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Pestome. Ifeny: ompenenuTh MyTAaUMOHHBIA Mpoduiib
0CTpOro MuenoMoHoOmacTHoro Jieiiko3a (OMMII) B3poc-
JIbIX 00JIbHBIX. Mamepuanot u memoost. Viccienosanu npo-
ObI KOCTHOTO MO3ra U nepudepryeckoil KpoBu 40 G0IBFHBIX
OMMUJI (B T.u. 13 B Bo3pacte 15-45, 15 B Bo3pacte 45-60,
12 B BO3pacre crapmie 60 JieT), MOMy4aBIIMX JIEYCHHE B
CBepIIOBCKOM 00JIACTHOM OHKOTEMAaTOJIOTMYECKOM LIEHTPE
B 2008-2019 rr. [leTekuuto XpoMOCOMHBIX MYTaIlHii IPOBO-
JIJIH C MCTIOJIb30BAaHWEM CTaHIApPTHOTO IIMTOT€HETHYECKO-
ro Metona (G-03HIMHT) ¥ TOJTMMEPa3HOU ICTTHON PEaKITiH
B peXHMe peanbHOro BpeMeHn. OnperenieHne TeHHBIX My-
TalMii BKJIFOYATI0 HWCCIENO0BaHHE BHYTPEHHMX TaHIIEMHBIX
JOYIUIMKAUUA 1 MyTaluil THPO3UHKUHA3HBIX JIOMEHOB IeHa
FLT3, uncepuuii B ax30He 12 NPM1, myTanuii B 5K30HaX
4-11 TP53, a Taxke myTauuii B reHax c-KIT (sk30ub1 7-12 1
16-19), NRAS (3x30m5b1 1-4), WT1 (3x30HEI 6-9), DNMT3A
(ox30mb1 18-26) 1 KRAS (3K30HBI 1-4) MeTOmOM MpsiMO-
r0 aBTOMAaTHYECKOrO CeKBeHHpoBaHUs. Pezyirvmamot. O06-
mrasg yactora renusix mytanuii FLT3, NPM1, TP53, ¢-KIT,
WT1 u DNMT3A nipu OMMJI coctasuna 35,0%, mpu aTom
HanboJIee YacTo MyTaluy ONpeAesUTUCh B TeHax DNMT3A
(30,8%), NPM1 (20,0%) u FLT3 (20,0%). MyTanuu B reHax
cemeiictBa RAS BbIsIBIIEHBI HE OBUTH, YTO MOXKET OBITH 00Y-
CIIOBJICHO 00bEeMOM BBIOOpKH. YacToTa JBOMHBIX MYTaHTOB
npu OMMIJI coctasnsna 15,2%, cpeanee unucno myTtanuii Ha
narnuenTa — 1,4, mpu 3ToM HanboJee 9acTo KOOIepHpOoBa-
muchk mytanuu B reHax c-KIT, DNMT3A, NPMI1 u FLT3.
Cpemamii Bo3pacT BBIABICHUS MyTamuii B reHax c-KIT m
NPMI cootserctBoBan monogomy, DNMT3A, WT1 u FLT3
— 3penomy, TP53 — noxunomy. Cpeanuil Bo3pacT ABOM-
HBIX MyTaHTOB TaK)Ke COOTBETCTBOBAJI MOJIOZIOMY BO3pPacTy
(42,2) 3a cuet npeobnananusa ko-mytanuiit NPM1 u c-KIT.

KuioueBble ¢J10Ba: OCTPHIH MUEITOMOHOOIACTHEIH JIeH-
KO3, MyTanuoHHBIA Tpodmas, reusi DNMT3A, FLT3,
c-KIT, NPM1, TP53, WT1
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Octpele MuenouaHble Jeriko3sl (OMJI) — s10 rpymnma
TeHETUYECKHU TeTEPOTeHHBIX 3JI0KAYeCTBEHHBIX 3a00JeBa-
HUI KpOBH, Yalle BCTPEUAIOIUXCS Y B3POCIHBIX B ITOXKH-
JIOM M CTapyeCcKOM BO3pPacTe€ W BO3ZHHMKAIOUIMX Kak CIe/-
CTBHE COMaTHUYECKH MPUOOPETEHHBIX MTOBPEKICHUH I'eHO-
Ma KpOBETBOPHBIX KJIETOK-TIpeaecTBeHHuIT [1-3].

