REVIEWS

ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

YIK 616.155.392.8-036.11-092:612.482:575](048.8)

T. @. JIobapenntsl

Hauionanvuuii meduunuii ynieepcumem imeni O. O. boeomonvus, oyaveap T. Illesuenka, 13, m. Kuis,
01024, Ykpaina

TP53 TA IOHI3YIOYE BUITPOMIHIOBAHHA: POJIb B ITATOI'EHE3I
I ITPOTHO3YBAHHI ITEPEBITY 'OCTPOI MIEJOITHOI JEMKEMII
(orsan JiTeparypu)

B ornsApi npeacTaBneHi AaHi niTepatypu CTOCOBHO poni reHa TP53 Ta ioHi3yto4yoro BunpominioBaHHA (IB) B natoreHesi
rocTpoi mienoigHoi neitkemii (FTMJ1). MpoaHanizoBaHo nopyleHHs GYHKLIOHYBAHHA TP53 ik npomoTopa iHayKuii TMJ1
3a YMOB BMJIMBY HEraTMBHUX 30BHilWHiX YnHHUMKIB (IB, ximioTepaneBTWUHi areHTu). lpefcTaBNeHO HOBi HanpAMKM
ctpatudikauii F'MJ1, wo Ao3BoNATL B NepCNeKTUBI ONTUMi3yBaTH Tepanito i NOAOBXKUTU TPUBANICTb XKUTTA Li€T kaTeropii
XBOPUX.
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(literature review)

The review presents literature data on the role of the 7P53 gene and ionizing radiation (IR) in the pathogenesis of
acute myeloid leukemia (AML).The violation of TP53 functioning as a promoter of AML induction under the influence
of negative external factors (IR, chemotherapeutic agents) was analyzed. New directions of AML stratification are
presented, which will allow to optimize the future therapy and extend the life expectancy of this category of
patients.
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rOCTpi neiikeMii (IJI) cTaHOBISATH CYTTEBY YacTKY
OHKOIeMaToJIOriYHO1 NaToJIOoril, OCTAaHHIMHU pPOKa-
MU Ma€ Miclie TeHAeHLIisl 40 MiABUILEHHS 3aXBOPIOBa-
HocTi Ha [JI 9K y cBiti, Tak i B YKpaiHi. 3a jaHUMU
Kanuep-peectpy VYkpainu [1], ctaHoM Ha 2021 pik
CTaHIAPTU30BAHUM MOKAa3HUK (KiJbKiCTh BUMAIKiB
3axBopioBanHs Ha 100 000 HacesleHHST) CTAaHOBUMB, 0e3
ypaxyBaHHSI CTaTi Maui€eHTiB, 5,8 (1J1s1 4oI0BiKiB — 7,1,
IUIs1 XKiHOK — 4,7) Ha CBITOBOMY piBHi, B YKpaiHi 3a-
rajapbHa 3axBoploBaHicTb Ha I'JI BM3Hauamach, Biamo-
BimHO, Ha piBHi 7,1 (11 9oy0oBiKiB — 9,1, M1 3KiHOK —
5,7). CtaHmapTU30BaHUI TMOKA3HUK JIETAJIbHOCTI Bif
I'JI Ha cBiTOBOMY piBHi BigmnosizaB 2,0 (4oJOBiKM —
2,6, xinku — 1,7), B Ykpaini — 2,9 (vosnoBiku — 4,0,
XKiHkuM — 2,3). HaBeneHi Jafi cBigyaTh, M0 MOKa3HUKNA
3aXBOPIOBAHOCTI i JeTanbHOcTi 11 [J1 B Ykpaini ma-
I0Th TeHAEHIIiIO0 10 MEePeBUILICHHS CBITOBOTO PiBHSI.

Toctpa mienoinHa aerikeMist (I'MJI) ckitagmae 6a13b-
ko 80 % Bin 3aranbpHOI KiibkocTi [J1 [2]. [TokpaleHHSs
JIIKyBaHHSI 1IbOTO 3aXBOPIOBAHHSI OCTAHHIMU pOKaMU
MiABUIIMIO TTOKA3HUKM ButikoBaHocTi 10 40 % nmis
XBOpHUX BikoM 10 60 pokiB i 1o 15 % s naiieHTiB,
crapmnx 3a 60 pokiB. OgHak, He3BaXkaloyud Ha HasiB-
HiCTh HOBUX OINLIii JIIKyBaHHS i3 BKJIIOYEHHSIM XiMio-
TepaneBTUYHUX areHTiB i aJloreéHHOI TpaHCIUIaHTalil
reMornoeTuyHux croBoypoBux KiituH (I'CK), pe3ynb-
TaTu JiKkyBaHHsI XBopuX Ha I'MJI nmoxuioro BiKy 3au-
111aI0ThCSI He3aT0BIIbHUMMU.

YucneHHi enigeMioJIoriyHi AOCTiAXKEHHS MiATBep/I-
KYIOTh POJIb 10Hi3y104Oro BUMpoMiHoBaHHS (IB) sk
YMHHUKA iHOYKI1i1 JiefikeMiii 3araiaom i 'MJI, 3okpema.
[TinBuilleHHsT 3aXBOPIOBAHOCTI Ha JielikeMito Oyi1o
MEPIIMM CTOXaCTUIHUM €(DEKTOM y OIIPOMiHEHUX ITiC-
JIst aToMHOro 6oMbapayBaHHs B Xipocimi Ta Haracaki
[3, 4]. [TomambIri JOCITiIKeHHSI KOHTUHTEHTIB, SIKi 3a3-
HaJIu BIUIMBY pajiallifHOro YMHHUKA Yy BapiabeIbHOMY
Jlialma3oHi 103 TPOTSTOM Pi3HUX IMPOMIiXKiB Yacy
(rocTpe Ta MpOJOHroBaHe (XPOHiYHE) OMPOMIHEHHS),
minTBepauam et peHoMmeH. Haciigkm BrumBy IB gk
yuHHUKa iHaykuii 'MJI y pi3Hux Karteropiii or-
poMiHEeHUX 0cCi0 (TuX, XTO MPOoGeCiiHO KOHTAKTYE 3
mkepenamu 1B; xBopux, SKMM mpu3Haydagach IIpoMe-
HeBa Teparlisl; yJaCHUKIB JIiKBiJallil HaciaKiB aBapii
Ha YopHobunnchkiit AEC) BuBYeHi Oaratbma JOCTia-
HUKamu [5—12].

B naHi ouiHKM piBHS 0€3MEYHOCTI MOPOrOBUX 103
IB, mpuBepTae yBary nociimkeHHs [13], B SKOMy BUB-
yajach 3aXBOPIOBAHICTh Ha JIEKeMilo Ta iHII Mielo-
iTHi Heor1a3ii B 0CiO, OMPOMIHEHUX Y MOJIOJOMY Billi
(mo 21 poky) B miana3oHi HU3bkux (< 100 M3B) Kymy-
JISITUBHUX J103 Ha KiCTKOBUIA MO30K. [0 aHaizy OyJio

Acute leukemias (AL) constitute a significant part
of hematological oncopathology, in recent years
there has been a tendency to increase the incidence
of AL both in the world and in Ukraine. According
to the Cancer Register of Ukraine [1], as of 2021 the
standardized rate (number of cases per 100,000 pop-
ulation) was, without taking into account the gender
of the patients, respectively, 5.8 (for men — 7.1, for
women — 4.7) at the global level, in Ukraine the total
incidence of AL was determined, respectively, at the
level of 7.1 (for men — 9.1, for women — 5.7). The
standardized mortality rate from AL at the global
level corresponded to 2.0 (men — 2.6, women — 1.7),
in Ukraine — 2.9 (men — 4.0, women — 2.3). The
given data show that the morbidity and mortality
rates for AL in Ukraine tend to exceed the world
level.

Acute myeloid leukemia (AML) accounts for
about 80 % of the total number of AL [2]. Im-
provements in the treatment of this disease in recent
years have increased cure rates to 40 % for patients
under 60 years of age and to 15 % for patients over 60
years of age. However, despite the availability of new
treatment options including chemotherapeutic
agents and allogeneic hematopoietic stem cell
(HSC) transplantation, the results of treatment of
elderly AML patients remain unsatisfactory.

