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Pe3iome. I]ens uccneoosanus — onpeneiuTb BO3pacT-
HBIE 0COOCHHOCTH XPOMOCOMHBIX M TeHHBIX MYTAIHH MTPH
OCTPBIX MHEIIOUTHBIX JIEHKO3aX B3POCIBIX.

Mamepuanvt u memoowvt ucciedosanus. Viccienona-
JIU IPOOBI KOCTHOTO MO3ra U nepudepudeckor Kposu 145
6ompubIx OMJL, B T.4. 36 — B Bo3pacte ot 15 no 45, 55
— 0T 45 10 60, 54 — crapie 60 jeT, MPOXOAUBIINX JICUe-
Hue B CBEpIIOBCKOM 00JIACTHOM OHKOTEMATOJIOTHIECKOM
uentpe B nepuon ¢ 2009 no 2019 r. B uccnenyemoii rpyn-
ne ¢ Mopdomornyeckum Bapuantom OMJI MO HaOro-
nanock 6 manueHTosB (4,1%), M1 — 10 (6,9%), M2 — 63
(43,5%), M3 — 13 (9,0%), M4 — 35 (24,1%), M430 — 3
(2,1%), M5 —4 (2,8%), M6 — 6 (4,1%), M7 —1 (0,7%),
ocTperit Muenopuopo3z — 1 (0,7%), ocTpbIil THOPUIHBIH
neiko3 (mueno/mumdo) — 1 (0,7%), bnactHas Tura3Maiu-
TOMJTHAS IEHAPUTOKIIETOUHAs ormyxonb — 2 (1,4%).

Herexuuro mytanuit B renax FLT3, KIT, NPM1, NRAS,
TP53 u WT1 mpoBoauiu METOIOM TPSIMOTO aBTOMaTH4e-
CKOTO cekBeHUpOBaHUS COIMOCTABICHUE CETMEHTOB, BHI-
paBHUBAHHE W CPaBHEHHE TOCIIENOBATEIHHOCTEN HYyKIIe-
OTHJIOB ¥ aMHUHOKHUCIIOT MPOBOJMIHN C HCIIOIb30BaHHEM
nporpammuoro npogykra MEGA, v. 5.0.

Pesynomamot uccnedoganusa. YCTaHOBIEHO, YTO CPE-
HSISL 9aCTOTa MyTAlM B KOIUPYIOMINX MOCIEI0BATEILHO-
cTsix 9k30Ha 12 rera NPM1 n 5x30H0B 5-9 rena TP53 ume-
nma pu OMJI cTarucTU4ecku A0CTOBEPHBIE BO3PACTHEIE
oTHuus. ITO 00YCIOBIUBAIO CTATUCTUYECKH 3HAYUMOC
4,5-xpatHoe ymMmeHbIeHue 1oiu 0onbHbIx OMIJI ¢ Onaro-
MPUSTHBIM TEHETUYECKUM ITPOTHO30M B BO3PACTHOM IpyTI-
nie 60 neT u crape (10 3,7%). ITO cynecTBEHHO OrpaHu-
quBaJIo A((HEKTUBHOCTh MCTOIH30BAHUS TPAAUIIMOHHBIX
CXeM TOJIMXUMHOTEPAITNH JUIS JOCTHKESHUS CTOMKON TIPO-
TOJDKUTENBbHON peMuccud. [Ipu 3ToM oTMeuanoch craTu-
CTUYCCKH 3HAYMMOE 4,5-KpaTHOE YBEIMYCHHE JI0TH 0O0b-
HeIXx OMJI ¢ HEeyTOYHEHHBIM T€HEeTHMYECKUM IPOTHO30M
B BO3pacTHOM rpymme crapimie 45 set. [locneqnee Moxer
YKa3bIBaTh HA 3HAYNMYIO POJIb MEXaHU3MOB OHKOTCHE3a,

Abstract. Aim: to estimate the age-related features of
chromosomal and gene mutations in adults acute myeloid
leukemia (AML).

Materials and methods. Bone marrow and peripheral
blood samples obtained from 145 AML pts (including 36
aged 15 to 45, 55 aged 45-60, 54 aged over 60 years old),
treated in Sverdlovsk Regional Hematological Centre
during the period 2009-2019. Distribution of the pts
according to FAB-classification was as follows: AML MO
— 6, M1 — 10, M2 — 63, M3 — 13, M4 — 35, M4eo
— 3, M5 — 4, M6 — 6, M7 — 1, acute myelofibrosis
— 1, acute hybrid (myelo\lympho) leukemia — 1, blastic
plasmacytoid dendritic cell neoplasm — 2.

Detection of mutations performed using G-banding, real
time — polymerase chain reaction and direct sequencing
technique. Sequencing realized using automatic genetic
analyzers ABI Prism 310 (Applied Biosystems, USA) and
3130 Genetic Analyzer (Thermo Fisher Scientific Inc.,
USA).

