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MOJIEKYJIAPHO-TEHETUYHI AHOMAJIII Y TEHOMI XBOPUX
HA Ph-HETATUBHI MIEJIOITPOJII®EPATUBHI HEOILIA3II,
AKI 3A3HAJINA A11 IOHI3YIOUYOI PAIIALIIL BHACJIIIOK ABAPII
HA YAEC

MeTa: BM3HAYNUTM YACTOTY OCHOBHMX COMATUYHMX MyTalii reHiB JAKZ2, MPL Ta CALRy reHomi xBopux Ha Ph-HeraTusHi
MienonponidepatuBHi Heonnasii, Wo BUHMKAIOTbL B 0Ci0, AKi 3a3Hanu Aii ioHi3ylo4oi pagialii BHacnigok aBapii Ha YAEC.
Marepianu i metopu. lpoBeseHO MONEKYNAPHO-TEHETUYHMI aHani3 3paskis reHomHoi JHK, BugineHux 3 kposi 90
XBOpUX Ha Ph-HeratusHi mienonponicdepartusHi Heonnasii (MIMH) 3 papiauieto B aHamMHe3i i 191 xBOpOro Ha CNOHTaHHi
MIH meTopom anenb-cneuudivyHoi nonimepasHoi NaHLIOroOBOT peakyii.
Pe3ynbratu. BusasneHo HasBHiCTb OCHOBHUX MyTaUiii B reHax JAKZ, MPLi CALRy xBopux Ha MIH 3 papgiauiHum aHam-
He30M 3 yacToTow 58,9 % (533 90), 12,2 % (11 3 90), Ta 0 % BignoBifHO, Ta 6e3 Takoro — 75,4 % (144 3i 191), 3,1%
(6 31 191) Ta 1,6% (3 31 191) BignosigHo. MyTauii JAKZ V617F y xBopux Ha cnoHTaHHi MITH cnocTtepirannca B KOXHii
HO30M10Ti4Hii dopmi: cnpasxHin noniumtemii (CM), eceHuianbHin TpomboumuTemii (ET) i nepeuHHOMy Mienochibposi
(MM®). MyTauii CALR BusBnanucs BUKNIOYHO y xBopux Ha MM® Tta ET, focToBipHO YacTiwe y rpynax 3 pagiauiiHum
aHamHe3oM (18,9 %, 1a 33,3 %, npoTun 4,2 % Ta 6,5 %), Hix 6e3 Takoro. BogHouac yactoTa MyTauiit MPL BU3HaYeHa
TiIbKK Y XBOPMX HAa cnoHTaHHi MIMH -y 1,6 %. MNoTpiitHO HeraTuBHMI MyTaLiHKi cTaTyc reHiB JAKZ, MPLta CALR npe-
BantoBaB y rpyni xsopux Ha MIH 3 pagiauiinHum aHamHe3oM i cknagas 27,8 %, npotu 16,2 %, 6e3 Takoro (p = 0,05).
BucHoBKU. [locnigxeHHs reHomy xBopux Ha Ph-HeratusHi MIMH BUABMAM 0COBAUBOCTI MONEKYNAPHO-TEHETUYHUX
NOWKOMXKEHb Y TUX XBOPMUX, AKI 3a3Hanu BNAUBY i0Hi3yo4oi pagiauii BHacnigok aBapii Ha YAEC i Tux, xTo 3axBopiB
cnoHTaHHo. OTpuMaHi gaHi myTauiitHoro ctatycy reHis JAKZ2, MPL Ta CALR B reHomi xBopux Ha MIMH € HeoOxigHUmMu ans
PO3WMPEHHSA yABNEHb WOAO MexaHi3My NeiKoreHesy, 0C06A1BO CNPUYMHEHOTO pagiali€eto.
KniouoBi cnoBa: mienonponidepatveHi Heonnasii, cnpaBxHsa NoniuuTEMis, ecceHlianbHa TpOMOOLUMTEMIS, NEPBUH-
HUI Mienodibpos, JAK2 V617F, MPLTa CALR, ioHi3yloya pagiallis.
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MOLECULAR GENETIC ABNORMALITIES IN THE GENOME
OF PATIENTS WITH Ph-NEGATIVE MYELOPROLIFERATIVE
NEOPLASIA AFFECTED BY IONIZING RADIATION AS A
RESULT OF THE CHORNOBYL NUCLEAR ACCIDENT

Objective: to determine the frequency of major somatic mutations in the JAK2, MPL and CALR genes in the genome
of patients with Ph-negative myeloproliferative neoplasms that occur in individuals who have been exposed to ion-
izing radiation as a result of the Chornobyl accident.
Materials and methods. Molecular genetic analysis of genomic DNA samples isolated from blood was performed in
90 patients with Ph-negative myeloproliferative neoplasia (MPN) with a history of radiation exposure and 191
patients with spontaneous MPN utilizing allele-specific polymerase chain reaction (PCR).
Results. The presence of major mutations in the genes JAK2, CALR and MPL was revealed in patients with MPN with
a history of radiation exposure with a frequency 58.9 % (53 0f 90), 12.2 % (11 of 90), and 0 % respectively, and with-
out exposure with frequency 75.4 % (144 of 191), 3.1 % (6 out of 191) and 1.6 % (3 out of 191) respectively.
Mutations JAK2 V617Fin patients with spontaneous MPN were observed in each clinical form: polycythemia vera (PV),
essential thrombocythemia (ET) and primary myelofibrosis (PMF). CALR mutations were detected exclusively in
patients with PMF and ET, significantly more often in groups with a radiation exposure history (18.9 % and 33.3 %,
vS. 4.2 % and 6.5 %) than without one. At the same time, the occurence of MPL mutations was determined only in
patients with spontaneous MPN in 1.6 % of casees. Triple negative mutation status of genes JAK2, MPL and CALR pre-
vailed in the group of patients with MPN with a history of radiation exposure and was 27.8 %, against 16.2 % in
patients without radiation exposure (p = 0.05).
Conclusions. Genomic research of patients with Ph-negative MPN revealed features of molecular genetic damage in
those patients who were exposed to IR as a result of the Chornobyl accident and those with spontaneous MPN. The
data obtained by determining of JAKZ, MPL and CALR genes mutational status in the genome of patients with MPN is
necessary to expand the understanding of the mechanism of leukogenesis, especially caused by radiation.
Key words: myeloproliferative neoplasia, polycythemia vera, essential thrombocythemia, primary myelofibrosis, JAK2
V617F, MPL and CALR, ionizing radiation.
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BCTYII
MienonponidepatuBHi Heomnazii (MITH) i Hamani 3a-
JIMIIAIOThCSI OJHI€I0 3 HallCKIAAHIIIMX Mpo0JieM cyJac-
Hoi MenuLMHU. Ha choromHi yacTora 3aXBOPHOBAHOCTI HE
3HIKYETBCSI, @ YMCENbHICTb 0Ci0, sIKi 3a3Hau aii IP BHa-
caigok aBapii Ha YAEC nocriiiHo 3pocTtae [1]. B yyac-
HUKIiB JikBigawii aBapii Ha YopHoounabcekiit AEC ta y
MeLIKaHIIB 3a0pyIHEHUX PaJiOHYKIigaMU TepUTOPii
CIOCTEPIra€TbCs MiABUILIEHUIA PiBEHb OHKOI€MAaTOJIO-
FYHMX 3aXBOPIOBAHb, B TOMY YMCJIi XpoHiuHMX Ph-Hera-
tuBHUX MITH [2—3].