Numerous epidemiological studies confirm the
role of ionizing radiation (IR) as a factor in the
induction of leukemia in general and AML in partic-
ular. An increase in the incidence of leukemia was the
first stochastic effect in those irradiated after the
atomic bombings in Hiroshima and Nagasaki [3, 4].
Further studies of contingents that were exposed to
the radiation factor in a variable range of doses for
different periods of time (acute and prolonged
(chronic) exposure) confirmed this phenome-
non.The consequences of exposure to IR as a factor
in the induction of AML in various categories of irra-
diated persons (those who have professional contact
with sources of IR; patients who were prescribed
radiation therapy; participants in the liquidation of
the consequences of the accident at the Chornobyl
NPP) have been studied by many researchers [5—12].

In terms of assessing the level of safety of IR
threshold doses, the study attracts attention [13], in
which the incidence of leukemia and other myeloid
neoplasias in persons irradiated at a young age (up to
21 years) in the range of low (< 100 mSv) cumulative
doses to the bone marrow. The analysis included 9
cohorts from Canada, France, Japan, Sweden,

) 68



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

REVIEWS

BkiItoueHo 9 koropt i3 Kawamm, @pannii, AnoHii,
IIBewii, Beaukobpuranii Ta CIIIA (262 573 ocib), ski
oyno copmoBaHo, TounHaoun 3 4 yepBHsa 1915 p. o
31 rpynusa 2004 p. Cepen obcTexkeHUX OyJIO BUSIBJIEHO
154 BuMmamKu 370SKICHUX Mi€JIOITHUX HOBOYTBOPEHD,
BKIouatrouu 79 sumnankiB I'MJI, 8§ — MienonucmiacTuy-
Horo cuHapomy (MAC), 36 — XpOHiIYHOI Mi€IOiTHOI
neiikemii (XMJI), iHImi BapiaHTH 3axBOpIOBaHb OYJIU
BiJHECEHi 10 HEeYyTOUHEHUX Mi€IOITHUX Heorulaziit. Bin-
MOBiIHO, BiTHOCHI pU3UKM [1JIs1 1030BOro piBHs 100 M3B
craHoswin 3,09 (95 % Al 1,41-5,92; ptrend = 0,008)
st TMJI ta MAC pasom; 2,56 (95 % 1 1,09-5,06;
ptrend = 0,033) misg I'MJI; BimHocHMIA pu3uk aist XMJI
BUsIBJIEHO Ha piBHi 0,36 (95 % I 0,00—2,36; ptrend =
0,394). Takum ynrHOM, ITO0Ka3aHO [13], 110 pU3UKHU 3710-
SIKICHMX TeMaTOJIOTiYHUX 3aXBOPIOBaHb, 30Kkpema ['MJI,
CYTTEBO 3POCTalOTh B Aiama3oHi 03 a0 100 M3B y or1-
POMiHEHMX B AUTUMHCTBI 400 MiMIiTKOBOMY Billi, MiABU-
IIEHUI PU3UK TAKOX CIIOCTEpiraBcs OIS OKPEeMUX
MI€JIOITHUX HO30JIOTii MpU iHKOPIIOPOBAHUX H03aX,
Hkuux 3a 50 M3B. OTpuMaHi pe3yabraTu CBigyaTh, 110
iCHY104i peKOMeHallii CUCTEMU PaAioJOTiYHOIO 3aXUC-
Ty CTOCOBHO 1030BUX HAaBaHTaXXe€Hb HE MOBHICTIO yOe3-
MEeYyIOTh Bil HEraTUBHUX HACTiAKIB OITPOMiHEHHSI.
OpaHe 3 octaHHix mociigmxkeHb, INWORKS [3, 7], no
KOrOpTHU SIKOTO OYyJIO BKIIOUEHO (DpaHIy3bKUX, aMEpU-
KAHCbKUX 1 OpUTAHCHKMX MpaliBHUKIB aTOMHOI MpO-
MUCJIOBOCTI, TAaKOX IMTiATBEPANIIO 3B’ I30K MixX 103010 1B
Ta pU3UKOM JieiikeMii. BusiBiieHi puznku Oyjiu 3icTaBHU-
MU 3 pU3MKaMM OIIPOMiHEHUX B Aialla30Hi HU3BKUX 103
pu aTOMHOMY GoMbapayBaHHi B SnoHii [6, 14].
ITokazano [3], mwo IB € nmpomoTopom mnpodmideparii
myTaHTHOro kjiony I'CK Takox y maui€eHTiB, siKi OTpu-
MyBaJy IIpOMEHeBY Teparlito. BusiBieHo, 1110 HasIBHICTb
KJIOHAJIbHOTO KPOBOTBOPEHHS Y ONPOMIHEHUX Malli€H-
TiB 3pocTae B Mexax 10 25 % (nopiBHsiHO 3 1 % BuUsB-
seHHs1 MmyTaHTHUX ['CK y 310poBrx 0ci0). 3anuinaeThb-
CsI BIDKPUTUM MUTAHHS, Y1 OIIPOMIiHEHHS CIIPUSIE TIPO-
MOLIii KJIOHIB 3 HasIBHICTIO TTIEBHUX MyTallili, YU MpoLiecC
BiIOOPY KJIOHY KJIITUH € BunaakoBuMm. OTpruMaHi Ha Cb-
OTOJIHi MaHi MiATBEPIXYIOTh, 110 MYTALliHHUN CIEKTP
Teparnisi-ooymoBiaeHoi 'MJI (3 HasiBHICTIO B aHaMHe3i
MaIieHTIB OMPOMiIHEHHS) MOmiOHMI 10 de novo I'MIJIL.
Myratiii, ski cnpusitoTb BUHUKHeHHI0 ['MJI (BKIIOUa-
oun MmyTtauii TP53), i moaidbHi mo iHmykoBaHux IB,
BM3HAYalOTbhCs TaKOX MiCas Teparlii aJdkKilylouuMu
npenapatamu [3]. HaBegeHi pe3yabTaTi JOCITiIKEeHHS
INWORKS cBiguath, 110 aHaji3 ocoOaMBOCTei il
pamialiifHOro YMHHWKA SK iHAYKTOpa BUHUKHEHHS
I'MJI, HasiBHiI HeBU3HAYEHOCTI, MOB’s3aHi 3 epeKTaMu
HU3BKUX BEJIMYUH 1 HU3bKUX MOTYXXKHOCTeM 103 IB, 1oT-

Great Britain and the USA (262,573 people),
which were formed starting from June 4, 1915 to
December 31, 2004. Among the examined, 154
cases of malignant myeloid neoplasms were found
(including 79 cases of AML, 8 — of myelodysplas-
tic syndrome (MDS), 36 — of chronic myeloid leu-
kemia (CML), other disease variants were classified
as unspecified myeloid neoplasias). Accordingly,
the relative risks for a dose level of 100 mSv were
3.09 (95 % CI 1.41-5.92; ptrend=0.008) for AML
and MDS combined; 2.56 (95 % CI 1.09-5.06;
ptrend = 0.033) for AML; the relative risk for
CML was found to be 0.36 (95 % CI 0.00—2.36;
ptrend = 0.394). Thus, [13] it is shown that the
risks of malignant hematological diseases, in par-
ticular AML, increase significantly in the range of
doses up to 100 mSyv in those irradiated in child-
hood or adolescence, an increased risk was also
observed for certain myeloid nosologies at incor-
porated doses lower than 50 mSv. The obtained
results indicate that the existing recommendations
of the radiological protection system regarding
dose loads do not fully protect against the negative
consequences of exposure.

One of the more recent studies, INWORKS [3, 7],
whose cohort included French, American, and
British nuclear workers, also confirmed the rela-
tionship between IR dose and leukemia risk. The
identified risks were comparable to the risks of
those irradiated in the range of low doses during
the atomic bombing in Japan [6, 14].

It was shown [3] that IR is a promoter of the pro-
liferation of the mutant HSC clone also in patients
who received radiation therapy. It was found that
the presence of clonal hematopoiesis in irradiated
patients increases up to 25 % (compared to 1 %
detection of mutant HSCs in healthy individuals).
It remains an open question whether irradiation
promotes the promotion of clones with the pres-
ence of certain mutations, or whether the process
of cell clone selection is random. Data obtained to
date confirm that the mutational spectrum of ther-
apy-induced AML (with a history of radiation
exposure) is similar to de novo AML. Mutations
that contribute to the occurrence of AML (includ-
ing TP53 mutations) and are similar to those
induced by IR are also determined after therapy
with alkylating drugs [3].The given results of the
INWORKS study indicate that the analysis of the
specifics of the action of the radiation factor as an
inducer of the occurrence of AML, the existing
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pedyIoTh MOAAJIbIIOTO eMiAeMioJOriYHOI0 MOHITO-
PUHTY.

