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Neuroblastoma is one of the most common cancers in children that arises from
sympathetic nervous system tissue with a high rate of incidence in Ukraine. Genetic
abnormalities containing loss of chromosome 1p36 and 11q, MYCN amplification are
strongly associated with poor prognosis of this disease.

Despite rare TP53 mutations, p53 pathway is often inactivated in neuroblastoma,
mostly by MDM2 overexpression. Members of miR-34 microRNA family are the most
prevalent p53-induced miRNAs and important mediators of tumor suppression. MiR-34
microRNA family consists of three members: miR-34a is encoded by its own transcript
from 1p36, whereas miR-34b and miR-34c share a common primary transcript in 11q. It
is suggested that miR-34a is a suppressor of neuroblastoma tumor genesis, as it targets
many oncogenes such as E2F3, BCL-2 and MYCN.

In this study, we present evidence of miR-34 deregulation in neuroblastoma. A de-
crease of miR-34 expression was associated with unfavorable clinical and biological
features of the disease. Low miR-34a expression was associated with a decrease of
survival rates in groups of patients with MDM2 overexpression and MYCN not-amplified
low expressed MDM?2 neuroblastoma. Taking this into account, analysis of mir-34a ex-
pression can help to improve personalized therapy strategy and serve as additional
marker for the stratification optimization in patients with neuroblastoma.

Keywords: neuroblastoma, miR-34 microRNA family, expression, clinical outcome.

INTRODUCTION

Neuroblastoma (NB) is the most common extracranial solid childhood tumor. It is
responsible for ~15 % of all childhood cancer mortality with a high rate of incidence in
Ukraine and worldwide. NB originates from immature sympathetic nervous system cells,
and almost all NBs (90 %) are diagnosed in patients younger than 5 years, with the me-
dian age of occurrence being around 22 months [10]. The most of tumors are found in
the abdomen (65 %), often in the adrenal medulla, or elsewhere in the body where sym-
pathetic nervous system components are present [3]. This disease displays remarkable
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heterogeneity in clinical behavior, ranging from spontaneous regression to rapid progres-
sion, metastasizing and resistance to the therapy. The clinically heterogeneous nature of
NB partly arises from its biological and genetic heterogeneity. Moreover, genetic and
molecular findings are now routinely considered in therapeutic decision making. Amplifi-
cation of the MYCN gene and a complex set of chromosomal aberrations are characte-
ristic of poor NB prognosis, including 1p36 deletion, 11q deletion, and 17q gain [1, 2, 8].

MiRNAs are non-coding, single-stranded RNAs consisting of approximately 22—
25 nucleotides, and they constitute a novel class of gene regulators. They negatively
regulate their targets in one of two ways, depending on the degree of complementarity
between the miRNA and the target. MiRNAs exert their regulatory effects through bind-
ing with canonical 7-8 nucleotide complementary sites, called “seeds,” within the
3’ untranslated regions (UTRs) of their mRNA targets. The other post-transcriptional
repression mechanisms in which miRNAs use their central region to pair to their targets
or in which miRNAs can simultaneously bind 5’-UTR and 3’-UTR motifs through their
3’- and 5’-end sequences, respectively, to drive mRNA cleavage [2]. In general, the
translational control mechanism used by miRNAs to reduce the protein levels of their
target genes implies that the mRNA levels of these genes might be affected.

MiR-34 microRNA family consists of three members: miR-34a, b, and c. In mam-
malians, the miR-34 microRNA family comprises three processed miRNAs that are en-
coded by two different genes: miR-34a is encoded by its own transcript from 1p36.22 chro-
mosome, whereas miR-34b and miR-34c share a common primary transcript in
11923.1 chromosome. These chromosomal regions are often deleted in the NB (Fig. 1)
and are associated with unfavorable NB outcome. In mice, miR-34a is ubiquitously ex-
pressed with the highest expression in brain, whereas miR-34b/c is mainly expressed in
lung tissues. MiR-34a is expressed at higher levels than miR-34b/c, with the exception of
the lung, in which miR-34b/c is dominantly expressed. Therefore, the two miR-34 genes
presumably have tissue-specific functions [4].

Despite rare TP53 mutations, p53 pathway is often inactivated in the NB. Deletion
of TP53 occurs mostly in the relapsed tumors after chemotherapy (Fig. 1) [11]. MDM2 is
a direct p53 antagonist leading to its tumor suppressor activity decrease.