Results. 1t was found that the average mutation rate in the
coding sequences of exon 12 of NPM1 gene and exons 5-9
of TP53 gene had statistically significant age differences
in AML. This resulted in a statistically significant 4.5-
fold decrease in the proportion of AML patients with a
favorable genetic prognosis in the age group of 60 years
and older to 3.7%. This does not allow the effective use of
traditional polychemotherapy regimens to achieve stable
long-term remission. In addition, there was a statistically
significant 4.5-fold increase in the proportion of AML
patients with unspecified genetic prognosis in the age
group older than 45 years. This indicate the leading role
of oncogenic pathways, detection of defects in which
by traditional cytogenetic, PCR and direct sequencing
methods is difficult.
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Octpblie MmuenouHbIe Jeiko3bl (OMJI) sBisitoTCS TeTe-
POTEHHOHU TPYIIOHN 3710Ka4eCTBEHHBIX HOBOOOPA30BaHUIM
CHUCTEMbI KPOBH, Pa3BHUBAIOLIUXCS MPEUMYIIECTBEHHO Y
B3POCIBIX, TOTAAa KaK OCTphIe JIMM(OOIACTHEIE JIEHKO-
3BI OoJIee XapaKTepHbI A1 nereil. 3aboneBaeMocts OMJI
KOppeJIUpYyeT ¢ BO3PAacTOM HAalMEHTOB U JOCTUTACT IOILY-
JIIMUOHHOTO MakcuMyMma y Jun crapue 80 net. MexayHa-
POJHBIE UCCIIEI0BaHMS, TPOBEJCHHBIE C HCTIOJIb30BaHUEM
TEXHOJIOTUH MacCOBOTO MapaljieIbHOTO CeKBEHUPOBAHMUS,
BBISIBUJIH, YTO JIATEHTHBIE MYTAIlMH B HEKOTOPBIX MPOTO- U
aHTHOHKOreHax, cnenuduueckue s OMIL, BBIABISAIOT-
sl B JISKOIIUTAaX 310POBBIX TOHOPOB, HAUMHAS C BO3pac-
ta 40-50 neT. [Ipu 3TOM 10 NOMYNSAINUN JIEHKOLIUTOB, CO-
JiepKalluX yKa3aHHbIE MYTalldH, TOXKE YBEIMYUBAETCS
C BO3pacTOM M acCCOIMUPOBAaHA C MOBBIIIEHHBIM PHCKOM
pasButuss OMJI, KOTOPBIN, TEM HE MEHEe, HE TIPEBBIIIACT
10% 3a 10 et HaOmonenuns. OTHAKO PUCK 37TOKaYEeCTBEH-
HOM TpaHc(opmanuu Bo3pacTaeT B 4-5 u Oonee pas mpu
YBEJIMYEHHUH B JIEUKOLIUTAX YKCIIa TEHOB, HECYIIHX CIIEIH-
¢uueckne myranuu. COOTBETCTBEHHO, PaccMaTpUBAETCS
TpexatanHas cxema passutus OMJI: 1) noxnmuudeckas
cTamus, 2) cTamus KIOHAJIBHON 60me3Hu u 3) Tpancdop-
Mallys B 3JI0KaYE€CTBEHHYO omyxoub [ 1-5]. To ectb, Mone-
KyJsipHBIH oHKOreHe3 OMJI y B3pocibiX OOJNIBHBIX MOJIO-
JIOTO, 3pEJIoTo, MOKUIION0 M CTapuyecKOro BO3PacTOB MO-
XKeT ObITh pasnuuHbiM [6]. CremoBaresbHO, McCeI0Ba-
HHE BO3PACTHBIX 0COOEHHOCTEN MOJIEKYIISIPHOTO MOBPEXK-
JICHUS1 OCHOBHBIX IPOTO- U AHTHOHKOI'€HOB, & TAKXKE XPO-
MOCOMHBIX abeppauuit mpu OMJI y nur pazHoro Bo3pac-
Ta MOXKET OBITh aKTyaJbHBIM 151 pa3paOOTKH MOIXOJ0B K
MIPOTHBOOIYXOJIEBOMY JIeUeHHUIO, AuddepeHnpoBaHHbIX
B 3aBUCHMOCTH OT BO3pacTa 3a00JIeBIIHX.

IIC.J]L HCCJIeA0BAHUA — OIIPEACINTH BO3PACTHBIE OCO-
OCHHOCTH XPOMOCOMHBIX U IT'CHHBIX MYTaLII/Iﬁ Ipu OCTPBIX

Acute myeloid leukemia (AML) is a group of genetically
heterogeneous malignant blood diseases, more common
in adults while acute lymphoblastic leukemia is more
common in children. The incidence of AML correlates
with the age of patients, affecting people over 80 years.
Worldwide studies using next-generation sequencing
technologies have revealed that latent mutations in
some proto and anti-oncogenes specific for AML are
detected in the leukocytes of healthy donors over 40-50
years. Leukocyte populations containing these mutations
increases with age and associated with an increased risk
of AML, which, however, does not exceed 10% over
10 years of observation. However, the risk of malignant
transformation increases by 4-5 or more times with
an increase in the number of genes carrying specific
mutations in leukocytes. Accordingly, there are 3 stages
of AML development AML: pre-clinical stage, stage of
clonal disease and malignancy [1-5]. The oncogenesis of
AML in adult patients of young, mature, elderly and senile
ages can be different [6]. Therefore, the study of age-
related features of molecular damage to the main proto-
and anti-oncogenes, as well as chromosomal aberrations
in AML in people of different ages may be relevant for
the development of approaches to antitumor treatment,
differentiated depending on the age of the onset of disease.

Aim: to estimate the age-related features of chromosomal
and gene mutations in adults acute myelitis leukemia
(AML) using direct sequencing technique, G-banding and
real time — polymerase chain reaction.

Materials and methods

Bone marrow and peripheral blood samples obtained
from 145 AML pts (70 males and 75 females, including 36
aged 15 to 45, 55 aged 45-60, 54 aged over 60 years old;),
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MMEJIOUIHBIX JIEMKO3aX B3POCIIbIX C UCIIOJIb30BAHUEM ME-
TOZAOB MPSAMOTO aBTOMaTU4YECKOTO CEKBEHUPOBaHUS, IIUTO-
TE€HETHUKHU U TIOJIMMEPA3HOM LEMHON peaKIuu.