Ph-neraruBui MITH BuaineHi B 0co0iMBY IpyIly Kiia-
CUYHUX HEeOIUIa3ii, 1110 3yMOBIIOIOTh HAAMIpHY IIPOJIi-

Pd Larysa O. Poluben, e-mail: larysa.poluben @gmail.com

INTRODUCTION
Myeloproliferative neoplasia (MPN) continues to
be one of the most difficult problems in modern
medicine. Today, the incidence is not decreasing,
but the number of persons affected by IR as a
result of the Chornobyl accident is constantly
growing [1]. Clean-up workers of the Chornobyl
nuclear plant and residents of areas contaminated
with radionuclides have an increased level of
oncohematological diseases, including chronic
Ph-negative MPNs [2—5].

Ph-negative MPNs are allocated to a special
group of classical neoplasms that cause excessive
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depaiito ogHOro abo AeKiJbKOX MapoCTKiB Mi€aoIoe-
3y, IIPU3BOISYM A0 TaKMX 3aXBOPIOBAaHb, SIK CIIPABXKHSI
nominuteMis (CII), eceHuiaarbHa TPOMOOIMTEMIis
(ET) i nepBunumii mienodiopos (ITM®D). B ocHoBsi
natoreHe3y MITH nexath HaOyTi coMaTU4HI MyTallii,
1110 Ha CHOTOMHI, € OMHUM 3 KITFOUOBHUX AiaTrHOCTUYHUX
1 MpOrHocTUYHUX KputepiiB [6—8]. OcobimBe Miclie
HaJIeXKUTh BUCOKOCTEHU(IYHUM COMATUUYHUM MyTa-
wisim B reHax Janus Kinase 2 (JAK2), peuentopa Throm-
bopoietin Receptor (MPL) i Calreticulin (CALR), 110
00YMOBITIOIOTH KJIOHaATLHY Tipupony MITH. 3aznaueni
MyTallii € peryasaTopaMy KIITUHHOTO LIMKJTY. 3TigHoO 3
pexkoMeHnanisimu BOO3, y 90 % xBopux Ha MITH Bu-
SIBJISIIOTBHCS 111 MyTallii.

JAK2 V617F — HalimomupeHima coMaTUIHA Mi-
ceHc MyTalis reHa JAK2 B 14-my ex3oHi 9q24 xpo-
MocoMmU. BoHa cripuunHsie 3aMiHy aMiHOKMCJIOTU Ba-
JIiHy Ha deHinagaHiH y 617 KOOOHI ceBAOKiIHA3HO-
ro JH2 nomeHy i BU3Ha4a€eTbcs1 y OinblI, HiX 95 %
xBopux Ha CII, 50-60 % — na ET Ta [IM® |[6].
JAK2 V617F myrallisi BAHUKA€ B MYJBTUIIOTEHTHIM
CTOBOYpPOBill reMaTONMOETUYHIN KJIITUHi-monepen-
HUI1i, TOMY OPUCYTHS cepell YCiX KJIIITUH Mi€TOIAHOT
rinku. Y 2 % criocTepekeHb BUSBISIETbCS MyTallisl B
ek30Hi 12 reHa JAK2, mio cnoHykae 10 TpaHchop-
mauii CII y mienodidbpo3s. 3a3zBuyail i MyTawii He
acouiroioTbed i3 ET ta [IMO.

Ien MPL mictutbes B Jokyci 1p34, mictuth 12 ex-
30HiB Ta Koaye peuerntop a0 Tpombonoetuny (TIIO-
P), cknamaeTbes i3 635 aMiHOKUCIIOT, € KJIIIOUOBUM pe-
ryJIOYUM YMHHUKOM PO3BUTKY MErakapiolMTiB Ta
¢dopmyBaHHsg TpoMmOouuTiB. KanoniuHi myraiii MPL
TeHa JIoKali3ytoTbes B 10-My €K30Hi Ta 3arajom CIipu-
YUHIOIOTh 3aMiHy JBOX aMiHOKMCJIOT: TpUNTOgaHy Ta
cepuHy B nojioxXeHHi 515. Myrauii MPL W515 Bu3Ha-
yaioth y 3—10 % xBopux Ha ET ta [IM®, 3 HeraTtuB-
HUM cTatycoM 3a JAK2 mytauismu [9—11].

CoMaTtnuHi MyTamii reHa KambpeTukymniHa CALR,
MicTSThCs y ToKyci 19p13 B ainstHII 9-TO ex30HYy. [1o-
Haz 50 TuniB myTtauiit CAL R 6yji0 BUBHAUEHO Y XBOPUX
Ha ET ta [IM®, HeratuBHUX 3a mytauigsmu JAK2 ta
MPL. Opnaxk, npubiausHo 80 % ycix MyTaliil cKiaga-
10T CALR 1-10 (meneuist 52 mmap ocHoB) Ta CALR 2-10
(iHcepuig 5 map ocHoB) TumiB. Myranis reHa CALR,
Tak caMmo, §IK i reHa JAK2, Befae A0 HaaAMipHOI aKTU-
Bauii JAK-STAT nuisixy, COpyuuyMHIOIOYM NaTOJOTIUHY
rpoJtripepalrito KiTiThH.

ITarorene3 MITH Ha MonekyasipHO-TeHETUYHOMY
PiBHI PO3MISIIAETHCS SIK MPUUMHHO-HACTIIKOBI MOpY-
IIEHHSI B TEHOMI SIK OTHOIO, TPhOX OCHOBHMX, TaK i
JIeKiTbKOX Hecrmemn(pivHNUX TeHiB. Y pa3i BAHUKHEHHS

proliferation of one or more myelopoiesis lines,
leading to diseases such as polycythemia vera (PV),
essential thrombocythemia (ET) and primary
myelofibrosis (PMF). The pathogenesis of MPN is
based on acquired somatic mutations, which today
are included as the key diagnostic and prognostic
criteria [6—8]. A special place belongs to highly spe-
cific somatic mutations in the genes of Janus Kinase
2 (JAK2), Thrombopoietin Receptor (MPL) and
Calreticulin (CALR), which determine the clonal
nature of MPN. These mutations are regulators of
the cell cycle. According to WHO recommenda-
tions, 90 % of patients with MPN have these muta-
tions.

