Meauko-OMo/1oruuecKkme

npooaeMbl

2KHN3HeaAeATe/IbHOCTH

HayuyHo-TIpakTHdecKuil perieH3upyeMbIH KypHaA

YupenuTean
FocymapcTBEHHOE yUpexKAeHHE
«PecryOAMKAHCKHN HAy4YHO-
IPaKTUYECKUH [EHTP
pagualioHHOH MEAUIINHEI

U 9KOAOTHH YE€AOBEKaA»

XHypuaa BxarwuyeH B Ilepe-
4YeHb Hay4HBIX H3AaHuil Peciy-
6auku Beaapychb Oas OIyOAHKO-
BaHHA [OUCCEPTAIMOHHBIX HC-
CA€IOBaHUM II0 MEAUIIMHCKOHN U
OHOAOTHYECKOH OTPACASIM HAYKU
(31.12.2009, mpoTtokoa 25/1)

JXypHaA 3aperHCTPHPOBaH
MuHHCTEPCTBOM MH(POPMAITHU
Pecniybaviku Beaapycs,

Csuz. Ne 762 ot 6.11.2009

IToamucano B neyats 07.04.17.
dopmar 60x90/8. Bymara MeaoBaHHAd.
Tapuutypa «Times New Romanno.
Ileuats mudponasa. Tupaxk 85 3K3.

Yea. mied. A. 21,48, Yu.-uzm. A. 12,1.
3ak. 44.

Usnareas I'Y «PecriybaukaHCKUM
Hay4HO-NIPAKTUYECKUN LIEHTP
pPafualMOHHON MEIUITUHBI 1

9KOAOTHH YEAOBEKAN

CsuzetreabcBTo N 1/410 ot 14.08.2014

OTtneyarano B KYII
«Pemagiiug ra3eTbl
«T'omeabckaga npayna»

r. 'omeas, ya. [Toaecckaga, 17a

ISSN 2074-2088

T'AaBHEBIH pegaKTOp, NpeAceAaTeAb PEAAKIHOHHOH
KOAAETHH
A.B. PoxKko (x.M.H., JOIIEHT)

PenaknmuHoHHass KOAAET'HS

B.C. ABepuH (m.6.H., mpodeccop, 3aM. TA. PemaKTopa),
B.B. AuHpukuH (O.M.H., Ipodpeccop), B.H. BeaskoBckuit
(o.m.H., mpodpeccop), H.T'. BaacoBa (a.6.H., AOLIEHT, HAYYHBIH
penakrop), A.B. Beanuko (k.M.H., moueHT), 1.B. Besaakun
(k.6.H., mouent), B.B. EBceenko (k.rc.H.), C.B. 3ribaeBa
(k.M.H., oTB. cekperaps), C.A. IryMHOB (A.M.H., IIpoceccop),
A.B. KoporaeB (K.M.H., moueHT), A.H. ABI3UKOB (I.M.H.,
npodpeccop), A.B. Makapuuk (K.M.H., goueHnT), C.5. MearHOB
(o.6.H., mpodeccop), 3.A. HagpipoB (K.M.H., [OILIEHT),
HU.A. HoBukoBa (z.M.H., mpodpeccop), O.H. IlaaTomkmua
(x.M.H., mouenT), 3.A. [ToBeauntia (k.M.H.), FO.H. Poxko (K.M.H.,
noueHt), U.I1. Pomamesckada (K.M.H.), M.I". Pycaaenko (K.M.H.),
AE. Cuaun (k.0.H.), A.H. CroxapoB (z.0.H., mpodeccop),
A H. llykauoB (x.M.H.), H.H. lIleBuyeHKo (K.6.H., ZOIIEHT)