MarepuaJjibl 1 MeTOABI HCCJIEA0BAHMI

HccnenoBamu nmpoObl KOCTHOTO MO3Ta U IMepudeprude-
ckoit kpoBu 145 6ompHbIX OMJI B Bo3pacte ot 15 mo 82
JIeT, IPOXOANBIINX JieueHre B CBEpUIOBCKOM 0OIaCTHOM
OHKOT€MAaTOJIOTHYECKOM IIeHTpe B mepuon ¢ 2009 mo 2019
r. Cpeny manueHToB B Bo3pacte oT 15 mo 45 6suto 36 ge-
JI0BeK, oT 45 no 60-55, crapme 60—-54. B uccnenoBanue
Obu10 BKIIOUeHO 70 My>xurH U 75 xeHmuH. Bo Bcex ciy-
Yasx ObUIO TOJIYYCHO JIOOPOBOJIBHOE HH()OPMUPOBAHHOE
cornacue OOJNBHBIX HA HCCIICAOBaHHE.

Huarsoctuxy OMJI oCymecTBIsSIIN B COOTBETCTBHUH C
pexomermanussMu BO3 [7-9], Ha OCHOBaHWH KJIMHHYE-
CKOW KapTHHBI, IIATOJIOTUIECKOTO aHaIN3a KPOBU U KOCT-
HOTO MO3Ta, ITUTOXUMHUYECKOTO M UMMYHO(ECHOTHITHYEC-
CKOro uccienoBanus. [1o MEIUIIMHCKIM MTOKA3aHUSM BbI-
TIOJTHSUTM TPEMaHOOMOIICHIO TTO/IB3/IOIIHON KOCTH € TIOCIe-
IYIOIIUM TUCTOJIOTHYECKAM U IMMYHOTHCTOXUMHYECKIM
nccinenopanueM [10]. Mopdonormuecknii Bapuant OMIJI
ONpeNessii ¢ y4eToM (paHKO-aMePHUKaHO-OpPUTaHCKOU
(FAB) knaccuduxauuu [11]. Beero B uccnenyemon rpym-
ne ¢ MopdonornueckuM Bapuantom MO HabirOAaNOCH 6
6ompHbIX (4,1%), M1 — 10 (6,9%), M2 — 63 (43,5%),
M3 — 13 (9,0%), M4 — 35 (24,1%), M4s0 — 3 (2,1%),
M5 —4(2,8%), M6 — 6 (4,1%), M7 — 1 (0,7%), ocTpslii
muenopudpo3 — 1 (0,7%), ocTpelii THOPUIHBINA JICHKO3
(mueno/mumdo) — 1 (0,7%), GnacTHas mIa3MaUTOUIHAS
JIEHAPUTOKIETOUHAs omyXxoiab — 2 (1,4%).

Bcem narmenTaM BBITIOTHEHO IUTOTEHETHICCKOE H/FITH
MOJIEKYJISIPHO-TEHETHYECKOE HCCIIEZIOBAaHUE JIEHKO3HBIX
KJIETOK acrypara KOCTHOTO Mo3ra (ToimMepasHas Iel-
Has peakuuss — [P B peansHOM Bpemenu Ha t(8;21),
inv(16), t(9;22), anomanuu 11q23), Ha OCHOBaHUM PE3YJIb-
TaTOB KOTOPBIX OOJBHBIC PACHPEICISUINCh B TOATPYIIITHI
abeppaHTHOTO, HOPMAIHLHOTO U HEYyTOYHEHHOTO KapHOTH-
moB [12-14].

JleTeKIuio MyTalui B KOJUPYOIIUX MTOCIEA0BaTEIFHO-
cTaX Ak30HOB 12-15 u 19-21 rena FLT3, sx30H0B 7-12 1
16-19 rena KIT, sk30H0B 9-12 rera NPM1, sk30H0B 1-4
redia NRAS, sk30H0B 4-11 rena TP53, sx30H0B 6-9 rena
WTI ocymiecTBiisyid ¢ UCIIOJIb30BAaHUEM TEXHOJIOTUHM TIPsi-
MOTO aBTOMAaTHYeCKOTO CeKBEHMpOBaHus. Bcero Ha Hamm-
Yye MyTalui B KOAUPYIOIIUX MOCIIEI0BATEIHLHOCTIX TeHa
FLT3 uccnenosanst 133 mpoOsl, rena TP53 — 112, NPM1
— 100, KIT — 95, NRAS — 81, WT1 — 77. Opurunamns-
HBIE TOCJIEIOBATENILHOCTH MPaiiMepOoB, MCIIOIB30BAaHHBIX
JUTS BBISIBIIEHUS] TOUYEUHBIX MYTaIli B yKa3aHHBIX T€HaX,
ObLTH OmyOIMKOBaHbBI paHee [15-18].

Brinenenue toransunoii PHK u3 neiiko3HbIX 0J1aCTOB €
nocienyomeil oopaTHOH TPaHCKPUIIMEH W TMOJTy4eHH-
eM kJIHK ocymecTBIsin ¢ HCIONTH30BAaHUEM PEBEPTA3BI
M-MLV # rekcanyKJI€OTHJIHBIX NpaiMepoB CO Ciyyaii-
HOM TmociienoBarenbHOCThI0. YuacTku kJIHK, coorBet-
CTBYIOIIHE UCCIEAYEMBIM IK30HAM yKa3aHHBIX T€HOB, aM-

treated in Sverdlovsk Regional Hematological Centre
during the period 2009-2019. Informed consent from all
patients was obtained.

AML was diagnosed in accordance with WHO
recommendations [ 7-9] based on the clinical presentations,
cytological analysis of blood and bone marrow,
cytochemical and immunophenotypic studies. Trephine
biopsies was performed according to medical indications
with subsequent histological and immunohistochemical
examination [10]. The subtypes of AML determined
by the French-American-British classification (FAB)
[11]. Accordingly, there were 6 patients (4.1%) with the
morphological variant AML M0, M1 — 10 (6.9%), M2 —
63 (43.5%), M3 — 13 (9.0%), M4 — 35 (24.1%), M4eo
— 3 (2.1%), M5 — 4 (2.8%), M6 — 6 (4.1%), M7 —
1 (0.7%), acute myelofibrosis — 1 (0.7%), acute hybrid
leukemia (myelo/lymph) — 1 (0.7%), blast plasmacytoid
dendritic cell neoplasm — 2 (1.4%).