JAK2 V617F — the most common somatic mis-
sense mutation of the JAK2 gene in the 14™ exon of
chromosome 9q24. It causes the replacement of the
amino acid valine by phenylalanine in the 617 codon
of the pseudokinase JH2 domain and is detected in
more than 95 % of patients with PV, 50—60 % in ET
and PMF [6]. JAK2 V617F mutation occurs in a
multipotent hematopoietic progenitor stem cell and
is therefore present among all cells of the myeloid
branch. In 2 % of cases, JAK2 mutation is detected
in exon 12 and promote transformation of PV to
myelofibrosis. Usually these mutations are not asso-
ciated with ET and PME

MPL gene is located at locus 1p34, contains 12
exons and encodes a receptor for thrombopoietin
(TPO-P), consists of 635 amino acids, and is a key re-
gulatory factor in the development of megakaryocytes
and platelet formation. Canonical mutations in the
MPL gene are localized in exon 10 and generally
cause the replacement of two amino acids: tryptophan
and serine in position 515. MPL W515 mutations are
detected in 3—10 % of patients with ET and PME,
with a negative status for JAK2 mutations [9—11].

Somatic gene mutations in calreticulin CALR con-
tained in the locus 19p13 in the area of exon 9. More
than 50 types of CALR mutations have been identi-
fied in patients with ET and PMF negative for JAK2
and MPL mutations. However, approximately 80 %
of all mutations are CALR 1 (deletion of 52 base
pairs) and CALR 2 (insertion of 5 base pairs) types.
Mutation of the CALR gene, as well as the JAK2
gene, leads to excessive activation of the JAK-STAT
pathway, causing pathological cell proliferation.

The pathogenesis of MPN at the molecular genetic
level is considered as a causal disorder in the genome
of one amoung three major, or several nonspecific
minor genes. In the case of PV and ET, mutation of
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CII ta ET 31e0iab110ro BU3HAYAETHCS MyTallisl JIMIIIE
OIHOTO TreHa, 1o npuzBoauTh 10 MITH. [9]. ¥ xBopux
Ha [IM® takux 3MiH, 3Ha4yHO Ouible. BomHouac,
maitke 15 % MIIH BUHUKAIOTh 32 YMOBM MOTPIiiAHO
HEraTUBHOIO CTaTyCy OCHOBHMX COMAaTUYHUX MyTallilA.
B TakoMy pa3i po3risigaloThes iHII MOTEHLIHO HOBI
naToreHeTUYHI MeXaHi3MU, 110 3aJydyeHi B KJIITMHHY
iHimiamito aerikorenesy [10—12]. He Bci myTaii, saxi
BU3HAYaIOThCS B LIUX FeHAX, € OCHOBHUMU MPUYUHAMU
OHKOreHe3y. Majio BiioMO Mpo MOPYLIEHHST B HEKOIY-
OUMX IUISTHKAX T€HOMY Ta 3HAYEHHS eMireHeTUYHUX
MeXaHi3MiB.

OTxe, BUBYEHHS MOpYyLIeHb T'€HOMY 3a Yy4acTIo
TeHiB, MyTallil IKMX BilirpaioTh BaXJMBY POJb y MaTO-
reHe3i MITH, HagacTb MOXJIMBICTh PO3LLUUPUTU YSIB-
JIeHHS TIpO MeXaHi3MMu TpaHcgopMallili B 3JI0SKiCHY
KJIITUHY JJISI CBOEYACHOTO BUSIBJIEHHS, MOKpaILeHHS
JiarTHOCTUKHW i BU3HAYEHHS TPyNU PU3MKY MALli€EHTIB
JIJISL aIeKBAaTHOI TaKTUKU JIiIKYBaHHSI.

META

BcTtaHoBUTH 4YacTOTy ApaiiBepHUX MyTaliii TeHiB
JAK2, MPL ta CALR y teHomi xBopux Ha Ph-nera-
TUBHI MienonpoiidepaTuBHI HeoIiasii, IJisi BU3HA-
YEHHS MOJIEKYJISIDHUX OCOOJIMBOCTEH, IO PO3BUBaA-
I0TbCS B OCi0, sIKi 3a3HaIM 1ii i0Hi3ytouoi pamdiatiii (IP)
BHacaigok aBapii Ha HAEC

MATEPIAJIM 1 METOJIN
B nocnimxeHHs BkJIO4eHO 281 XBOporo, sikuM OyJi0
BCTaHOBJIEHO AiarHo3 MITH y pi3HUX MeauYHUX 3aK-
nagax Ykpainu BrpoaoBx 2009—2016 pokiB. 3 HUX —
90 mamienTiB, Aki 3a3Hanu aii IP (65 yyacHuKiB
JikBigawii HacainkiB aBapii Ha YAEC, 17 mocriiiHux
JKUTEJB 3a0pyIHEHNX pamioHyKIimzaMu TepuTopii, 8
€BaKylOBaHMX i3 30HU BimuyxkeHHs), i 191 — 6e3 pa-
JiauiiiHOTO BILUIMBY B aHaMHe3i. Ha MOMeHT BcTaHOB-
JIEHHsI AiarHO3y CepelHili BiK XBOpPUX 3 palialliiHUM
aHamHe3oM ctaHoBuB (58,4 * 1,4) pokiB, cepen XBO-
pux Ha cmoHtanHi MIIH — (51,1 = 1,1) pockiB.
HocnimxeHHs Oyno cxBajeHe Etnunum KowmiteTom
Y «HauioHanbHMi1 HAyKOBUI LIEHTP padialliiiHOI Me-
qnunan HAMH Ykpainn» (HHLIPM).