Aloss of miR-34a has been linked to chemoresistance of several cancers [7]. Seve-
ral studies have reported that the three miR-34 microRNA family members that have
been identified are direct targets of p53, and their ectopic expression can reproduce
p53-mediated effects, including cell-cycle arrest and induction of apoptosis and senes-
cence-like phenotypes, whereas inhibition of miR-34a functions impairs p53-induced
apoptosis upon DNA damage induction. Similar to other p53-target genes, miR-34 genes
may be the important targets for other signaling pathways involved in normal develop-
ment [9]. miR-34a expression reduces glioma stemness and induces cell differentiation
into astrocytes, neurons, and oligodendrocytes. Emerging evidence suggests a role for
aberrant miRNA regulation in the NB. To date, several miR-34a targets have been ex-
perimentally validated, including CDK4/6, cyclin E2, cyclin D1, E2F5, MET, Bcl2, MYCN,
and SIRT1. MiR-34a can simultaneously target the components of several signaling cas-
cades involved in the NB tumorigenesis and, thus, the magnitude of miR-34a effects on
protein expression changes that occur at early time points in the NB cells [2].

The aim of this study was to investigate the miR-34 microRNA family expression
changes in the NB tumor samples and to determine their association with clinical fea-
tures and disease outcome.
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Fig. 1. Model of the p53/miR-34 network and its potential impairment in the NB ([6], modified and comple-
mented).
DNA damage leads to activation of p53 that induces cell-cycle arrest through p21 and apoptosis
through different targets including Puma. miR-34 is a direct transcriptional target of p53. miR-34
induces cell death through apoptosis and cell-cycle arrest through silencing of its potential targets. In
the NB, different modes of interference in this model occur, including mutation/deletion of TP53 and
down-regulation of miR-34 microRNA family members by their gene loci deletion or other way

Puc. 1. Mogenb B3aemogii p53/mikpoPHK-34 i il moxnueux nopylieHb npu Hevpobnactomi ([6], 3miHEHO
i LONOBHEHO).
MowkomxeHHsa OHK akTvBye p53, KM CNPUYNHSAE 3YNNHKY KIMITUHHOTO LMKy Yyepes p21 i anonTos 3a
[0MOMOrOH Pi3HUX MilleHew, Bkovaoun Puma. MikpoPHK-34 € npsimoto TpaHCKpUMUiNHOK MilLeH-
Hio p53. MikpoPHK-34 iHaykye 3arnbenb KMiTUH WASXOM anonTo3y i 3yNUHKW KIMITMHHOTO LMKy Yepes
iHribyBaHHSA CBOIX MOTEHLiNHUX MileHen. [pn HepobnacToMi BUHMKAOTb NOPYLUEHHS L€l cuctemu,
BKIoYatoun myTadii/aenedito TP53 i 3HMKEHHSI aKTUBHOCTI YneHiB poamHn MikpoPHK-34 3aBasiku ge-
neuii NoKyciB iX reHiB Ym iHWK1M cnocobom

MATERIALS AND METHODS

Patients. Tumor samples were collected from 64 patients with verified NB before
any cytoreductive treatment by biopsy or tumor resection. Written informed consent was
obtained from patients’ parents for tissue sampling according to the requirements of the
protocol No. 35 from 1.03.2015 approved by Ethical Commission of the National Cancer
Institute. All patients were considered sporadic cases on the basis that no family histo-
ries of the NB were reported. No patient received chemotherapy or radiotherapy before
tumor sampling.

Samples processing and nucleic acids extraction. Fresh tumor samples for
gPCR analysis were stored in RNA-later (Ambion, USA) for RNA and DNA stabilization.
Total RNA and DNA were extracted from tissues using NucleoSpin MiRNA Kit (Mache-
rey-Nagel, Germany) following the manufacturer’s instructions. The final elution volume
was 30 ml. The concentrations of all RNA samples were quantified by ThermoScientific
NanoDrop-1000 (Thermo Fisher Scientific, USA).
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MicroRNA quantification by real-time quantitative RT-PCR. 30 ng of total RNA
were reverse transcribed to cDNA with stem-loop primers and the TagMan MicroRNA
Reverse Transcription kit (Applied Biosystems, USA). Relevant TagMan MicroRNA As-
says (Applied Biosystems, USA) were used to quantify miR-34 (hsa-miR-34a, hsa-miR-
34b and hsa-miR-34c). Normalization was performed with the small nuclear RNA (sn-
RNA) U6. This snRNA is stably expressed reference gene suitable for use as normal-
izer in TagMan assays. Real-time qRT-PCR was performed with 7500 Real-Time PCR
System (Applied Biosystems, USA). The cycle threshold (Ct) is defined as the number
of cycles required for the fluorescent signal to cross the threshold in qPCR. Calculations
were performed using the AACt relative quantification method. Each sample was run in
duplicates for analysis.