OCKiJIBKM KJIOHaJIbHE TOPYIIEHHSI TeMOIIoe3y IIpu
I'MJI € HacnigkoM myTauiit Ha piBHI 'CK, BaxxauBum
€ BUBYEHHS MPOIECiB BiTHOBAEHHS 1X (DyHKIIIOHYBaH-
HS i3 3aJIy4eHHSM DPi3HMX LIUISIXiB, ONMH 3 SIKMX — 3a
yuactio TP53[15].

Binoxk p53 6yno Binkpuro B 1979 poi [16]. Ten TP53,
SIKUI KOAYE Lie MpoTeiH, 0yJ10 KJIoHOoBaHO B 1983 potii,
BiH HasIBHUI y BCiX TMIIaX KJIITMH OpraHi3My JIOAWHU i
JIOKAJTi3yeThbcd Ha 13 cerMeHTi KOPOTKOro Triedya Xpo-
mocomu 17 (17p13). IlizHiwre, y 1989 porii, Oyio BcTa-
HOBJICHO, 1110 TTPOAYKT cUuHTe3y TP53, 6iok p53, € iHri-
OITOPOM 3J108KiCHO TpaHC(OPMOBAHUX KIIITUH, OJHAK,
3a HasIBHOCTIi MyTallili reHa, 1ieii IpoTeiH acoliiioBaHUI
3 OHKOJIOTIYHUMH i TeMaTOJOTIYHUMU 3aXBOPIOBAHHSI-
Mmu [16]. TP53 Bimirpae BUpiliaJbHy poJib Y IIpoliecax
BimHoBNeHHs TowkomkeHoi JITHK, KoHTposi KIiTUH-
HOTO LIMKJY Ta anonTtosi. ®yHKuieo pS53 npu KITHH-
HOMY CTpECi, 3yMOBJICHOMY BILIMBOM HEraTUBHUX YMH-
HUKIB, y TOMY 4yMcli — npu nomkomkeHHi JIHK BHa-
CJIiIOK OIPOMiHEHHSI, € TPAHCAKTUBALLisI IEBHUX I'€HiB-
mimeHel. HagBHicTb MyToBaHOTO 7'P53 TIpU3BOINTE 1O
nopyieHb pernapatii JJHK i gudepeHuiroBaHHs KiTi-
THH, MIPUTHIYEHHS aflonTo3y i mpoJtipepallii 37105IKiCHO
TpacOpMOBAHOI0 KJIOHY KJIITUH. TAKUM YMHOM, MYTO-
BaHuii 7TP53 migBuIllye OHKOTEHHUWI MOTEHIial i pe-
3UCTEHTHICTh aHOMAJIbHO 3MiHEHUX KJITHH 10 XiMiOoTe-
parneBTUYHUX areHTiB [17], mpu3BOAUTH A0 T€HOMHOIL
HEeCTabIbHOCTI i MoTeHL e JelikemoreHe3 [18]. My-
tauil TP53 maroth Micue y 6im3bko 10 % maiieHTiB i3
Briepie aiarHoctoBaHoo I'MIJI, pu Tepamiss-o0yMoB-
neniin 'MJI Bonu Bu3HavaoThes y 27—50 % xBopux.

OnHUM i3 MexaHi3MiB peryssuii aktTuBHocTi TP53 €
BIAMOBIIb KJAITUHM Ha HASIBHICTb MOILUKOJXXEHHS
AHK. Bimomo, mo AHK-3anexHa mpoTeiHKiHa3a
(DNA-PK) € Baxk1MBUM KOMITOHEHTOM BiTHOBJIEHHS
nBosaHuorosux po3pusis JJTHK (DSB) [19]. IHri6ito-
pu DNA-PK crnpusgioTs TpOTHITYXIUHHOMY e(eKTy
YMHHUKIB, gKi iHAyKyioTsb DSB (IB, anTpauukiinm) i
3aCTOCOBYIOTHCS TTPU JIIKYBaHHI 3JIOSKICHUX 3aXBOPIO-
BaHb. IIpoTeiHy p53, 1K OCHOBHOMY CYNpPECOpy IyX-
JINH, HAJIEXKUTh BaXKJIMBa POJIb y 3YNMUHII KJIITUHHOTO
LUKJTy Ta/abo amonrtody KiaiTuH 3 DSB. 3a HagBHOCTI
DSB BinodyBaeTbcst dochopuitoBaHHS pS3 Ta akTH-
Bauisi oro ATM-kiHa3010, sIKa iHiliani3ye CHI-
Hasli3alio KOHTPOJIbHOI TOYKY i 3aXUILAE KJIITUHU Bil
Jlii HeraTUBHUX YMHHUKIB.

Bigomo, 1o nyxauHHUN 60K p53 Komye ¢axkTop
TPaHCKPUIILIi, SIK1ii 6epe ydacTb y 3yIUHLI KIiTUHHO-
ro UMKy Ta iHimiamii amonTo3y [20]. Myramii reHa

uncertainties associated with the effects of low
amounts and low doses of IR doses, require further
epidemiological monitoring.

Since clonal disruption of hematopoiesis in AML
is a consequence of mutations at the HSC level, it is
important to study the processes of restoring their
functioning with the involvement of various path-
ways, one of which involves TR53 [15].

Protein p53 was discovered in 1979 [16]. The TP53
gene, which codes this protein, was cloned in 1983,
it is present in all types of cells of the human body
and is localized on segment 13 of the short arm of
chromosome 17 (17p13). Later, in 1989, it was
established that the product of TP53 synthesis, p53
protein, is an inhibitor of malignantly transformed
cells, however, in the presence of gene mutations,
this protein is associated with oncological and
hematological diseases [16]. TP53 plays a critical
role in DNA damage repair, cell cycle control, and
apoptosis.The function of p53 in cellular stress
caused by the influence of negative factors, includ-
ing DNA damage due to radiation, is transactivation
of certain target genes.The presence of mutated
TP53 leads to violations of DNA repair and cell dif-
ferentiation, inhibition of apoptosis and prolifera-
tion of a malignantly transformed clone of cells.
Thus, mutated 7P53 increases the oncogenic poten-
tial and resistance of abnormally changed cells to
chemotherapy agents|[17], leads to genomic instabil-
ity and potentiates leukemogenesis [18]. TP53
mutations occur in about 10 % of patients with
newly diagnosed AML, therapy-ined AML are
determined in 27—50 % of patients.

One of the mechanisms of regulation of 7P53
activity is the cell’s response to DNA damage. We
know that DNA-dependent protein kinase (DNA-
PK) is an essential component of DNA double-
strand break (DSB) repair [19]. DNA-PK inhibitors
contribute antitumor effect of factors that induce
DSB (IR, anthracyclines) and are used in the treat-
ment of malignant diseases. The p53 protein, as the
main tumor suppressor, has an important role in cell
cycle arrest and/or apoptosis of cells with DSB. In
the presence of a DSB, p53 is phosphorylated and
activated by ATM kinase, which initiates checkpoint
signaling and protects cells from negative factors.

It is known that the tumor protein p53 encodes a
transcription factor that participates in the arrest of
the cell cycle and the initiation of apoptosis [20].
Mutations of the TP53 gene occur in about 12 % of
patients with AML, these disorders are more often
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TP53 matoth Micue y 6;13bko 12 % nmanientis 3 'MJI, i
MOPYIICHHS YacTillle BU3HAYAIOThCS IIPU BTOPUHHUX/
Tepamniss-oOyMOBJICHUX BapiaHTaX 3aXBOPIOBAHHS i, Iie-
peBaxkHO, B 0Ci0O JITHBOTO BiKy. 3a YMOB HasIBHOCTI
CKJIagHOro Kapiotumy, 6ausbko 70 % Bumaakis 'MJI
MaloTh TaKOX MyTaliil 7P53, akuii € He3aJleXKHUM Hera-
TUBHUM IIPOTHOCTUYHUM YMHHUKOM [IJISI BUILIe3a3Haue-
Hoi Kateropii mauieHTtiB. IloBHa pemicis (complete
remission, CR) y uMx namieHTiB BU3HAYAEThCS HA PiBHi
Hmkue 30 %. I[MokaszaHo, mo anomanii 7P53 B 'CK Bus-
HayalThcsl 3a Oarato pokiB go aediory I'MIJI sk y
MAaLiEHTIB, AKi HE OTPUMYBAIM CHeLU(piIYHOTIO XiMioTe-
panestuyHoro (XT) nikyBaHHS, TakK i y XBOPUX, SIKUM
npoBoauaach XT y 3B’S3KY 3 iHIIUMM 3JI0SIKICHUMHU 3aX-
BOPIOBaHHSIMU.