3pa3ku [JHK Oynau oTpumani 3 1eiiKouuTiB nepude-
PUYHOI KPOBi XBOPHUX 3a IOMTOMOT0I0 HAOOpY IJ1s1 BUJi-
geHHsa JHK Quiamp DNA (Qiagen, HimeuyuunHa).
BusHaueHHs1 MyTalliii OIpOBOAWIIM METOIOM IIOJIiMe-
pasHonaHuporosoi peakiii (ITJIP). Insa ammmigikanii
¢dparmeHTa 14-ro ek3oHy reHa JAK2, 1o ckjiagaeTbes
i3 185 map HyKJIeOTUiB, TOTYBalU peaKkliiiHy CyMill B
00’emi 25 mkn. [lo ckmanmy peakuiiitHoi cywmimni TTJIP

only one gene is usually determined, which leads to
MPN [9]. In patients with PMF spectrum of changes
are much wider. At the same time, almost 15 % of
MPNs occur under the condition of triple-negative
status of the main somatic mutations. In this case,
other mutations are considered to play potentially
new roles in pathogenetic mechanisms, involved in
cellular initiation of leukogenesis [10—12]. Unfortu-
nately, not all mutations identified in these genes are
major causes of oncogenesis. Little is known about
disorders in non-coding regions of the genome and
the importance of epigenetic mechanisms.

Thus, the study of genome disorders involving genes
whose mutations play an important role in the patho-
genesis of MPN will provide an opportunity to
expand the understanding of the mechanisms of
transformation into a malignant cell for timely detec-
tion, improvement of diagnosis and determining the
risk group of patients for adequate treatment tactics.

OBJECTIVE

To establish the frequency of driver mutations of
JAK2, MPL and CALR genes in the genome of
patients with Ph-negative myeloproliferative neo-
plasia (MPN), to determine the molecular features
that develop in individuals exposed to ionizing radi-
ation (IR) as a result of the Chornobyl accident.

MATERIALS AND METHODS
The study included 281 patients who were diagnosed
with MPN in various medical institutions of Ukraine
during 2009 — 2016. Amoung them — 90 who were
exposed to IP (65 participants in the liquidation of the
Chornobyl accident, 17 permanent residents of radio-
nuclide-contaminated areas, 8 evacuated from the
exclusion zone) and 191 — without radiation exposure
in their history. At the time of diagnosis, the average
age of patients with a history of radiation exposure was
58.4 £ 1.4 years, among patients with spontaneous
MPN — 51.1 & 1.1 years. The study was approved by
the Ethics Committee of the National Research
Center for Radiation Medicine of the National
Academy of Medical Sciences of Ukraine (NRCRM).
Samples of DNA were obtained from peripheral
blood leukocytes of patients using a kit for DNA
isolation Quiamp DNA (Qiagen, Germany). De-
termination of mutations was performed by PCR.
To amplify a fragment of the 14" exon of the gene
JAK2, consisting of 185 nucleotide pairs, reaction
mixture in a volume of 25 ul was prepared. The
PCR reaction mixture consisted of: 20 ng of
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Bxoauau: 20 Hr reHomHoi JJHK, 2X TagMan yHiBep-
canpHuil IIJIP maiictep Mmikc (Applied Biosystems,
Thermo Fisher Scientific, Byncton Bappinrron, Benn-
KoOpUTaHif), Mo 1 MKJI IMpsSMOro Ta 3BOPOTHOTO IMpari-
MepiB y KoHueHTpaii 10 MkM Ta o 0,5 M1 cienudiy-
HHUX OJIITOHYKJEOTUAHMUX MPOoO A0 AUKOTO TUMY i MyTO-
BaHoro (1849 G>T) JAK2 rena (ta6a. 1) [13].

Mg amrutidikauii pparmenTa 10-ro ek3ona rena MPL,
1110 CKJIama€eThes i3 212 map HYKJIEOTUIiB, TOTYBAJIA pe-
aK1iiHy cyMill B 00’eMi 50 MKJI, 10 CKJIafy, SIKO1 BXOAM-
mu: 50 ar renomuoi JHK, 1,25 On/mxa PrimeSTAR
GXL OHK monmimepasu, 5X PrimeSTAR GLX 0Oydep-
HUI po3uuH, 2,5 MM cCyMilll J€OKCUHYKJICOTHUIiB
(Clontech Laboratories, Inc., Takara Bio Company,
CHLIA), mo 1 MKJI TIpSIMOTO i 3BOPOTHOTO TIpaiiMepiB y
KoHueHTpauii 10 MKM Ta aBTOKJaBOBaHa BOJA /IO JIO-
csarHeHHs 00’ emy 50 Mk (Tabu. 2). Bukonysanu T1JIP 3a
nonoMoroto iHcTpymeHTY Bio-Rad MyCycler Thermal
Cycler. Ha6ip MiniElute PCR Purification (Qiagen,
Himeuuuna) [9].

Busisnenns mytauiii CALRI/2 exon 9 nopxuHowo 134
nap HyKJICOTUAiIB IMIPOBOAWIN 3aBASIKA aHai3y MIaBJIeH-
HsI BUCOKOI PO3IiUJIbHOI 3JaTHOCTI TOTYBaJId peaKLiiiHy
cyMi B 00’emi 20 MKJI, 10 ckiaay sikoi Bxoguiu: 20 Hr
reHomHoi JIHK, 2X SYBR Green I1JIP Maiictep Mikc
(Applied Biosystems, Thermo Fisher Scientific, Bymc-

Ta6nauusa 1

genomic DNA, 2X TagMan universal PCR mas-
ter mix (Applied Biosystems, Thermo Fisher
Scientific, Woolston Warrington, UK), 1 ul of
forward and reverse primers at a concentration of
10 um and 0.5 pl of specific oligonucleotide sam-
ples to wild-type and mutated (1849G>T) JAK?2
gene (Table 1) [13].

To amplify a fragment of the 10" exon of the gene
MPL consisting of 212 nucleotide pairs, a reaction
mixture in a volume of 50 ul was prepared, which
included: 50 ng of genomic DNA, 1.25 U/ul
PrimeSTAR GXL DNA polymerase, 5X
PrimeSTAR GLX buffer solution, 2.5 mm a mix-
ture of deoxynucleotides (Clontech Laboratories,
Inc., Takara Bio Company, USA), 1 ul of forward
and reverse primers at a concentration of 10 um
and autoclaved water to a volume of 50 pl (Table 2).
PCR was performed using a Bio-Rad MyCycler
Thermal Cycler tool. MiniElute PCR Purification
Kit (Qiagen, Germany) [9].