All patients were obtained by cytogenetic and / or
molecular genetic studies of bone marrow aspirate
leukemia cells (polymerase chain reaction — real-time
PCR at t(8;21), inv(16), t(9;22), abnormalities 11q23),
based on the results of which patients were divided into
subgroups of aberrant, normal and unspecified karyotypes
[12-14].

Detection of mutations in the coding sequences of exons
12-15 and 19-21 of the FLT3 gene, exons 7-12 and 16-19
of the KIT gene, exons 9-12 of the NPM1 gene, exons 1-4
of the NRAS gene, exons 4-11 of the TP53 gene, exons 6-9
gene WT1 performed using direct sequencing technique.

Extraction of total RNA from leukemic blasts followed
by reverse transcription and cDNA production was
performed using M-MLYV revertase and random sequence
hexanucleotide primers. Plots of cDNA corresponding to
the studied exons of these genes were amplified by PCR.
Analysis of the amplification products was preformed by
electrophoresis followed by detection in an ultraviolet
transilluminator [15-18].

Sequencing of amplified fragments were performed
using ABI Prism 310 (Applied Biosystems, USA)
and 3130 Genetic Analyzer (Thermo Fisher Scientific
Inc., USA) automated genetic analyzers in forward
and reverse sequences according to the manufacturer's
recommendations. Segment matching, alignment and
comparison of nucleotide and amino acid sequences was
performed using the MEGA computer program, version
5.0 [19].

AML patients was treated according to clinical
protocols developed by the Russian group for the study
of acute leukemia [20]. Treatment regimens were included
3-4 courses of intensive polychemotherapy followed
by supportive treatment. Patients who had medical
contraindications for program chemotherapy received
6-mercaptopurine and / or hydroxycarbamide.

Statistical analysis was by the computer program
«Biomod». Statistical hypotheses were tested using
Fisher's exact test (F). Confidence intervals (CI) for the
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wmpunuposanu merogom [I1P. Ananu3 npogykroB am-
M$UKAIMKA TPOBOIMIA METOAOM dIIeKTpodopesa ¢ 1mo-
CIeMyIoel AeTeKIuel B YIbTPaduoICTOBOM TPAHCHII-
momuHaTope [15-18].

CeKBEHUPOBAHUE aMIUTM(QHULIUPOBAHHBIX (PAarMEHTOB
MIPOBOJIMJIM HAa aBTOMAaTHUYECKHX I'€HETUYECKUX aHaIu3a-
topax ABI Prism 310 (Applied Biosystems, CILIA) u 3130
Genetic Analyzer (Thermo Fisher Scientific Inc., CIIIA)
Mo MpsIMOM M 0OpaTHOM TOCIeA0BATELHOCTSIM COTJIAC-
HO peKOMeHJauusaM rnpoussoauresis. ConocraBiieHUE CET-
MEHTOB, BBIPAaBHUBAaHUE U CPABHEHHE I10CIEIOBATEIBHO-
CTeH HyKJIEOTHI0B 1 AMUHOKHUCIIOT ITPOBOJIMIIN C UCTIONb-
30BaHMEM KoMmmbloTepHON mnporpammsel MEGA, Bepcus
5.0 [19].

Bomparie OMJI mosnydanu jedeHHe MO0 KIMHUYECKIM
MIPOTOKOJIaM, pa3paboTaHHBIM Poccuiickoil rpymmoit mo
HU3YUYEHHUIO OCTPBIX JIEHK030B [20], B KOTOPBIX UCIOJB30-
BaJuch 3-4 Kypca MHTEHCHBHOHM IMOJUXMMHUOTEpANUU C
MOCJIEAYIOUIUM MOJIEP>KUBAOIIUM MTPOTHBOOITYXOJIEBBIM
neuenueM. IlanueHTsr, UMeBIIMEe MEIUIUHCKHE TMPOTHU-
BOIIOKA3aHMA K IMIPOrpaMMHON XUMHOTEPAINH, MTOTyYaIn
6-MEepKanTOIypHH U/WIN THIPOKCUKApOAMHU/I.

Craructudeckyto oOpaOOTKy pe3ysbTaToB HCCIE0Ba-
HUS IPOBOJIMJIM C UCTIOIB30BaHUEM MTporpamMmsl 11t OBM
«buomony». IIpoBepKy CTaTUCTUUECKUX FMIIOTE3 TPOBOAU-
JI1 C UCMOJIb30BaHWeM TouHOTO KpuTepus Dumepa (F).
Josepurensabie wHTEpBaNSLl (JAW) mist cpemHux 9acToT
MyTalUi T€HOB ONPEAESUIM Ha OCHOBE OMHOMHAJIBLHOIO
pacnpenenenus [21].

Pe3ynbTarsl ucciaeoBanus

Hawnbonee gacTbiM THIIOM XpPOMOCOMHBIX abepparuii B
HCCIIeyeMOH TPyIIIE NalMEHTOB SBJISUIMCH KOMIUIEKCHbIE
XpoMocoMHbIe abeppauuu (n=24, 16,6%, npu 95% U ot
11,4 no 23,4%). B 12,4% cnyuaeB (n=18, mpu 95% J1U
ot 8,0 no 18,8%) onpenensinch CTPyKTypHbIE MyTalluu
XPOMOCOM, aCCOLMMPOBAHHBIE C OJIATONPUSTHBIM IIPOTHO-
3oM (mHBepcus inv(16)(q24;ql1), Tpancmokamuu t(8;21)
(922;922) u t(15;17)(q22;q11). N3oaupoBaHHbIC CIEIH-
(uueckne XpoMOCOMHBIE adeppaliy, acCOLMUPOBAHHBIC
¢ HeOJIAroNPHUATHBIM [TPOTHO30M BBISIBICHBI Y 7 OOIBHBIX
(4,8%, ipu 95% JIU ot 2,4 1o 9,6%). B OonbinHCTBE %e
oOpasuos (n=78, 53,8%, AU ot 45,7 no 61,7%) onpene-
JINTH XPOMOCOMHBIE MyTalLlUH B aCIUPaTax KOCTHOTO MO3-
ra He ylajoch — y 9KBUBAJICHTHOIO KOJIMYECTBA MallleH-
TOB OINPEIEISUINCH HOPMaJIbHBIN TM00 HEYTOUHEHHBIN Ka-
puotun neiikemuueckux onacros (n=39, 26,9%, npu 95%
U ot 20,3 no 34,6%).

