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Neuroblastoma (NB) is the most common extra-cranial solid tumor of childhood and is
characterized by a wide range of clinical behaviors. Amplification of MYCN is a well-known
poor prognostic factor in NB patients. As the MYCN amplification status is usually tested
using tumor specimens, lengthy and invasive procedures are unavoidable. To evaluate the
possibility of detecting MYCN amplification without invasive procedure, we performed
conventional polymerase chain reaction (PCR) analysis to identify MYCN amplification
using the preserved serum DNA. PCR of serum DNA was done in 105 NB patients whose
MYCN status had been confirmed by fluorescence in situ hybridization. MYCN
amplification was evaluated as the ratio of signal intensities between MYCN and NAGK
(M/N ratio). When regarding the tissue FISH results as a reference, 10 patients had MYCN-
amplified (MNA) NB, and 95 had non-MNA NB. The M/N ratio of the MNA group (median
2.56, range 1.01-3.58) was significantly higher than that of the non-MNA group (median
0.97, range 0.67-5.18) (P < 0.001). In the receiver operating characteristic curve analysis,
the area under the curve was 0.957 (95% confidence interval 0.898-1.000; P < 0.001),
and it showed 90.9% sensitivity and 97.9% specificity with the selected cut-off value set
as 1.6. The detection of MYCN amplification using conventional PCR analysis of serum
samples seems to be a simple and promising method to evaluate the MYCN status of NB
patients. Further study with a larger set of patients is needed to confirm the accuracy of
this result.
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INTRODUCTION

Neuroblastoma (NB) is the most common extra-cranial solid
tumor of childhood, and it is characterized by highly heteroge-
neous clinical courses, ranging from spontaneous regression
without any therapeutic intervention to very fatal cases show-
ing rapid progression and death despite modern, intensive and
multimodal treatment (1-3). The treatment of NB is determined
based on risk groups, which take into account factors such as
age, stage, histologic category, grade of tumor differentiation,
the status of the v-myc avian myelocytomatosis viral oncogene
neuroblastoma derived homolog (MYCN) oncogene, chromo-
some 11q status, and DNA ploidy (1). Although low- and inter-
mediate-risk patients generally have a favorable outcome, high-
risk patients still show frequent relapses and a poor prognosis.
Amplification of the MYCN oncogene was one of the first re-
ported genetic markers for highly aggressive and advanced
stage NB (4). MYCN amplification is observed in approximately
20% of cases and remains a powerful prognostic factor indicat-
ing poor outcome (5). The status of MYCN has been determined
using Southern blotting or fluorescence in situ hybridization
(FISH) of tumor tissues obtained invasively. Recently, several
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studies detecting MYCN amplification with real-time polymer-
ase chain reaction (PCR) using peripheral blood were reported
(6-9). These studies showed correlation of serum MYCN status
with tissue MYCN results, suggesting the usefulness of detect-
ing MYCN amplification with circulating DNA. In this study, we
performed conventional PCR analysis using serum specimens
from NB patients and compared the results with the MYCN sta-
tus tested with FISH on tumor tissues.

MATERIALS AND METHODS

Study subjects

Among the patients diagnosed with NB between June 2011 and
December 2015, patients who had FISH results for MYCN am-
plification in their tumor tissues were eligible for this study. Pa-
tients without stored serum samples at the time of diagnosis
were excluded. A total of 105 patients were enrolled in this study
with informed consent from their parents.

