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Abstract. Neuroblastic tumours exhibit heterogenei-
ty, which results in different therapeutic outcomes.
Neuroblastoma is categorized into three major risk
groups (low, intermediate, high risk). Recent identi-
fication of new genes raised the possibility of new
biomarkers to identify sub-risk groups. In this retro-
spective cross-sectional study, we aimed to assess new
biomarkers defining the ultra-high-risk subgroup
within the high-risk group that differ in clinical situ-
ation with very bad prognosis. Twenty-five low- and
29 high-risk groups of patients were analysed for their
expression of ALK, ATRX, HIF1a, HIF2a (EPAS),
H2AFX, and ETV'5 genes at the RNA level. Immuno-
histochemistry was performed to confirm the pro-
tein expression level of ALK. The risk group of pa-
tients was determined according to the International
Neuroblastoma Risk Group Stratification System.
Spearman correlation analysis and Mann-Whitney-U
nonparametric test were used to assess the impor-
tance of expression levels among the groups. P < 0.05
was considered as significant. Sensitivity of the re-
sults was checked by ROC curve analysis. All ana-
lysed genes were found to be highly expressed in the
high-risk group compared to the low-risk group, ex-
cept for ETV5. When the ultra-high-risk and high-
risk groups were compared, ALK was found to be
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highly expressed in the ultra-high-risk group. Our re-
sults show that ALK may be a candidate gene whose
mRNA expression levels can distinguish the ultra-
high-risk subgroup of patients in the high-risk group
of patients with non-familial neuroblastoma.

Introduction

Neuroblastoma (NB) is a sympathetic ganglia and ad-
renal medulla tumour that arises from embryonic neural
crest cells (Ratner et al., 2016). NB is seen in every
1/7000 live birth, and approximately 110-120 new NB
cases per year are seen in Turkey.

The first NB classification was carried out by the ob-
servation of the relation between clinical behaviour and
histopathological properties of the tumour (Shimada et
al., 1984). Today, the International Neuroblastoma Stra-
tification System uses clinical, radiographic and surgi-
cal assessments of the NB patients (Brodeur et al., 1988,
1993), whereas the International Neuroblastoma Risk
Group Stratification System (INRGSS) uses age, Shima-
da histology, tumour differentiation, MYCN status, loss
of either 11923, 1p36 or gain of 17925, and tumour cell
ploidy of the patient in stratification (Monclair et al.,
2009).

In addition to MYCN amplification (Caren et al.,
2008), 1p36 deletion (Fujita et al., 2008; Cohn et al.,
2009), 11923 deletion (Guo et al., 1999; Caren et al.,
2008), and 1725 gain (Gilbert et al., 1984; Abel et al.,
1999; Caron et al., 1995) are the most frequently seen
genetic changes that play a role in the risk stratification
of NB, which shows that different genes that may play a
role in NB prognosis can be important to guide the risk
stratification and therapy protocol. Different therapeutic
outcomes of patients within similar risk groups raise the
possibility of the presence of sub-groups within certain
risk groups, and expression levels of some genes were
shown to change the therapy response in the high-risk
group (Azarova et al., 2011; Schonherr et al., 2012).
Especially in the high-risk group, some of the cases
have very aggressive tumours. Even when using inten-
sive treatment approaches, the patients have very poor
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outcomes. New parameters or new biological markers
(biomarkers) might be useful to separate these patients
as an ultra-high-risk group.

In this study, ALK, ATRX, ETVS, HIFla, HIF1b, and
H2AX genes, which are thought to be important for ther-
apeutic outcomes in the high-risk group, were assessed
for their expression in the high-risk and low-risk groups.
Within the high-risk group, patients who did not respond
to the induction therapy and died due to progressive dis-
ease within one year were sub-grouped as “ultra-high-
risk” group. We hypothesized that the expression levels
of some of these genes may differ among patients in the
high-risk and the ultra-high-risk group.

Material and Methods

Patients and tissue samples

Fresh tumour tissue samples of 54 NB patients were
collected from universities’ oncology centres from all
over Turkey within the scope of the “Turkish Paediatric
Oncology Group Protocol.” Samples were cooled to
4 °C in transfer medium and shipped to our centre on ice
blocks after signed disclosures and patient consent
forms had been confirmed. Direct tissue imprinting was
performed for tumour cell confirmation. Samples were
stored at —80 °C until analysis. The mean age of 54 cases
was 33.12 months (low-risk patients’ mean age was
20.40 months while it was 44.10 months for high-risk
patients). Twenty-seven of the cases were male, while
twenty-seven were female.

