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Aim. To investigate association of the miR-137 expression in neuroblastoma patients with clinical and bio-
logical characteristics of the tumor, and the relationship with survival rates. Methods. qRT-PCR, FISH.
Results. Analysis of 61 primary diagnosed neuroblastoma samples revealed a significantly lower expression
of miR-137 in patients with the higher risk prognostic factors including the MYCN amplification, onset age,
disease stage and overexpression of he p53 antagonist MDM2. Although miR-137 is not an independent risk
factor, its higher expression was significantly associated with both improved event-free survival (5 year:
50.4 % vs. 12.2 %) and overall survival (5 year: 46.9 % vs. 19.1 %), indicating a potential tumor suppressor
role in neuroblastoma. Conclusion. We identified miR-137 as a new microRNA of potential importance for
the neuroblastoma tumor biology. We demonstrated that miR-137 expression can be used as a biomarker to
stratify the neuroblastoma patients according to the clinical course.
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Introduction

Neuroblastoma (NB) is the most common pediatric
solid tumor and represents 15 % of all childhood
cancer deaths [1]. It is a neuroendocrine tumor, aris-
ing from any neural crest element of the sympathetic
nervous system [2]. Remarkable heterogeneity is
observed in the tumor phenotype, ranging from
spontaneous regression to relentless progression.
NBs are heterogeneous in terms of both genotype
and clinical behavior. Recent studies have suggested
that these two features are related, and that the geno-
type frequently is predictive of the response to treat-
ment or the patient outcome [3].

NB remains a significant challenge as high-risk
patients are treated with intensive multimodal the-

rapies but cure rates are still suboptimal. The doz-
ens of clinical and biologic markers have been pro-
posed as being predictive of disease outcome, but
many clinical correlative studies are focused on the
identification of the markers, which can be used in
clinics to optimize the therapy for an individual
patient [4].

The aberrant expression of microRNAs has re-
cently been reported in many tumors, including NB.
MicroRNAs are small non-coding RNAs derived
from the longer precursors that regulate 30 % of the
human gene expression at the posttranscriptional
level by targeting messenger RNAs (mRNAs) [1]. In
cancer, the function of microRNAs is dependent on
their mRNA targets, so they can act as tumor sup-
pressors or as oncogenes [5].
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MicroRNAs regulate multiple steps of neurogen-
esis. Neurogenesis includes self-renewal and fate
specification of neural stem cells, migration and
maturation of young neurons, and functional inte-
gration of new neurons into the neural circuitry.
MicroRNAs have been shown to regulate all these
steps of neurogenesis by base-pairing with target
mRNAs to control the target gene expression [6].
The brain-enriched microRNA, miR-137, plays a
significant role in regulating neuronal maturation.
Overexpression of miR-137 inhibits the dendritic
morphogenesis, phenotypic maturation, and spine
development in both brain and cultured primary neu-
rons. On the other hand, a reduction in miR-137 has
the opposite effects [7]. MiR-137 may directly or
indirectly regulate the expression of other “undiffer-
entiated state” genes in the context of preservation of
the proper central nervous system (CNS) develop-
ment. However, a precise role of this microRNA at
the early stages of neuronal differentiation during
the embryonic development has not been clearly
identified.

MiR-137 is located on chromosome 1p22 and is
downregulated in several human cancer types, in-
cluding the colorectal, bladder, pancreatic, lung can-
cer, glioblastoma, oral cancer and head and neck
squamous cell carcinoma, and many others [8].
Furthermore, the miR-137 overexpression in NB
cell lines reduces the cell viability and proliferation
while promoting the neuronal differentiation. Also,
miR-137 functions as a tumor suppressor in NB by
downregulating histone demethylase, KDMIA,
which represses the p53/7P53-mediated transcrip-
tional activation [9]. In recent studies, an inducing
effect of miR-137 on p53 was shown in different
cancer and normal cell lines [9—12]. MiR-137 targets
KDM1A mRNA for degradation and leads to a con-
sequent release of p53 from the KDMI1A suppres-
sion which causes the p53 mediated cellular senes-
cence [12].

The p53/MDM2 pathway is often inactivated in
NB by different mechanisms and is involved in the
MYCN oncogene overexpression, which plays a
critical role in determining the clinical behavior of

NB [13]. MDM?2 has been recently characterized in
NB cell lines as a transcriptional target of MYCN
[14]. MYCN also transcriptionally upregulates the
p53 expression in NB and may be an important
mechanism by which MYCN induces apoptosis
[15]. However, no evidence of a direct interaction
with MDM2 or MYCN has been reported for
miR-137. A number of studies demonstrate the
changes in the miR-137 functional activity and ex-
pression in NB cells with the MYCN amplification
(MNA) [9,16,17].