Serum preparation, DNA isolation and qualitative PCR
At diagnosis, 4 mL of whole blood was collected using a serum
separator tube. After clotting time, blood was centrifuged (2,400
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g) at 4 degrees for 5 minutes. Serum was transferred into a 1.5
mL Eppendorf tube and stored at -80 degrees freezer. Circulat-
ing DNA was extracted from 200 pL of a stored serum sample
by using the QIAamp DNA blood mini kit (Qiagen, GmbH, Hil-
den, Germany) according to the manufacturer’s protocols. Thir-
ty PCR cycles were performed; each cycle consisted of 30 sec-
onds at 94°C, 60 seconds at 60°C, and 30 seconds at 72°C. In ad-
dition to MYCN (GenBank accession No. NG 007457), PCR am-
plification of N-acetylglucosamine kinase (NAGK, GenBank ac-
cession No. NM 017567) gene located at 2p12 was performed as
a single-copy reference gene. The sequence of primers used for
MYCN and NAGK are as follows: MYCN forward, 5°-GTGCTC-
TCCAATTCTCGCCT-3"; MYCN reverse, 5 -GATGGCCTAGAG-
GAGGGCT-3"; NAGK forward, 5'-TGGGCAGACACATCGTAG-
CA-3’; and NAGKreverse, 5'-CACCTTCACTCCCACCTCAAC-3".
PCR products were separated on a 1.5% agarose gel, and densi-
tometric results were analyzed with NIH Image J software (http:
//rsbweb.nih.gov/ij/) as a ratio of signal intensity. MYCN am-
plification was evaluated as the MYCN/NAGK (M/N) ratio.

Statistical analyses

Statistical analyses were conducted using IBM SPSS Statistics
for Windows, version 23 (IBM Corp., Armonk, NY, USA). Differ-
ences between categorical variables were measured using y* or
Fisher’s exact tests, and differences between continuous vari-
ables were calculated with the Mann-Whitney test. Diagnostic

Table 1. Characteristics of patients according to their tissue MYCN result

FISH results
Parameters mychampifies V'O non-
n=10(9.5 %) amplified P
n = 95 (90.5%)
Sex, No. (%) 0.321
Male 3(30.0) 48 (50.5)
Female 7(70.0) 47 (49.5)
Median age at diagnosis, mon (range) 22.5 (1-55) 25.0 (1-231) 0.760
Stage, No. (%) 0.238
1 0(0) 10 (10.5)
2 0(0) 21 (22.1)
3 1(10.0) 13 (13.7)
4 9(90.0) 49 (51.6)
45 0(0) 2.1
INPC classification, No. (%) 0.038
Favorable 1(10.0) 46 (48.4)
Unfavorable 9(90.0) 47 (49.5)
Unknown 0(0) 2(2.1)
Grade of differentiation, No. (%) 0.001
Undifferentiated 3(30.0) 1(1.1)
Poorly differentiated 7 (70.0) 47 (49.5)
Differentiating 0(0) 17.(17.9)
Ganglioneuroblastoma 0(0) 29 (30.5)
Unknown 0(0) 1(1.1)
Serum MYCNPCR results, median ~ 2.56 (1.01-3.58) 0.97 (0.67-5.18) < 0.001
(range)

INPC, International Neuroblastoma Pathology Classification; M/N ratio, MYCN/NAGK
ratio.
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performance was assessed by receiver operating characteristic
(ROC) curve analysis. The Youden index was used to identify
the optimal cut-off points.

Ethics statement

This study was approved by the institutional review board at
Samsung Medical Center (IRB No. 2013-07-139), and informed
consents were obtained from the parents.

RESULTS

Characteristics of patients according to tissue MYCN
status

Of the 105 patients enrolled in this study, 10 had MYCN-ampli-
fied (MNA) tumors and 95 had non-MNA tumors, as determin-
ed using FISH (Table 1). Among the 10 patients with MNA tu-
mors, 9 patients had stage 4 disease. There were no statistically
significant differences in sex and age at diagnosis between the
MNA tumor and non-MNA tumor groups. Most MNA tumors
showed unfavorable histology, and the grade of tumor differen-
tiation of all of the MNA tumors was undifferentiated or poorly
differentiated.

Accuracy of serum MYCN PCR results
The serum M/N ratio ranged from 0.67 to 5.18, and the M/N ra-
tio of the MNA NB group was significantly higher than that of
the non-MNA NB group (P < 0.001). The distributions of M/N
ratios in the MNA and non-MNA tumor groups are shown in
Fig. 1. PCR results of representative cases of MNA tumors and
non-MNA tumors are shown in Fig. 2. In the ROC curve analy-
sis, the area under the curve was 0.957 (95% confidence interval
[CI], 0.898-1.000; P < 0.001), and it showed 90.9% sensitivity and
97.9% specificity with the selected cut-off value for M/N ratio
set as 1.6 (Fig. 3).

