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Background: Neuroblastoma (NB) is an enigmatic tumor that often presents with metastatic disease
at diagnosis and it is this aggressive propensity which places it among the deadliest pediatric tumors
despite intensive multimodal therapy including hematopoietic stem cell transplantation (HSCT). We have
previously demonstrated that Wilms tumor 1 gene (WT1I) is a surrogate marker of proliferation in leukemia.
To determine the potential association between W11 and a known marker of NB, tyrosine hydroxylase (TH)
in this high risk group of patients.

Methods: A total of 141 random samples from 34 patients were obtained, at diagnosis (n=27), during
therapy (n=95), in clinical remission (n=13), and at the time of relapse (n=6). Quantitative RT-PCR was used
for the evaluation of the level of gene expression using specific primers.

Results: Although similar gene expressions were demonstrated in both controls when evaluating both
genes, significant difference was found at each clinical time point. Furthermore, when comparing patient
samples from diagnosis to clinical remission and diagnosis to clinical relapse, individual gene expression
varied. WT1 demonstrated significance (P=0.0002) and insignificance (P=0.06) whereas TH remained non-
significant (P=0.2, P=0.09) respectively.

Conclusions: 17T1 gene is indicative of cellular proliferation in NB and for this reason it can be adjuvant
to TH for the detection minimal residual disease (MRD).
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Introduction 5 years of age (2-4) and is characterized by clinical

Neuroblastoma (NB) is derived from primordial neural heterogeneity. Around 40% to 50% of NB patients in

crest cells that eventually populate the adrenal medulla,
sympathetic ganglia, and other sites (1). It is the most marrow (BM), bone, distant lymph nodes, liver and
common extracranial solid tumor in children under other organs (4,5). While NB can spontaneously mature

advanced stage 4 presents with dissemination in bone
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(6-9), this enigmatic tumor more often presents with
metastatic disease at diagnosis and it is this aggressive
propensity which places it among the deadliest pediatric
tumors despite intensive multimodal therapy including
stem cell transplant (1,2,10,11). Though histologically
NB is classified under small round cell tumors (SRCTs)
they can be ambiguous. Thus, it is essential to ascertain
reliable tumor markers by molecular biological and/or
cytogenetic analyses to facilitate appropriate diagnosis
and follow-up including the detection of minimal residual
disease (MRD) (3,10,11). In most cases an elevated level
of catecholamine production characterizes NB. Tyrosine
hydroxylase (TH) catalyzes the first and rate-limiting
step in the synthesis of catecholamines and therefore it
can be used as a NB marker (2,3,12-14). Furthermore,
a correlation between TH transcription and clinical
outcome has been identified (2,12-14).

The Wilms tumor 1 gene, WTI, is located on
chromosome 11p13 and encodes a zinc-finger protein that
is associated in the development of some cases of Wilms
tumor (15-17). WT1I is an archetypical dichotomous
transcription factor in development and disease. W71
plays an important role in regulating cellular growth
and differentiation (17,18). Furthermore, it has been
implicated as a diagnostic tool in monitoring MRD in
leukemias (18-22). Although it is expressed at low levels in
BM by normal progenitor cells, W71 has been reported
to be expressed at high levels in almost all hematological
malignancies (18-20) and other solid tumors with their
respective cell lines (15,18). Mutant or aberrantly
expressed WTI isoforms have also been described in
desmoplastic SRCT, acute leukemias, mesothelioma,
breast tumors and melanoma (18,23-25). During early
development, WT1 is expressed in the brain and spinal
cord, however its role in the malignancies that affect these
tissues has not been previously investigated (18,25).

The objective of this study is to determine the potential
association between W11 and TH gene expression in high risk
NB patients. To further elucidate the expression levels of both
genes, samples were obtained at distinct clinical time points.

Materials and methods
Sample collection

After informed consent was given to use stored remains
of DNA samples for research purposes, a total of
141 random samples from 34 eligible patients with the
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histological diagnosis of high risk NB by the Children’s
Oncology Group (COG) criteria were collected. Including
27 samples at diagnosis [24 BM, 3 peripheral blood (PB)],
95 samples during treatment [62 BM, 3 PB, 30 peripheral
blood stem cells (PBSC)], 13 post-transplant samples in
remission (13 BM) and 6 samples at the time of clinical
relapse (6 BM). Normal PB (n=19) was obtained from
healthy volunteers and used as negative controls. Three
NB cell lines (NGP, IMR-5 and LAN-5) were used for

positive controls.