Detection of mutations CALR1/2 exon 9 with a
length of 134 nucleotide pairs was performed by
high-resolution melting analysis. Reaction mixture
in a volume of 20 pl was prepared, which included:
20 ng genomic DNA, 2X SYBR Green PCR Master
Mix (Applied Biosystems, Thermo Fisher

Npaitmepu Ta oniroHyKNeoTUAHi Nnpo6u ana Bu3HaueHHs mytauii JAK2 V617F

Table 1

Primers and oligonucleotide assays for mutation JAK2 V617F

MpusHayeHns / Goal

MocnipoeHictb (5° — 3’) / Sequence (5’ — 3’)

Mpsimuii npaiimep / Direct primer

ACA ACA GTC AAA CAA CAATTC

3BopoTHui npaimep / Reverse primer

ACA CCT AGC TGT GAT CCT G

OniroHykneoTuaHa cneundiyHa npo6a no avkoro Tuny reHa JAK2
Oligonucleotide specific assay for wild-type JAK2 gene

FAM-CGT CTC CAC AGA CAC ATA CTC C-BHQ1

OniroHykneotuaHa cneundiyHa npoba ao mytauii JAK2 V617F
Oligonucleotide specific assay for the JAK2 V617F mutation

JOE-CGT CTC CAC AGA AAC ATA CTC C-BHQ1

Ta6nuusa 2
Mpaiimepu Ans BU3HAYEeHHA MyTalin reHa MPL

Table 2
Primers for gene mutations MPL

MpusHayenHs / Goal

Mocnigoenictb (5° — 3’) / Sequence (5’ — 37)

Mpsmuir npaiimep / Direct primer

TGG GCC GAA GTC TGA CCC TTT

3BopotHuin npaimep / Reverse primer

ACA GAG CGA ACC AAG AAT GCC TGT

MpsiMuid Npaiimep AN CeKBEHYBaHHS
Direct primer for sequencing

TGT CTC CTA GCC TGG ATC TCC

3BOPOTHMIA NpaiiMep A1 CEKBEHYBAHHS
Reverse primer for sequencing

TTC GGC TCC ACC TGG TCC
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ToH, BappiHrroH, BenukooputaHist), mo 1 MKJI mpsiMOTO
Ta 3BOPOTHOTO mpaiiMepiB (Tabdj. 3, 4) y KOHLEeHTpalii
10 MxM Ta aBTOKJIaBOBaHAa BOAA A0 JOCSITHEHHS 00’ €My
20 mxa. Amrutidikaliito Ta TaBJaeHHS ¢parMeHTa 3aB-
JoBXKHU 134 map HYKJIEOTHUIiB MPOBOAMIM 3a JOIOMO-
roto iHcTpyMeHTy Applied Biosystems 7500 Fast Real-
Time PCR System npu takux ymoax: 50 °C 20 ¢, 95 °C
10 xB i3 mocaigyrounmu 40 nukiiamu 95 °C 15 ¢ ta 60 °C
1 xB [14].

Ta6nuusa 3
MNpanmepu Ana BU3Ha4YeHHA MyTauii reHa CALR 1 tuny

Table 3
Primers for gene mutations CALR 1 type

Scientific, Woolston, Warrington, Great Britain),
1 ul of forward and reverse primers (Table 3,4) at a
concentration of 10 um and autoclaved water to a
volume of 20 ul. Amplification and melting of a
fragment of 134 nucleotide pairs was performed
using the tool Applied Biosystems 7500 Fast Real-
Time PCR System under the following conditions:
50 °C for 20 sec, 95 °C 10 min followed by 40 cycles
of 95 °C for 15 sec and 60 °C 1 min [14].

MpusHayenHs / Goal

MocnigoeHictb (5° — 3’) / Sequence (5’ — 3’)

Mpsimuit npaiimep / Direct primer

GAA ACA AAT GAA GGA CAA ACA GG

3BopoTHuin npaimep / Reverse primer

CCT CAT CCT CCT CAT CCT CA

Ta6nuus 4
MNpaimepu Ana BU3Ha4YeHHA MyTauiin reHa CALR 2 tuny

Table 4
Primers for gene mutations CALR 2 type

MpusHayenns / Goal

MocnipoeHictb (5° — 3’) / Sequence (5’ — 3’)

OniroHykneoTnaHa cneumdiyHa npoba ao iHcepuii TTGTC
Oligonucleotide specific assay for TTGTC insertion

JOE-ATC CTC CGA CAATTG TCC TC-BHQ1

OniroHykneoTuaHa cneundiyHa npoba Ao AMKOro TUMy rexHa
Oligonucleotide specific test for wild-type gene

FAM-TCA TCC TCC TTG TCC TCT GC-BHQ1

PesynbraTy aHasidyBaiay, BAKOPUCTOBYIOUM ITPOrpaMHe
3a0e3neueHHst Applied Biosystems 7500, Thermo Fisher
Scientific, Bepcisg 2.0.4. CtaTuCTUYHUI aHali3 OTpUMa-
HUX JaHUX IPOBOIWJIM i3 3aCTOCYBAaHHSIM TOYHOIO TECTY
®Dimtepa, -xputepiro CTbloAeHTA, AUCIIEPCIHOIO aHaTi-
3y (ANOVA). BinmiHHOCTI BBaXKajli CTaTUCTUYHO Bipo-
rinnumu npu p < 0,05. JInsg aBTomMaTu3allii po3paxyHKiB
BUKOPUCTOBYBAJIM TIpOTpaMHe 3abe3reueHHsT Microsoft
Excel 2016 Ta Social Science Statistics calculator.

PE3VYJIBTATU TA OBTOBOPEHHS

Posnonin xBopux Ha MITH 3a Ho3050ri€10 MpoOBOAUIN
micis Bepudikallii 1iarHo3y, BAKOPUCTOBYIOUM JTiarHOC-
tyHi Kputepii BOO3 2016 poky nepersaay. KiabkicTb
xBopux Ha CII 3 pagialiiitHuM aHaMHe30M Ta 6€3 TaKOTo
ckagana 36 1 70 BinnosigHo, xBopux Ha ET — 12146, Ha
[IM® — 361 71 BignosigHo. [Tpryomy, y rpyrax XBopux
Ha MIIH 3 pagiauifiHumM aHaMHE30M 4YOJOBiKiB OYJ10
OijbplIe, HixK B rpymax 0e3 pajialiiiHOTO aHaMHe3y i
cknanana 81,1 % npotu 41,9 % (p < 0,001). Taka x cre-
mu@ivyHIiCcT, 3a CTATTIO CHOCTepirajgacsg i y rpyrax
nauieHTiB 3 CII, ET ta [IM®, p = 0,002, p = 0,018 ta

The results were analyzed using Applied
Biosystems 7500 software, Thermo Fisher
Scientific, version 2.0.4. Statistical processing of
the obtained data was performed using Fisher’s
exact test, Student’s r-test, analysis of variance
(ANOVA). Differences were considered statisti-
cally significant at p < 0.05. Microsoft Excel 2016
software and Social Science Statistics calculator
were used to automate the calculations.