When regarding the tissue FISH results as a reference, false-
positive results were obtained in the serum PCR analysis for 2
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Fig. 1. Distributions of MYCN/NAGK (M/N) ratios in MYCN-amplified (MNA) and non-

MNA tumors. The M/N ratio of serum DNA according to the MYCN tissue status is
shown. The line in the middle indicates cut off level (1.6).
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Fig. 2. Detection of MYCN amplification in serum using PCR analysis. Patients A and B had MYCN-amplified (MNA) tumors, while patients C and D had non-MNA tumors. The
MYCN/NAGK (M/N) ratios of patient A, B, C, and D were 3.758, 3.527, 0.977, and 0.907, respectively. The very left lane is ladder marker DNA.
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Fig. 3. Receiver operating characteristic (ROC) curve constructed using the MYCN/
NAGK (M/N) ratio. In the ROC curve analysis, the area under the curve was 0.957
(95% confidence interval, 0.898-1.000; P < 0.001), and it showed 90.9% sensitivity
and 97.9% specificity with the selected M/N ratio cut-off value set of 1.6.

patients, and a false-negative result was obtained in 1 patient.
One patient with false-positive results (0.67 of FISH MYCN/CEP2
ratio and 5.18 of serum M/N ratio) had poorly differentiated NB
and stage 4 disease with distant lymph node metastasis. Initial
lactate dehydrogenase (LDH) and neuron specific enolase (NSE)
levels were 4,265 IU/L and 350 ng/mL, respectively. After 3 cy-
cles of chemotherapy, tumor volume reduction was measured
as 72.7%. The other patient had poorly differentiated NB with
bone marrow and bone metastasis. The FISH MYCN/CEP2 ra-
tio of the tumor tissue was 1.01 and the serum M/N ratio was
2.46. The LDH and NSE levels were 788 IU/L and 58.5 ng/mL at
diagnosis, and tumor volume reduction after 3 cycles of che-
motherapy was 41.3%. Both patients are alive without disease
after treatment according to the high risk NB protocol.

The patient who had a false-negative result was a 21-month-
old boy diagnosed with poorly differentiated NB with bone me-
tastasis. The FISH MYCN/CEP2ratio and serum M/N ratio were
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> 20 and 1.007, respectively.

Relapsed patient

Among 105 patients, 1 patient had a recurrent MNA tumor. PCR
analysis with the serum sample from this patient was performed
with both the specimens from the initial diagnosis and the re-
lapse, and high M/N ratios were observed in both samples (2.643
at diagnosis and 2.407 at relapse).

Neonatal NB

Fifteen patients were infants less than 3 months old, and 1 of
them had MNA NB. Five patients were diagnosed with stage 1
or 4S disease after surgery, and they were in remission without
chemotherapy. In these patients, no discrepancies were observ-
ed between the results of serum PCR and FISH with tumor tissue.

DISCUSSION

In this study, we used conventional PCR analysis to evaluate
MYCN amplification using serum samples from NB patients.
The MNA NB group had significantly higher M/N ratios com-
pared to those of the non-MNA group, and the PCR results cor-
related well with FISH results with high sensitivity and specific-
ity that were similar to the results reported previously using re-
al-time PCR (6-9). The advantages of conventional PCR include
the ready access to conventional thermocyclers in almost all re-
search facilities and the low cost.

MYCN amplification is a known poor prognostic factor of NB.
The International Neuroblastoma Risk Group Biology Commit-
tee agreed that MYCN status should be evaluated in every re-
sected neuroblastic tumor, including the Schwann cell stroma-
rich categories (10). Recommended and accepted techniques
to detect MYCN amplification in tumor tissue include inter-
phase FISH, PCR, array-based comparative genomic hybridiza-
tion and multiplex ligation-dependent probe amplification, but
interphase FISH is usually preferred and used in many institu-
tions (11).