In this study we investigated an association of the
miR-137 expression in the NB patients with clinical
and biological characteristics of the tumor and the
relationship with survival rates.

Materials and Methods

Study subject

61 patients with verified diagnose of NB were en-
rolled into this study. The age of patients ranged
from 1 month to 17 years, mean age was
36.4+5.6 months. Stages distribution: I-II stage —
20 %, III stage — 24 %, IV stage — 56 % of patients.
All patients were treated in accordance with interna-
tional standards of treatment for NB. Written in-
formed consent was obtained from patients’ parents
for tissue sampling according to the requirements of
the protocol N 35 from 1.03.2015 approved by
Ethical Commission of the National Cancer Institute.

Tumor samples were collected before any cytore-
ductive treatment by biopsy or tumor resection.
86.9 % of samples were obtained from primary NB
tumors, 13.1 % — from recurrent and metastatic foci.
Fresh tumor samples for gPCR analysis were stored
in “RNA-later” (Ambion, USA) to stabilize RNA
and DNA; for fluorescent in situ hybridization
(FISH), formalin-fixed, paraffin embedded tissue
(FFPE) samples were used.

gRT-PCR

Nucleic acids were extracted from the tumor sam-
ples using Nucleo Spin MiRNA (Macherey-Nagel,
Germany). Total RNA was reverse transcribed to
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cDNA with stem-loop primers and the TagMan
MicroRNA Reverse Transcription kit (Applied
Biosystems, USA). To quantify endogenous
miR-137, TagMan MicroRNA Assays (Applied
Biosystems, USA) were used. Level of miR-137
was normalized to U6 snRNA expression. Real-
time RT-qPCR was performed with 7500 Real-
Time PCR System (Applied Biosystems, USA)
and TaqMan Universal PCR MasterMix.
Calculations were performed using the AACt rela-
tive quantification method.

Genomic MYCN status was assessed in NB fresh
tumors by real-time qPCR analysis and FISH for
FFPE samples. MDM2 mRNA expression level was
detected by real-time RT-qPCR using TagMan prim-
ers and probes. MYCN status and MDM?2 expression
in NB tumor samples were analyzed, as previously
described [18]. Results were normalized to relevant
controls.

Statistical analysis

All experiments were repeated independently at
least three times. Gaussian distribution of the group
was checked with Kolmogorov-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 Characteristic curve).
Event-free and overall survival was evaluated by
Kaplan-Meier estimator, statistical significance of
parameters differences was determined using F-Cox
criterion. The time to event was calculated as the
time from study enrollment to the first occurrence of
relapse, progressive disease, secondary malignancy
or death. Patients without events were censored at
the time of last contact. 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 package 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.
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Results and Discussion

In this study we established that the value of
miR-137 expression varied quite widely in the NB
tumor samples depending on the occurrence age,
disease stage, MYCN gene status and MDM?2 ex-
pression level, and a lower expression was ob-
served in the patients with known higher-risk
prognostic factors. There was a statistically insig-
nificant decrease in the miR-137 expression level
in the samples from recurrent and metastatic foci
comparing to the primary tumors (Fig. 1A). This
may indicate a role of miR-137 in the development
and pathogenesis of NB.

We used a Mann-Whitney U-test to identify the
microRNA differentially expressed between the
tumors with different molecular and clinical fea-
tures. It is known that the age of patients at the
time of the disease detection is an independent
prognostic marker of NB prognosis used by differ-
ent stratification systems [19]. The patients were
subdivided by age into patients younger than
12 months, from 12 to 24, 24 months and older.
Interestingly, miR-137 was differentially ex-
pressed between all these age groups. We observed
the lowest expression of miR-137 in the patients
from 12 to 24 months in the primary tumor sam-
ples, p<0.02 (Fig. 1B). This phenomenon still
needs further study and explanation.

The stage were defined for the entire NB cohort
with regard to the metastatic progression (I-II
without metastases, III with regional metastases
and IV with distant metastases). We also distinct
the groups with different MYCN status causing a
clinically aggressive NB course. The miR-137 ex-
pression was lower in the tumor samples obtained
from the patients with the disseminated disease
stages compared with the early-stages, p=0.04
(Fig. 1C) and in the patients with a high MDM?2
expression compared with a low one, p=0.04
(Fig. 1E). This testifies to the assumption that this
microRNA regulates the p53-mediated signaling
pathway by interaction with MDM?2. MicroRNA
miR-137 was considerably differentially expressed
between MNA and MYCN-negative tumors,
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p<0.001 (Fig. 1D). Our findings confirm MNA as a
major cause of differential microRNA expression
in NB. The frequency of MNA detected in our
study (32.7 %) did not differ from the data ob-
tained by other research groups [20].