YacTtoTa BCTPEUYAEMOCTH CTPYKTYPHBIX MYTaLUHd Xpo-
MOCOM, aCCOLMMPOBAHHBIX C ONAroNpHUsATHBIM TPOTHO30M,
OblIa MakCUMaJlbHOW B TpyIe OONbHBIX MOJOke 45 et
(n=8, 22,2%, mpu 95% 1AW ot 11,7 no 38,1%) u ctarncTrue-
CKH 3HaYMMO yMeHbInanach ¢ BozpactoM (F=0,02, p<0,05).
AmHajyoruyHasi BO3pacTHasi JUHAMHKA OIpenessuiach s
W30JIMPOBAHHBIX CHENU(PUIESCKUX abeppanuii, accouuupo-
BaHHBIX C HEONATONPUSITHBEIM MporHo3oM (n=5, 13,9%, npu
95% AU or 6,1 no 28,7%, F=0,05, p<0,05, puc. 1).

average frequencies of gene mutations were determined
based on the binomial distribution. [21].

Results

The most common type of chromosomal aberration was
complex chromosomal aberration (n=24, 16.6%, with
95% CI from 11.4 to 23.4%). In 12.4% of cases (n=18,
with 95% CI from 8.0 to 18.8%), structural chromosome
mutations were identified associated with a favorable
prognosis (inversion inv (16) (q24; q11), translocation t (8
;21) (q22; q22) and t (15; 17) (q22; q11). Isolated specific
chromosome aberrations associated with an unfavorable
prognosis were identified in 7 patients (4.8%, with 95% CI
from 2.4 to 9,6%). In the majority of cases (n=78, 53.8%,
CI from 45.7 to 61.7%), chromosomal mutations in bone
marrow aspirates were not determined, in an equivalent
number of patients, normal or unspecified leukemic
karyotype was determined (n=39, 26.9%, with 95% CI
from 20.3 to 34.6%).

The frequency of structural mutations of chromosomes
associated with a favorable prognosis (n=8, 22.2%, with
95% CI from 11.7 to 38.1%) and statistically significantly
decreased with age younger than 45 (F=0.02, p<0.05). A
similar age-related dynamics was determined for isolated
specific aberrations associated with an unfavorable
prognosis (n=5, 13.9%, at 95% CI from 6.1 to 28.7%,
F=0.05, p<0.05, Fig. 1).
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<45 ner HEeYTOYHEH.
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45-60 net cTp. 6nar

cTp.Hebn

>60 net

Fig.1. Age-dependent features of the frequency of
chromosomal mutations in AML.

It was not possible to identify statistically significant
differences in the frequency of complex chromosomal
mutations and diploidy in the studied age groups, which
may be due to the small sample size. At the same time,
the frequency of complex genetic abnormalities tended to
increase slightly in the age group of patients with AML
over 60 years old (n=12, 22.2%, with 95% CI from 13.2
to 35.0%), and diploidy — to decrease (n=11, 20.4%, with
95% CI from 11.8 to 32.9%).

The frequency of cytogenetic detection of the unspecified
karyotype of leukemic blasts was the highest in patients
over 60 years old (n=23, 42.6%, with 95% CI from 30.3
to 55.8%) and statistically significantly increased with
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Puc. 1. Bo3pacTHble 0COB6EHHOCTU YacTOTbl XPOMOCOMHbIX
myTaumi npu OMJI.

CTaTHCTUYECKH 3HAYMMBIX OTJIMYMN B HYacTOTE KOM-
IUIEKCHBIX XPOMOCOMHBIX MYTAIlMi W JUIUIOUANHA B UC-
CJIEIyeMbIX BO3PACTHBIX T'PYIMIIaX BBISBHTH HE YNAJOCh,
YTO MOXKET OBITh OOYCJIOBJICHO MaJIbIM Pa3MepoM BBIOOD-
ku. [Ipu 3TOM 4acTOTa KOMIUIEKCHBIX T€HETHYECKHX aHO-
MaJiii UMea TeHACHIINI0O K HEKOTOPOMY YBEITMYEHHUIO B
Bo3pacTHOM rpytre 6oapHBIX OMJI crapire 60 et (n=12,
22,2%, npu 95% AW ot 13,2 no 35,0%), a aurnonaun
— x camkenuto (n=11, 20,4%, npu 95% AU ot 11,8 no
32,9%).

YactoTa BBISABICHUS MPHU IUTOICHETHUECCKOM HCCIIEI0-
BaHWU HEYTOYHEHHOTO KapHOTHUIA JIEHKO3HBIX OacTOB
Obu1a MaKCUMaJIbHOM B Bo3pacTHOM rpynne OMJI crapmie
60 net (n=23, 42,6%, npu 95% U ot 30,3 mo 55,8%) u
CTAaTUCTHYECKHU 3HAYMMO yBEIMYUBAJIACH C BO3PACTOM Ta-
nuenToB (F=0,06, p=0,05, puc. 1), uro Morio ObITh 00-
YCJIOBJICHO OMOJIOTHYECKUMU OCOOCHHOCTSIMH HCCIIEHye-
MBIX 00pa3loB KOCTHOTO MO3ra (MEHbIIas KJIETOYHOCTH
acnupara, HU3Kui nmponudeparuBHbIA TOTEHIMAT JIeHKe-
MHYecKuX OiactoB) [12].