Acconmarn «reHotun-gperotum» npu OMJI ycraHoB-
JICHBI JIJII HEKOTOPBIX CIEeNU(UISCKUX ITUTOTCHETHYe-
CKUX aHOMaJIMi{, HO MEHEe U3yUYCHBI NIPH Pa3JIMUHbIX TCH-
HBIX MYTAllMsIX, BBISIBICHHBIX B IOCIEAHUE TOIbI. B Ie-
soM, uTomMopdonormaeckue moatutibel OMJI 1 Moseky-
JIIpHBIC U3MEHEHHS 10 KOHITa He U3y4eHsI [4, 5]. B To Bpe-
Ms KaK HEeKOTOPbIE TeHHbIE MyTalluy Mpeo0Ia aroT B He-
CKOJIBKUX LUTOMODP(]OIOTHUECKUX MOATUIAX, P acco-
LUAIUI MyTalui ¢ pa3TUYHbIMEA (PEHOTUTIAMY OBLIT HJICH-
TUQHUIUPOBAH ISl CIEUUPUUECKUX MOJICKYISPHBIX MO/-
rpymm. Tak, D. Rose u coaBT. ycranoBieHo, 4To Hanbo-
Jiee 9acTO MYTUPYIONIMMH T€HaMHU TPH Pa3IUIHBIX MOp-
(homornueckux BapuanTax OMJI ObLTH cemyroIIre TeHBI:
RUNX1 npu OMJI MO (43,0%), NPM1 mpu M1 (42,0%),
DNMT3A — M2 (26,0%), NPM1 — M4 (57,0%) u M5
(60,0%), TP53 — M6 (36,0%) [6].

Henn: ompenenuTs MyTAIMOHHBIA MPO(UIH OCTPOTO
MuenoMoHoOmacTHOTO Neikoza (OMMJI) B3pocibix 6071b-
HBIX.

MarepuaJbl 1 MeTObI
Hccenemyemast rpymma cocrosiima u3 40 marmentoB (17
XKeHIuH (42,5%), 23 myxuun (57,5%), cpenuuii Bo3pact
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50 net, B ToM uucie 13 B Bozpacte ot 15 o 45 nert, 15 B
Bo3pacTte 45-60 nert, 12 B Bo3pacte ctapie 60 1eT) ¢ Boep-
BbI¢ BeIsIBICHHBIM OMMUIL. ['eHeTndeckuit aHaam3 mpoBo-
TWICS Ha 00pasiax KOCTHOTO MO3Ta M IMepuQepuyueCKOn
KpoBH 0ONBHBIX CBEPIIIOBCKOTO 00IaCTHOTO TeMaTOJIOTH-
yeckoro nenrpa B nepuon ¢ 2008 nmo 2019 rox. Bcee ma-
LUEHTHI 1aJIi IMCbMEHHOE HH(OPMUPOBAHHOE COTJIacue B
COOTBETCTBUU C IPUHIMIIAMU XEJIbCUHKCKOM JeKIapauu.

Huarao3 OMMIJI ycTanaBIuBaiIl B COOTBETCTBHH C pe-
rxomeHmanusymu BO3 u kpurepusmu FAB-kiraccndukarm.
Bo Bcex cimyuasx mpoBouiack MopQororndeckast oreH-
Ka, BKJIIoHaromas okpacky no Pomanosckomy-I umsa, mu-
TOXMMHUECKYIO PEAKIIMIO Ha MUEJIONEPOKCHIa3y U UMMY-
HoeHoTunupopanue [7-9]. CTaHIapTHBIA IUTOrCHETH-
yeckuit ananu3 (G-02HauHT) ObLT TpoBesieH y 32 marueH-
ToB (80,0%). MeTomom monnMepasHoON MEemHON peaxIim
B pexxuMme peanbHoro BpemeHnu (RT-PCR) y 22 GonbHBIX
(55,0%) onpenensanuch KPUINTHYECKHE XPOMOCOMHBIC
aHomanuu: TpaHciaokauus t(8;21)(q22;q22), wHBepcus
inv(16)(p13;1q22), tpancnokammsa t(9;22)(q34.1;q11.2),
aHomamuu cermeHTta 11g23. XpomocomHble abeppanun
ONMCaHbl B COOTBETCTBUU C MEXIyHApOIHOH CUCTEMOMU
[UTOTCHETUYECKOM HOMEHKJIaTyphl YeioBeka. Komrekc-
HBbIC M3MEHEHUS] KapUOTHUIAa ONpEACISUINCh PH OOHApY-
KEeHUH 3 U OoJiee CTPYKTYPHBIX M/MIM KOJHMUYECTBEHHBIX
MyTaIui XxpoMmocom [6].