The results of our study along with those of previous studies
showed that measuring MYCN amplification with serum sam-
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ples could be used to predict the MYCN status of tumor tissue
noninvasively. This method can be adjusted usefully in several
clinical settings. Gotoh et al. (7) demonstrated that the serum
M/N ratio decreased in the patients in remission but increased
beyond the cut-off value in the patients who relapsed or failed
to achieve remission. Therefore, the serum M/N ratio could be
used as a marker to monitor treatment response and predict re-
lapse. MYCN PCR could be performed using cerebrospinal flu-
id (CSF) as well as serum, and the high number of MYCN cop-
ies in the CSF might indicate the presence of metastatic NB of
the central nervous system (12).

One good candidate for the application of serum MYCN test
is in infants with a congenital suprarenal mass. The universal
use of ultrasonography in the prenatal period leads to the in-
creased detection of suprarenal masses in neonates. The differ-
ential diagnosis for a congenital suprarenal mass includes ad-
renal hemorrhage, adrenal hyperplasia, renal dysplasia, pul-
monary sequestration, NB and so on (13,14). When the supra-
renal mass is suspected to be NB, expectant observation can be
considered because a high rate of spontaneous regression has
been observed in infants with NB (15,16). However, if the tumor
tissue has MYCN amplification, the infants have to be classified
as a high-risk group requiring intensive, multimodal treatment
before progression (17-19). PCR can easily be performed by us-
ing peripheral blood for this group of patients to detect MYCN
amplification and to decide the treatment strategy without ob-
taining tumor tissue invasively. In this study, 5 infants less than
3 months of age underwent an operation and they were diag-
nosed with a stage 1 or 4S non-MNA NB, and there was no dis-
crepancy between the serum PCR and FISH results in these pa-
tients.

In this study, false-positive results were obtained for 2 patients
and a false-negative result was obtained for 1 patient when we
considered the tissue FISH results as a reference. Conventional
PCR is very simple technique and can be applied easily in re-
search facilities, but it provides qualitative results only. Quanti-
tative results were analyzed with as a ratio of signal intensity
between MYCN and NAGK in this study, but this method can-
not be precise as real-time PCR, although sensitivity and speci-
ficity in this study were similar to the results reported previously
using real-time PCR.

High LDH and NSE were known to be associated with MYCN
positive NB (20), and we previously reported that greater tumor
volume reduction was observed in patients with MYCN posi-
tive tumors (21). In our study, 1 patient with false positive result
showed clinical features similar to the MYCN positive NB in
that this patient had high serum LDH and NSE level at diagno-
sis and showed good early response to chemotherapy. In this
patient, the possibility of inaccurate FISH results cannot be ex-
cluded because the results of FISH on tumor tissue can be af-
fected by the quality of the tissue specimen.

http://dx.doi.org/10.3346/jkms.2016.31.9.1392

False-negative results can be partly explained by the possibil-
ity of leukocyte contamination during the preparation of the se-
rum sample; in this case, dilution of tumor DNA with white
blood cell (WBC) DNA can lower the M/N ratio in MNA tumors
(7). Therefore, the importance of removing WBCs from serum
should be emphasized during the handling of the serum sam-
ple. An additional high-speed centrifugation step (16,000 g for 5
minutes) before freezing or after thawing the serum sample
was found to eliminate cellular contamination (22). By using
the standardized protocol with appropriate centrifugation meth-
ods, WBC contamination could be minimized and WBC-free
serum could be reliably achieved.

In summary, the detection of MYCN amplification using con-
ventional PCR analysis of serum samples seems to be a simple
and promising method to evaluate the MYCN status of NB. This
noninvasive and simple technique can be used in many clinical
settings such as monitoring relapse or deciding the treatment
strategy of a congenital suprarenal mass. Further study with a
larger set of patients is needed to confirm this result.
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