
23Copyright © 2014. All rights reserved.

MYCN gene amplification in patients with neuroblastic tumors
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Abstract
Although neuroblastic tumors are the most prevalent solid tumors, little is known about the genetic basis underlying their progression. The prognostic role for the 
MYCN gene in neuroblastic tumors is irrefutable. The aim of this study is to identify the frequency of MYCN gene amplification and its relationship with clinico-
pathological and prognostic factors in 40 patients with neuroblastic tumors by using real-time quantitative PCR. There was significant association between the age of 
older than 18 months and the high number of metastasis. 83.3% of metastatic neuroblastic tumors in patients aged more than 18 months were in stage 4, while it was 
about 12.5% in patients aged less than 18 months. We found an amplification of MYCN in 19 out of 40 patients. Also, we found MYCN gene amplification in 64% of  
neuroblastoma (NB) and 8% of gangelioneuroblastoma (GNB) cases. There was a significant association between the histological type of samples with MYCN gene 
amplification. Neuroblastic tumors have a varied range of MYCN gene amplification depend on histopathology types. No significant associations have been found 
between MYCN gene amplification and tumor evaluation, CNS involvement, metastasis, stage of disease and patients outcome.
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Introduction
 
Neuroblastic tumors arise from primitive cells of the 

sympathetic system and are the most prevalent solid 
tumors, occurring in childhood period. However, little 
is known about the genetic basis of these types of tu-
mors (1). Clinical behaviour of neuroblastic tumors has 
been shown to be diverse among patients, ranging from 
rapid progression despite intensive therapy in the vast 
majority of them, to spontaneous differentiation and 
regression in some others. This has led to intense study 
of the biological and prognostic features of these kinds 
of tumors.

Neuroblastoma (NB) accounts for about 15% of can-
cer mortality among children, and in the USA is res-
ponsible for 6-10% of all childhood malignancies (2, 
3). In Iran, NB patients shown to have more advanced 
disease, characterized by poor biologic markers and the 
lower overall survival compared to developed countries 
(4). The lower survival rate can arise from late diagno-
sis, inability to distinct high risk group during the years 
of study and utilization of single treatment procedure 
for all enrolled patients (4). Therefore, it would be fun-
damental to determine parameters for early diagnosis 
and personalized treatment to improve patients’ survival 
rate. Clinical parameters such as age, stage, histology 
and biological markers (such as MYCN amplification, 
1p deletion) were introduced into clinical use to help to 
establish the prognosis and treatment (5-7). MYCN is a 
member of transcription factor that controls expression 
of many target genes and consequently regulate major 
cellular processes including proliferation, cell growth, 
protein synthesis, metabolism, apoptosis and differen-

tiation. It plays a wide variety of roles in cancers inclu-
ding altering metabolic programs, supporting angioge-
nesis, promoting self-renewal and driving proliferation, 
while inhibiting differentiation. Amplified MYC is one 
of the most frequent genetic mutations that occur in se-
veral types of cancers (8-11).

MYCN expression is pivotal for central nervous sys-
tem (CNS) development and neurogenesis through ra-
pid expansion of neural progenitor cells (5, 12, 13) and 
impediment of neuronal differentiation. Gene dosage 
increment mechanisms are important molecular events 
in tumorigenesis that lead to upregulation of gene ex-
pression. Gene amplification is one of the important 
molecular events in which increase in the copy num-
ber cause excessive production of a given protein (14). 
MYCN ability in tumorigenesis is presumably the result 
of an increased gene dose while no mutations have not 
shown to be responsible instead and all existing copies 
were transcriptionally active (15, 16).

MYCN amplification is mostly characterized by in-
crease of the MYCN gene copy number for more than 
four-fold relative to the number of chromosomes 2 (17). 
The vast majority of NB patients have shown to develop 
metastatic tumors with poor prognosis, and are not sui-
tably treated with the existing therapeutic protocols. Im-
portantly, MYCN gene amplification have been deter-
mined to be in charge for a group of aggressive tumors 
with poor prognosis distinguished by rapid progression, 
regardless of age and clinical stage (18, 19). 