CKpUHUHT TOYEYHBIX MyTallMid B § TeHaX, BKIIOYAs
BHyTpeHHHUe TaHjeMHble ayrumkanuu (ITD) u muccenc-
MyTallid B KOJUPYIOIIEH ITOCIEI0BATEIIEHOCTH THPO-
3uHkuHa3HbIX gomeHoB (TKD) B rene FLT3 (n=35), un-
cepuuu B 3k30He 12 rena NPM1 (n=25), myTtanuu B 3K-
30Hax 4-11 rena TP53 (n=24), a Takxe MyTanuu B TeHaX
c-KIT (ax30HEI 7-12 1 16-19, n=23), NRAS (3x30HEBI 1-4,
n=19), WT1 (3k3085BI 6-9, n=18), DNMT3A (3k30H5I 18-
26, n=13) u KRAS (3x30HbI 1-4, n=4), OCYyIIECTBISIIH Me-
TOJIOM NPSIMOTO aBTOMATHYECKOI0 CEKBEHHPOBAHUS 11O pa-
Hee onucaHHbIM MeTonuKaM [10-15]. Mapkeps! 11 reHe-
TUYECKOTO CKpPMHUHTA ObUTH BBIOPAHBI B COOTBETCTBHU C
pexomenpanusamu BO3 u European Leukemia Net ¢ yue-
TOM HMX MNPOTHOCTHYECKOU 3HauumocTH [7, 16]. Cpennee
YHCIIO0 CKPUHUPOBAHHBIX F'€HOB Ha OIHOTO INMAaIlUEHTA CO-
ctaBwio 4 (nuanasoH 1-8). [losToMy "acToTy JBOMHBIX
MYTaHTOB PACCUUTHIBAIIN TOJBKO JUIA CIy4aeB, IPU KOTO-
PBIX YUCIIO OOCIIeIOBAaHHBIX HA MYTAI[UH T€HOB OBUIO HE
MeHbIIe AByX (n=33). [yig Banmupmanuu MyTaHTHOTO Qe-
Hotuna NPM1 ucnonap3oBany UMMYHOTHCTOXUMUYECKHMA
METOJI, OTIMCaHHBIN B padote [17].

ConocraBieHne CerMeHTOB, BbIPABHMBAHNE U CpaBHeE-
HUE HYKJICOTHIHBIX U aMHHOKHCIOTHBIX MOCIIEI0BaTEIb-
HOCTEU MPOBOJIMUIIN C IOMOIILI0 KOMIIBIOTEPHON ITpOrpam-
Mbl MEGA X [18]. loBepurenbabie naTepBains! (JJW) mis
4acTOT MyTaluii ObUTM YCTaHOBJICHBI HA OCHOBE OMHOMHU-
albHOTO pacrpeieIeHMs.

Pe3yabTarsl
YV 6onpmmHCTBa 00IBHBIX (56,3%, ipu 95% I ot 39,3
1o 71,8%) onpenensiics HopManbHblid kapuotun OMMUIIL,

y 15,6% (npu 95% AU ot 6,9 no 31,8%) — aneymion-
HeIi, ¥ 28,1% (mipu 95% AU ot 15,6 1o 45,4%) — npyrue
CTPYKTYPHBIE W KOJMYECTBEHHBIC aHOMAJHH XPOMOCOM.
CpeniHee KOJIMYECTBO JICUKOIMTOB cocTamisuio 77x10°%/n
(mmamazon 2,5-350,0%10%/m).