OnHUM i3 YMHHUKIB peryisuii 7P53 € 0iToK-IpoTo-
oHkoreH MDM2 (mouse double minute 2; HDM?2 — hu-
man double minute 2) [16]. MDM2 inribye ctabinbHUMIA
p53 i iioro TpaHCAKTUBALINHY (PYHKIIIIO MO TUITY Hera-
TUBHOT'O 3BOPOTHOTO 3B’I3KY. 3a BiICYTHOCTI JIii cTpeco-
TeHHUX YMHHUKIB HasgBHICTb KOMIUIeKCY «MDM2-p53»
3a0e3Meyvye MpoTeoJii3 pS3 i Horo HU3bKY KOHLIEHTPALIil0
B KiiTiHi. HaBnmakm, mpu akTuBaiii p53 excripecist reHa
MDM2 nigsuiryetbes. KimiHiuHi BUTpOOYBaHHSI, CIIpsI-
MOBaHi Ha BiTHOBJIEHHSI (PYHKIIi pS3 («reHHa» Tepartis
p53, BiIHOBIEHHS P53 «IUKOIrO» TUITY 3a AOIOMOIOIO
IpiOHUX MoJIeKyI-aHTaroHictiB MDM?2), minrBepannm,
1110 3a LIMX YMOB Ma€ Miclie BiTHOBJIEHHS aKTUBHOCTI p53
i perpecist myxsuH [16].

IcHy10TH i iHIIi MexaHi3MU peryJsliii aKTUBHOCTI TeHa
TP53, cepenn IKMX OKpeMe MiCIIe TIOCiIaroTh eTireHeTUIHi
YMHHUKHK, a came HoBuil kitac PHK — mikpoPHK [16].
MikpoPHK — 1e kinac Hekomyrounx PHK mosxuHoIO
npubAM3HO 22 HYKJIEOTUAM, $Ki BilirpairoTh BaxKJIUBY
poJib B peryisuii, TpaHchasuii ta gerpagauii MPHK i
MOBHICTIO a00 YaCTKOBO TPUTHIUYIOTh pOOOTY MEBHUX
reHiB. [linTBepakeHa MOXIMBICTh B3aeMo/ii MikpoPHK
oesnocepenHbo 3 JIHK B npoueci PHK-3anexHoro me-
tunyBaHHs JIHK, 1110 € omHUM i3 KJII0YOBUX MeXaHi3MiB
pernpecii reHiB, y Tomy uucii 7P53.

BuBueHHs ocoGnuBocTell (yHKIiOHYBaHHS TP53 SK
npoMoTopa BUHUKHeHHST I'MJI Ha cbOrofHi MpoaoOBXY€E
3aJIMILIATUCh B LIEHTPi yBaru HayKoBLiB. [TpoaHanizoBa-
Ho [15] mexanizmu penapauii ['CK, siki 3ayexatb Bif
HOpMaJbHOTO (YHKIiIOHYyBaHHS TP53 Ta iloro poJyib B
ingykuii I'MJI. 3a yMoB fii pi3HOMaHITHUX CTPECOIeH-
HUX YMHHUKIB, $IKi HMPHU3BOASTH OO IOIIKOMXEHHS
JAHK, moxazaHo, 110 p53 CTUMYIIOE €KCIIPECiio Mpo-
TeiHoBOi (¢ocdarazu MarHiil-3agexHoi 1-menbTa
(PPM1D). Bucoka ekcnpeciss PPM1D, ska € Heratus-
HUM peTyJIITOpoM p53 i 3axXuIliae KIIITUHU Bix 3armporpa-

determined in secondary/therapy-induced vari-
ants of the disease and, mainly, in elderly people.
With a complex karyotype, about 70 % of AML
cases also have TP53 mutations, which is an inde-
pendent negative prognostic factor for the above
category of patients. Complete remission (CR) in
these patients is defined at a level below 30 %. It
has been shown that 7P53 abnormalities in HSC
are detected many years before the onset of AML
both in patients who did not receive specific
chemotherapy (ChT) treatment and in patients
who underwent ChT in connection with other
malignant diseases.

One of the factors of regulation 7P53 is proto-
oncogene protein MDM?2 (mouse double minute 2;
HDM?2 — human double minute 2) [16]. MDM?2
inhibits stable p53 and its transactivation function
in a negative feedback fashion. In the absence of
stressogenic factors, the presence of the <MDM2-
p53» complex ensures p53 proteolysis and its low
concentration in the cell. On the contrary, when
p53 is activated, the expression of the MDM2 gene
increases. Clinical trials aimed at restoring p53
function («gene» therapy of p53, restoration of
«wild» type p53 with the help of small molecule
antagonists of MDM?2) confirmed that under these
conditions restoration of p53 activity and regres-
sion of tumors takes place [16].

There are other mechanisms of regulation of
TP53 gene activity, among which epigenetic fac-
tors occupy a special place, namely a new class of
RNA — microRNA [16]. MicroRNAs are a class of
non-coding RNAs approximately 22 nucleotides
in length that play an important role in the regula-
tion, translation, and degradation of mRNAs and
completely or partially suppress the activity of cer-
tain genes. The possibility of microRNA interac-
tion directly with DNA in the process of RNA-
dependent DNA methylation, which is one of the
key mechanisms of gene repression, including
TP53, was confirmed.

The study of the peculiarities of the functioning
of TP53 as a promoter of the occurrence of AML
continues to remain in the center of attention of
scientists today. Mechanisms of HSC repair, which
depend on normal functioning [15] and 7P53 and
its role in the induction of AML were analyzed.
It has been shown that p53 stimulates the expres-
sion of magnesium-dependent protein phos-
phatase 1-delta (PPM1D) under the influence of
various stressogenic factors that lead to DNA

71 ®



ornsaaosl CTATTI

ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

MOBaHO1 KJIITUHHOI CMEpPTi, Hala€ MOXJIUBICTb IS
BVDKMBaHHS KJIiTUH 3 aHoMmalibHOWO JTHK [15]. Okpim
cymipecii BigmoBini Ha mito p53, PPMI1D BrimBae Ha
iHII IUISIXK peryJsiii HopMaabHOTro (byHKIIOHYBaH-
Hsa kiaituH (p38-MAPK i mTORCI1). ExcriepumeH-
TaJlbHi JociaimkeHHs [15] cBigyaTh, 110 HasIBHICTh
«yciueHMX» MyTalliil (truncating mutations) B OCTaHHb-
oMy ek30Hi PPM1D 3ymoBiI0€ CHHTE3 aHOMAaJIbHOTO
aKTUBHOTO OiKa, SIKMI MiATPUMYE Mpotidepallito Kio-
HY 3JI0SKiCHO TpaHchopMoBaHMX KiitThH. Y PPM1D-/-
MULIEl MaJlo Miclie CyTTEBE 30UIbLICHHS KiIbKOCTI
AHOMAJTLHUX MIEJIOITHUX KIIITUH, 3HUXYBaJlach MOX-
nusicte 'CK po penapaliii, 1o crpusiia iHIyKIii ar-
pecuBHoi I'MJI. Xoua cynpeciss PPM1D npurHiuysa-
na pomipepairo nefikemiunnx ['CK i kmiTnH-1I0MIC-
peIHUKiB 3 «ycideHoo» PPMI1D, BogHouac iHTiOy-
BaHHs1 PPMI1D 3axuiuano Bim mpoJiidepaliii TpaHC-
¢dopMoBaHuX KIiTUH, iHaykoBaHoi IB. HasiBHicTb
«yciyeHoi» PPM 1D cnpusie BUXHUBaHHIO aHOMaJIbHUX
I'CK, a BIumMB Ha lieil MATOreHETUYHUI IIISIX MOXKE
OyTH OMHUM i3 HAIPSIMKIiB JIIKyBaHHS Teparnis-o0y-
mosyieHoi 'MJI.