25%

20%

15%

10%

5%

0%

<45 net

45-60 net

K
>60 net

Puc. 2. Bo3pacTHble pasnMyms 4acToT MyTauMi B reHax
KIT, WT1, TP53, NRAS, NPM1, FLT3 npn OMJ.

Cpenu uccienyembix MpoTO- U aHTUOHKOI'CHOB C Hau-
OoJbIIIeH YacTOTONW MYTallMU OINPENEISUTUCh B KOJAUPYHO-
e MmocaenoBaTeIbHOCTH dK30H0B 12-15 u 19-21 rena
FLT3 —16,5% (n=22, ipu 95% JAU ot 11,4 no 23,4%), u3

age of patients (F=0.06, p=0.05, Fig. 1), which could be
due to the biological features of the studied bone marrow
samples (lower cellularity of the aspirate, low proliferative
potential of leukemic blasts) [12].

Among the proto- and anti-oncogenes studied, the
mutations with the highest frequency were determined in
the coding sequence of exons 12—15 and 19-21 ofthe FLT3
gene — 16.5% (n=22, at 95% CI from 11.4 to 23.4%),
from dominated by internal tandem duplications (n=18,
13.5%, with 95% CI from 8.7 to 20.4%). Less common
were non-synonymous single nucleotide substitutions in
the coding sequence of tyrosine kinase domains (n=4.0,
3.0%, with 95% CI from 1.2 to 7.5%). There were no
statistically significant differences in the distribution of
FLT3 mutations in the studied age groups (Fig. 2).

Tetranucleotide insertions in exon 12 of the NPM1 gene,
associated with a favorable prognosis of AML [10], were
determined in 13.0% of cases (n=13, with 95% CI from
7.8 t0 21.0%). Their frequency was maximum in the group
of patients over 45-60 years (n=8, 22.9%, with 95% CI
from 12.1 to 39.0%), minimal — in elderly patients (n=2,
5.4%, at 95% CI from 1.5 to 17.7%), and the differences
were statistically significant (F=0.04, p<0.05, Fig. 2).

Functionally significant genetic changes in the coding
sequence of exons 1-4 of the NRAs gene associated with
an unfavorable prognosis [18] were detected in 11.1%
of AML cases (n=9, with 95% CI from 6.0 to 19.8%),
statistically significant age differences in their incidence
were not revealed.

45-60 net

K
>60 net

Fig.2. Age-dependent differences of the frequency of KIT,
WT1, TP53, NRAS, NPM1 and FLT3 mutations in AML.

The average mutation frequency in the coding sequence
of exons 4-11 of the TP53 anti-oncogene (including the
DNA-binding domain) was 8.9% (n=10, with 95% CI
from 4.9 to 15.7%) and had a significant age dynamics
(F=0.00, p <0.05, Fig. 2). In the group of patients younger
than 45 years, these mutations were not determined, in the
age group of 45-60 years were detected in one observation
(2.6%, with 95% CI from 0.5 to 13.5%), in elderly patients
-1n 9 (20.0%, with 95% CI from 10.9 to 33.8%). Mutations
were represented by non-synonymous substitutions,
deletions and insertions, localized in exons 5-9. As a rule,
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KOTOPBIX Mpeodnagany BHyTPEHHHE TaHAEMHbIE TyIUINKa-
uuu (n=18, 13,5%, npu 95% U ot 8,7 no 20,4%). Pexe
BCTpEYAINCh HECHHOHWMHUYHBIE OIHOHYKJICOTHIHbIE 3a-
MEHBI B KOAMPYIOUIEH TOCIEeN0BaTEIbHOCTH THPO3UH-
KHHA3HBIX JoMeHOB (n=4, 3,0%, npu 95% JIU ot 1,2 mo
7,5%). CTaTucTH4eCcKH 3HAYMMBIX pa3Iniuil B pacrpere-
nennu FLT3 myTanuii B ucciaeyeMbIX BO3pACTHBIX TPYII-
ax He BBIABICHO (pHC. 2).

TerpanykiaeoTHaAHbIE HWHCEPIMH B O5K30HE 12 reHa
NPMI1, acconnupoBaHHbBIE ¢ OJATOTPHUITHBIM IIPOTHO30M
OMIJI [10], onpenensmuch B 13,0% nabmopenuit (n=13,
mpu 95% JIU ot 7,8 no 21,0%). Mx gacrora Oblia Mak-
CHUMaJIbHOM B TpyMIie MalMeHToB B Bo3pacte 45-60 ner
(n=8, 22,9%, pu 95% U ot 12,1 mo 39,0%), muHH-
MajJbHa — Yy TAIUEHTOB MOXKUJIOTO U CTAPUYECKOro BO3-
pacra (n=2, 5,4%, ipu 95% AU ot 1,5 no 17,7%), npu
ATOM Pa3IMYusl SABISUIACH CTATUCTUYECKU JIOCTOBEPHBIMH
(F=0,04, p<0,05, puc. 2). OnHako B IIEJIOM, 4aCTOTa BbI-
siBieHus1 MmyTanuii B rene NPM1 B uccienyemoii BoIOOp-
Ke ObUIa HUXKE, YeM B PYTUX MCCIETOBAHUAX, YTO MOXKET
OBITH 00YCITOBJIICHO OCOOCHHOCTSIMH €€ IIUTOTCHETHIECKO-
ro npoduis (puc. 1). DyHKIHOHAIEHO 3HAYUMBIE TEHETH-
YeCKHEe M3MEHEHUS B KOJUPYIOIIEH MOCIeI0BATEIIbHOCTH
9k30HOB 1-4 rena NRAS, accouumupoBaHHble ¢ HeOnaro-
NPUSTHBIM TIporHo30oM [18], onpenemnsiiuck B 11,1% ciy-
gaeB (n=9, ipu 95% I ot 6,0 10 19,8%), crarnucTnyaecku
3HAYMMBIX BO3PACTHBIX OTIIMYMI B 4aCTOTE WX BCTpedae-
MOCTH HE BBISIBIICHO.