HawmbGonee pacnpocTpaHeHHBIM THIIOM XPOMOCOM-
HBIX a0eppalyii B UCCIeLyeMOl TpyIIe Obliia WHBEPCHS
inv(16)(p13;1922) (n=5, 15,6%, npu 95% AU ot 6,9 no
31,8%). Pexe BcTpewasiach TPUCOMUS XPOMOCOMBI §, KO-
Topasi OblIa BBIsIBIEHA B 2 ciydasx (6,3%, mpu 95% 1N
ot 1,7 no 20,1%). Apyrue mytauuu (TpECOMUS XPOMOCO-
MbI 11; Tpucomun xpomocomsl 13 u 14; Tpucomun xpo-
MOCOMBI 4 1 21; MOHOCOMHS XPOMOCOMBI 5; abeppaiuu
11923; nunBepcust inv(9)(q12;p11); KoMIUIEKCHBIE H3MEHE-
uus kapuotnmna: 52, XYY, inv(3)(pl12;q24), +1, +9, +11,
+13, +19, +Y, +mar) Op11H OOHAPYKESHBI KaXKIas B OTHOM
Haobmonenu (3,1%, npu 95% AU ot 0,5 o 15,7%).

B uenom, 35,0% (mipu 95% JAU ot 22,1 no 50,5%) namm-
€HTOB UMEJIM TOUYEUHbIE MYTallMH B HCCIEI0OBAaHHBIX F'eHaxX
B MoMeHT nuarHoctTuku OMMIL 1lsate u3 8 mpoananusu-
poBauHbx TeHOB (DNMT3A, FLT3, NPM1, c-KIT, WT1)
ObUTH MyTHPOBaHBI y >5,0% 00CIIeI0BaHHBIX TAIIHEHTOB.
Haubonee BrICOKHE YaCTOTHI MyTalluil BBISIBIICHBI JIS Te-
HoB DNMT3A (30,8%, ipu 95% 1AW ot 12,7 no 57,7%),
NPM1 (20,0%, npu 95% JAU ot 8,9 no 39,1%) u FLT3
(20,0%, mpu 95% AU ot 10,0 mo 35,9%). D10 YacTUIHO
COTJIacyeTCs C JAaHHBIMU [6], KOTOpBIE COOOIIaIH O BBICO-
kol yactore MmyTauuii B rene NPM1 npu OMMII (57,0%)
0 CPABHEHHIO C IPYTHMH MOP(OIIOTHIECKUMHU TTO/ITHTIA-
mu 1o FAB-knaccupukanuu. bonee peako BcTpeyanuch
myTtanuu B rere c-KIT, koropsie OblTH BBISBICHBI B 2 CITy-
qasx (8,7%, npu 95% AU ot 2,4 mo 26,8%). Mytanun B
TP53 u WT1 6p11r 00HApYKEHBI KaXKasi B OTHOM HaO0IT0-
nennd, 4,2% (nipu 95% AU ot 0,7 mo 20,2%) u 5,6% (mipu
95% U ot 1,0 no 25,8%), coorBeTcTBEeHHO. MyTaluu B
uccaenyemsbix sk30Hax reHoB KRAS u NRAS B uccneny-
eMOH rpyrrie oOHapyKEeHbI He ObUIH, YTO MOXKET OBITh 00-
YCIIOBJIEHO 00BEMOM BBIOOPKH.

B menom, MBI He OOHAPYKHIIM MyTalliii HA B OTHOM
u3 uccienyeMslx reHoB y 65,0% (mpu 95% U ot 49,5
no 77,9%) manumentos, B 22,5% (npu 95% U ot 12,3
1o 37,5%) myTtamnuu onpenensuiiuch B OAHOM U3 T'CHOB, B
15,2% (mpu 95% AU ot 6,7 no 30,9%) — B nBYX. B cpen-
HEeM 4yacToTa coctaBuia 1,4 MyTHpOBaHHBIX T€Ha Ha MaIu-
eHTa. YKa3aHHas OleHKa MOXET ObITh HETIONHOW, YINUTHI-
Bas TOT (PaKT, 4TO HE BCE MAIMEHTHI OBLIN TIOJHOCTHIO 00-
cienoBaHbl Ha Bce 8 reHoB. COOTBETCTBEHHO, JOMOIHU-
TeJIbHbIE MYTallMd MOIJIM MPUCYTCTBOBATH B HEUCCIIEAO-
BaHHBIX T€HaX, U, B OTCYTCTBHE €IUHOOOPa3HOW OIEHKH
BCEX IIEJIEBBIX T€HOB, BBISBJICHHBIE YaCTOTHI TIPEICTABI-
0T cO0O¥ KpaifHHe TpaHUIIbl 3HAYSHHH.