PenakKIIHOHHEIH COBET

B.U. XKapko (3am. mpembep-MHUHUCTpa Pecrybamka Beaa-
pych, MuHcK), A.B. AkaeeB (m.M.H., mpodeccop, YeagbUHCK),
C.C. AaekcaHuH (O.M.H., mpodeccop, Caukr-Ilerepbypr), 1.A.
Baspika (o.M.H., mpodeccop, Kues), A.Il. BuprokoB (x.M.H.,
npodpeccop, Mockra), E.A. Borman (HawaabHuMk ['AaBHOTrO
YIPaBACHHSA OpPraHu3aluyd MEOUIMHCKOHM nomomy MwuHH-
CTEePCTBO 3apaBooxpaHeHud), A.A. Bokepusa (o.M.H., akaue-
muk PAH u PAMH, Mocksa), A.}O. BymimanoB (a.M.H., IIpo-
¢eccop, Mocksa), U.U. JenoB (x.m.H., akaaemuk PAMH, Mo-
CKBa), |IOE ﬂeMI/IJI‘II/IKl (m.m.H., yaeH-KOppecrionaeHT HAH
PB, Munck), M.II. 3axapueHko (x.M.H., mpodeccop, CaHKT-
[Merepbypr), A.A. VabuH (o.M.H., akagemuk PAMH, Mockga),
K.B. KoreHko (z.Mm.H., ripocpeccop, Mockra), B.}FO. Kpasuos
(n.6.H., Tpodpeccop, Camkr-Ilerepbypr), H.I'. KpyuuHckuii
(m.M.H., Munck), T.B. MoxopT (&.M.H., IIpocdeccop, MHUHCK),
O.A. TuueBud (Munck), B.FO. PuIGHUKOB (O.M.H., mIpodpec-
cop, Cauxr-Ilerepbypr), ®.1. Toaya (x.m.H., akanemuk HAH
Ipy3un, Téuaucu), H.[I. TpoHBKO (I.M.H., Ipocdeccop, Kues),
B.A. ®unaoHIOK (K.M.H., fo11eHT, MuHCK), P.A. YacHOUTS (K.9.H.,
MuHck), B.E. leBuyk (k.M.H., MuHck), B./. [ITrnao (MuHCK)

TexHUYEeCKUH peaakTop
C.H. HukoHoBu4Y

Anpec penakmuu 246040 r. 'omeas, ya. Mabuua, a. 290,
'Y «PHIIIL PM u O4Y», pegakiius KypHasa
Tea (0232) 38-95-00, daxc (0232) 37-80-97
http://www.mbp.rcrm.by e-mail: mbp@rcrm.by
© T'ocymapcTBEeHHOE yUYpeKIeHHUE
«PecryOAMKaHCKHUY HAYYHO-TIPAKTHYECKUY LIEHTP
pPaguaIuoOHHON MEQUIIMHEI U 9KOAOTHH YeAoBeKar, 2017



Medical and
Biological Problems
2017 of Life Activity

No 1(17)

Founder

Republican Research Centre
for Radiation Medicine

and Human Ecology

Journal registration
by the Ministry of information
of Republic of Belarus

Certificate No 762 of 6.11.2009

© Republican Research Centre
for Radiation Medicine
and Human Ecology ISSN 2074-2088



Cooeporcarnue

Content

0030pbl u npodemHble cmamou

A.M. Kpaguenko, E.I. Manaepa
OcTpasi Ha XPOHUYECKYIO TE€YCHOYHAs
HEJI0CTaTOYHOCTh

E.I'. Ilonos, I'H. ®uabuenkon, T.U. MujieBu4,
HN.A. Yemuk

Ou3noNoTus  CTEPOUI-TPAHCIIOPTHBIX
0enkoB KpoBu (0030p)

AN. CBUPHOBCKHUI, B.B. IIaciokoB,
J.B. KpaBuenko, H.®. ®eaypo, O.B. Ceprue-
Bu4, U.b. Tapac, 9.JI. CBupHoBcKkas

KionanbHas IBOJIIOIUS JICUKO3HBIX K-
TOK U XUMHUOPE3UCTCHTHOCTDb

Meouxo-ouonocuueckue npoonemol

EJI. boraan, A.H. Croxapos, A.B. Poxko,
HU.B. Besinkun, C.H. HuxkonoBuu, II.U. Mou-
ceeB, A.E. Oxeanosn

AHanu3 3a0071€Ba€MOCTH PaKOM IIHUTO-
BUJTHOM kene3bl B PecniyOnuke benapych

I'.JI. Bopoauna
ANTOpUTM MEIULIMHCKOW peaduInTanun

13

24

29

HAIMEHTOB C CApPKOMI030M OPraHOB JbIXaHUs 42

H.I'. BaacoBa

PamxunpoBaHue TeppUTOPUN PATUOAKTUB-
HOI'O 3arps3HCHUA IO IINIOTHOCTHU 3arpsas-
HEHUs, J103€¢ OOTy4YEeHHs, COOTHOIICHHUIO
7103 BHEIITHETO ¥ BHYTPEHHETO O0TyUeHUs