RESULTS AND DISCUSSIONS

The distribution of patients with MPN to clinical
types was performed after verification of the diagno-
sis, using the diagnostic criteria of the WHO 2016
revision. The number of patients with PV with a ra-
diation exposure history and without one was 36 and
70, patients with ET — 12 and 46, and with PMF —
36 and 71, respectively. Moreover, in the groups of
patients with MPN with a history of radiation expo-
sure there were more men than in the groups with-
out a history of radiation exposure and it was 81.1 %
vs. 41.9 % (p < 0.001). The same gender specificity
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p <0,001, BigmosigHo (Taba. 5). Ha MOMEHT BCTaHOB-
JIEHHS JIiarHO3y CepeaHiii BiK XBOpUX Ha padialiliHO-
aconitoBani MIIH cranoBuB (58,4 *+ 1,4) poky
(Memiana: 60 pokiB; BikoBi Mexi: 11—79 pokiB), Ha
cnnontanHi MITH — (51,1 = 1,1) poky (meniaHa: 53
poku; BikoBi Mexi: 19—87 pokiB). OtTxe, XBopi Ha
paniauiiHo-acouiitoBani MITH Oynu nepeBaxkHO 4o-
JIOBIKaMH Ta CTaplIMMM 3a BiKOM, HiXX XBOpi Ha CITOH-
ta"nHi MITH, p < 0,001.

Busnauenns HasiBHOocTi MmyTauii JAK2 V617F Gyno
OpOBEAEHO Y BCiX XBOPUX Ha pajialliiiHo-acoliiioBaHi
Ta cnoHTtaHHi MITH.

3aranom y xBopux Ha cnoHTaHHi MITH Oyio Ginblie
JAK2 V617F-no3utuBuux Bunaakis (75,4 %, 144 i3
191 xBOpoOroO), HiXX Y XBOpUX Ha pamiallifHO-acoIiif0-
Bani MITH (58,9 %, 53 i3 90 xBopux), p < 0,05 (Tadm. 5,
puc. 1), mpuyomy 30ibIIEHHS LIUX MyTallili BUSBIECHO
B KOXHill Ho3ooriuHiii popmi — CII, ET ta [IMOD,
X04a BOHO i He gocsirajio piBHs 3HauyiocTi. IlepeBa-
JKaHHS TaKWUX MYTalliil y JOCTiIKyBaHili IpyIIi 3i CIIOH-
TaHHUMU MITH y3romxyroTbecs 3 JaHUMMU JiTepaTypHu,
B SIKMX BUKOPHMCTOBYBaJlach BEJIMKa KOropTa Mali€H-
TiB [15]. IIpoTe icHYIOTbH JaHi MPO MNOLIMPEHICTh MY-
tauii V617F rena JAK2 cepen oci0, siKi He MalOTh OH-
KOIreMaToJIOTiYHMX 3aXBOPIOBaHb, 1110 CKJIAIAIOTh Bil
0,15 mo 1,2 % [16—18].

XBopi 3 HeratuBHUM 3a JAK2 V617F myrauiiitHum
cTatycoM, OyiaM MpPOTECTOBaHi Ha HASIBHICTh iHIIMX

Ta6nuusa 5

was observed in the groups for PV, ET and PME,
p=0.002,p=0.018 and p < 0.001, respectively (Tab-
Ie 5). At the time of diagnosis, the mean age of patients
with radiation-associated MPN was (58.4 + 1.4) years
(median: 60 years; age limits: 11—79 years), on spon-
taneous MPN — (51.1 £ 1.1) years (median : 53 years;
age limits: 19—87 years). Therefore, patients with radi-
ation-associated MPN were predominantly male and
older than patients with spontaneous MPN, p <0.001.

Determination of the presence of the JAK2 V617F
mutation was performed in all patients with radia-
tion-associated and spontaneous MPN.

In general, patients with spontaneous MPN had
more JAK2 V617F-positive cases (75.4 %, 144 of 191
patients) than patients with radiation-associated
MPN (58.9 %, 53 of 90 patients), p < 0.05 (Table 5,
Fig. 1), and the increase in these mutations was
detected in each clinical form — PV, ET and PME,
although not reaches the level of statistical signifi-
cance. The predominance of such mutations in the
study group with spontaneous MPN is consistent
with data from the literature, which used a large
cohort of patients [15]. However, there are data on
the prevalence of V617F mutations in the JAK2 gene
among individuals without hematologic diseases,
ranging from 0.15to 1.2 % [16—18].

Patients with negative JAK2 V617F mutation status
were tested for the presence of two other driver muta-

Yacrora myrauin redie JAK2 V617F, MPL W515 Ta CALR 1-ro Ta 2-ro TuniB y XBOpuUX Ha papgiauinHo-acouinoBaHi
Ta CNOHTaHHi xpoHiyHi Ph-HeratuBHi mienonponicepatusHi Heonnasii

Table 5

Frequency of mutations of JAK2 V617F, MPL W515 and CALR genes of the 1 and 2™ types in patients with
radiation-associated and spontaneous chronic Ph-negative myeloproliferative neoplasia

MIH, HeknacudikoBaHi

Moka3nuk cny/se ET nM® / PMF MPN, unclassified
IP B aHaMHe3i cnoHTaHHi  IP B aHamHe3i cnoHTaHHi  IP B aHamHe3i cnoHTaHHi  |P B aHaMHe3i CMOHTaHHi

Indicator IR in history spontaneous IR in history spontaneous IR in history spontaneous IR in history spontaneous

(n=36) (n=70) (n=12) (n = 46) (n=37) (n=71) (n=15) (n=4)

Bik, poku 57 (30-79) 53 (19-83) 52 (11-74) 45 (23-87) 60 (40-78) 52 (23-76) 71 (65-79) 59 (51-65)

Age, years

Yonosiku, n (%) 28 (77,8) 32 (44,3) 9(75,0) 15 (32,6) 31 (83,8) 30 (40,8) 5(100) 3(75,0)

Men, n (%)

XiHku, n (%) 8(22,2) 38 (54,3) 3(25,0) 31(67,4) 6(16,2) 41 (57,7) 0 1 (25,0)

Women, n (%)

JAK; n (%) 29 (80,6 ) 65 (92,9) 6 (50) 29 (63) 16 (43,2) 45 (63,4) 0 0

MPL, n (%) 0 0 0 0 342 0 0

CALR 1, n (%) 0 0 4 (33,3) 3(6,9) 7(18,9) 3(42) 0 0

CALR 2, n (%) 0 0 0 4(8,7) 1(2,7) 4(56) 0 0

be3 mytauiin, n (%) 7(19,4) 5(7,1) 2(16,7) 10 (21,7) 13 (35,1) 16 (22,5) 0 0

Without mutations n ( %)
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MPL; p=0,533  6e3 myTavji1 / no mutations
p=0,037*