s 1oNoBMHBI M3 8 MPOAHAIM3HPOBAHHBIX T€HOB B
3HAYUTEIBHON YaCTH HAOMIOIEHUH OBLIM BBISBICHBI KO-
MyTallid B JPYTUX reHax. Tak, OOJBIIMHCTBO MYTaHT-
Hb1Ix OMMUJI 1o ¢-KIT (100,0%; n=2), DNMT3A (66,7%,
n=2) u NPM1 (60,0%, n=3) umenu Ko-MyTaluu B Jpy-
rUX TeHax, Torjaa kak ko-myrtauuu npu FLT3 ITD u TKD
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ObLTH MeHee JacTeiMU (42,9%, n=3), a st TP53 u WT1
TaKUX CJIy4aeB BBIABICHO He ObUI0. Hambosiee yacThiMu
COUYCTAHUSIMHU, IPUCYTCTBYIOIUMH B UCCIETyEeMOU TPYTI-
e, Obumn Ko-myTaruu NPM1 u FLT3-1TD (40,0%, n=2),
DNMT3A u c-KIT (33,3%, n=1), a raxoke NPM1 u c-KIT
(20,0%, n=1).

Cpenu 6osnbHbIx OMMII ¢ nurionauel reHHbIe MyTa-
UMW onpeaeisiuchk B 44,4% nadmonenuit (pu 95% U
ot 24,6 1o 66,3%) n ObLIM TpeICTaBICHBI HHCEPIIUSIMH B
sk30He 12 rena NPM1 — 45,5% (mipu 95% AN ot 21,3 mo
72,0%), FLT3 ITD u TKD — 25,0% (mipu 95% AW ot 10,2
10 49,5%), mytarusimu DNMT3A — 20,0% (n=1), c-KIT
— 10,0% (n=1). Yacrora NBOMHBIX MYTaHTOB COCTaBUJIA
25,0% (mpu 95% AU ot 8,9 mo 53,2%). [Ipu aneymio-
WUIHBIX KAPUOTHITAX KPUIITUYCCKUE MYTAIUH OIpPenems-
muck B 60,0% mpob6 (n=3), B T.u4. FLT3 — 50,0% (n=2),
DNMT3A — 50,0% (n=1), KIT — 33,3% (n=1), nBoii-
Hble MyTaHThl — 25,0% (n=1). [lo omHOMY cityuyaro my-
TalHi UCCIETYeMbIX TCHOB BBISBICHO B CICIYIOUIUX IU-
TOTEHETHYECKUX TOATPYMITaX: MUCCEHC-MYyTaIUs B IK30-
e 7 rena TP53 — mpu OMMII ¢ KOMIJIEKCHBIMU XPO-
MOCOMHBIMH a0eppanusMy, HECHHOHWMHUYHAS TpaH3U-
mus A1363G B rene WT1 — npu OMMII ¢ unBepcueit
xpomocombl 16 (25,0%), FLT3 ITD B coyeranuu c 3a-
menoit G2645A B rene DNMT3A — npu OMMII ¢ He-
yTouHeHHBIM KapuoTtutom (20,0%) [19]. B uemom, BeIsIB-
JIEHHBIE YaCTOTHl TEHHBIX MyTaIlMii COOTBETCTBOBAIIN pa-
Hee YCTAaHOBJICHHBIM B TPEAIIECTBYIONINX HCCIICAOBAHU-
sx [11, 13].

Taxxe MbI ONpEAETUIN CPEIHUNA BO3PACT BOSHUKHOBE-
Hus MmyTanuii mpu OMMJI 1o Bo3pacTHOU KitacCHpHUKaITUH
BO3 [20], xoropsrit g reHos c-KIT u NPM1 cootser-
CTBOBAJI MOJIOZTBIM B3pOcibiM (33,5+2,9 m 44,2+11,4 cooT-
BETCTBEHHO), [JIs 3 TeHOB — 3pesomy Bo3pacty (DNMT3A
—49,3+18,4; WT1—51,0; FLT3 — 54,0412,3), ns rena
TP53 cocraBun 63,0 rona (n=1). Cpeanuii Bo3pact JBO-
HBIX MyTaHTOB cocTaBmi 42,2+13,7 rona 3a cuet npeobia-
nmauus ko-myTaruit NPM1 u c-KIT.