H.I. Baacosa, JI.A. Uynuxun, /I.H. /Ipo3nos
Panmnanmonnas o6cranoBka B PecryOmm-
ke benapych

E.A. Ipo3n

O ¢akropax, OKa3bpIBAIOLINX BIUSHUE HA
(hopmHpoBaHuE 10361 BHYTPEHHETO 00ITY-
YeHUS

A.A. Mopo3osa, E.M. Kanykosa

Haydnoe o0ocHOBaHME W TPUOPHUTETHI
CO3/1aHUsl CHEIUAIN3UPOBAHHBIX MHILE-
BBIX MPOAYKTOB JJISl TUETOTEPANIUHU 0O0JIh-
HBIX CaXxapHbIM AMa0ETOM 2 THMa

50

58

64

70

Reviews and problem articles

A. Kravchenko, E. Malaeva
Acute on chronic liver failure

E.H. Popoff, G.N. Filchenkov, T.I. Milevich,
I.A. Cheshyk

Physiology of steroid-specific transport
proteins in blood (review)

A. Svirnovski, V. Pasiukov, D. Kravchenko,
N. Feduro, O. Sergievich, 1. Taras, E. Svir-
novskaya

Clonal evolution of leukemia cells and
chemoresistance

Medical-biological problems

E.L. Bogdan, A.N. Stozharov, A.V. Rozhko,
L.V. Veilkin, S.N. Nikonovich, A.E. Okeanov,
P.I. Moiseev

Thyroid Cancer Incidence in the Repub-
lic of Belarus

H.L. Baradzina
Algorithm of medical rehabilitation in
pulmonary sarcoidosis patients

N.G. Vlasova

Ranking the radioactive contaminated
territory in density of soil contamination,
dose, contribution to the dose of external
and internal components

N.G. Vlasova, L.A. Chounikhin, D.N. Drozdov
Radiation situation in Belarus

E.A. Drozd

The individual doses of internal expo-
sure as a function of occupational status
of population living in radioactively con-
taminated territories

A.A. Morozova, E.M. Kadukova

Scientific basis and priorities of the spe-
cialized food for diet therapy of patients
of type 2 diabetes



Cooeporcarue

Content

B.B. ITmm6easckuii, TS leBuyk
OcobOeHHocTH  (DU3WYECKOTO  Pa3BUTHUS
MY>KYMH 3pesioro BO3pacTa Npu JeCTBUI

HEeOIaronpUsATHBIX HKOJIOTUYECKHUX YCIOBHIM

A.Il. Pomaniok, T.51. IlleBuyk

OcobenHocTu AMIUINTYOTHO-BPEMCHHBIX
XapaKTCPUCTUK BbI3BAHHBIX IIOTCHIIXMAJIOB
Yy CIIOPTCMCHOB BO BPEMA KOHLCHTPAIUU
BHHMMAaHUHA

AL YexoBckuit
OneHka paloHOONIACHOCTH HEKOTOPBIX Ha-
CEJICHHBIX ITyHKTOB JIMO3HEHCKOTO pailoHa

JI.H. DBentoBa, B.C. ABepun, A.H. Marapac,
FO.B. Bucenbepr

MOHUTOPUHT 103 BHEIIHEro OOIyYeHUs
Hacenenus Pecriyonuku benapycs B otaa-
n€HHOM niepuoze nociue apapun Ha HADC

Knunuueckasa meouyuna

P.B. ABaeeB, A.C. Anekcanapos, H.A. ba-
kynuHa, A.C. bacuucknii, A.10. Bbpexnes,
N.P. I'azuzoBa, A.b. I'anumoBa, B.B. I'apbka-
BeHko, A.M. I'ermanoBa, B.B. I'opognunuwuii,
A.A.Tycapesuu, /I.A. lopodees, I1.U. 3aBan-
ckuii, A.b. 3axunos, O.I. 3BepeBa, U.H. Uca-
koB, U.JI.Kamenckux, Y.P. Kapumos, U.B. Kon-
apakoBa, A.B. Kypoenos, C.H. Jlanun,
M. H. JloBnaue, U.A. JlockytoB, E.B. MoJ-
yaHoBa, 3.M. Haropuoa, O.H. Onydpmnii-
uyk, C.1O. Ilerpos, I0.H. Poxxko, A.B. Ce-
jge3neB, A.C. XoxjoBa, U.B. lllanomHukoBa,
A.Il. Ilaxagnosa, P.B. IlleBuyk