AKXTyallbHOIO TIPO0JIEMOIO Ha ChOTOJIHI 3aJIMILAETHCS
MPOTHO3YBaHHSI HACJIAKIB OIPOMiHEHHSI B KOHTEKCTi
ingykuii 'MJI. HemogaBHo yBary ¢axiBLiB 3 pafia-
LHillHOro 3axucTy IpuBepHyJa KoHuenuisg <«IIInsax
HeCTPUATINBAX HachinKiB» (Adverse Outcome Pathway;,
AOP) [3], gxa mepBuHHO Oyna po3pobjieHa OpraHi-
3alli€l0 EKOHOMIYHOIO CHiBPOOITHUIITBA Ta PO3BUTKY
(Organization for Economic Cooperation and Deve-
lopment, OECP) mis BUBYeHHSI TOKCUIHOTO BITJINBY
XiMIYHUX PEYOBMH Ha OpPraHi3M JIIOAMHMU Ta HAaBKO-
JIMIITHE cepefoBuile. Ll KoHLenis moB’I3ye Ait0 Ha
OpTaHi3M CTPECOreHHOr0 YNHHMKA, PO3BUTOK MOJIEKY-
JIIpHOI iHimifoouoi momii (molecular initiating event,
MIE) i nosiBy HeraTMBHOTO HACiIKy/XBOpOOU. ¥ KBiT-
Hi 2021 p. [HCTUTYT pafdialliifHOro 3aXUCTy Ta SIIEPHOL
6e3neku (Institut de Radioprotection et de Surete Nuc-
leaire, IRSN) cripHO 3 acomianiero MELODI (Multi-
disciplinary European Low Dose Initiative — MynbTu-
JUCLUUILTIHAapHA €BporeiichbKa iHilliaThBa 3 HU3BKUX
n03) Ta ALLIANCE (European Radioecology Alliance —
€BpONeNCHKNI PalioeKOJOTIYHUI albsIHC) OpraHi3y-
Basii ceMiHap 3 AOP mist ¢axiBLiB 3 pamialiiiiHoro 3a-
xucty [3]. 3aBoaHHSIM OIHI€l 3 TPyH €KCIepTiB Oyj10
BMBYEHHSI OCOOJMBOCTE panialiiiHO-acoliiioBaHUX
JerikeMiit, 3okpema PA-T'MJI.

Bimomo, mo B martoreHe3zi PA-I'MJI meBHYy poJjb
BiirpaloTh MyTallil pi3HOTO TUITY, SIKi iIHAYKYIOTh IBO-
HutKoBi po3puBu JHK [3]. B ekcneprMeHTi rokasa-
HO, 110 TaK 3BaHi ApaliBepHi MyTallii, 40 SIKMX Haje-

damage. High expression of PPMI1D, which is a
negative regulator of p53 and protects cells from
programmed cell death, provides an opportunity for
the survival of cells with abnormal DNA [15]. In
addition to suppressing the response to p53, PPM1D
affects other pathways regulating normal cell func-
tioning (p38-MAPK and mTORC1). Experimental
studies [15] show that the presence of «truncating»
mutations in the last exon of PPM1D causes the
synthesis of an abnormally active protein that sup-
ports the proliferation of a clone of malignantly
transformed cells. In PPM1D-/- mice, there was a
significant increase in the number of abnormal
myeloid cells, the ability of HSCs to repair de-
creased, which contributed to the induction of ag-
gressive AML. Although suppression of PPMI1D
inhibited the proliferation of leukemic HSCs and
progenitor cells with a «truncated» PPM1D, at the
same time, inhibition of PPM1D protected against
IR-induced proliferation of transformed cells.The
presence of «truncated» PPM1D contributes to the
survival of abnormal HSCs, and influencing this
pathogenetic pathway can be one of the directions of
treatment of therapy-induced AML.

Forecasting the effects of exposure in the context
of AML induction remains an urgent problem today.
Recently, the attention of radiation protection spe-
cialists was drawn to the concept of Adverse
Outcome Pathway (AOR) [3], which was originally
developed by the Organization for Economic
Cooperation and Development (OECD) to study
the toxic effects of chemicals on the human body
and the environment. This concept connects the
effect on the organism of a stressogenic factor, the
development of a molecular initiating event (MIE)
and the appearance of a negative consequence/dis-
ease. In April 2021, the Institute of Radiation
Protection and Nuclear Safety (Institut de Radio-
protection et de Surete Nucleaire, IRSN) together
with the MELODI association (Multidisciplinary
European Low Dose Initiative) and ALLIANCE
(European Radioecology Alliance) organized a sem-
inar on AOR for radiation protection specialists [3].
The task of one of the groups of experts was to study
the characteristics of radiation-associated leuke-
mias, in particular, RA-AML.

It is known that various types of mutations that
induce DNA DSB play a role in the pathogenesis of
RA-AML [3]. The experiment showed that the so-
called driver mutations, which include 7P53 muta-
tions, are detected long before the diagnosis of
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XaTh MyTallii 7P53, BUABISIOTbCS 3a0BIO A0 JdiarHOC-
TyBaHHs1 'MJI, BOHU MOXYTbh MOIYJIIOBAaTU TEMITU POCTY
npejielikeMiYHUX KJIOHIB. HasiBHiICTh paHHIiX ApaiiBep-
Hux MmyTaliii B 'CK y 3m0poBux 0ci0 MmiaBUIIy€E pU3UKU
I'MJI pu KOHTaKkTi 3 pamiallitHUM YMHHUKOM. Takum
YUHOM, IpaiiBepHi MyTallil MaJlirHi3yl0Th IeBHUI CyOK-
JIOH KJIITUH, BUHMKAIOTh Ha TI0YAaTKOBUX €TaItax JehKe-
moreHe3y [3]. BimmoimHo, MyTallii, SIKi IOCUIIOIOTH
CTYMiHb MaJirHizauii KJiTWMH, BiIHOCSTb A0 KaTeropii
MOANGIKYyIOUUX.

3a3Buyait, mepBUHHI (iHilio04i) — mpaliBepHi My-
Talii HaJaTh KJIOHY MpoJlihepaTUBHY MepeBary, Cripu-
SIIOTh aKTUBALlil OHKOTeHa, 00YMOBJIIOIOTh HE3aIEKHICTh
KJITUH Big OOMEXeHb POCTY i MOXYTh BUHMKATU B
Pi3HUX KJIITMHAX OJHOTO i TOTO X KJIOHY [3]. Momndiky-
[o4i MyTallii 3a0e3Me4yloTh pPe3UCTEHTHICTh 3JI0SIKiCHO
TpaHCc(OPMOBAHUX KJIITMH A0 il XiMioTepareBTUYHUX
areHTiB. Y Bumagkax PA-I'MJI BusBieHo 8 (yHKIIiO-
HaJIbHUX KaTeropiil reHiB, MyTallii IMX € ApaliBepHUMMU,
npuuoMy y 86 % BUIaAKiB BU3HAYAIOThCS ABi a00 OiJib-
1Ie npaiiBepHi MyTallii. IpaliBepHi MyTallii BUSBJISIOTh-
cd 1y 3mopoBux oci0, ane ixHi myroBaHi 'CK 3gaTHi 10
camoBinHoBIeHH. Lle siBUIlle Ha3UMBAETHCSI «KJIOHAJb-
HUM I'eéMOII0€30M HEeBM3HAUYEHOIo IMoTeHIiany». Yacto-
Ta MyTallill reHiB, xapaktepHux st I’ MJI, Takox 3poc-
Ta€ 3 BIKOM, 1110 OOYMOBJIIOE HasBHICTb TaK 3BaAaHOTO
«BiIKOBOTO KJIOHAJbHOI'O KPOBOTBOPEHHS» i MOXKE PO3r-
JIIAATUCH SIK TIepemsieiikeMiyHuii cTaH [3].

IB gk yuHHUMK iHaykuii nmomkomkeHHsa JHK moxke
BUCTYIIATU B SIKOCTi «IIepIIOro yaapy» abo BidirpaBaTu
pOJb IIPOMOTOpPA BXE iCHYIOUOIO MYTAaHTHOIO KJIOHY
I'CK [3]. CrocoBHO MyTalLiliHOrO CIIEKTPY, 4YacTUHA
JocaigHuKiB BBaxae, 1o de novo I'MIJI i PA-I'MJI no-
NiOHi 3 MOJIEKYJISIPHO-T€HETUYHOI TOYKU 30DY, iHIIIi BBa-
2KaloTh, 1110 MeBHi reHeTUYHI aHoMalJlil, Taki K MyTalil
TP53, 6inbin yacto 3yctpivatorbest mpu PA-I'MIJI i mo-
MiOHI 10 MyTalliii mpu Teparis-ooymosieHin I'MJI.