BriBoabl

1. Obmas wacrora reHHbIXx Mytanuidi FLT3, NPMI,
TP53, c-KIT, WT1 u DNMT3A npu OMMIJI cocrasuia
35,0%, mpu 3TOM HamOoJee 4acTO MYyTAaI[UH OIPEeIis-
muck B reHax DNMT3A (30,8%), NPM1 (20,0%) u FLT3
(20,0%). MyTamuu B reHax cemeiictBa RAS BrIsSIBICHBI He
OBLIH, YTO MOKET OBITH 00YCIOBICHO 0OHEMOM BEIOOPKH.

2. Yacrota nBoitHbIX MyTaHTOB pu OMMIJI cocTasnsna
15,2%, cpeanee unciao MyTaiuil Ha nmanuenta — 1,4, mpu
9TOM HauboJIee YaCTO KOOTIEPUPOBATINCH MYTAIINHU B T€HAX
c-KIT, DNMT3A, NPM1 u FLT3.

3. CpenHuit Bo3pact BbIABICHUS MyTauuid B reHax c-KIT
u NPMI1 cootBerctBoBan mononomy, DNMT3A, WTI1
n FLT3 — 3penomy, TP53 — noxunomy. Cpennuit Bo3-
pacT JIBOMHBIX MyTaHTOB TAaK)K€ COOTBETCTBOBAJ MOJIOO-
My BO3pacTy 3a cueT mpeodiamanus ko-myTaruit NPM1 u
c-KIT.
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Abstract. Aim: to estimate gene mutations landscape in
adult acute myelomonoblastic leukemia (AMML) patients
(pts). Materials and methods. Bone marrow and peripheral
blood samples were obtained from 40 AMML pts (including
13 aged 15 to 45, 15 aged 45-60, 12 aged over 60 years
old), treated in Sverdlovsk Regional Hematological Centre
during the period 2008-2019. Detection of chromosomal
mutations performed using G-banding and real-time
polymerase chain reaction. Gene mutation screening for 8
genes investigating the presence of FLT3 ITD and TKD,
NPMI1 exon 12 insertions, TP53 exons 4-11 mutations, as
well as of mutations in ¢-KIT exons 7-12 and 16-19, NRAS
exons 1-4, WT1 exons 6-9, DNMT3A exons 18-26 and
KRAS exons 1-4 was performed using direct automatic
sequencing. Results. The total frequency of FLT3, NPM1,
TP53, C-KIT, WT1 and DNMT3A genes mutations in
AMML was 35.0%. The most frequent mutations were
detected in the DNMT3A (30.8%), NPM1 (20.0%), and
FLT3 (20.0%) genes. Mutations in the RAS family genes
were not detected, which may be due to the sample size.
The frequency of double mutants was 15.2%, the average
number of mutations per patient was 1.4, and mutations in
the c-KIT, DNMT3A, NPM1 and FLT3 genes were most
often co-operated. c-KIT and NPM1 genes mutations were
mainly detected at a young patients, DNMT3A, WT1 and
FLT3 — at a middle-aged patients and TP53 was identified
in patient over 60 years old. The average age of the double
mutants also corresponded to the young age (42,2) due to
the predominance of mutations NPM1 and c¢-KIT.

Keywords: acute myelomonoblastic  leukemia,
mutations landscape, DNMT3A, FLT3, c¢-KIT, NPMI,
TP53, WTI
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Acute myeloid leukemia (AML) is a group of genetically
heterogeneous malignant blood diseases, more common
in elderly and arises as the consequences of somatically
acquired genetic lesions in hematopoietic progenitor cells
[1-3].

AML genotype-phenotype associations are well
established for a some of recurrent cytogenetic
abnormalities but less well understood for the variety
gene mutations identified in recent years. Today, the AML
cytomorphological subtypes and molecular alterations
are not fully understood [4, 5]. D. Rose et al. established
that the most frequently mutated genes per morphological
subtype were RUNXI1 in MO (43.0%), NPM1 in M1
(42.0%), DNMT3A in M2 (26.0%), NPM1 in M4 (57.0%)
and M5 (60.0%), TP53 in M6 (36.0%). While some gene
mutations were frequent in several cytomorphological
subtypes, a series of associations of co-occurring mutations
with distinct phenotypes were identified for molecular
defined subcohorts [6].