The prognostic role for the MYCN oncogene in neu-
roblastic tumors is undisputed (5). Thus, we present 
here a retrospective study of MYCN amplification in 
patients with neuroblastic tumors. The aims of this stu-
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dy are, firstly, to identify the frequency of MYCN gene 
amplification in child patients with neuroblastic tumors 
referring to Children Hospital of Tabriz and, secondly to 
determine the relationship between the clinicopatholo-
gical, prognostic factors and MYCN amplification.

Materials and methods

Patients and DNA extraction
We determined the MYCN amplification of 40 pa-

tients with neuroblastic tumors under 14 years old. All 
the parents of participants have given an informed writ-
ten consent, and the study protocol was approved by 
the Ethics Committee of Tabriz University of Medical 
Sciences (TUMS), which was in compliance with the 
Helsinki declaration. Tissue samples were collected in 
patients referring to Children Hospital of TUMS that is 
a major child patient referral center for the north west of 
Iran. Inclusion criteria were age younger than 14 years 
with neuroblastic tumors and the exclusion criteria were 
age older than 14 years, any other underlying disease 
and the lack of completion of treatment.

All patients were diagnosed with neuroblastic tumors 
by oncologist. The pathologist examined all these cases 
histologically, confirmed the diagnosis of NB or GNB. 
Patients demographic and clinicopathological data were 
collected with fulfilling checklists.  All patients were 
untreated before the operation. Specimens from each 
tumor were taken at the time of the initial operation and 
then immediately frozen in liquid nitrogen and stored 
at –71°C. Histological analysis was made to confirm 
the presence of tumor cells in all specimens. DNA 
samples from the blood of healthy subjects were used as 
controls. DNA isolation was performed according to the 
protocol supplied with the DNeasy tissue kit (Qiagen, 
Hilden, Germany). The amount of purified DNA was 
then quantified on a spectrophotometer (ND-1000 Spec-
trophotometer; NanoDrops, Wilmington, DE).

Real-time quantitative PCR
RQ-PCR was performed with the ABI stepone plus 

System (Applied Biosystems, Foster City, CA). qPCR 
was carried out in a 25-mL reaction volume composed 
of: RealityTM universal PCR mix (Cat. #RR039A, 
TAKARA) with specific primers (20), probe and 2 μL 
of a 100–500 ng of template DNA. The sequences of 
the original primers and TaqMan probes labeled with 
FAMs and TAMRAs (Molecular Probes, Carlsbad, CA) 
were as follows. The primers for b-actin gene ampli-
fication were 5`-TCACCCACACTGTGCCCATC-
TACGA-3` (forward primer, positions 2141–2165) 
and 5`-CAGCGGAACCGCTCATTGCCAATGG-3` 
(reverse primer, positions 2411–2435). The sequence of 
the TaqMan fluorogenic probe for the b-actin gene was 
5`-ATGCCCTCCCCCATGCCATCCTGCGT-3` (posi-
tions 2171–2196). For the MYCN oncogene, the primers 
and probe were 5`-CCCCTGGGTCTGCCCCGTTT-3` 
(forward primer, positions 1456–1475),5`-GCCGAAG-
TAGAAGTCATCTT-3` (reverse primer, positions 
1720–1739), and 5`-CCCACCCTCTCCGGTGTGTC-
TGTCGGTT-3` (fluorogenic probe, positions 1477–
1501). The final optimized concentration of each pri-
mer and TaqMan probe was 100 nM. Thermal cycling 
conditions included an initial denaturation step at 95°C 

for 10 min, followed by 45 cycles of 15 sec at 95°C and 
30 sec at 60°C. One run contained two sets of measure-
ments: for target and control genes (for accuracy rating 
increasing and for reaction conditions unification). Five 
points in five replicates of plasmid DNA serial dilutions, 
a no template control, unknown and control (normal) 
samples were present in each set. The threshold cycles 
(Ct) were determined manually. Reference evaluations 
for each DNA sample were performed according to the 
endogenous control b-actin gene. The absolute target 
copy number was calculated using a standard calibra-
tion curve generated from PCR reactions with serially 
diluted plasmids (pGEM-T vector; Amersham, Ne-
therlands) containing the respective sequence verified 
inserts. All results were expressed as arbitrary units; 
representing the ratio of mean of MYCN copy number/
mean of copy numbers of b-actin target (normalized 
copy number, NCN). All the experiment lots were car-
ried out in the minimal time period. Amplification of 
MYCN represents more than four-fold increase in the 
MYCN gene copy number (17, 21).