MYCN amplification and MDM2 expression analysis. TagMan primers and
probes were used to analyze genomic MYCN status in NB fresh tumors by real-time
gPCR analysis and MDM2 expression level with real-time qRT-PCR. MYCN status and
MDM2 expression were analyzed as previously described [5]. Results were normalized
to relevant controls.

Statistical analysis. Gaussian distribution of the group was checked with Kol-
mogorov—Smirnov tests. Analysis of the association between the studied markers and
clinical characteristics of patients was performed using U-Mann-Whitney test. Prognostic
significance of markers was verified with the ROC-curve (Receiver Operating Characteris-
tic curve). Overall survival was evaluated by Kaplan—Meier estimator, statistical signifi-
cance of parameters differences was determined using F-Cox criterion. Overall survival
time was calculated as the time from study enrollment until the time of death or the time
of last contact if the patient was alive. The data were processed with the software packa-
ge Statistica 6.1 using parametric and nonparametric methods of statistical analysis and
MedCalc 12.1.4.0. The difference was considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

Virtually all NBs have wild-type TP53 before treatment with chemotherapy, sug-
gesting that the p53 pathway may be attenuated by another mechanism in these tumors
[11]. We examined expression of miR-34a, b and c in the NB tumors and found that
a majority of them express detectable levels of miR-34a and extremely low levels of
miR-34b and c (Fig. 2).

We compared the expression of microRNA-34a, b and c levels in human brain,
normal adult neural tissue with the highest miR-34a expression. It was found that miR-
34a (Fig. 2, A) and c (Fig. 2, C) were detectable in all samples and mir-34b (Fig. 2, B) in
93 % of primary NB, and all of them were substantially underexpressed comparing to
normal brain level in most tumor NB samples. As expected, strong positive correlation
between miR-34 microRNA family members (Spirman correlation analysis: miR-34a vs
miR-34b: R = 0.8, p<0.05; miR-34a vs miR-34c: R = 0.8, p<0.05; miR-34b vs miR-34c:
R =0.95, p<0.05) was found.

Analyzing miR-34 expression in both primary and secondary tumors, we concluded
that miR-34 expression is reduced in metastasis and relapses (See Table). Direction of
miR-34a,b and c expression were changed depending on NB clinical and biological
characteristics, and they were similar for all microRNAs, although but statistically sig-
nificant differences were observed only for miR-34a.
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Fig. 2. Levels of expression of miR-34 microRNA family measured by qRT-PCR in primary human NB tumor
samples
Comments: A — miR-34a; B — miR-34b and C — miR-34c expression levels. Normal human brain
expression is indicated by red thick line

Puc. 2. PiBHi ekcnpecii poanHu mikpoPHK miR-34, BusHaveHi 3a gonomoroto kinbkicHoi 3T-MJP y 3paskax
NePBUHHMX NYXMUH HelpobrnacTomu
Mpumitkn:  PiBHi ekcnipecii MikpoPHK: A — miR-34a; B — miR-34b i C — miR-34c. Ekcnpecito B Hop-
MarbHil TKaHWHI FOfIOBHOrO MO3KY MO3HAYeHO YEPBOHO MOTOBLLEHOHO NiHiE0

Patients were divided by age on younger than 12 months, from 12 to 24 months,
and patients 24 months age and older. Age of patient is an independent prognostic
marker of the NB and it is used for patient stratification on risk groups. Patients under
2 years constitute a high risk group. In this study, we observed a significant decrease
of miR-34 expression in older patients. Stage was dichotomized for the entire NB co-
hort with respect to metastatic progression. It was found that in patients with a diffused
late-stage disease miR-34a expression level was lower than in patients with early-
stages NB.