Aim: to estimate gene mutations landscape in adult acute
myelomonoblastic leukemia (AMML) patients

Materials and methods

A total of 40 patients (17 females (42,5%), 23 males
(57,5%), median age 50 years, including 13 aged 15 to 45,
15 aged 45-60, 12 aged over 60 years old) with de novo
AMML were examined. Genetic analyses were performed
on bone marrow and peripheral blood samples from
Sverdlovsk regional hematological center between 2008
and 2019. All subjects signed Informed Consent Form for
depersonalized data processing adhered to the tenets of the
Declaration of Helsinki.

AMML was diagnosed according to the WHO
recommendations and FAB classification. Morphological
assessment based on Romanovsky-Giemsa stains,
myeloperoxidase reaction, and immunophenotypical
verification was performed in all cases [7-9]. Chromosome
banding analysis was performed in 32 patients (80.0%) by
standard cytogenetic method. Real-time polymerase chain
reaction (RT-PCR) on translocation t(8;21)(q22;q22),
inv(16)(p13;1922), t(9;22)(q34.1;q11.2), abnormalities
1123 was performed in 22 cases (55.0%) to prove
specific rearrangements, identify cytogenetically cryptic
rearrangements. Chromosomal aberrations were described
according to the International System for Human
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Cytogenetic Nomenclature. Complex karyotypes were
defined as >3 mutations [6].

Gene mutation screening for 8 genes investigating the
presence of FLT3 ITD and TKD (n=35), NPM1 exon 12
insertions (n=25), TP53 exons 4-11 mutations (n=24),
as well as of mutations in c-KIT exons 7-12 and 16-19
(n=23), NRAS exons 1-4 (n=19), WT1 exons 6-9 (n=18),
DNMT3A exons 18-26 (n=13) and KRAS exons 1-4 (n=4)
was performed by direct automatic sequencing (described
in previously methods) [10-15]. Markers for genetic
screening were chosen according to WHO and European
Leukemia Net recommendations, with considering of
prognostic value [7, 16]. The mean number of screened
genes per patient was 4 (range 1-8). Therefore, the
frequency of double mutants was calculated only for cases
in which the number of genes examined for mutations
was at least two (n=33). To validate the NPM1 mutant
phenotype we used an immunohistochemical method as
described earlier [17].

Segments matching, alignments and comparison of
nucleotide and amino acid sequences were performed
using the MEGA X program [18]. Confidence intervals
(CI) for the mutations frequencies were established based
on the binomial distribution.

Results

The majority of patients (56.3%, with 95% CI from
39.3 to 71.8%) exhibited normal karyotype AMML,
15.6% (with 95% CI from 6.9 to 31.8%) had an aneuploid
karyotype, 28.1% (with 95% CI from 15.6 to 45.4%)
had other structural and quantitative chrompspmal
anomalies. The mean WBC count was 77x10°L (range
2.5-350.0x10°/L).

The most common type of chromosomal aberration
was inversion inv(16)(p13;1q22) (n=5, 15.6%, with 95%
CI from 6.9 to 31.8%). More rarely there was a trisomy
of chromosome 8, which was detected in 2 cases (6,3%,
with 95% CI from 1.7 to 20.1%). Other mutations
(trisomy of chromosome 11; trisomy of chromosome 13
and 14; trisomy of chromosome 4 and 21; monosomy
of chromosome 5; aberration of 11q23; inv(9)(q12;p11);
complex karyotype lesion: 52, XYY, inv(3)(p12;q24), +1,
+9, +11, +13, +19, +Y, +mar) were detected each in one
instance (3,1%, with 95% CI from 0.5 to 15.7%).

Overall, 35.0% (with 95% CI from 22.1 to 50.5%) of
analyzed patients showed point gene mutations at time of
AMML diagnosis. Five of 8 analyzed genes (DNMT3A,
FLT3, NPM1, c-KIT, WT1) were mutated in >5.0% of
screened patients. The highest mutation frequencies
were detected for DNMT3A (30.8%, with 95% CI from
12.7 to 57.7%), NPM1 (20.0%, with 95% CI from 8.9
to 39.1%) and FLT3 (20.0%; with 95% CI from 10.0 to
35.9%). This is partially consistent with data from [6], the
latter reporting higher NPM1 mutation rates for AMML
(57.0%), compared to other FAB subtypes. More rarely
there was c-KIT mutations, which was detected in 2 cases
(8.7%, with 95% CI from 2.4 to 26.8%). Mutations in

TP53 and WT1 were detected each in one instance, 4.2%
(with 95% CI from 0.7 to 20.2%) and 5.6% (with 95% CI
from 1.0 to 25.8%), accordingly. Gene mutations in KRAS
and NRAS genes were not observed, which may be due to
the sample size.