We used ROC-analysis to assess the prognostic
significance of the miR-137 expression in the NB
progression and outcome. Overall (OS) and event-
free survival (EFS) rates were applied as the criteria
of clinical efficacy for patient distribution on groups
according to the miR-137 expression level. As fol-
lows, a low miR-137 expression was shown as a
marker of unfavorable NB and risk of the disease
recurrence. This marker has sufficient sensitivity and

specificity for both OS (AUC: 0.67, p=0.03,
Se: 76.9 %, Sp: 62.5 %, optimal criterion: <0.06 a.u.)
and EFS (AUC: 0.7, p=0.009, Se: 66.7 %, Sp: 72.7 %,
optimal criterion: <0.04 a.u.) and may serve as an
independent marker of prognosis and stratification
of the NB patients on risk groups.

The patients were divided into two groups accord-
ing to the miR-137 expression level (high and low
expression) by the ROC-analysis optimal criterion.
As the result, the low miR-137 expression was found
in 52.8 % (28/53) of patients.

Thus, the low miR-137 expression was associated
with the unfavorable clinical NB features (MNA,
disease stage, MDM?2 expression), indicating a link
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Fig. 2. Kaplan-Meier graphs of OS (A) and EFS (B) for NB patients regarding miR-137 expression level.

between the miR-137 under expression and the high-
risk phenotype.

To confirm the obtained results we have ana-
lyzed the overall (OS) and event-free survival
(EFS) of the NB patients depending on the miR-
137 expression level. The analysis of the miR-137
expression level in the primary diagnostic neuro-
blastoma samples revealed a significant associa-
tion of a low miR-137 expression with poor EFS
and OS. We found that the patients with a low
miR-137 expression had less favorable EFS
(p<0.01) and OS (p<0.01) than the patients with
the highly miR-137 expressed tumors (12.2 % and
19.1 % vs 50.4 % and 46.9 %, respectively; Fig. 2).
Such a significant difference suggests that this
marker can play a substantial role in the pathogen-
esis and progression of NB.

Therefore, a decreased miR-137 expression was
associated with a risk of the disease recurrence and
generally with the reduction of patients’ lifetime.
Such a significant difference suggests that this mark-
er plays a substantial role in the pathogenesis and
progression of NB.

Taking into account a strong correlation with
major determinants of tumor biology and clinical
course, we consider miR-137 as a miRNA of po-
tentially high importance in the NB tumor biology.
Our results are in line with the recent report by
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Althoff K. et al. [9], who also reported a high miR-
137 expression to be correlated with a favorable
prognosis for the NB patients. To date, little is
known about the miR-137 functionality or involve-
ment in the disease. The role of miR-137 in gen-
eral as well as in the NB tumor biology strongly
warrants further investigations. We assume that
miR-137 may be an indirect upstream regulator of
p53 mostly by the degradation of KDM1A and the
violation of its expression in NB is one of the pos-
sible mechanisms of the p53 pathway deregulation
along with other alterations. The pathways, by
which p53 regulates this microRNA, as well as
possible interplay with MYCN and MDM?2 remain
to be elucidated.

Conclusions

Taken together, we here demonstrate that the mi-
croRNA expression can be used as a biomarker to
stratify the NB patients according to the clinical
course. We identified that miR-137 is potentially im-
portant for the NB tumor biology. The expression of
miR-137, which is repressed in the MYCN-amplified
tumors, was negatively associated with the MDM?2
gene expression and predictive of survival. Further
studies are necessary to test a predictive facility of
the miRNA-137 expression in a larger number of pa-
tients.
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Excnpecis mikpoPHK-137 npu HeiipodsiacTomi: poJib
B KJIIHIYHOMY nepefiry 3aXBoprOBaHHs.