We also defined groups with different MYCN status and MDM2 expression levels
that cause clinically aggressive NB course. The lowest level of miR-34a expression was
observed in tumors with MYCN amplification and high MDM2 expression which are the
markers of poor prognosis of the disease.
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Clinical and biological characteristics and expression of miR-34 microRNA family
in the NB tumors
Kniniuni Ta 6ionoriyHi xapaktepucTukm n ekcnpecisa poguHn MikpoPHK miR-34
y nyxJfiMHax Henpob6rnacTomu

Median of miRNA expression level, a.u.
Clinical and biological features

of NB Number (%) ., ~ MR-34b  miR-34c
(*10°) (*10°)
Primary 55 (86 %) 0.010 3.5 9.5
Tumor type i
MO e 9 (14 %) 0.003* 1.4 4.1
recurrent
PRIMARY TUMORS:
under 12 m 14 (25 %) 0.008 1.6 1.4
hge e 12-24'm 17 (31 %) 0.006 3.5 9.4
occurrence
over 24 m 24 (44 %) 0.022* 5.8 10
-1l 10 (18 %) 0.021 4.1 15
Stage i 13 (24 %) 0.007 2.3 9.3
IV 32 (58 %) 0.009* 3.1 9.1
normal 37 (67 %) 0.018 4.7 12
MYCN status
amplification 18 (33 %) 0.0057 1.5° 45
MDM2 high 31 (56 %) 0.008 2.9 5.6
CARICSSIOn low 24 (44 %) 0.0328 5.5 178

Comments: * p<0.05 comparing to primary tumors; * p<0.05 comparing to 12-24 months group; # p<0.05
comparing to I-Il stages; * p<0.05 comparing to MYCN gene single copy tumors; $ p<0.05 com-
paring to MDM2 overexpressed tumors; a.u. — arbitrary units; m — months

Mpumitkn: * p<0,05 nopiBHAHO 3 NepBUHHUMK NyxnvHamu; * p<0,05 NopiBHSAHO 3 rpynot 12—24 micauis;
# p<0,05 nopieHsiHO 3 |-l cTagiamu; * p<0,05 NOPIBHSHO 3 NyXNTMHAMKU 3 OAHIEID KOMIE reHa
MYCN; §p<0,05 nopiBHSIHO 3 NyxnuHamu 3 NiaBuLLEHUM piBHeM ekcnpecii MDM2; a.u. — yMOBHi
OAMHWLI; M - Micsaui

In this study, we present evidence of miR-34a deregulation in the NB. A decrease
of miR-34a expression is associated with unfavorable clinical and biological features of
the disease. Alterations of miR34a expression may serve as additional marker for the
optimization of patient stratification.

By using ROC-analysis, we could not obtain optimal criterion for the whole study
cohort for distribution of patients according to miR-34a expression (Area under the ROC
curve (AUC) — 0.65; p = 0.06; Se — 32; Sp — 97), and did not confirm independent prog-
nostic value of miR-34a expression in the NB. Next, we analyzed the most favorable and
poor prognostic groups. In MYCN not-amplified NB with low MDM2 expression impact of
MYCN and MDM2 in p53 regulation was excluded. We assessed with ROC-analysis the
optimal criterions for distribution of patients on groups according to miR-34a expression
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for MDM2 overexpressed (optimal criterion: <0.0208 a.u.; AUC — 0.72; Se— 78; Sp— 64;
p<0.04) and MYCN not-amplified NB with low MDM2 expression (optimal criterion:
<0.0208 a.u., AUC — 0.78; Se — 60; Sp — 88; p<0.05).
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Fig. 3. Kaplan-Maier curves of the overall survival of patients with primary NB tumors according to miR-34a
expression level
Comments: A — MYCN not-amplified NB with low MDM2 expression; B — MDM?2 overexpressed NB

Puc. 3. KpuBi 3aranbHoOi BUXKMBaHOCTI nmauieHTiB 3a KannaH-Manepom BignoBigHO [0 piBHSA eKkcrnpecii Mi-
kpoPHK-34a y nepBuHHMX NyxnuHax Heripobnactomum
Mpumitkn: A — Heripobnactoma 6e3 amnnidikavii MYCN i Husbkum pisHem exkcripecii MDM2; B — He-
npobractoma 3 BUCOKUM piBHEM ekcnpecii MDM2

In MYCN not-amplified NB low MDM2 expressed NB 2-year overall survival was on
30 % lower (Cox’s F-test: F = 2.3; p = 0.03) in downregulated miR-34a cases compared
to patients with high miR-34a expressed NB (83 and 53 %, respectively) (Fig. 3, A).
Patients with MDM2 overexpression received treatment for high risk group from the
beginning of the disease and often died from the chemotherapy toxicity. In this group,
a decrease of miR-34a was associated with significant reduction of 3-year overall sur-
vival (61 vs 31 %, Cox’s F-test: F = 2.4; p = 0.04) (Fig. 3, B). In both groups, low miR-34a
expression was associated with a decrease of the survival rates.