Ethical permission was taken from the Local Ethics
Commitee of Children’s Research Hospital on Septem-
ber 26%, 2013. All cases between 2013-2015 that had
sufficient fresh tissue for RNA analysis were included in
the study and all these samples were from initial diagno-
sis. The tumoral areas from samples were chosen by diff
quick toluidine blue staining and microscopic evalua-
tion of imprint touch preparation of slides, so that sam-
ples included more than 90 % of tumour. All cases were
non-familial neuroblastomas. Germline ALK mutations
for R1275Q, F1174L, or any other were determined ne-
gative by next-generation sequencing (Illumina Miniseq,
San Diego, CA; Celemics custom design kits, Seoul,
Korea). This study included 25 low-risk and 29 high-
risk group patients, who were categorized into risk
groups and treated with the Turkish Paediatric Oncology
Group Neuroblastoma 2009 protocol (see tpog.org.tr/
uploads/15 09 2009.pdf). Risk classification was per-
formed according to INRGSS. This classification is
based on age, stage, MycN amplification status, any one
of 1p36 deletion, 11q23 deletion and 1725 gain status,
Shimada classification of favourable or unfavourable
histology status, and DNA ploidy index status. In this
protocol, intensive induction chemotherapy including
six courses of alternated “dacarbazine + ifosfamide +
adriamycin + vincristine” and “cyclophosphamide + cis-
platin + etoposide” was used. Within the high-risk group,
five patients who did not respond to induction therapy

and died due to progressive disease within one year were
considered as patients of the “ultra-high-risk™ group.

Nucleic acid isolation and real-time
PCR analysis

DNA isolation was performed as described by the
manufacturer (High Pure PCR Template Preparation
Kit/Roche, Mannheim, Germany). Briefly, the tissue
samples were lysed mechanically and then incubated at
70 °C for 60 min with the binding buffer in the presence
of Proteinase K. One hundred pl isopropanol was added
and with further centrifugations (8,000 g, 1 min, 3 times),
the inhibitors were removed and the samples were
washed. At the final step, the DNA was eluted with warm
elution buffer. Concentrations of the purified DNA were
measured by using fluorometric quantification.

2p24.3 (MYCN) amplification, 1p36 (GNB1) LOH,
11923 (ARCN1) deletion and 17925 (Survivin) gain sta-
tus of DNA samples were assessed by TagMan real-time
PCR (RT-PCR) (Roche LightCycler Nano Real-Time
PCR Instrument, Penzberg, Germany) with custom de-
signed TaqMan labelled primers for each corresponding
gene region. The reference genes for each genetic region
were again selected from the corresponding chromo-
somes. NAGK (2p13.3), NGFB (l1pl3.1), MYBPC3
(11P11.2), TP53 (17p13.1) genes were used as reference
genes for MYCN, 1p36, 11g23, and 17925, respectively.

RNA isolation was performed as described by the
manufacturer (TriPure/Roche, Germany). Briefly, TriPure
solution was added to each tissue sample and homoge-
nized with a homogenizer mechanically. Two hundred
ul chloroform was added to homogenized samples and
incubated for 10 min at room temperature. After cen-
trifugation (12,000 g, 15 min, 4 °C), the upper clear su-
pernatant was transferred into a new tube and isopropanol
was added. The samples were incubated for 5—10 min at
room temperature and centrifuged at 12,000 g, 10 min,
4 °C. The supernatants were discarded and cold ethanol
(75 %) was added to each pellet. After centrifugation at
7,500 g, 5 min, 4 °C, the excess ethanol was removed
from the samples and RNA pellets were resuspended
in nuclease-free water. Fluorometric quantification was
used to determine the RNA concentrations (Qubit 3.0,
life technologies, Invitrogen, Singapore)

One pg RNA was used for cDNA synthesis. Briefly,
oligo(dT) primers were added to RNA samples along
with reaction buffer, RNase inhibitor, nucleotide mix,
and reverse transcriptase enzyme and the reaction mix
was incubated at 55 °C for 30 min and 85 °C for 5 min.
Obtained cDNA samples were kept at =20 °C until their
use as templates for determining the expression patterns
of ALK, ATRX, ETVS, HIF1A, HIF2A, and H2AFX as-
sessed by TagMan RT-PCR (Roche Lightcycler).