Statistical analyses
Descriptive statistics and chi-square tests were per-

formed by using the statistical package from the Social 
Science (SPSS) software (version 20) using p<0.05 for 
calculation of the statistical significance.

Results

The mean age of patients at diagnosis was 2.86 years 
(range, 0.5–8); twenty (50%) of them were males and 
twenty (50%) were females. Out of 40 patients, 24 pa-
tients had developed metastasis. Primary location of tu-
mors at diagnosis was different among patients; 75% in 
Adrenal, 10% in Thoracic paravertebral, 7.5% in Lum-
bar paravertebral, 5% in Kidney and 2.5% in Sacrum. 
Thus, Adrenal gland was the most common site for pri-
mary tumors (In 30 out of 40 patients). At the time of 
diagnosis, 7.5% of patients were in stage 1, 22.5% in 
stage 2, 12.5% in stage 3 and 57.5% in stage 4. Overall, 
22 patients out of 40 (55%) with neuroblastic tumors 
were cured and 18 (45%) patients were dead. CNS was 
involved in 20% of patients with neuroblastic tumors, 
and all of them were dead. Metastasis occurrence of all 
patients was analyzed according to the age (younger 
than 18 months or older than 18 months) of patients. 
There was significant association between the age of ol-
der than 18 months and the high number of metastasis. 
Also, it was shown that patients in stage 4 compared to 
patients in different other stages had the most frequently 
metastasized (P<0.05).  83.3% of metastatic neuroblas-
tic tumors in patients aged more than 18 months were in 
stage 4 and it was about 12.5% in patients aged less than 
18 months. We found an amplification of MYCN in 19 
out of 40 patients (47.5%). Clinicopathological factors 
were analyzed in relation to MYCN gene amplification 
(Table 1). As shown in Table 1, 8 out of 19 patients with 
MYCN gene amplification were dead while, 10 out of 
21 patients with non-amplified MYCN gene were dead. 
There was a significant relation between the histopatho-
logical type of samples with MYCN gene amplification 
(P=0.001). Out of 40 patients, 28 ones (70%) were NB 
and 12 (30%) were GNB. MYCN gene amplification 
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patients were 4.1 years) (29). Additionally, in a recent 
study in Japan, 47% MYCN amplification was found in 
NB patients (30). Consistent with our study, these recent 
Asian studies demonstrate high rate of MYCN amplifi-
cation in NB patients. As for MYCN gene amplification 
in NB and GNB cases, our findings are in line with the 
finding of Wang et al. in which they found 1 out of 32 
GNB cases and 13.5% NB cases with MYCN amplifica-
tion (31). Many lines of studies on NB patients reported 
that MYCN gene amplification appears approximately 
in 9-30% of primary tumors (5, 32-37). For instance, 
Valentijn et al. reported that 20% of NB patients have 
amplification of MYCN, and it is associated to poor 
prognosis (32). Recently, Tabyaoui et al. found MYCN 
gene amplification in 27.8% of patients with neuroblas-
tic tumors (38). 

Compared with the results of previous studies, in this 
study the number of patients that showed MYCN am-
plification is remarkably high. It is likely due to some 
factors; First, it may be due to racial issues, as in other 
studies, conducted in Iran, the numbers of NB patients 
with MYCN amplification were shown to be more than 
other countries (29, 39). Second, it could be due to dif-
ferences in the methods of evaluation for MYCN gene 
amplification. And finally, it could be due to effect of 
other clinicopathogical characteristics, for example 
age at the time of diagnosis. In a recent study, it was 
reported that MYCN gene amplification status ranged 
between 9-28% depending on children with different 
age group (34). We found that the stage 4 is the most 
prevalent extend of NB at diagnosis, which is in line 
with a similar study in Iran (4). GM Brodeur et al. exa-
mined MYCN gene amplification in NB patients and the 

was observed in 18 out of 28 NB (64%) and in 1 out of 
12 GNB patients (8%). Clinicopathological characteris-
tics of 28 NB patients are shown in Table 2.