CrpykTypHO-QYHKIIMOHAIBHBIE TUATHO-
CTUYECKHUE KPUTEPUU B OLIEHKE BEPOSIT-
HOCTH HAJIMYHMS [IOJO3PEHHUS HA [JIayKOMY
Y HA4YaJbHOM CTAJIMU INIAyKOMBI

T.B. boop, O.M. IIpenxo, H.A. BypnoJaenko,
E.B. IlapxomoBuY4

OcCo0EHHOCTH JIOKAJIM3AIMU U PacIpo-
CTPAaHEHHOCTh PErMaTOreHHBIX Tepude-
PUYECKUX  BUTPEOXOPHOPETHHAIBHBIX
aucTpohuit

A.B. Boponaena, O.B. Kapnenko, A.E. Cuiun,
E.B. bpennxuna, B.H. MapTunkosn

Bmustane mnomumopdusma renoB  IL-1
u IL-4 Ha pa3BuTHE XPOHHYECKOTO
racTpuTa M paka Keyaka

78

85

93

100

105

118

123

V. Pshybelskyi, T. Shevchuk

Features anthropometric indices and phys-
ical development in men of mature age un-
der adverse environmental conditions

A. Romaniuk, T. Shevchuk

Features amplitude-time characteristics
of evoked potentials in sportsmen during
concentration attention

A.L. Chekhovskij
Evaluation radon danger some settle-
ments Liozno district

L.N. Eventova, V.S. Averin, A.N. Mataras,
Yu.V. Visenberg

External dose monitoring for population
of Belarus in the remote period after the
Chernobyl accident

Clinical medicine

R.V. Avdeev, A.S. Alexandrov, N.A. Bakunina,
A.S. Basinsky, A.Yu. Brezhnev, I.R. Gazizova,
A.B. Galimova, V.V. Garkavenko, A.M. Get-
manova, V.V. Gorodnichy, A.A. Gusarevitch,
D.A. Dorofeev, P.Ch. Zavadsky, A.B. Zakhidov,
0.G. Zvereva, LN. Isakov, I.D. Kamenskih,
U.R. Karimoyv, I.V. Kondrakova, A.V. Kuroye-
dov, S.N. Lanin, Dzh.N. Lovpache, L.A. Los-
kutov, E.V. Molchanova, Z.M. Nagornova,
O.N. Onufriychuk, S.Yu. Petrov, Yu.l. Rozhko,
A.V. Seleznev, A.S. Khohlova, I.V. Shaposh-
nikova, A.P. Shahalova, R.V. Shevchuk

Structural and functional diagnostic cri-
teria in assessing the probability of sus-
pected glaucoma and the early-stage
glaucoma

T.V. Bobr, O.M. Predko, N.A. Burdolenko,
E.V. Parhomovich

Features of localization vitreochorioreti-
nal of rhegmatogenous peripheral retinal
degeneration

A. Voropayeva, O. Karpenko, A. Silin,
E. Bredikhina, V. Martinkov

Gene polymorphism influence of the IL-1
and IL-4I in the development of chronic
gastritis and gastric cancer



Cooeporcarnue

Content

JILA. [lepxaBen

NHbopMaTHBHOCTH OMyXOJEBBIX MapKe-

POB Uil OLEHKH CTENEHU paclpocTpa-
HEHHOCTHU paKa MOYEBOTO My3bIPsi 128

0O.A. UBanuos, H.H.YcoBa, T.M. lllapmaxoBa
HpI/IBep)KeHHOCTb K JICHCHUIO U OXHUAac-
Masi 3(PEKTUBHOCTh TEparvy TAIUEHTOB C
OCTPBIMHU HapYHICHHUAMH MO3IrOBOI'0 KPOBOO-
OpallieH1st MHCY/IBTHBIX CTallMoHapoB I. [omens 135