TakuM 4YMHOM, HasIBHICTb Pi3HUX TUIIiB MyTalliii, 103-
BOJISIE, 3 OOHOTO OOKY, 3JTOSIKiCHO TpachOopMOBaAaHNUM
KJIITUHAM YHMKATH TIPOLECiB OiOJOTiUHOI perymsiii, 3
iHIIOrO OOKY, CTBOPIOE MiArPYHTS A5 PO3POOKHU i 3aCTO-
CyBaHHSI TapreTHOI Tepartii.

BuiienaBeneHi JaHi cBimyaTh, 10 ITOMIMOJIEHE BUB-
YEeHHS MaTOTeHETUYHUX MEXaHi3MiB IMiITBEPIXKYE POJIb
TeHeTUYHUX MopylieHb y BUHUKHeHHi 'MIJI. [e Baxu-
BO B KOHTEKCTi HiarHOCTUKM Ta IIPOTHO3YBaHHS IIe-
pebiry 3axBoproBaHHS, OLIHL BiAMNOBiAi Ha Teparito i3
3aCTOCYBAHHSIM HOBITHIX METOIiB JiKyBaHHSI, Y TOMY
yucii — anoreHHoi TpaHcmiaHTallii 'CK. AkTyanbHOIO
npo0JeMOI0 TaKOX 3aJMIIAEThCS OLIiHKA paaialliiHuX
PU3HUKIB reMaToJIOTIYHUX 3aXBOPHOBaHb. B 1LIbOMYy KOH-

AML, they can modulate the growth rates of
preleukemic clones. The presence of early driver
mutations in HSC in healthy individuals increases
the risk of AML when exposed to a radiation fac-
tor. Thus, driver mutations malign a certain sub-
clone of cells, occur at the initial stages of leuke-
mogenesis [3]. Accordingly, mutations that in-
crease the degree of malignancy of cells are classi-
fied as modifiers.

Usually, primary (initiating) — driver mutations
give the clone a proliferative advantage, contribute
to the activation of the oncogene, determine the
independence of cells from growth restrictions and
can occur in different cells of the same clone [3].
Modifying mutations ensure the resistance of ma-
lignantly transformed cells to the action of chemo-
therapeutic agents. In cases of RA-AML, 8 func-
tional categories of genes were identified, the
mutations of which are drivers, and in 86 % of
cases, two or more driver mutations are identified.
Driver mutations are also found in healthy individ-
uals, but their mutated HSCs are capable of self-
repair. This phenomenon is called «clonal hemato-
poiesis of undetermined potential». The frequency
of gene mutations spesific for AML also increases
with age, which determines the presence of the so-
called «age-related clonal hematopoiesis» and can
to be considered as a preleukemic status [3].

IR as a factor inducing DNA damage can act as
a «first hit» or play the role of a promoter of an
already existing mutant HSC clone [3]. Regarding
the mutation spectrum, some researchers believe
that de novo AML and RA-AML are similar from
a molecular genetic point of view, others believe
that certain genetic abnormalities, such as 7P53
mutations, are more common in RA-AML and are
similar to mutations in therapy-related AML.

Thus, the presence of various types of mutations
allows, on the one hand, malignantly transformed
cells to avoid the processes of biological regula-
tion, on the other hand, creates a basis for the
development and application of targeted therapy.

The above data show that an in-depth study of
pathogenetic mechanisms confirms the role of
genetic disorders in the occurrence of AML. This is
important in the context of diagnosis and prognosis
of the course of the disease, assessment of the
response to therapy using the latest treatment
methods, including allogeneic HSC transplanta-
tion. Assessment of radiation risks of hematological
diseases also remains an urgent problem. In this
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TEKCTi, ajanToBaHa A0 MoTped daxiBLiB 3 pagialliiiHOTO
3axucty KoHuenuist AOP, sska Ha cbOrogHi BUKOPUCTO-
BYETBCS IS OLIHKM BIIMBY 1B Ha 3m0poB’sa monnHu, €
KOPMCHOIO i T03BOJISIE B KOMIUIEKCi OLIIHUTU POJIb KITIO-
YOBUX MOl neiikemoreHesa [3].

B ueHTpi yBaru 10CHiIHUKIB MPOJOBXKYE 3aTUIIATUCH
MOILIYK HOBUX OIMLIl s JIiKyBaHHS nauieHTiB 3 I'MUJI,
OJIHI€I0 3 SIKMX € BiTHOBJIEHHSI JBOHUTKOBMX ITOIIKOI -
xxenb JHK [19]. Bimomo, mo [JAHK-3anexnHa mpo-
teinkiHaza (JIHK-ITK) € roaoBHUM MpOMOTOPOM Bij-
HoOBIIeHHS ABoJjaHIIoroBux po3pusiB JJHK (DSB). bymo
MOKa3aHo, IO iHTi0ITOpH ii KaTaliTMYHOI aKTUBHOCTI,
BKIovaroun IB Ta aHTpalMKIIiHU, CIPUSIIOTH TTPOTUITYX-
JMHHOMY edekTy. B gKkocti Takoro mnpemnapaty B
nmocmimkerHi 1 ¢a3nu Oynmo BUBYEHO aKTUBHICTH TIEITO-
ceptudy (M3814) — MOTY:KHOTO CEJIEKTUBHOTO iHTi0iTO-
pa HHK-IIK. ITenoceptu®d 6J0Ky€e HETOMOJIOIIUHY pe-
napauiro DSB, mocumoe niepenauy curiamis ATM/p53,
MiABUIIYE PiBeHb i TPAHCKPUIILIIMHY aKTUBHICTH p53.
[TpoTuneiikemiuHuMi1 eeKT MenocepTUdy MOCUITIOBABCS
Yy MO€IHAHHI 3 aHTpalUKIiHOM (HayHOPYOillMHOM),
KM iHAYKY€E nudepeHLiiallilo MieJIOITHUX KJIITUH. 3ac-
TOCYBaHHsI KOMOiHallil nenocepTudy 3 JinocoMaJlbHUMU
dopmMaMu JayHOPYOILIMHY Ta LMTapadiHy, CIPUSIIO
3HAYHOMY ITiABUILIEHHIO OT0 e(DeKTUBHOCTI SIK in Vitro,
TaxK i in vivo, 6e3 30iJblIEHHS CTYyIIeHsI TeMONOETUYHOL
tokcnuHOCTi [19]. IlemocepTu®, SIK IMPOMOTOP IIPOTHU-
nyxJuHHoro edekty IB i xiMioTepanmeBTMYHUX areHTIB
npu JikyBaHHi ' MJI, € nepcrieKTMBHUM JUTSI MOJATBIINX
KJTIHIYHUX JOCJTiIKEHb.

3acTocyBaHHS JEMETWIIOIOUMX areHTIB, 30Kpema Jie-
UTa0iHy, MOXKe OyTH OfHi€0 3 onuiii JikyBaHHsS ['MJI 3
HasiBHOIO MyTauiero TP53 [20], ueii npenapaT MigBUILYE
yactoTy orpuMaHHs CR, Xxo4a BOHa 3a/IMIIIAETLCS HE TO-
CUTh TPUBAJIOW. 3 METOI ITOKpAIleHHS JIiKyBaHHS, Y
MalieHTIiB 3 HasiBHOIO MyTalielo 7P53 Oyna 3acTocoBaHa
KOMOiHallisl nelrMTadiHy 3 HOBOIO «Majiol0» MOJIEKYJIOK
APR-246 (empeneranont). Ilpym 1boMy uyacToTa
BinmmoBimi Ha sikyBaHHd (overall response rate, ORR) cs-
rajna 64 %, CR — 36 %, cepenHs TpUBaIiCTh XKUTTS XBO-
pux cranoBuna 10,8 wic.

[Ipenapar APR-246 TakoX OLIHIOBAJIM B JOCiIKEHHI
II ¢a3m y mamienTis 3 'MJI 3 myranisvm 7TP53, BKItoda-
1041 XBOpUX 3 repeBullicHHSAM 30 % 01acTHUX KITIITUH Y
KkictkoBomy MO3KY [20]. ORR y 1iux mailieHTiB CTaHOBU-
na 33 %, CR — 27 %, ane, B LijioMy, MeiaHa 3arajbHOi
BrzknBaHoCTi (overall survival) He TiepeBuUIITyBaa 3 Mic.
ITpomoBxXy€eTbcs mocHimkeHHS e(DEeKTUBHOCTI HOBOI
IHIYKIIHOI «TPUILIETHOI» Tepallii 3 JoJaBaHHSAM MO
KoMOiHallil AeuTabiHy 3 eNpeHeTarnonToM BeHETOKIaK-
CY, TAaKOX OLIIHIOETHCSI MOXJIMBICTb 3aCTOCYBaHHS 11 SIK

context, the AOP concept adapted to the needs of
radiation protection specialists, which is currently
used to assess the impact of radiation on human
health, is useful and allows in a complex to evaluate
the role of key events of leukemogenesis [3].