CONCLUSIONS

In this study, we showed that a decrease of miR-34a expression is associated with
unfavorable clinical and biological features of NB and a reduction of the overall survival.
Analysis of mir-34a expression can serve as an additional marker for the optimization of
patient stratification and help to improve personalized therapy strategy. Additional stu-
dies are needed to understand the mechanism for inactivation of miR-34a in the NB.
Restoring of miR-34a expression may be a promising therapeutic strategy.
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EKCMPECIA mikpoPHK POOWHU miR-34
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Henpobrnactoma € OgHNM i3 HANNOLUMPEHILLNX UTSAYNX OHKOSOTYHMUX 3aXBOpIO-
BaHb, WO BUHWKAE 3 TKAHWUH CUMMNATUYHOI HEPBOBOI CUCTEMU 3 BUCOKMM piBHEM 3a-
XBOpPKOBaHOCTI B YKpaiHi. [eHeTUYHi aHoManii, Taki Kk BTpath XpOMOCOMHUX OiNsIHOK
1p36 i 11q i amnnidikauia reHa MYCN, TicHO noB’a3aHi 3 HECNPUSATIIMBUM NPOrHO30M
3aXBOPHOBaAHHS.

HesBaxatoum Ha pigkicTb MyTauin reHa TP53, p53 wnsax € 4acTo iHaKTUBOBaHUM
npu HempobnacTomi 34ebinbworo Yepes HagnMwkoBy ekcnpecito MDM2. MikpoPHK
poaunHu MikpoPHK-34 € Hanbinbw sigomumn p53-iHaykoBaHumu MikpoPHK i Baxxnu-
BUMMU MefiaTopamMu oHkocynpecii. PoanHa mikpoPHK-34 cknagaeTbcs 3 TpbOX YNIEHIB:
MikpoPHK-34a kogyeTbca CBOIM BlaCHUM TpaHcKpunToM 3 1p36, Toai Sk MikpoPHK-34b
i MikpoPHK-34c ainatb 3aranbHuii nepBuHHUIA TpaHckpunT Ha 11q. NpunyckaeTbes, LWo
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MikpoPHK-34a € cynpecopoM nyxmimMHHOIO pO3BUTKY NPY HENPOBIAcTOMi, OCKINbKM A0ro
MiLLeHsIMKW € 6e3nid oHKoreHiB, Takux 9k E2F3, BCL-2 i MYCN.

Y UubOMY AOCHIAXEHHI MW HABOAMMO [0Ka3u nopyLueHHs ekcnpecii MikpoPHK-34
npu HenpobnacTomi. 3HmxeHHsA ekcnpecii MikpoPHK-34 nos’as3aHo 3 HecnpusaTnvBu-
MM KNiHIYHUMK | BioNoriYHMMKN 0COBNMBOCTAMM 3aXBOPHOBAHHSA. HU3bKMI piBEHb EKC-
npecii MmikpoPHK-34a GyB acouiioBaHUN 3i 3HMXEHHSAM MOKA3HMKIB BUXMBAHOCTI
y nauieHTiB rpynu 3 Hagecknpecieto MDM?2 i rpynn 6e3 amnnicikauii reHa MYCN
i HU3bKMM piBHEM ekcnpecii MDM2. Bepyun ue Oo yBaru, BU3HAYEHHHA eKchnpecii
MikpoPHK-34a moxe 6yTn KOpUCHMM 4N BOOCKOHANEHHS cTpaTerii nepcoHanisoBa-
HOT Tepanii Ta MOXe cryrysat 404aTKOBUM MapKepoM A5 onTUMi3aLii cTpaTudika-
Lii nauieHTiB 3 HenpobnacTomolo.

Knroyoei cnoea: Henpobnactoma, pognHa MikpoPHK-34, ekcnipecis, kKniHiYHURA
nepebir 3axBoptoBaHHs.