Cpennsisi yacToTa MyTaUUld B KOOUPYIOLIEH MOCIEeno-
BaTeNILHOCTH 3K30HOB 4-11 anTnmonkoreHa TP53 (Bxiro-
gast JIHK-cBs3piBatomuii momen) cocrasisiia 8,9% (n=10,
npu 95% U ot 4,9 no 15,7%) u umena sipko BbIpakeH-
HyI0 Bo3pacTHyo muHamuky (F=0,00, p<0,05, puc. 2). B
rpymre OOJBHBIX MOJOXKE 45 NeT yKa3aHHbIE MyTaIllH He
OTpENEISUINCh, B BO3pAacTHON rpymnne 45-60 neT BhIABIA-
JIUCh B ojHOM HaOmronenun (2,6%, npu 95% AU ot 0,5
10 13,5%), y OOJIbHBIX MOXKHIIOTO M CTAPUECKOrO BO3pac-
ta — B 9 (20,0%, pu 95% JAU ot 10,9 no 33,8%). My-
TaIuy OBUIH TPEICTaBICHb HECHHOHUMUYHBIMY 3aMeHa-
MU, JIENeNUsIMH U UHCEPIUSIMH, JTOKaTHN30BaAIUCh B DK30-
Hax 5-9. Kax npaBuio, myranuu B rene TP53 coueranuch
C KOMIUIEKCHBIMH aHOMalusAMHU Kapuortuna (7 ciydaes),
peke — ¢ HEyTOYHEHHBIM KapHOTUIIOM (N=2) U JAWILIOU-
mueit (n=1).

I'eneTnyeckue M3MEHEHHS B KOJUPYIOIIEH IMOCIIen0Ba-
TEIBHOCTH 3K30HOB 7-12 u 16-19 rena KIT ompenens-
muck B 7,4% wabmronennii (n=7, npu 95% JIU ot 3,6 mo
14,4%) n ObLIH TipeICTaBICHBl HECHHOHUMUYHBIMU 3aMe-
HaM¥ HYKJICOTHIOB U JenenusMu. CTaTUCTUYeCKH 3HAYH-
MBIX BO3PACTHBIX PA3IMYUil B 4ACTOTE dTHUX MYTalWui HE
OBLIO BBISBICHO, BO BCEX MCCIIEAYEMbIX TPYINaX OHA Ba-
pbupoBaia B npenenax 5,9-10,0%.

Uactora myrtauuid B antuonkorene WT1 cocrtaBuia
5,2% (n=4, ipu 95% AU ot 2,0 no 12,6%), n umena cra-
TUCTHYECKH HE3HAYMMYIO TEH/ICHIIMIO K YMEHBIICHHUIO B
BozpactHoi rpyme OMJI crape 60 et (puc. 2, F=0,29,
p>0,05), B KOTOpO¥1 OHM HE OTPEAETSIINCH HA B OJHOM Ha-

mutations in the TP53 gene were combined with complex
abnormalities of the karyotype (7 cases), less often with an
unspecified karyotype (n=2) and diploidy (n=1).

Genetic changes in the coding sequence of exons 7-12
and 16-19 of the KIT gene were determined in 7.4% of
cases (n=7, with 95% CI from 3.6 to 14.4%) and were
represented by non-synonymous nucleotide substitutions
and deletions. There were no statistically significant age
differences in the frequency of these mutations, in all the
study groups it was varied in the range of 5.9-10.0%.

The mutation rate in the WTI1 anti-oncogene was
5.2% (n=4, with 95% CI from 2.0 to 12.6%), and had a
statistically insignificant tendency to decrease in the age
group of AML over 60 years old (Fig. 2, F=0.29, p> 0.05),
in which they were not determined in any case. Mutations
were represented by insertions and deletions. Verification
of the identified trend requires further research and
expansion of the sample size.

Discussion

According to the results of cytogenetic and additional
molecular genetic studies, a favorable prognosis of overall
survival was established in 17 cases (11.7%, with 95%
CI from 7.5 to 18.0%), the intermediate — in 34 (23,
4%, at 95% CI from 17.3 to 31.0%), unfavorable — at
64 (44.1%, at 95% CI from 36.3 to 52.3%), unspecified
— at 30 (20, 7%, with 95% CI from 14.9 to 28.0%). In
this case, a statistically significant pattern was revealed
(F=0.03, p<0.05) for a decrease in the frequency of patients
with a favorable genetic prognosis in the age group of
patients with AML aged 60 years and older (n=2, 3,7%,
with 95% CI from 1.0 to 12.5%). Statistically significant
differences in the proportion of patients with intermediate
and unfavorable genetic prognosis in different age groups
could not be detected, which may be due to the small size
of the sample.

However, in AML patients over 45 years, there was a
statistically significant increase in the proportion of patients
with an unspecified [12] genetic prognosis (F=0.01,
p<0.05) compared with young patients (n=2, 5.6%, with
95% CI from 1.5 to 18.1%). This may indicate a leading
role in the oncogenesis of AML in adulthood and elderly
age of molecular mechanisms, the detection of defects in
which is complicated by traditional cytogenetic, PCR, and
direct automatic sequencing methods [1, 4].

Conclusions

1. The mutation frequency in the coding sequences of
exon 12 of the NPM1 gene and exons 5-9 of the TP53
gene had statistically significant age-related differences in
AML.