The search for new options for the treatment of
AML patients continues to be in the center of
attention of researchers, one of which is the repair
of double-stranded DNA damage [19]. We know
that DNA-dependent protein kinase (DNA-PK)
is a major promoter of DNA DSB repair. It was
shown that inhibitors of its catalytic activity,
including IR and anthracyclines, contribute to the
antitumor effect. As such a drug, the activity of
peposertib (M3814) — a powerful selective inhi-
bitor of DNA-PC was studied in a phase I study.
Peposertib blocks non-homologous DSB repair,
enhances ATM/p53 signaling, and increases the
level and transcriptional activity of p53. The anti-
leukemic effect of peposertib was enhanced in
combination with an anthracycline (daunoru-
bicin), which induces the differentiation of mye-
loid cells. The use of a combination of peposertib
with liposomal forms of daunorubicin and cytara-
bine contributed to a significant increase in its ef-
fectiveness both in vitro and in vivo, without in-
creasing the degree of hematopoietic toxicity [19].
Peposertib, as a promoter of the antitumor effect of
IR and chemotherapeutic agents in the treatment
of AML, is promising for further clinical studies.

The use of demethylating agents, in particular
decitabine, can be one of the options for the treat-
ment of AML with a TP53 mutation [20], this drug
increases the frequency of CR, although it remains
not long enough. In order to improve treatment, a
combination of decitabine with the new «small»
molecule APR-246 (eprenetapopt) was used in
patients with an existing 7P53 mutation. Withthe
frequency of response to treatment (overall res-
ponse rate, ORR) reached 64 %, CR — 36 %, the
average life expectancy of patients was 10.8 months.

The drug APR-246 was also evaluated in a phase
II study in patients with AML with TP53 muta-
tions, including patients with an excess of 30 %
blast cells in the bone marrow [20]. The ORR in
these patients was 33 %, CR — 27 %, but overall
median overall survival did not exceed 3 months.
The study of the effectiveness of the new induction
«triplet» therapy with the addition of decitabine to
the combination of eprenetapopt and venetoclax
continues, and the possibility of its use as mainte-
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Tepamil marpuMku micias TpaHcruiaHTtarii [CK [20].
[Tpu mpoBeneHHI Teparrii BeHETOKJIAKCOM / a3alluTUIM -
HOM, OyJI0O OTpMMAaHO BiJMNOBiAb Ha JiKyBaHHS y BIIEpILIE
JiarHocToBaHUX TauieHTiB 3 'MJI 3 myrtauigsmu TP53,
npote eheKT OYB HETPUBAIUM.

BuineHaBeneHi pe3ynbTaTh 3yMOBIIOIOTH HEOOXi[-
HICTb MOAAIbIIOI PO3POOKM HOBUX MiAXO/IIB 10 JIIKYBaH-
Hs1 xBopux Ha 'MJI. IMokazaHo [20], 110 JUIsT JOCSTHEH-
HSI MaKCHUMAaJIbHOI KJIiHiYHOI €(heKTUBHOCTI HEOOXimHO
npy3HavYaTv Mpenaparu, COpsiMOBaHi Ha KOMOiHOBaHe
1HriOyBaHHS I€KiJIbKOX CUTHAIBHUX LUISAXiB. ToMy OLIiH-
Ka TeHETUYHOTO «ITpodiTio» MalieHTa Ha eTalli BCTAHOB-
JIEHHS JiarHO3y i B MOJAJbIIOMY, Ha eTanax JiKyBaHHSI
I'MJI, € 060B’513KOBOIO 151 BCiX MaLli€HTiB. AKTyaJIbHUM
3aIMIIAETHCS MUTAHHS OO MiAXOAIB 10 JIIKyBaHHS Lib-
Oro 3axBOPIOBAHHS: 3aCTOCOBYBAaTM iHTEHCHUBHI YU
HeiHTeHCcUBHI cxemu XT, SKMM YMHOM BUpIlTyBaTH MU-
TaHHSI CTOCOBHO MiATPUMYIOYOI Tepallii, sIK HalOiIbII
e(PEeKTUBHO BUKOPHCTOBYBATM HAagBHI Ha CHOTOIHI
HaMOiIBII cydyacHi OMIil i3 BKJIIOYEHHSIM MOHOKJIOHAJb-
HUX aHTUTIJI i TpenapaTiB iMyHHOTO CIIpSIMyBaHHS.

HesBaxalouu Ha ycHixu B PO3YMiHHI MeXaHi3iB BU-
HuKHeHHs1 I'MJI, nokpallleHHi MOJIEKYJISIPHO-TeHeTHY -
HUX acCMeKTiB JiarHOCTUKM LILOT'O 3aXBOPIOBAHHS, OTO
cTpaTudikallisg moTpedye moaaablioi ontumisarii. B oc-
TaHHIX peKOMeHIalisgx «EBporneicbkoi Mepexi 3 BUB-
yeHHs JieiikeMili» (European Leukemia Net, ELN) ak-
LICHTH 3MillleHi caMe Ha BU3HAYEHHS T€HEeTUYHUX aHO-
MaJliii B KOHTEKCTi AiarTHOCTUKM Ta MPOrHO3yBaHHS T1e-
pebiry I'MJI, aHani3y cnagkoBOl CXMJIBHOCTI O PO3BUT-
Ky LIbOTO 3aXBOPIOBAaHHS Ta MOJIEKYISIPHO-TE€HETUIHOI
OLIIHKM BiJIMOBiIi Ha JTiKyBaHHS (BKJIIOYAIOYM HASIBHICThb
3aJIMIIKOBOI XBOPOOH) i3 3aCTOCYBaHHSIM HOBITHIX Ipe-
napartiB Ta anoreHHoi TpaHcruianTauii I'CK [21]. 3a3Ha-
yaeThbed, 1m0 ['MJI 3 myTatnieto 7P53 € crieninigHoo Ka-
TETOPi€I0 3aXBOPIOBAHHS, 1110 aHOMAJiI0, IK OKpPeMY, Ma-
10T 6;M3bKO 50 % mallieHTiB, y iHIIMX BOHA BHU3HA-
Ya€eThCS B COEKTPi CKAagHoro Kapiotuny. Bunagku I'MJI
3 myTaniero TP53 xapakTepu3ylOThCSd HaA3BUYAHO
HECHTPUSTIUBUM NporHo3oM [21]. BinnoBinHo 10 pexko-
meHpauiit ELN, I'MJI 3 HagBHowo MmyTtaiiero TP53 (y
BapiaHTHil ¢pakuii anens He meHie 10 %, 3 BTpaToio
abo 6e3 BTpatn anenst TP53 «InKoro» THUITY) IiarHOC-
TYETHCS SIK OKpeMa HO30JI0TiYHa OAMHULIS.

3a ganumu ELN, tepamisi-ooymosnenHa I'MJI, ctaHo-
Buth 10—15 % Bim ycix Bmepille AiarHOCTOBAHUX BU-
maakiB 'MJI i xinbKicTh iX mpomoBxkye 3pocraTtu [21].
IMonan 90 % Takux BapiantiB 'MJI MaloTh aHOMaTbHUIA
Kapiotur. ¥ 6ausbko 75 % BUNaakis, Teparis-o0yMOB-
JieHa I'MJI miarHocTy€eTbes yepe3 5—7 POKiB IiCs JIiKy-
BaHHS aJKUIylOUMMHM MOpenapataMu abo MNpoBeIeHHS

nance therapy after HSC transplantation is also
being evaluated [20]. With venetoclax/azacytidine
therapy, a response was obtained in newly diag-
nosed AML patients with 7P53 mutations, but the
effect was short-lived.

The above results make it necessary to further
develop new approaches to the treatment of pa-
tients with AML. It was shown [20], to achieve
maximum clinical effectiveness it is necessary to
prescribe drugs aimed at the combined inhibition
of several signaling pathways. Therefore, the as-
sessment of the patient’s genetic «profile» at the
stage of establishing the diagnosis and, subsequent-
ly, at the stages of treatment of AML, is mandato-
ry for all patients. The question of approaches to
the treatment of this disease remains relevant: to
use intensive or non-intensive ChT regimens, how
to solve issues related to supportive therapy, how to
most effectively use the most modern options
available today, including monoclonal antibodies
and immune-directing drugs.