H.I. Kagouknna

CpaBHuTenbHas KIMHUYECKas 3PEeKTUB-

HOCTh KapBEIWJIONA U OMCOMPOJIoNa B Jie-

YCHUW WIIEMHYECKON OONe3Hu cepaia y
MAIEHTOB C CaxapHbIM TUa0eTOM 2 THMa 140

JL.LH. KpukyHoga, B.A. Kucenena,
JI.C. MkptusH, I.Il. Be3sesa, JI.B. Ilanapu-
Ha, JI.B. JIwoouna, U.A. 3amyaeBa

[TanunnomaBupycHas MHQEKUUS y KEH-
IIMH, TIO/BEPIIINXCS PaJUOaKTUBHO-
MY BO3JCHCTBHUIO BCJIEICTBUE aBApUU Ha
UYepHoObuibeckoit ADC 146

A.C. IloaropHas

D¢ dEeKTUBHOCTH JIEBOHOPTECTPEIICOACP-
JKalled BHYTPUMATOYHOM CUCTEMBI U TH-
CTEpOPE3EKTOCKONMYECKO abnanuu 3H-
JIOMETPHSA B JICUCHUH aJICHOMHO3a 154

C.B. llerpenxo, T.B. MoxopTt, H.JI. Kotomuen,
E.B. ®enopenko, E.I. Moxopt, B.1O. Jleymes,
O.A. bBaproumeBuy, I.E. X1e60Bu4

JuHamuika HOaHOTO OOEecreueHuss u mo-
Kazareynei TUPOUIHOW CHCTEMBI B TpYII-
max pHcka 1o MogoneuIuTy B CETbCKUX
pernoHax benapycu 163

Oomen onvimom

IsA. bpyk, A.A. bparuioBa, A.B. I'pomos, T.B.
Kecko, A.H. Kagyka, M.B. Kaayka, O.C. KpaBuo-
Ba, .LK. PomanoBuy, H.B. TutoB, B.A. SIkoBiieB

Pa3Butue equHON CMCTEMBI OLIEHKU U MPO-
THO3a J103 OOTy4YeHUs] HACENICHUS, MTPOXKH-
BAIOILETO B PENEPHbIX HACEJCHHbIX ITyH-
KTax MpUrpaHUYHbIX Tepputopuii Coro3-
HOTO TOCYJAapCTBa, MOCTPaJaBIIMX BCIEHA-
ctBue KaracTpodsl Ha YepHoObuibckolt ADC 168

[IpaBuna 1J1g aBTOpPOB 176

L.A. Derzhavets
Performance of tumor markers for assess-
ing bladder cancer spread

0. A. Ivantsov, N.N. Usova, T.M. Sharshakova
Adherence to the treatment and the ex-
pected effectiveness of therapy patients
with stroke in the Gomel hospitals

N.G. Kadochkina

Comparative  clinical  efficacy of
carvedilol and bisoprolol in the treatment
of coronary heart disease within the pa-
tients with diabetes mellitus type 2

L.I. Krikunova, V.I. Kiseleva, L.S. Mkrtchyan,
G.P. Bezyaeva, L.V. Panarina, L.V. Lyubina,
I.A. Zamulaeva

Papillomavirus infection in women ex-
posed to radiation following the Cherno-
byl accident

A.S. Podgornaya

Efficiency of levonorgestrel-releasing
intrauterine system and hysteroresectos-
copic endometrial ablation in adenomyo-
sis treatment

S.V. Petrenko, T.V. Mokhort, N.D. Kolomiets,
E.V. Fedorenko, E.G. Mokhort, B.Y. Leusheyv,
0.A. Bartoshevich, G.E. Chlebovich

Dynamic of iodine supplementation and
thyroid system indexes in the iodine defi-
ciency risk groups from rural areas

Experience exchange

G.Ya. Bruk, A.A. Bratilova, A.V. Gromov, T.V.
Zhecko, A.N. Kaduka, M.V. Kaduka, O.S. Kravtso-
va, I.LK. Romanovich, N.V. Titov, V.A. Yakovlev

Development of unified system for esti-
mating and forecasting irradiation dos-
es of population living in the reference
settlements of the border areas of the
Union State affected due to the Cherno-
byl accident



A. Svirnovski, V. Pasiukov, D. Kravchenko et all

VK 616.155.392.2-08:615.28 A. Svirnovski', V. Pasiukov!,
D. Kravchenko?, N. Feduro',