RNA preparation

Total RNA was extracted from BM, PB and PBSC
samples using QIAamp "™ RNA Blood mini kit (QIAGEN
Inc., Valencia, CA, USA) following the manufacturer’s
procedure, for the determination of W71 and TH mRNA
gene expressions. The RNA concentration and purity was
quantified by measuring the absorbance at 260 and 280 nm
with a spectrophotometer (Pharmacia Biotech Gene Quant).

Quantitative RT-PCR

A two-step reverse transcriptase (RT)-PCR reaction was
conducted in a 20 pL reaction volume containing 1 pug/uLL
of total RNA from each sample. Reaction buffer comprised
of 4 pL of 25 nM MgCl,, 2 uL. of 10x PCR buffer II, 8 uL.
dNTPs, 1 uL. of Oligo d(T),, 1 pL of RNase inhibitor, and
1 pLL of Moloney Murine Leukemia Virus (MuLV) RT
(Applied Biosystem, Foster City, CA, USA). Primer pairs were
designed to locate specific nucleotide fragments for mRNA of
both genes with the following sequences: TH (outer—sense)
5-TGTCAGAGCTGGACAAGTGT-3’; (outer—antisense)
5> GATATTGTCTTCCCGGTAGC-3’; (inner—sense)
S’ATCACCTGGTCACCAAGTTC-3’% (inner—antisense)
5-GTGGTGTAGACCTCCTTCCA-3’and WTI (outer—
sense) 5’-GGCATCTGAGACCAGTGAGAA-3’; (outer—
antisense) 5’ GAGAGTCAGACTTGAAAGCAGT-37
(inner—sense) 5’-GCTGTCCCACTTACAGATGCA-3’
(inner—antisense) 5’-TCAAAGCGCCAGCTGGAGTTT-3".

Reverse transcription was incubated in a 42 °C waterbath
for 60 minutes, followed by denaturation at 96 °C in a thermal
cycler for 10 minutes. 10 pL of the complementary DNA
(cDNA) was amplified throughout the first round of PCR;
it was then subjected for 30 cycles of initial denaturation for
5 minutes, amplification at 95 °C for 5 seconds, annealed at
55 °C for 5 seconds, and extension at 72 °C for 10 seconds.
A second round of PCR was carried out by taking one pl of
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Description # of samples Median Mean + SEM Range 95% ClI P value
WiI1 Neg control 19 0.17 0.25+0.05 0.0031-0.78 0.14 to 0.36 0.33
TH Neg control 19 0.12 0.14+0.03 0.000013-0.45 0.07 to 0.22

WT1 Pos control 3 480 371+151 72-560 —-279 to 1,021 0.50
TH Pos control 3 640 8,904+8,550 72-26,000 -27,882 to 45,690

WT1 diagnosis 27 3 71.2+55 0.007-1,500 -42.3t0 185 <0.0003
TH diagnosis 27 79 7,030+3,708 0.0023-76,000 -592 to 14,651

WTT1 therapy 95 0.17 6.13+1.84 0.0013-100 25t09.8 0.004
TH therapy 95 0.33 647+491 0.00012-45,000 -329to 1,622

WT1 remission 13 0.085 0.17+0.09 0.0026-1.2 —0.023 to 0.36 0.001
TH remission 13 0.72 3,5649+3,455 0.04-45,000 -3,978 to 1,108

WTT relapse 6 1.15 1.74+0.87 0.002-5.7 —-0.50 to 3.98 0.03
TH relapse 6 5.65 7.32+2.86 2-21 -0.03 to 14.7

WT1, Wilms tumor 1 gene; TH, tyrosine hydroxylase; NB, neuroblastoma; SEM, standard error of mean.

the amplified product from the first round and re-amplifying
it with inner primers using the LightCycler System™ with
SYBR-Green 1 RNA master mix reagent from Roche
Diagnostics (Biochemica, Indianapolis, IN, USA). After
PCR was completed, the concentration of target cells was
calculated by the LightCycler software by extrapolation from
the external standard curve. A standard curve was generated
using a series of six ten-fold serial dilutions of NGP cell
line, wherein sample results were deduced. The integrity of
RNA was confirmed by amplification of the housekeeping
gene GAPDH. RNA extracted from appropriate cell lines
(NGP, IMR-5 and LAN-5) was used as a positive control
for each fusion transcript. The identical procedure was
performed for negative controls as well. Values of 1x10” ng/uL,
and above were considered positive for the expression of
WT1 mRNA and TH mRNA, values between 9.9x10™" to
6.5x10™" ng/uL were considered weakly positive and any lower
values were considered negative. The levels of WT1 and TH
gene transcription in NGP were arbitrarily defined as 1.0.
Specificity of PCR products was additionally verified in a 1.5%
agarose gel electrophoresis. All RT-PCR experimentations
were completed in triplicate and mean values were used.