PucyHok 1. YacroTa gpaitBepHux myTauiii renis JAK2, MPL 1a CALR B reHomi xBopux Ha Ph-HeratueHi MIMH

Figure 1. Frequency of driver mutations of JAK2, MPL and CALR genes in the genome of patients with

Ph-negative MPN

JIBOX IpaiBepHUX MyTaliit B reHax — MPL ta CALR
(puc. 1, Tabma. 5). Mytauito reHa CALR 1-ro Tumny (ne-
Jielist 52 map oCHOB) BUSIBJISUIM 3 YaCTOTOIO BipOTiZHO
BUILIOKO Y XBOPpUX 3 pafiauiliHo-acouiioBanumu ET Ta
IIM®, nix y xBopux Ha crioHTaHHi (33,3 % npotu 6,5 %
i 18,9 % npotu 4,2 %, p < 0,05). Myrauii CALR 2-tu-
My TaKoxX Oynu BusBiIeHi juine y xBopux 3 ET Ta
[IM®, omHak pi3HUILS MiX TpyHaMH 3 palialliiHAM
aHaMHe30M 1 0e3 Takoro, He Jocsrajga CTaTUCTUYHOIL
BiporimHocTi. 3aragom yactora myranin CALR o6ox
TUTIB 0e3 xkomHux myTaiii JAK2 i MPL tipeBaitoBasia
y Ipymi 3 pagialliiHUM aHaMHe30M i ctaHoBua 33,3 %
st ET121,6 % nns [IM®, 6e3 pagiaLiiiHoro aHaMmHe-
3y — 15,2 % 19,8 % BinnosigHo, (p < 0,05).

3i 191 mocnimXyBaHOTO XBOpPOrO Ha CIIOHTaHHI
MIIH wmytanii MPL W515 Oynu BUsIBIIeHi auiue y 3
ocib (1,6 %). Myrauiitna yacrora MPL W515 y Kox-
HoMmy 3 miaruiiB craHoBuaa 0 % ms CII, 0 % nns ET
ta 4,2 % nist [IM® (3 i3 71). BiporinHoi pi3Hu1li mo-
no yactotu mytauiiit MPL W515 ta CALR 2-to Tumy
(iHcep11ist 5 TTap OCHOB) cepel XBOPMX Ha pamialliii-
Ho-acolliiioBaHi Ta cmoHTaHHi MITH Bu3HaueHO He
oyJio.

Pesynbratu aHanizy moao nauieHtiB Ha MITH 3 Ha-
SIBHICTIO OTPilAHO HETATUBHOI'O CTATYCY 32 OCHOBHUMU
IpaiiBepHUMU MyTauismu reHiB JAK2, MPL ta CALR
MokasaB, IO YacToTa BUMAAKiB 0Oe3 MyTalliii OyJja
BipOrimHO OUIBIIOIO B IPYIli 3 padiallitHUM aHAMHE30M
HiX y rpymi 6e3 Takoro, i ckimamaia 27,8 % (25 i3 90 xBo-
pux) rpotu 16,2 % (31 3i 191 xBoporo), p < 0,05 (puc. 2,
Tab. 5). YacToTa 3aXBOpIOBaHb 3 MOTPIMHUM HEraThB-
HUM cTaTycoM cTtaHoBmia 19,4 % cepen naiieHTiB 3 miar-
HoszoM CI1, 16,7 % — 3 ET i 35,1 % — 3 [IM® y XxBopHX 3

tions in the genes — MPL and CALR (Fig. 1, Table 5).
Type 1 CALR mutation (deletion of 52 base pairs) was
found with a frequency significantly higher in patients
with radiation-associated ET and PMF than in pa-
tients with spontaneous diseases (33.3 % vs. 6.5 % and
18.9 % vs. 4.2 %, p < 0.05). Mutations of CALR type 2
were also detected only in patients with ET and PME
but the difference between the groups with a radiation
history and without such, did not reach statistical prob-
ability. In general, the frequency of type 1 and 2 CALR
mutation without any JAK2 and MPL mutations pre-
vailed in the group with radiation history and was
33.3 % for ET and 21.6 % for PMF, without radiation
history — 15.2 % and 9.8 %, respectively, (p < 0,05).

Among the 191 patients studied for spontaneous
MPN, MPL W515 mutations were detected in only
3 individuals (1.6 %). Mutational frequency MPL
WS515 in each of the clinical subtypes were 0 % for
PV, 0 % for ET and 4.2 % for PMF (3 of 71). There
was no significant difference in the frequency of
mutations in MPL W515 and CALR type 2 (insertion
of 5 base pairs) among patients with radiation-asso-
ciated and spontaneous MPN.

The results of the analysis of patients with MPN
with the presence of triple negative status according
to the main driver mutations of JAK2, MPL and
CALR genes showed that the frequency of cases with-
out mutations was probably higher in the group with
radiation exposure history than in the group without
such, and was 27.8 % (25 of 90 patients) versus 16.2 %
(31 of 191 patients), p < 0.05 (Fig. 2, Table 5). The
incidence of diseases with triple negative status was
19.4 % with a diagnosis of PV, 16.7 % — with ET and
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CnoHTaHHi MIMH
35 | — Spontaneous MPN

| MIMH 3 IP B aHamHesi
%0 — MPN with radiation exposure

cn/pv Er MM / PMF

PucyHOK 2. YacroTa BMnaakiB, notpiitHo-Hera-
TUBHOrO MyTauiliHOro crarycy redis JAK2, MPL
1a CALR y xBopux Ha Ph-HeratusHi MIMH i3 papia-
LiiHMM aHamHe3oM Ta 6e3 Takoro B rpynax 3a
(heHOTMNOBOIO O3HAKOIO