O. Sergievich!, 1. Taras', E. Svirnovskaya'

CLONAL EVOLUTION OF LEUKEMIA CELLS AND CHEMORESISTANCE
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Leukemic cells accumulate mutations and epigenetic changes in the process of disease
development forming heterogeneous cell populations that are subject to selection and may re-
spond differentially to therapy. Chemotherapy in turn damages new DNA generating mutations,
and may kill leukemia cells most sensitive to drugs and select drug induced resistant subclones.
Therefore, it is necessary to monitor changes in the subclonal composition during disease pro-
gression as such increased leukemia cell clonal evolution is the main reason for drug resistance
and treatment insufficiency. Targeted treatment may be based on the molecular type of disease
and on the tested cellular chemosensitivity of the individual patient at least for remission induc-
tion. Cellular drug sensitivity evaluation is not alternative to minimal residual disease estima-
tion and whole exome sequencing. As it is not so easy to inhibit tumor evolution, diagnostics of
cells sensitivity in the process of evolution may be of particular interest with remission induc-

tion. However, advantages of monitoring procedures sometimes are not so obvious.

Key words: leukemia, clonal evolution, chemoresistance

High-throughput genomic technologies
allow to analyze genomic alterations in tu-
mors on a whole genome scale (DNA copy
number changes and nucleotide mutations).
Moreover, computational comprehensive
method to identify mutator genes and to take
into account the increase of the alteration rate
by mutator genes, provides more accurate
estimates of the tumor age and the timing of
driver alterations [1].

Clonal evolution is an intrinsic property
of tumor cells that has some traits in common
with the conventional accumulation of muta-
tions in body somatic cell populations at aging
and at some diseases.

A large number of somatic alterations are
detected in tumor genomes, but only some of
them are considered as active alterations and
drive clonal expansion and invasion. Most of
the somatic alterations are neutral for tumor
cell selection [2].

Of note, epigenetic alterations in cells are
heritable and impact cellular phenotype or
physiology that do not occur at the level of al-
terations in the DNA sequence. These changes

effect a set of gene expression and may take
part in tumor genesis, heterogeneity and clonal
evolution through their specific mechanisms
[3]. On the other hand, epigenetic reprogram-
ming may restore cell drug sensitivity.
Leukemic cells accumulate mutations dur-
ing disease forming heterogeneous cell popu-
lations that are subject to selection and may
respond differentially to treatment. Therefore,
it is necessary to monitor changes in the sub-
clonal composition during disease progres-
sion. From this point of view, one should
think when the beginning of treatment is more
preferable: before or just after the first signs
of leukemia progression (it is crucial in CLL
but not in acute leukemias). By the way, when
the incidence and biological significance of
clonal evolution were investigated using
conventional and molecular cytogenetics in
CLL no correlation was found between clonal
evolution and high expression of ZAP70, un-
mutated IGHV genes or NOTCH1 mutations
though clonal evolution and IGHV mutation
status had a significant impact on TFS (trans-
formation-free survival). The combination of

24 Meouko-6uonozuueckue npodremwl xcuzneoesmenvnocmu. 2017. Ne 1(17)
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conventional and molecular cytogenetics in-
creased the detection of clonal evolution [4].

Clone evolution explains unpredictable
leukemia disease course. Leukemia evolution
is variable in the types of hematological ma-
lignances as well as in patients who have dif-
ferent patterns of leukemia evolution [5].

Leukemia clonal evolution being a fun-
damental biological process of cell survival
through adaptation to the unfavorable mi-
croenvironment occurs both during tumor
origin and expansion and depends on initial
and drug induced intraclonal interaction. It
is important to underline that in preleukemia
acquisition of leukemogenic mutations occurs
in self-renewing hematopoietic stem cells as
it was demonstrated by single-cell analysis
[6]. It is supposed that most of the mutation
found in AML genomes are actually random
events that occurred in hematopoietic stem
cells before they acquired the initiating muta-
tion. Only one or two additional cooperating
mutations are needed to generate the malig-
nant founding clone which in turn can acquire
additional cooperating mutations yielding
subclones that can contribute to disease pro-
gression or relapse [7]. Studies of pediatric
acute lymphoblastic leukemia demonstrated
that some patients could have multiple genetic
subclones of leukemia-initiating cells with a
complex clonal architecture [8].

