-
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