Statistical analysis

Descriptive statistics were employed for the detection of
association between TH and W71 gene transcriptions as
well as their individual significance in patient samples and
controls, using Wilcoxon signed rank test analysis along with
distinct column statistics were engaged at various clinical
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time points. For measurements of gene expression in patient
samples in comparison to controls, the Wilcoxon rank sum
test was used. Data analysis was done using GraphPad Prism

version 5.0 software (GraphPad, La Jolla, CA, USA). P values
of <0.05 was considered statistically significant.

Results
WT1 and TH gene expression in patients’ samples

As shown in Tible 1 a total of 141 high risk NB patient samples
were obtained and examined for TH and W1 transcriptions at
various clinical ime points for the determination of association
between the 2 genes. Paired levels of both gene transcriptions
were extrapolated from a standard curve for the definitive
measurements defined in Methods.

At diagnosis 93% (25/27) patient samples were detected
to express positive and 7% (2/27) were considered weakly
positive for TH gene expression. W11 gene expression was
also defined in the same manner with 70% (19/27) positive
amplification and 15% (4/27) weakly positive. In addition
15% (4/27) of those patients’ samples were considered
negative for WT1 transcript. When a comparison was
made between TH and WTI gene expressions at diagnosis
(Figure 1A), a significant difference was found between the
expression levels of the two genes (P<0.0003).

Throughout therapy at various time points high risk NB
patient samples were acquired. When measuring TH gene
expression 35% (33/95) in addition to 4% (4/95) of the
samples expressed positive and weakly positive respectively,
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Figure 1 Comparison of gene expressions: W11 & TH in patient samples. Significant difference was determined in all clinical time points; at
diagnosis (A) P<0.0003, during therapy; (B) P=0.004, in clinical remission; (C) P=0.001 and in clinical relapse; (D) P=0.03 when comparing
patient samples for both gene expressions. W11, Wilms tumor 1 gene; TH, tyrosine hydroxylase.
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Figure 2 Comparison of gene expressions: W71 & TH at diagnosis to clinical remission and clinical relapse. Significant (P=0.0002)

difference was measured when evaluating W71 gene expression (A) from diagnosis to clinical remission whereas insignificance (P=0.2) was

measured in TH gene expression (B). When comparing diagnosis to clinical relapse insignificance was determined when measuring both
WTI (P=0.06) (A) and TH (P=0.09) (B) gene expressions. W11, Wilms tumor 1 gene; TH, tyrosine hydroxylase.

whereas 61% (58/95) expressed negative. Similarly, WT1
transcripts measured 70% (66/95) negative and 27%
(26/95) positive with 3% (3/95) weakly positive. Significant
difference (P=0.004) was measured amid WTIland TH
transcriptions during therapy (Figure 1B).

During clinical remission values measuring TH and
WTI transcriptions varied. Overall TH gene expression was
divided with 46% (6/13) negativity and 46% (6/13) positivity
with 8% (1/13) weakly positive. In contrast, 92% (12/13) of
W1 expression was measured negative while only 8% (1/13)

© Translational Pediatrics. All rights reserved.

was positive. When evaluating the difference between the
two varied gene expressions there was significance (P=0.001)
established at clinical remission (Figure 1C).

On the other hand, patients in clinical relapse
demonstrated 100% (6/6) positivity for TH transcription,
in comparison to WTI gene expression of 67% (4/6)
positivity and 33% (2/6) negativity. Neither samples
expressed weakly positive. Both gene expressions when
compared at the time of clinical relapse (Figure 1D)
illustrated significance (P=0.03).
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Figure 3 Gene expressions of WT1 & TH in high-risk NB patient samples and controls. Significant (P<0.0001) difference was detected

when comparing patient samples at diagnosis (n=27) to negative (n=19) and positive (n=3) controls for both gene expressions using Iway

ANOVA analysis. WT1 gene expression (A) was significantly different in both groups; negative control vs. patient sample (P<0.0001) and

cell line vs. patient sample (P=0.012) while TH gene expression (B) in negative control vs. patient sample (P<0.0001) and cell line vs. patient

sample (P=0.25) varied. WT1, Wilms tumor 1 gene; TH, tyrosine hydroxylase.