DNA index

Tumour cells obtained from the tissues were sus-
pended in freezing medium (95% RPMI complete, 5%
DMSO) and stored at -80 °C until analysis. DNA index
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was evaluated by a flow cytometer (BD Accuri, San
Jose, CA). Samples were prepared for analysis as de-
scribed by the manufacturer (BD Cycletest Plus DNA
Kit, San Jose, CA). Fluorescence-2 (FL2) filter (585/42
nm) was used to detect the propidium iodide fluores-
cence between 564—606 nm. Mononuclear cells from
the blood of a healthy donor was used as a reference.
DNA index was determined as the ratio of the GO/G1
cell population of the patient’s sample to the GO/G1 cell
population of the reference sample.

ALK expression was evaluated by automated immu-
nohistochemistry in tumour sections on polylysine-coat-
ed slides according to manufacturer’s instructions (Ven-
tana, D5F3, Tucson, AZ).

Next-generation analysis of ALK mutation and
copy number variations

In order to obtain patients’ germline mutations, we
used mononuclear cells separated from patients’ fresh
blood samples. We used a Roche high pure PCR prepa-
ration kit to isolate DNA. After purification and confir-
mation of DNA concentration, we used Illumina MiniSeq
to conduct sequencing according to guidelines.

Statistical analysis

The SPSS 15.0 program was used for statistical anal-
ysis. The necessary number of patients for each group
(N = 21) was calculated by power analysis. “Mann-
Whitney-U” nonparametric test was used to assess the
gene expression levels among groups. Sensitivity of the
results was checked by ROC curve analysis. Correlation
analysis was used to determine the correlations between
clinical and genetic features of the patients. P values
smaller than 0.05 were considered as significant.

Results

Risk classifications of patients

Twenty-five low-risk and 29 high-risk patients were
analysed in this study. Both molecular (MYCN amplifi-
cation, 1p36 LOH, 11q23 loss, 17925 gain, and DNA
index) and clinical (age of the patient, stage and histopa-
thology of the tumour) data of patients were evaluated
for the risk classification. Detailed patient data are pro-
vided in Supplementary information (see Supplementary
Tables 1, 2 and 3).

Expression status of ALK, ATRX, HIF la, HIF 2a,
H2AFX, and ETV) genes

Considering risk classification, the high-risk group of
patients showed significantly increased expression of
the assessed genes compared to the low-risk group of
patients, with the exception of E7V35. In the high-risk
group, ALK1, ATRX, HIFla, HIF2a (EPAS), H2AFX,
and ETVS5 showed 4.2-fold (P = 0.036), 3.5-fold (P =
0.000), 2.4-fold (P=10.013), 2.6-fold (P=0.007), 2.1-fold
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Fig. 1. Bar representation of expression fold change of the
high-risk group compared to the low-risk group. Each sam-
ple was assayed at least three times and mean values are
represented in the graph. For each gene, the cut-off value
for Ct (cycle threshold) was considered as 35 and Ct values
more than 35 were excluded. The mean values of the re-
maining patients were grouped for each gene and their
mean values are represented. B-Actin was used as a refer-
ence gene for normalizations.

(P = 0.005), and 1.94-fold (P = 0.09) increase in their
average expression values, respectively (Fig. 1).

For ALK expression, 21 low-risk group, 17 high-risk
group patients and for ETV5 expression, 20 low-risk
group, 14 high-risk group patients could be evaluated.
For ATRX, HIFla, HIF2a (EPAS), and H2AFX genes,
all 29 high-risk and 25 low-risk patients were evaluated.

Within the high-risk group, five patients did not re-
spond to induction therapy and were considered as an
“ultra-high-risk” group. ALK expression was shown to
be significantly higher in the ultra-high-risk group com-
pared to the high-risk group (P = 0.027) (Fig. 2). Al-
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Fig. 2. Bar representation of expression fold change of the
ultra-high risk group compared to the high-risk group.
Each sample was assayed at least three times and average
values are represented in the graph. For each gene, the cut-
off value for Ct (cycle threshold) was considered as 35 and
Ct values more than 35 were excluded. The mean values of
the remaining patients were grouped for each gene and
their mean values are represented. B-Actin was used as a
reference gene for normalizations.
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Supplementary Table 3. Detailed patient data of the “ultra-high-risk group” of patients (NA: not available)