Figure 2. Frequency of cases of triple-negative
mutation status of JAK2, MPL and CALR genes in
patients with Ph-negative MPN with radiation
history and without it in groups by phenotypic
trait

panialiiiHUM aHaMHe30M, 0e3 palialliiHOro aHaMHe3y —
7,1 % 3CII, 21,7 % 3 ET 122,5% — 3 [IM®. BusiBnenuit
MiABUILIEHUI PiBEHb MOTPiiHO- HETAaTMBHOIO CTATYCy B
rpynax xsopux Ha MITH 3 pagialiiiHuM aHaMHE30M He
3HAXOAUTH IMiATBEPIKEHHS B JaHUX JIiTepaTypu, Je yac-
TOTa BUSBISIacsS TIOMiTHO Humxk4yoro [15]. L
pPO30iKHOCTI B Jiarma3oHi 4aCTOT MOXKHA BifHECTH OO
PI3HUX METOAiIB BUOOPY MAalli€eHTIB, pOo3Mipy BUOIpKU Ta
YYTJMBOCTI METO/iB, a00 KOHCTaTyBaTU 1€, SIK BIUIMB
HECIIPUSITJIMBOIO €K30T€HHOIo (hbakTopa i po3misaaru
XBOPHX, SIK Y TPYITi pu3uKYy. TakuM (hakTopoM, y HaIIo-
My Bumanky, moxe Oytu IP. o Toro >k, HEOOXimHO
BiI3HAYWTHU, 1110 NALIIEHTHU 3 TTIOTPIMHUMU HETATUBHUMMU
MOKa3HMUKAMM Tipliie TIepeHOCITh Mepedir 3aXBOPIOBaH-
HS i MalOThb KOPOTILY CEPeIHIO 3arajibHy BUKUBAHICTh
(MemiaHa: 2,3 pokKy), IMOPiBHSIHO 3 TMO3UTUBHUM MYy-
TaitnuM cratycoM reHiB CALR (meniaHa: 15,9 poky),
JAK?2 (meniaHa: 5,9 poky) abo MPL (meniaHa: 9,9 poky)
[15], 110 mae miacCTaBy BiTHECTH 1X IO IPYIU PUBKKY.

VY rpynax xBopuX Ha pajialliilHO-acollilioBaHi Ta
cnoHTaHHi HekJacudikoBaHi MITH BusiBieHo MyTaii
JAK2 V617F nuiie y OBOX i YOTMPHOX BUIIagKax
BigmoBigHo. Myrtauiii reHiB MPL ta CALR He GyJio BU-
gaBiaeHo. Ilopo vactotu Mytauiii reHa JAK2 ta
NOTPiAHO-HEraTMBHOTO MYTalLliifHOIO CTaTycy 3a OcC-
HoBHUMM reHamu JAK2, MPL ta CALR y xBopux Ha
pafianiiiHo-acollilfoBaHi Ta CHOHTaHHI HEKJIacUdiKo-
Bani MITH, He Gyio BusBieHo, p = 0,167.

BUCHOBKU

1. ITokazaHa BiAMiHHICTb 32 YaCTOTOI OCHOBHMX CO-
MaTUIHUX MyTauiil B reHax JAK2, MPL ta CALR y re-
HoMi xBopmx Ha Ph-werarmBui MIIH, gxi 3a3nann
priuBy [P BHacnigok aBapii Ha YAEC, i mauieHTiB 6e3
pagialiifHOro aHaMHe3y.

2. ITokazaHo JOCTOBIPHO BUILIUIA PiBEeHb IMTOTPiAHO-HE-
raTMBHOI'O MYTALIi{HOTO CTaTyCy 3a ApaiiBEpHUMU MY-

35.1 % — with PMF in patients with radiation expo-
sure history, without radiation exposure history — 7.1 %
with PV, 21.7 % with ET and 22.5 % with PMF. The
increased level of triple-negative status in groups of
patients with MPN with a radiation exposure history
is not confirmed in the literature, where the frequen-
cy was markedly low [15]. These differences in the
frequency range can be attributed to different meth-
ods of patient selection, sample size and sensitivity of
methods, or be a sign of adverse exogenous factors
and consider such patients as a high-risk. Such fac-
tor, in our case, may be ionizing radiation. In addi-
tion, it should be noted that patients with triple neg-
ative indicators are less tolerant of the disease and
have a shorter overall survival (median: 2.3 years),
compared with the positive mutational status of the
genes CALR (median: 15.9 years), JAK2 (median: 5.9
years) or MPL (median: 9.9 years) [15], which gives
grounds to classify them as high-risk.

In groups of patients with radiation-associated and
spontaneous unclassified MPN, mutation JAK2 V617F
were detected in only two and four cases, respectively.
No mutations in the MPL and CALR genes were
detected. Regarding the frequency of mutations in the
JAK2 gene and the triple-negative mutation status of
the main genes JAK2, MPL and CALR in patients with
radiation-associated and spontaneous unclassified
MPN, difference was not detected, p = 0.167.

CONCLUSIONS

1.The difference in the frequency of the main somat-
ic mutations is shown in JAK2, MPL and CALR genes
in the genome of patients with Ph-negative MPN
affected by IR as a result of the Chornobyl accident
and patients without a history of radiation exposure.

2. Significantly higher level of triple-negative mu-
tation status was shown by driver mutations of
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tauissMu reHiB JAK2, MPL ta CALR y rpyni XBopux Ha
MIIH 3 pagianiilHuM aHaMHe30M, HixK 0e3 Takoro
(27,8 % nipotu 16,2 %; p = 0,037).

3. Yacrora JAK2 V617F myTatiii 0yia BiporigiHo Bu-
11010 Y TPYyIi XBOpUX Ha crioHTaHHi Ph-HeratusHi
MITH, Hix y rpymi 3 pagianiiitnum anamHae3oM (75,4 %
npotu 58,4 %; p = 0,008). 3HMXKEHUI piBeHb 4aCTO-
™ JAK2 V617F wmyrauii B rpymi XBOpuUX 3 pa-
JiallifHUM aHaMHE30M CBiIYUTb, WMOBipHO, IIPO
Te, 10 L MyTalisl He Bigirpae KaH4OoBOI1 poJji B
PO3BUTKY 3aXBOPHOBaHHS Micas [Aii iOHi3yro4oil
paniarrii.

4. YacroTa MyTattii 1-ro tTuny reHa CALR y XBOopuX Ha
paniawiiiHo-acouitoBani MITH poctoBipHO BuUIlla, HixX
y xBopux Ha cnioHTanHi MITH (12,2 % npotu 3,1 %;
p = 0,000).
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JAK2, MPL and CALR genes in the group of pa-
tients with MPN with radiation history (27.8 % vs.
16.2 %, p = 0.037).

3. The frequency of JAK2 V617F mutations was prob-
ably higher in the group of patients with spontaneous
Ph-negative MPN than in the group with a radiation
exposure history (75.4 % vs. 58.4 %), p = 0.008. The
reduced frequency of JAK2 V617F mutations in the
group of patients with a history of radiation exposure
probably indicates that this mutation does not play a
key role in the development of the disease after
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4. The frequency of mutations in type 1 CALR gene
in patients with radiation-associated MPN is signif-
icantly higher than in patients with spontaneous
MPN (12.2 % vs. 3.1 %, p = 0.006).
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