Subclonal diversity at diagnosis provides
a variable basis for intraclonal origins of re-
lapse and extended periods of dormancy for
stem cells in ETV6-RUNX+ALL [9]. How-
ever, not all Ph+ subclones even that persist
after hematopoietic stem cell transplantation
in Ph+ ALL may have the potential to cause a
hematologic relapse [10]. The investigation of
clonal heterogeneity in patients with cytoge-
netically normal acute myeloid with nucleo-
phosmin gene mutation gives the opportunity
to reveal that these mutations originate in an
early stem cell with both lymphoid and my-
eloid differentiation potential [11].

Aplastic status which arises in the context
of ongoing stem cell damage develops into
leukemia through a process of clonal selection
and adaptation. Therefore, bone marrow fail-

ure may be a risk factor for clonal evolution
[12]. The genetic changes that underlie pro-
gression from the myelodysplastic syndromes
to secondary acute myeloid leukemia studied
by the method of whole-genome sequencing
indicate that nearly all the bone marrow cells
in patients of both groups are clonally de-
rived. Genetic evolution of secondary AML is
a dynamic process shaped in multiple cycles
of mutation acquisition and clonal selection.
Recurrent gene mutations found in both found
clones and daughter subclones [13].

Genomic instability includes chromosome
instability, increased frequencies of nucleotide
mutations and microsatellite instability, which
is a special case of this genomic instability
and characterized by the expansion or contrac-
tion of the number of oligonucleotide repeats
present in microsatellite sequences [14].

Chemotherapy damages DNA generat-
ing new mutations and may kill leukemia
cells most sensitive to drugs and select drug
induced resistant subclones. In this connec-
tion it is interesting to note that the outcome
of CML patients treated with second genera-
tion tyrosine kinase inhibitors showed that the
hematologic and cytogenetic response rates,
2-year OS and EFS (event-free survival) were
not different between patients in chronic phase
with and without clonal evolution. However,
clonal evolution had a significant adverse im-
pact when associated with other features of
accelerated phase [15].

Clonal evolution in relapsed AML re-
vealed by whole genome sequencing brought
to light two major clonal evolution patterns:
the founding clone in the primary tumor
gained mutations and evolved into the relapse
or a subclone of the founding clone survived
initial therapy, gained additional mutations
and expanded at relapse. In all cases, chemo-
therapy failed to eradicate the founding clone
[16]. The other investigation of clonal rela-
tionship in AML in various disease phases
showed that incomplete eradication of found-
er clones in the process of treatment rather
than stochastic emergence of fully unrelated
novel clones underlies relapse and persist-
ence. At the same time cases with two coex-
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isting dominant clones of which at least one
was chemotherapy sensitive and one resistant
were revealed [17].

Therefore, leukemia cell clonal evolu-
tion accelerated by treatment should be moni-
tored for cell drug resistance ex vivo before
any treatment course by using methods from
simple (in suspension culture) to complex (in
contact with mesenchymal cells). Moreover,
if clonal evolution pattern of each patient is
available, its application in clinical practice
may show the way to therapy personalization.

Without discussion of the well known drug
resistance mechanisms, drug sensitivity moni-
toring is a method for addition to a new ther-
apy but not instead of it. Most comprehensive
analysis in future will be based on the studies
of comparative research of normal hematopoi-
etic and leukemic stem cell drug sensitivity in
the presence of mesenchymal cells. Currently,
most research efforts are put into distinguish-
ing and analyzing driver alterations although
an in-depth understanding of the driver altera-
tions in the early stages of tumorigenesis has
not emerged for most cancer types. Now we
can manipulate the difference of normal and
leukemic stem cells drug sensitivity. There-
fore, it is reasonable to pay more attention to
cells treatment ex vivo in preclinical studies
and to compare with the results in vivo.

Targeted treatment may be based on the
molecular type of disease and on the tested
cellular drug sensitivity of the individual
patient at least for remission induction. The
amount of drug sensitive cells found in vitro is
important for the level of expected treatment
response. In the case of therapy relied on the
molecular markers, the treatment may involve
only a small subclone as there is no reliable
information about cell number prepared for
response to therapy.

Sometimes there is no coincidence between
poor prognostic molecular markers and good
survival [5, 18]. It should be stated that ex vivo
cell drug sensitivity studies have their shortcom-
ings [19-22]. Therefore, multilevel drug sensi-
tivity diagnostics are to be investigated.