2. A statistically significant 4.5-fold decrease in the
proportion of patients with AML with a favorable genetic
prognosis in the age group of 60 years and older (up to
3.7%) was established, which does not allow the efficient
use of traditional chemotherapy regimens to achieve
persistent long-term remission.
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OmoneHuy. MyTanuu ObLITH PEACTABICHBI MHCEPLUSIMU U
nenenusiMu. J{ist BepuuKkauy BeISIBICHHON TCHJICHIUH
HEOOXOAMMBI JTAIbHEUIIINE UCCIICAOBAHUS U PACHIMPEHUEC
00BemMa BRIOOPKH.

O0cysxkneHue pe3yJibTATOB

Takum o00pa3oM, TO pe3yJbraTaM I[UTOTCHETUYECKO-
TO ¥ JOTOJHUTEILHOTO MOJCKYISIPHO-TEHETUYECKOTO HUC-
CIIeZIOBAaHUS, ONMArOMpPHUSATHBIA IMPOTHO3 OOIIEH BEPOST-
HOCTHOM BBDKHBAEMOCTH YCTAaHOBJICH B 17 HaOMIOmeHu-
sx (11,7%, ipu 95% AU ot 7,5 no 18,0%), mpomexyTou-
Hb1il — B 34 (23,4%, nipu 95% 1AW ot 17,3 no 31,0%), He-
OnaronpusTHeii — B 64 (44,1%, npu 95% JIU ot 36,3
1o 52,3%), neyrounennsiii — B 30 (20,7%, npu 95% AU
ot 14,9 o 28,0%). I[Ipu 3TOM BBIABIISIACH CTATUCTUICCKA
3HaunMas 3akoHomepHocth (F=0,03, p<0,05) x ymeHb-
IICHUIO YaCTOTHI MAlMEHTOB C OJIATONpPUATHBIM T€HETH-
YECKUM TPOTHO30M B BO3PACTHOW TpyIINe MAIMEHTOB C
OMUJI B Bo3pacte 60 net u crapie (n=2, 3,7%, npu 95%
I ot 1,0 o 12,5%). Cratuctuuecku JOCTOBEPHBIX pa3-
JUYANA B J1oJie OOJBHBIX C MPOMEXYTOYHBIM M HeOmaro-
MIPUSITHBIM T€HETHYECKUM TIPOTHO30M B Pa3IMYHBIX BO3-
PACTHBIX IpyNIax BBIIBUTH HE YIajl0Ch, YTO MOXKET OBITh
00yCJIOBICHO MaJIbIM 00BEMOM HCCIIEyeMOU BEIOOPKH.

OpnHako, B BO3pacTHBIX Tpynnax 6oibHbIX OMIJI crap-
me 45 neT 0TMeJaaoch CTaTUCTHYECKH 3HAYUMOE YBEIH-
YeHUe JO0IM OONBHBIX C HEYTOUHEHHBIM [12] reHerndye-
ckuM nporno3oMm (F=0,01, p<0,05) mo cpaBHEeHHIO C MO-
JIOJIBIMU TIAIUEHTAMH, Y KOTOPBIX OHAa OKa3aJlaCh MUHU-
MabHOU (n=2, 5,6%, ipu 95% JIU ot 1,5 no 18,1%). D10
MOYKET YKa3bIBaTh Ha BEIYILYIO pOoib B oHKoreHeze OMIJI
B 3pEJIOM, TIO)KHMIIOM M CTApYECKOM BO3pacTe MOJEKYIsp-
HBIX MEXaHU3MOB, JIETEKIH 1e(PEKTOB B KOTOPBIX TPaIu-
LIMOHHBIMHE 1TUTOTeHeTHYecKkuM, [11[P 1 meTomamu nipsiMo-
IO aBTOMaTHYECKOIO CEKBEHUPOBAHUs 3aTpynHeHa [1, 4].

BoiBoabI

1. CpenHsis yacToTa MyTaIil B KOAUPYIONTUX ITOCTIEIO0-
BaTeNbHOCTAX 3K30HA 12 rena NPM1 u 3kx30HOB 5-9 rena
TP53 nmena npu OMIJI cTaTncTHYECKH JOCTOBEPHBIE BO3-
pacTHBIC OTINYUSL.

2. YCTaHOBJIEHO CTAaTUCTHYECKU 3HaYMMoe 4,5-KpaTHoe
yMeHbIeHne 1oiu 60mbHeIx OMII ¢ GraronpusTHBIM Te-
HETUYECKUM TIPOTHO30M B BO3pacTHOU rpytmre 60 et u
crapie (10 3,7%), 4To He MO3BOJSET IPPEKTUBHO HC-
M0JIb30BATh TPAJAULMOHHBIC CXEMbl MOJUXUMHOTEPANUU
JUTSL TOCTUKECHUS] CTOMKOM MPOJOIKUTEILHON PEMHUCCHH.

3. BmiBIeHO cTaTuCTUYECKH 3HaYuMoe 4,5-KpaTHoe
yBenuueHue A0mu 00bHbIX OMJI ¢ HeyTOYHEHHBIM Te-
HETHUYECKUM MPOTrHO30M B BO3PACTHOM rpymme crapiie 45
JIET, UYTO MOXKET yKa3bIBaThb HA 3HAYUMYIO POJIb MEXAHM3-
MOB OHKOTE€HE3a, JIETEKIUS Ae(PEKTOB B KOTOPBIX TpPaJIH-
LMOHHBIMU LUTOTeHeTUUeCKUM, [P 1 MmeTonamu npsmo-
r'0 aBTOMaTHYECKOTO CEKBEHHPOBAHUS 3aTpy/IHEHA.

3. A statistically significant 4.5-fold increase in the
proportion of AML patients with an unspecified genetic
prognosis in the age group over 45 years was revealed,
which may indicate a significant role of oncogenesis
mechanisms, the detection of defects in which is
complicated by traditional cytogenetic, PCR, and direct
automatic sequencing methods.
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