Determination of WT1 and TH gene expression post HSCT

To evaluate the implication of both gene expressions in
this high risk group, we measured each gene individually
from patient samples at the time of initial diagnosis to post
HSCT time points: clinical remission and clinical relapse.
From diagnosis to the time of achieving clinical remission,
patients samples produced a significant (P=0.0002) and
non-significant difference (P=0.2) when measuring W71
(Figure 24) and TH (Figure 2B) respectively, while both
genes were insignificant (P=0.06, P=0.09) when comparing
samples from diagnosis to clinical relapse for transcriptions
of their particular genes.

WT1 and TH gene expression in positive and negative
controls

Overall, significance (P<0.0001) was determined when
measuring the distinct level of gene expression of both W71
(Figure 3A4) and TH (Figure 3B) at the time of diagnosis in
judgment to both negative and positive controls. Moreover,
when comparing both gene expressions in negative and
positive controls insignificance (P<0.33, P<0.50) was found
correspondingly (1able I).

Discussion

Dennis et al. (25) along with Wang ez al. (18), found that W'T1
gene is expressed in the brain as well as at detectable levels
in human neural tumors, including brain tumors and NB.
They conclude that WT1 gene does not play a significant

© Translational Pediatrics. All rights reserved.

role in the molecular etiology and pathogenesis of these
tumors (18,25). In accordance to our study, using RT-PCR,
we have detected varied levels of positive expression of W71
in high-risk NB. Whereas others (23,24) have measured the
same level of WT1 gene expression in NB at diagnosis using
immunohistochemical staining. Irrespective of the technique
that has been employed, WTT positively expresses in NB.

As NB has a specific catecholamine metabolism, it may be
useful to detect TH, which is the first rate-limiting enzyme of
catecholamine synthesis (2,3,12-14). This inspired scientists
to endeavor into measuring the level of TH gene expression in
NB. Indeed, increased expression of the TH gene is indicative
of the presence of NB cells, as seen in several studies (26-29).
In addition Ootsuka er 4/. (3) have found that it is a specific
marker for NB in comparison to other SRCTs. Thus, TH
has been used for the detection of MRD in NB (30-36).
Accordingly, in our study, for the assessment of W71 gene
expression, TH was employed as a known marker of NB.

Overall, although there was a significant difference found
between both gene transcriptions throughout the study,
WTI1 demonstrated similar gene expression to TH by the
insignificance measured in both positive and negative controls
(1dble 1). At the time of diagnosis and during therapy patient
samples expressed an equal WT1/TH ratio of 0.01, while
samples post-transplant in remission expressed a decreased
ratio of 0.00005. WT1 gene was negative and significantly
lower than TH, which remained highly positive, in patient
samples measured from BM in clinical remission. Based on our
previous studies (20-22) this exemplifies that W71 is a marker
of proliferation and that these BM samples from patients post-
transplant illustrate a non-proliferative metastatic state in high
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risk NB. Additionally, spontaneous or chemotherapy-induced
differentiation of a malignant neuroblastic tumor, including
NB, is known to mature into ganglioneuroma (GN) (6-9),
which is the most differentiated neuroblastic tumors. This
non-proliferative state of GN can be seen histologically in this
setting. Consequently, it is possible that W11 gene expression
may be negative. This may explain why even in clinical
presence of tumor cells the W71 gene may not be expressed
post-transplant. When comparing samples from diagnosis to
remission, WT1 and TH transcription illustrated significant
and insignificant difference respectively. The insignificance
found in TH transcription contributes to TH being positively
expressed in normal and malignant neuronal tissue (37,38).
WTI can be compared to TH and that at the time of
clinical remission both gene expression vary due to their
independent physiology in NB. Moreover, these findings
suggest that W71 is a surrogate marker of proliferation in
this high-risk group. The use of TH as an MRD marker
in NB is hampered by its illegitimate expression in normal
hematological cells (4,28,36-40). Thus in order to avoid
false negative results, W71 should be adjuvant to TH for
the detection of MRD in this high-risk group. The need to
conduct larger prospective studies is pivotal for the proper
understanding of what role does the (WTT) plays in NB.
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