3KCMNPECCUA mukpoPHK CEMEACTBA miR-34
W KNUHUYECKOE TEYEHWE HEMPOBJIACTOMbI

M. Muomucmosa'?, H. XpaHoeckasi',

0. Ckaykoea', 3. lllatida', C. Jemudoe?

" HayuoHarnbHbIl uHCmumym paka

yn. JlomoHocosa, 33/43, Kues 03022, YkpauHa
e-mail: m.inomistova@gmail.com

2 Kuesckuli HauyuoHasnbHbIl yHusepcumem umeHu Tapaca Llleg4eHko
yn. Bnadumupckasi, 64, Kues 01601, YkpauHa

HerpobnacToma ABNSI€TCS OAHMM M3 CaMbIX PACNpPOCTPaHEHHbIX ETCKUX OHKO-
nornyecknx 3aboneBaHui, KOTOPOE BO3HMKAET U3 TKAHEW CUMMNATUYECKOW HEPBHOM
CUCTEMbI C BbICOKMM YpOBHEM 3aboneBaemMocTu B YkpauHe. [eHeTnyeckme aHoMa-
nnn, Takne Kak noteps XPOMOCOMHbIX yyacTkoB 1p36 n 11q, amnnudukaums reHa
MYCN TecHo cBa3aHbl C HEONaronpUATHLIM NPOrHO30M 3aboneBaHnS.

HecmoTps Ha pefkocTb MyTaumi reHa TP53, pS3 nyTb 4acTo ABNAETCHA NHAKTU-
BMPOBAHHbLIM MPU HenpobrnacTtomMe, B OCHOBHOM M3-3a M3ObLITOYHOW 3KCMpeccumn
MDM2. MukpoPHK cembn mnkpoPHK-34 asnsiotcs Hanbonee n3BecTHbIMU p53-nH-
ayumpoBaHHbiM1 MUKPOPHK 1 BaxkHbIMM MegmnaTtopamu oHkocynpeccun. Cembs Mu-
kKpoPHK-34 coctouT n3 Tpex uneHoB: MnkpoPHK-34a kogupyetcsa cBoMM COGCTBEH-
HbIM TpaHckpunToM ¢ 1p36, B TO BpeMsi kak MUKPpOPHK-34b n mnukpoPHK-34c genat
obwun nepBuYHbIM TpaHckpunT Ha 11q. MNMpeanonaraeTcs, 4to MukpoPHK-34a aBns-
€TCsi CynpeccopoM OMyXOreBoro pa3BuTust Npu HenpobnacTome, NOCKONbKY €ro Mu-
LUEHAMU ABASAIOTCA MHOXECTBO OHKOreHoB, Takux kak E2F3, BCL-2 n MYCN.

B aTom uccnegoBaHum Mbl NPpMBOANM AoKa3aTeNbCTBa HapyLUEeHUs aKCnpeccuu
MukpoPHK-34 npu Henmpobnactome. CHuxeHne akcnpeccun MnkpoPHK-34 ceasaHo
C HeBNaronpUATHLIMU KNMHUYECKMMU 1 BUOOrMyeckumMmm ocobeHHocTsamMu 3abonesa-
HUS. Hu3kun ypoBeHb akcnpeccum MukpoPHK-34a 6bin accoummpoBaH CO CHUXEHU-
€M nokasaTernen BblXXMBAEMOCTU Y NauMeHTOB rpynnbl CO cBepxakcnpeccuenn MDM2
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n rpynnbl 6e3 amnnudpukaumm reHa MYCN n HU3kuM ypoBHeM akcnpeccun MDM2.
MpuHUMas aTo BO BHMMaHMe, onpeaerneHne akcnpeccum MukpoPHK-34a moxeT ObITb
nornesHbiM Ans YCOBEPLUEHCTBOBAHUA CTpaTerMm nepcoHanns3npoBaHHON Tepanuu
N MOXET CNyXWUTb AOMNOSIHUTENbHLIM MapKepoM AN onTuMmM3auumn cTpaTndukaymm
nauMeHTOB C HEMPOBIacTOMOM.

Knrouyeenie cnoea: Helripobnactoma, cemenctso MukpoPHK-34, akcnpeccus, knn-
HMYeckoe TeyeHve 3abonesaHus.

OpepxaHo: 01.07.2016
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