Discussion

Several prognostic markers, such as the patients’ age 
and the presence of metastasis at the time of diagno-
sis, have been identified in neuroblastic tumors; (22). 
Weinstein et al. reported that the age at diagnosis can be 
considered as the only independent clinical prognostic 
factor, as infants before first year of age have signifi-
cantly better survival rates compared to older children 
with the same stages of disease (23). Similarly, the 
present study identified that infants less than 1 year of 
age have significantly better and cured outcomes. We 
identified a significant association between patients’ 
outcome with CNS involvement and the occurrence of 
metastasis. Of the various biological risk factors, the 
status of the MYCN gene has been shown to be the most 
predictive of the clinical outcome in NB patients (24). 
We investigated the status of MYCN gene amplifica-
tion in patients with neuroblastic tumor by RQ-PCR. 
RQ-PCR method is uniquely capable to determine gene 
copy number within a small percentage of observed 
cancer cells and can be used as an accurate and quicken 
detection way for MYCN status, like for gene amplifi-
cation even in a low-level state (13, 25-27). Melagh et 
al. showed that RQ-PCR is an easy and reliable method 
to use and determine copy numbers of MYCN gene in 
compare to southern blot and FISH method (28). In a 
study conducted in Iran by Poopak et al. 47% MYCN 
amplification was showed in NB patients (mean age of 

MYCN+ MYCN- P value

Gender
         Male
         Female

Age (years old)
         3>=
         3<

Histopathology
    
     Neuroblastoma
    Gangelioneuroblastoma

Stage
         1
         2
         3
         4

Metastasis
         Absent
         Present

CNS involvement
         Absent
         Present

Outcome
         Cured
         Expired

9 (22.5%)
10 (25%)

11 (27.5%)
8 (20%)

18 (45%)
1 (2.5%)

1 (2.5%)
3 (7.5%)
2 (5%)
13 (32.5%)

6 (15%)
13 (32.5%)

15 (37.5%)
4 (10%)

11 (27.5%)
8 (20%)

11 (27.5%)
10 (25%)

15 (37.5%)
6 (15%)

10 (25%)
11 (27.5%)

2 (5%)
6 (15%)
3 (7.5%)
10 (25%)

10 (25%)
11 (27.5%)

17 (42.5%)
4 (10%)

11 (27.5%)
10 (25%)

0.49

0.37

0.001

0.6

0.3

0.87

0.72

Table1. Clinicopathological factors in relation to MYCN gene amplification 
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Case Age at diagnosis 
(years old)

Primary tumor 
localization Stage MYCN 

amplification Metastasis Outcome

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

8.0
3.0
4.0
1.5
6.0
3.0
2.0
3.5
2.0
3.5
2.0
1.0
2.0
4.0
6.0
1.0
2.0
3.0
0.5
1.0
2.0
1.5
4.0
6.0
4.5
2.0
3.0
0.5

Ad*

Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad
Ad

L.Pѱ

L.P
T.Pϯ 

Kidney

IV
III
II
IV
IV
IV
IV
III
II
IV
IV
II
IV
IV
IV
III
IV
IV
I

IV
IV
IV
III
IV
IV
IV
II
I

+
-
+
+
+
+
+
+
+
+
+
+
+
-
+
+
-
-
-
-
+
+
-
+
-
-
-
+

+
-
-
+
+
+
+
-
-
+
+
-
+
+
+
-
+
+
-
+
+
+
+
+
+
+
-
-

Expired
cure
cure
cure

expired
expired

cure
cure
cure
cure
cure
cure

expired
expired
expired

cure
expired
expired

cure
cure
cure

expired
expired
expired
expired
expired

cure
cure

Table 2. Clinicopathological characteristics of 28 NB patients.

*Adrenal, ѱ Lumbar paravertebral, ϯ Thoracic paravertebral pos.mediastan, + Positive, - Negative
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