Despite the progress in understanding the mech-
anisms of the occurrence of AML, the improve-
ment of the molecular genetic aspects of the diag-
nosis of this disease, its stratification needs further
optimization. In the latest recommendations of
the European Leukemia Net (ELN), the emphasis
is on the identification of genetic abnormalities in
the context of diagnosing and predicting the
course of AML, analysis of hereditary predisposi-
tion to the development of this disease, and
molecular genetic assessment of response to treat-
ment (including the presence of residual disease)
with the use of the latest drugs and allogeneic HSC
transplantation [21]. It is noted that AML with a
TP53 mutation is a specific category of the disease,
about 50 % of patients have this abnormality as a
separate one, in others it is determined in the spec-
trum of a complex karyotype. Cases of AML with
a TP53 mutation are characterized by an extreme-
ly unfavorable prognosis [21]. According to the
ELN recommendations, AML with an existing
TP53 mutation (in the variant allele fraction of at
least 10 %, with or without loss of the «wild» TP53
allele) is diagnosed as a separate nosological entity.

According to ELN, therapy-induced AML,
accounts for 10—15 % of all newly diagnosed cases
of AML and their number continues to grow [21].
More than 90 % of such AML variants have an
abnormal karyotype. In about 75 % of cases, ther-
apy-induced AML is diagnosed 5—7 years after

75 ®



ornsaaosi CTATTI

ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

MPOMEHEBOI Tepallii. ¥ TaKux MalLli€HTIB MOJIEKYJISIpHi
i LIMTOT€HETUYHi TOPYIIEHHSI BKJIIOYAlOTh MyTalii
TP53, abepairii xpomocoM 5 Ta/abo 7 i CKIamHUIL Ka-
piOTHIIL.

B nocnimxenni ELN [21] Takox moka3aHo, 1110 My-
Tauii 7P53 MOXYTb BUSIBISITUCh HA HE3HAYHOMY PiBHi
3a 0OaraTo poKiB 10 [e0lTy Tepallis-o0yMOBIEHOI
I'MJI. Le no3Bousie mpunyctuTu, 1o ['CK 3 myraitiero
TP53 3a yMOB MPOBEAEHHST HUTOTOKCUYHOTO JIiIKYyBaH-
HS MiAa0Thesl MO3UTUBHIN celieKlil i 00yMOBIIOIOTh
PO3BUTOK 3axBopioBaHHsI. Ha BiaMiHy Bif 1Opociux, y
niteit 3 'MJI HagBHicTb MyTalii 7P53 y OiJIbIIIOCTI BU-
MaaKiB CBiTYMTh MPO BUHUKHEHHS HE3aJIeKHUX KII0-
HiB SIK HaCJiAKy HUTOTOKCUYHOI Teparlii, a He Mpo Mo-
nepeaHe iCHyBaHHSI MiHOPHUX KJIOHIB.

Myranig TP53 TakoxX HaleXuTh OO0 MyTalilt, sKi
BU3HAYAIOTLCS TP «CIMEHHIN» CXMJIBHOCTI IO pPO3-
BUTKY OHKOJIOTiYHOI IaTOJIOrii, i MOEAHYIOTbCS 3 iH-
LIUMH TeHETUYHUMU aHoMaltigMu y 20 % mauieHTiB.
Takum unHOM, HasIBHiCTh MyTawii 7P53 HeoOXigHO Bpa-
XOBYBaTW MpU NepBUHHIN miarHoctuii I'MJI i miaHy-
BaHHi JIIKyBaHHS, a TaKOX MpU BigOdOpi «CiMeHUX»
TOHOPIB 11 anoreHHoi TpaHcrutanTaiii [CK [21].

BpaxoByroun BaxKJIMBIiCTh MPOOJIeMU JiaTHOCTUKHU Ta
JikyBaHHg ['MJI B Hamiiii KpaiHi, OCTaHHi PEKOMEH-
nauii paxiBLiB MixkHapoAHOTO piBHA [21], ekcriepTamMu
JepkaBHOro eKCIiepTHOIo LieHTpY MiHicTepcTBa 0X0-
POHU 370pOB’s OylI0 po3pobJeHO Ta agalnTOBAHO A0
notped cborogeHHsS CTaHAapT MEAWYHOI JOIOMOTH
«JocTpuii MieNnoOiTHUIA TIEMKO3», 3aTBEPAXKEHUN Y )KOBT-
Hi 2023 p. [22], i IKu1i1 HA CbOTONHI € KEPiBHULITBOM J0
Jii B Ykpaini. HasgiBHiCTb cTaHIapTHU30BaHOTO IMIPOTO-
KOJIy 03BOJISIE (haxiBLSIM-reMaTojioraM AiarHOCTyBa-
TH Ta IIPOBOIUTH JIiIKYBaHHS LIbOTO TSKKOT'O 3aXBOPIO-
BaHHS 3 ypaxyBaHHSIM OCTaHHIX ITOCSTHEHb CBITOBOIO
piBHSI i BOMHOYAC BpaXxOBYBaTH iHIMBIIyaIbHi 0COOIM-
BOCTI Malli€HTIB.

[lincymoBytoun yce HaBeleHE BUIIE, He3allepedaHo,
10 MyTalisiM reHa 7T P53 HalleXXUTh CYyTTEBA POJIb B TT1a-
toreHe3i 'MJI. BuB4yeHHsS 0COOJMBOCTEl MOpPYILIEHb
(ynkuionyBanust TP53 gk npomotopa iHaykitii ['MJI
3a YMOB BILJIMBY HETaTUBHUX 30BHILIHiX YMHHMKIB (IB,
XiMioTepareBTUUHI areHTH) HaJa€ MOXIIMBICTH TOK-
pamutu giarHoctuky I'MJI, onTumizyBaTu Teparriio i
TMOIOBXUTHU TPUBATICTh XXUTTS 1Ii€T KATErOpii XBOPUX.

CMUCOK BUKOPUCTAHUX OXEPEN

1. Pak B YkpaiHi, 2019-2020. 3axB0pioBaHICTb, CMEPTHICTb, MOKA3HUKM
JianbHOCTI OHKonorivHol cnyx6u [EnextporHuit pecype] / 3. . de-
noperko, J1. 0. Tynak, 0. M. Muxaiinosuy Ta iH. bionereHs Hauio-
HasbHOro KaHuep-peectpy Ykpaikm. 2021. No 22. Pexum poctyny:

treatment with alkylating drugs or radiation therapy.
In such patients, molecular and cytogenetic abnor-
malities include 7P53 mutations, chromosome 5
and/or 7 aberrations, and a complex karyotype.

In the ELN study [21] it is also shown that TP53
mutations may be detected at a low level many years
before the onset of therapy-induced AML. This
allows us to assume that HSCs with a 7P53 mutation
under the conditions of cytotoxic treatment undergo
positive selection and determine the development of
the disease. In contrast to adults, in children with
AML, the presence of a 7P53 mutation in most
cases indicates the emergence of independent clones
as a consequence of cytotoxic therapy, and not the
prior existence of minor clones.

The 7P53 mutation also belongs to the mutations
that are determined in «family» predisposition to the
development of oncological pathology, and are com-
bined with other genetic abnormalities in 20 % of pa-
tients. Thus, the presence of a 7P53 mutation must be
taken into account in the initial diagnosis of AML and
treatment planning, as well as in the selection of «fam-
ily» donors for allogeneic HSC transplantation [21].

Given the importance of the problem of diagnosis
and treatment of AML in our country, the latest rec-
ommendations of the specialists of the international
level [21], the experts of the State Expert Center of
the Ministry of Health developed and adapted to
today’s needs the Medical Care Standard «Acute
Myeloid Leukemia», approved in October 2023 [22],
which is currently a guide for action in Ukraine. The
presence of a standardized protocol allows hematol-
ogists to diagnose and treat this severe disease taking
into account the latest world-class achievements
and, at the same time, to take into account the indi-
vidual characteristics of patients.

Summarizing all of the above, it is undeniable that
mutations of the 7P53 gene belongs essential role in
the pathogenesis of AML. Study of features viola-
tions of the functioning of 7P53 as a promoter of
AML induction under the influence of negative
external factors (IR, chemotherapeutic agents) pro-
vides an opportunity to improve the diagnosis of
AML, optimizetherapy and extend the life expec-
tancy of this category of patients.
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