M. B. InomictoBa, H. M. Xpanoscbka, O. B. CkaukoBa,
I I. Kimmarok, C. B. lemunos, H. M. Ceepryn

Mera. [locinutu acowianito excrpecii MikpoPHK-137 y xBoprx
Ha HelpoOIacToMy 3 KITiHIYHUMH Ta Gi0JIOTIYHUMY XapaKTepUCTH-
KaMH ITyXJIMHH Ta 3B’s130K 3 BipkuBanicTio. Metoau. qRT-PCR,
FISH. Pe3yasraTtn. Anamiz piBHIB ekcrnpecii MikpoPHK-137 B
61 3paskax MEpBHHHO JAIarHOCTOBAHOI HEHPOOIacTOMH IOKa3as,
IO y XBOPHX 3 BiZIOMUMHM IIPOrHOCTUYHUMHU (HAKTOPAMHU BUCOKOTO
PHBHUKY, TaKUMH K amruTidikariis onkoreHa MYCN, Bik Ha MOMEHT
BYSIBIICHHSI 3aXBOproBaHHs, [V cTaIist 3aXBOPIOBAHHS i BHCOKA EKC-
npecist MDM?2, antaronicra p53 3 OHKOTCHHUMH BIIaCTUBOCTSIMU,
piBens excripecii MikpoPHK-137 3nauHo 3HmMKeHM. He3akaroun
Ha Te, o excrpecis MikpoPHK-137 e € Hezanexxaum hakropom
PU3HKY, il MIBUILEHHS B 3HAYHIN Mipi OB s3aHe SIK 3 TOKpAIleH-
HM Oe3penmuBHOi BipkuBaHocTi (5-tu piuna: 50,4 % mporn
12,2 %), TaK i 3aranpHOI BIKUBAHOCTI (5-TH pivHa: 46,9 % npotu
19,1 %), 1110 BKa3ye Ha il TOTEHIIiHY pOJIb SIK OHKOCYTIpeccopa MpH
HelipoOmactomi. BucHoBku. Mu BusHaummy, 1mo MikpoPHK-137
Mae MOTEHIIIIHO BaXKIIMBY POJIb B pO3yMiHHI1 Oiosorii HelipobnacTo-
mu. Hamu nokasano, 1o excripecist MikpoPHK-137 moxe OyTi BU-
KOpHCTaHa B SIKOCTI Oiomapkepa Juisi cTparudikanii marjieHTiB 3a
TpynaMy pU3KKY Ta KIIHIYHIM NepediroM HepoOiacToM.

Kuawuosi cuoBa: Helipobnactoma, excipecist MmikpoPHK-137
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Ikcnpeccusi MUKpoPHK-137 npu HelipodiacTome: poJib
B KJIMHHYECKOM TeYeHHH U McXojie 3200/ ieBaHusI.

M. B. UaomuctoBa, H. H. Xpanoscekas, O. B. CkaukoBa,
I . Kimmmarok, C. B. lemunos, H. H. Ceepryn

Heanb. Vcenenopars accorpanuto sxcnpeccut MukpoPHK-137 y
GOJIBHBIX C HEHPOOIACTOMOH € KIIMHHYECKUMH 1 OHOJIOTNUECKIMH
XapaKTePHCTUKAMI OIyXOIMHM U €€ CBS3b C BBEDKMBAEMOCTEIO.
Mertoasi. qRT-PCR, FISH. Pe3yabrarbl. AHamm3 ypoBHEH dKc-
npeccur MukpoPHK-137 B 61 obpa3uax nepBHYHO AUATHOCTUPO-
BAaHHOM HEHPOOIACTOMBI M0Ka3aJl, YTO Yy OOJBHBIX C U3BECTHBIMU
MPOTHOCTUYECKMMHU (DaKTOpaMu BBICOKOTO PUCKA, TAKUX KaK aM-
wmdukanys oHkoreHa MYCN, BO3pacT Ha MOMEHT BBISIBIICHUIS
3aboneBanns, IV cramus 3a0oneBaHus M BBICOKas SKCIPECCHS
MDM?2, anTaroHucTa p53 ¢ OHKOTEHHBIMH CBOMCTBAMH, YPOBEHb
skcnpeccrnr MUKpoPHK-137 3nauntensHo cHimkeH. HecMotpst Ha
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10, uTO Kcrpeccusi MUKpoPHK-137 He sBnsiercst He3aBUCHMBIM
(hakTOpOM pHCKa, ee TIOBBIIICHNE B 3HAYUTEIBHOH CTEIICHN CBsI3a-
HO KaK C yTy4lIeHneM Oe3peiIUBHON BEDKUBAEMOCTH (5-IETHSS:
50,4 % nmpotus 12,2 %), Tak u ¢ 001Ieil BEBDKUBAEMOCTBIO (5-11eT-
Hs141: 46,9 % npotuB 19,1 %), 4T0 yKa3bIBaeT Ha €€ NOTEHIUAIBHYIO
pOJib Kak OHKOCyIpeccopa mpu Heifpobmactome. BoiBonbl. Mbl
omnpenenmy, yto MUKpoPHK-137 uMeer NOTCHIMAIBHO Ba)KHYIO
ponb B TIOHMMaHUK Owonorun HetfipoOrmactoMsl. Hamu mokasamo,
yro 3kcrpeccus MUKpoPHK-137 moxer ObITh CHONb30BaHa B Ka-
YecTBe OMoMapkepa Juisl CTpaTU(UKAINK [AIUESHTOB 110 TPYIaM
pHCKa ¥ KIIMHUYECKHM Te4eHHEeM Heiipo01acTOMBI.

KanwueBble
poPHK-137

cjaoBa: HCI71pO6J'IaCTOMa, OKCHOpECCusi MUK-
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