< || <
> QLIRS <
HEEERENE
==
H o[l S
S| = I°N
v < |l N I0)
= QLIRS < <
< [SAppsapsa) [a| 4|
S NICIES ) %)
=< < 3\
B |a|=Z e | =
~lcn|on| <t
S plo|o|o ) =)
N [ S o0 T
mQLleLLl Ive) m
g.-‘nq@ooxo — 0
Sl El ¢ =} o
2 ~la|n|— =N
%)
S
| = | — I I0)
A S I N
Bz |moo (o m
o=l A | — | O >~ <
= | < ™
—_|—] - < <
on|lala e e
E QLI < <
[Sappsapsd) 84 [Sa)
= |l — <
< Qe N 0 ™
~| | n ) <
[sel KN Kse) o
v 223 =
3 (glglg |2 |
< |=|=|S N
N | o— | — —
>
, &6
e slglwlw = =
»n Q| S| S| S < <
M= laali acl as] m m
TS
2
&
—
g |22 |2 |2
»n
;éﬁ - |«
— —
QE/\ Y Z
ol o| 2 15} o
Q=222 > >
ce=|ls|s|E = =
3|zl Z| S |2 |Z
=0 8| 3| o o o
— |z ~ ~
ol O [
wEl2lzlz |2 |z
SE|IE|IE|IE |E |E
Eﬁwbncn @ =1
‘_‘QOG.)G) o )
[~z Zz A~ Z
ol o] o g o
31 IR 2 >
S| EIEE 5 =
&al818|8 2 | &
[ vy Z. ~
=
'20) [ [
C=F|lz|2z |z |2
22525 |E |E
E.—bﬁmc{) a0 @
Z'E_q)oo [5) [}
EZ’-‘*Z Z A~
<
2 —_ —
=1 I B '—N_
mgwwcﬁégcmg
> Sl e|lge|Qa|lgse®
E-EOQEOSEEO'E
s 5|5l E|l2 |8 35|81
EC|A|2|2 582|228
= < 7|F=s|<”°
-
>
v s
0= 0 | o © [oa)
< o — | e 3t 7o)
=
N’
£
2 [Blele |2 |e
g |5|5|2 |2 |2
0 5
@] &5
= o o
QD D|ln|n | ™ — N
;:"clll 1 1
= o|lM|d|x 22 22
AQ|T|T| T as) s

though HIF2a (EPAS) expression was almost 2.5-fold
higher in the ultra-high-risk group, this increase was not
foundto be significant (P=0.685). Immunohistochemical
expression of ALK was correlated with its RNA expres-
sion.

Correlation analysis

No significant relation was found between the as-
sessed genes and MYCN amplification, 1p36 loss, 1123
deletion, and 17q25 gain status, except for ALK, which
was found to be highly expressed in patients with 17q
gain (P = 0.018). Gender was shown not to be related
with any of the molecular parameters. A significant rela-
tion was found between the age and disease stage (P =
0.010). The mean age of stage 1IB, III and IV patients
was higher than that of stage I, IIA and IVS patients,
which was an expected result.

Discussion

Due to different therapeutic outcomes of NB patients,
identification of new genes could be important for risk
group determination in this disease, especially for the
high-risk group. When the expression patterns of ALK,
ATRX, ETVS, HIFla, HIF1b, and H2AX were com-
pared, all showed significantly higher expression in the
high-risk group compared to the low-risk group, except
for ETVS.

ETVS5 is a conserved member of the ETS transcrip-
tion factor family (Jedlicka and Gutierrez-Hartmann,
2008). It is highly expressed in colon carcinomas (Kil-
lela et al., 2013), Hec-1A endometrioid carcinoma cell
lines, most breast carcinomas, and found to be related
with metastatic phenotype and bad prognosis (Firlej et
al., 2008). In our study, ETV5 gene expression showed
1.94-fold increase in the high-risk group compared to
the low-risk group; however, this increase was not sig-
nificant, which may be due to the small number of high-
risk group patients that could be evaluated for this gene.
Increasing the number of patients would give more sig-
nificant results for this gene.

HIFla and HIF2a genes were shown to be highly ex-
pressed in the high-risk group compared to the low-risk
group. High HIF2a levels were shown to be related with
aggressive phenotype in NB and its reduction negative-
ly affected tumour growth (Helczynska et al., 2008;
Hamidian et al., 2015). In our study, increased expres-
sion of this gene in the high-risk group seems to support
the role of HIF2a in bad prognosis of NB. When the
ultra-high-risk and high-risk groups were compared,
HIF2a expression showed a 2.5 fold-increase (Fig. 2).
However, this increase was not statistically significant
(P=0.685).