It seems that is no need to be in search
of new separate prognostic molecular mark-

ers. It is necessary to foresee the first and next
cell responses to therapy on the basis of cell
susceptibility studies namely at the moment
of treatment beginning and in its course in
order to reach remission. This approach gives
the opportunity to take into consideration the
integral response without costly and time con-
suming comprehensive study of mutational
and epigenetic evolution mechanisms and has
clinical application despite all disadvantages
of the methods used.

Leukemia cases usually don’t share abso-
lutely all the same genomic features. The per-
sonalized therapy connected with the unstable
individual profile of cellular drug susceptibility
is of definite sense. Minimal residual disease es-
timation and whole exome sequencing are not
alternative to cellular drug sensibility evaluation.

As it is not so easy to inhibit tumor evo-
lution, diagnostics of cells sensitivity in the
process of evolution may be of particular in-
terest with remission induction. However, ad-
vantages of monitoring procedure sometimes
are not so obvious.

From a practical standpoint it should be
stated that clinical efficacy depends on whole-
genome sequencing or at least on genome-wide
associated studies, minimal residual disease
evaluation and direct testing of cell drug sensi-
tivity at the appropriate periods of the disease.
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KJIOHAJIBHAS DBOJIIOLUAA JEMKO3HBIX
KJIETOK U XUMHUOPE3UCTEHTHOCTD

JIeliKo3HbIE KIIETKM HAKaIUIMBAIOT MYTalMd M SMUTEHETUYECKUE U3MEHEHHS B MPOLIECCE
pa3BuTHs 3a00€BaHus, GOPMUPYS T€TEPOTECHHBIE MOMYJISIIUN KIETOK, KOTOPHIE SBIISIFOTCS 00b-
€KTOM BbIOOpaA JJI BO3ICUCTBUS U MOTYT MO-Pa3HOMY pearupoBaTh Ha Tepanuio. XUMHOTEpa-
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Us1, B CBOIO OYEpe/Ib, BO3/IEHCTBYET Ha BHOBb 0OpazoBanHble MyTaiuu JJHK u Mmoxxet ynudro-
XKaTh HanOoJjee YyBCTBUTEIbHBIC K JIEKAPCTBEHHBIM IpenaparaM JeHKO3HbIe KIETKH, COXpa-
HSIS XUMHUOUHAYIIUPOBAHHBIE YCTOWYMBBIE CYOKIIOHBI. [103TOMYy HEOOXOAMMO CIEIUTh 3a W3-
MEHEHUSAMU B CYOKJIOHAJILHOU CTPYKTYpE BO BpeMsl IPOTrpecCUpOBaHUs 3a00JIeBaHMsI, TaK KaK
HapacTarollas KJIOHAJIbHAs 3BOJIOLMS JIEMKO3HBIX KJIETOK SIBIISETCS OCHOBHOM IPUYUHON JIe-
KapCTBEHHON yCTOMUMBOCTH U HEI((HEKTUBHOCTH JedeHus1. TapreTHas Tepanus 6a3upyercs Ha
yueTe MOJIEKYJISIPHOTO TUIa 3a00JIeBaHMs, TOTJa KaK MUTOTOKCHYECKas Teparnus — Ha oIpe/e-
JSIEMOW KJIETOYHOW XMMHOYYBCTBUTEIBHOCTH NMalUeHTOB. OLIEHKA KJIETOYHOW YyBCTBUTEIIb-
HOCTH K JIEKAPCTBEHHBIM IIpenaparaM He SIBISIETCS aJIbTEPHATUBOM OIPEIEIICHUI0 MUHUMAIIb-
HOW OCTAaTOYHOM OOJIe3HU WMJIM MOJIHOTO CEKBEHHPOBAHUS T€HOMA /sl BHIOOpa Tepanuu. Tak
KaK HEJIETKO MHTHOMPOBATh SBOJIOIMIO T€HOMA OIYXOJH, ONpEIEICHUE YyBCTBUTEIBHOCTH
KJIETOK B IIPOLIECCE OILyXOJIEBOI0 POCTA MOXKET OKA3aThCs BaXKHBIM IIPU MHAYKLUU PEMUCCUU.
Tem He MeHeEe, IPEUMYLIECTBA OTAEIbHBIX IIPOLIEYP MOHUTOPUHIA HE BCEI1a OYEBUIHBI.
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