In total, we did not observe gene mutations in 65.0%
(with 95% CI from 49.5 to 77.9%) of patients, 22.5%
(with 95% CI from 12.3 to 37.5%) were mutated in one
of the analysed genes and 15.2% (with 95% CI from 6.7
to 30.9%) of patients in two genes. The average frequency
was 1.4 mutated genes per patient. This might be an
underestimate given the fact that not all patients were
completely screened for all 8 genes. Additional mutations
might be present in unanalysed genes and in the absence
of a uniform assessment of all target genes the detected
frequencies represent the extreme bound estimates.

For half of 8 analyzed genes significant part of patients
exhibited co-occurring mutations in other genes. The
majority of c¢-KIT (100.0%, n=2), DNMT3A (66.7%,
n=2) and NPM1 (60.0%, n=3) mutated patient had co-
ocurring mutations in other genes, FLT3 ITD and TKD
co-occurrences were less frequent (42.9%, n=3) and the
null percentage was observed for TP53 and WTI1. The
most frequent co-occurrences present in the study samle
were NPM1 with FLT3-ITD (40.0%, n=2), DNMT3A with
¢-KIT (33.3%, n=1) and NPM1 with c-KIT (20.0%, n=1).

Among AMML patients with diploidy, gene mutations
were detected in 44.4% of cases (with 95% CI from 24.6
to 66.3%) and were represented by insertions in exon
12 of the NPM1 — 45.5% (with 95% CI from 21.3 to
72.0%), FLT3 ITD and TKD — 25.0% (with 95% CI
from 10.2 to 49.5%), DNMT3A mutations — 20.0%
(n=1), c-KIT — 10.0% (n=1). The frequency of double
mutants was 25.0% (with 95% CI from 8.9 to 53.2%).
In aneuploid karyotypes, cryptic mutations were detected
in 60.0% of samples (n=3), including FLT3 — 50.0%
(n=2), DNMT3A — 50.0% (n=1), c-KIT — 33.3%
(n=1), and double mutants — 25.0% (n=1). One case
of mutations of the studied genes was identified in the
following cytogenetic subgroups: missense mutation in
exon 7 of the TP53 gene — in AMML with complex
chromosomal aberrations, non-synonymous A1363G
transition in the WT1 gene-in AMML with chromosome
16 inversion (25.0%), FLT3 ITD in combination with
G2645A substitution in the DNMT3A gene — in AMML
with an unspecified karyotype (20.0%) [19]. In general,
the detected frequencies of gene mutations corresponded
to those established in previous studies [11, 13].

We also determined the average age of AMML mutation
occurrence according to the WHO age classification [20],
which for the ¢-KIT and NPMI1 genes corresponded to
young adults (33,5+2,9 and 44,2+11,4, accordingly), for
3 genes — middle age (DNMT3A — 49,3+18,4; WT1 —
51,0; FLT3 — 54,0+12,3), for TP53 gene — 63,0 years
old. The average age of double mutants was 42,2+13,7
years due to the predominance of mutations NPM1 and
c-KIT.
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Conclusion

1. The total frequency of FLT3, NPM1, TP53, C-KIT,
WTI and DNMT3A genes mutations in AMML was
35.0%, with the most frequent mutations detected in the
DNMT3A (30.8%), NPM1 (20.0%), and FLT3 (20.0%)
genes. Mutations in the RAS family genes were not
detected, which may be due to the sample size.

2. The frequency of double mutants in AMML was
15.2%, the average number of mutations per patient was
1.4, and mutations in the ¢c-KIT, DNMT3A, NPM1 and
FLT3 genes were most were often co-occurring.

3. The average age of detection of ¢-KIT and NPM1
genes mutations was young, DNMT3A, WT1 and FLT3
— middle age, and TP53 — elderly. The average age of
the double mutants was also associated with the young
age.
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