ATRX is a gene that plays a role in chromatin remod-
elling. Inactivating mutations of ATRX were shown to
represent a different cluster of patients within the high-
risk group (Hertwig et al., 2016), and these mutations
were shown to activate the alternative lengthening of
telomere pathway (ALT) (Cheung et al., 2012). Within
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the high-risk group, patients with ATRX mutations
showed worse progression (Monge et al., 2007). In the
high-risk NB patients, telomerase reverse transcriptase
(TERT) activation is one of the factors that may play a
role in the aggressive disease pattern (Peifer et al., 2015;
Valentijn et al., 2015). Telomere lengthening is a fre-
quently seen feature of the high-risk group (Nicolai et
al., 2015). ATRX mutations were shown to be present in
NB cases with unamplified MYCN and normal TERT
levels. Our data support the finding that ATRX muta-
tions are not dependent on MYCN amplification (Hert-
wig et al., 2016), since no relation was found between
the expression of these two genes. Although increased
ATRX expression in the high-risk group may act through
the TERT mechanism, it was previously shown that
TERT and ATRX are mutually exclusive (Mazzocco et
al., 2015), meaning that they may activate telomere
lengthening independently as well. ATRX expression
did not show a significant increase in the ultra-high-risk
group compared to the high-risk group, which may be
an expected result (Cheung et al., 2012). However, the
increase in ATRX expression in the high-risk group
compared to the low-risk group is confusing, since loss
of ATRX expression was shown to result in worse dis-
ease progression. The mutually exclusive nature of
ATRX, TERT and MYCN can partially explain the worse
progression pattern in the cases where ATRX was highly
expressed. ATRX mutations were thought to play a role
in the outcome of different risk-based therapies. There-
fore, increasing the number of patients and assessing the
TERT status in these patients would help to clarify the
role of this gene as a marker of a subgroup within the
high-risk group.

When ultra-high-risk and high-risk groups were com-
pared, only ALK expression was found to be significant-
ly high in the ultra-high-risk group. ALK was not found
to have any relation with MYCN amplification, as well
as with 1p36 deletion and 11923 loss. Therefore, it may
be a candidate gene to distinguish the ultra-high-risk
subgroup within the high-risk group.

ALK is a receptor tyrosine kinase member of the in-
sulin receptor superfamily (Azarova et al., 2011). Ampli-
fied ALK induces cell viability and division (Nicolai.,
2015) and ALK-activating mutations are seen in 8 % of
children diagnosed with NB (Mazzocco et al., 2015).
Apart from these activating mutations, expression of the
ALK protein by immunohistochemistry was shown to
have a role in detection of ALK for clinical implications
(Molenaar et al., 2012). Increased expression of ALK
seems to play a role in poor prognosis of NB. ALK am-
plification was previously found in approximately 14 %
of MYCN amplified cases (George et al., 2008). In our
study, we could not find a significant correlation be-
tween ALK and MYCN amplification, which was sur-
prising due to their chromosomal locations.

One of the most important limitations of our study is
that we studied a relatively low number of cases. Espe-
cially the number of ultra-high-risk group patients was
low in our study, since NB is a rare disease. Therefore,

evaluation of ALK expression in more patients who did
not respond to the induction therapy would yield more
precise data about the role of this gene in NB. However,
due to its increased expression in the ultra-high-risk
group, we propose that ALK expression has the potential
to be used as a marker to determine the ultra-high-risk
subgroup within the high-risk group of NB patients, es-
pecially for the induction therapy response. The protein
expression pattern of this gene could also be important
to confirm its RNA expression pattern. However, due to
the scant availability of tumour tissue samples from
these patients, we could not evaluate the protein expres-
sion patterns for all studied RNAs. We studied ALK im-
munohistochemistry with the antibody clone which is
validated for non-small cell lung carcinoma (Uruga and
Mino-Kenudson, 2018). This clone D5SF3 shows the ab-
errant protein produced via translocations. None of our
cases showed immunohistochemistry positivity more
than 2+.

In this study we conclude that although there is no
germline (familial) and/or somatic ALK gene aberration
in neuroblastoma cases, ALK expression at the mRNA
level might be a biomarker for very bad prognostic
high-risk patients who may be categorized as ultra-high-
risk patients. These cases did not give any response to
induction therapy. Besides, they did not show any ALK
mutation or aberration, and therefore are not suitable for
anti-ALK targeted therapies determined by hybrid cap-
ture-based NGS. Although the ALK protein expression
pattern in tumour cells was shown previously, to our
knowledge, a possible link between ALK and the induc-
tion therapy outcome has not been shown. Therefore,
we propose that the evaluation of ALK expression at the
mRNA level as a routine NB molecular analysis would
help to predict the induction therapy outcomes for these
patients and ALK may be a marker gene for the ultra-
high-risk subgroup of NB patients.
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