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Neuroblastoma (NB) is a common pediatric tumor that exhibits a
wide range of biological and clinical heterogeneity. EPH (erythro-
poietin-producing hepatoma amplified sequence) family receptor
tyrosine kinases and ligand ephrins play pivotal roles in neural and
cardiovascular development. High-level expression of transcripts
encoding EPHB6 receptors (EPHB6) and its ligands ephrin-B2 and
ephrin-B3 (EFNB2, EFNB3) is associated with low-stage NB (stages
1, 2, and 4S) and high TrkA expression. In this study, we showed
that EFNB2 and TrkA expressions were associated with both tumor
stage and age, whereas EPHB6 and EFNB3 expressions were solely
associated with tumor stage, suggesting that these genes were
expressed in distinct subsets of NB. Kaplan-Meier and Cox regres-
sion analyses revealed that high-level expression of EPHB6, EFNB2,
and EFNB3 predicted favorable NB outcome (P < 0.005), and their
expression combined with TrkA expression predicted the disease
outcome more accurately than each variable alone (P < 0.00005).
Interestingly, if any one of the four genes (EPHB6, EFNB2, EFNB3,
or TrkA) was expressed at high levels in NB, the patient survival
was excellent (>90%). To address whether a good disease out-
come of NB was a consequence of high-level expression of a
‘‘favorable NB gene,’’ we examined the effect of EPHB6 on NB cell
lines. Transfection of EPHB6 cDNA into IMR5 and SY5Y expressing
little endogenous EPHB6 resulted in inhibition of their clonogenic-
ity in culture. Furthermore, transfection of EPHB6 suppressed the
tumorigenicity of SY5Y in a mouse xenograft model, demon-
strating that high-level expressions of favorable NB genes, such
as EPHB6, can in fact suppress malignant phenotype of unfa-
vorable NB.

Neuroblastoma (NB) is a common pediatric solid tumor of
neural crest origin. The tumor occurs frequently in infants

and young children and originates in the adrenal glands or the
sympathetic chain. NB exhibits a wide range of clinical hetero-
geneity, ranging from cases that are curable without treatment
to those that progress relentlessly despite the most aggressive
treatment. Several markers have been described that can predict
disease outcome of NB, including patient age at diagnosis, tumor
stage, Shimada histology, DNA ploidy, serum ferritin or lactate
dehydrogenase levels, and MYCN amplification (1–7). Others,
such as deletion or allelic loss of chromosome 1p (8, 9), allelic
gain of 17q (10), TrkA expression (11–13), and CD44 expression
(14), are also significant prognostic markers of NB. Although
these factors have been known for some time, the molecular
mechanism as to why these factors are predictive of NB outcome
has remained elusive.

EPH (erythropoietin-producing hepatoma amplified se-
quence) family receptor tyrosine kinases and ephrin ligands are
involved in fundamental developmental processes in the nervous
system (15–19). Their participation in angiogenesis during car-
diovascular development also has been demonstrated (20–23).
In addition, their involvement in human cancers through auto-
crine andyor juxtacrine activation has been suggested (24–27).
Based on the sequence relationships and structures, ephrin
ligands are divided into two subgroups: ephrin-A and ephrin-B,

which are encoded by EFNA and EFNB genes, respectively. EPH
family receptors also are divided into subgroups based on the
relatedness of their extracellular domain sequences and on their
ability to bind to the two subgroups of ephrins. The EPHA
subgroup interacts preferentially with ephrin-A ligands, whereas
the EPHB subgroup interacts preferentially with ephrin-B li-
gands (28).

We recently demonstrated that transcripts encoding EPHB
receptors and ephrin-B ligands were coexpressed in NB, sug-
gesting that these molecules modulate biological and clinical
behaviors of NB. Furthermore, high-level expression of EPHB6,
EFNB2, and EFNB3 was associated with low tumor stage and
with high TrkA expression but inversely correlated with MYCN
amplification in NB (26). This study was undertaken to deter-
mine whether the expressions of EPHB6, EFNB2, and EFNB3
have any effects on the prognosis of NB, and if so, to elucidate
the underlying mechanisms by which these effects are mediated.
We show here that high-level expression of EPHB6, EFNB2, and
EFNB3 is a significant prognostic indicator of favorable NB, and
that expression levels of genes associated with favorable NB
disease outcome such as EPHB6 can in fact determine benign or
malignant phenotype of the tumor.

Materials and Methods
Primary NB Tumor Samples. Fifty NB tumor specimens were
obtained from the Tumor Bank of The Children’s Hospital of
Philadelphia, the Tumor Bank of The Pediatric Oncology
Group, and Memorial Sloan-Kettering Cancer Center. These
included 10 tumors of stage 1, eight of stage 2, five of stage 4S,
12 of stage 3, and 15 of stage 4. Two stage 3 tumors and seven
stage 4 tumors had MYCN amplification. The Shimada histology
was absent from about a half of the cases and thus was not
included in our analysis. The overall survival of this cohort was
71.43%, which was slightly higher than that expected from the
general NB population ('65%). This is because of a lower
representation of MYCN-amplified cases in our cohort (18%)
than that in the general NB population ('25%) and because of
lower representation of stage 4 tumors ('30% in our cohort vs.
'50% in the general NB population). Although the expression
study was performed on 50 NB samples, the survival data were
available for 49 NB.
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Quantitative Reverse Transcription–PCR (RT-PCR). Experimental
procedures for quantitative RT-PCR were described elsewhere
(26, 27). Results of this semiquantitative RT-PCR were shown to
be consistent with those obtained by Northern blot analysis (27).

Statistical Analysis. Survival probabilities in various subgroups
were estimated according to the method of Kaplan and Meier
(29). Survival distributions were compared by using log-rank
tests (30). The Cox regression models were used to determine the
relationship among the prognostic markers (31). Both EFNB2
and EFNB3 expressions had skewed distributions. Thus, the
Wilcoxon rank-sum test was used to assess differential expres-
sion of EPHB6, EFNB2, EFNB3, and TrkA by age (, 1 vs. .1
year), and by stage (1, 2, and 4S vs. 3 and 4). P value ,0.05 is
considered statistically significant.

Stable Transfection of NB Cells with EPHB6. Human EPHB6 cDNA
clones were obtained by PCR from fetal brain cDNA (CLON-
TECH), and the nucleotide sequences were confirmed by DNA
sequencing and the BLAST homology search. One and a half
million SY5Y or IMR5 cells were transfected by electroporation
with either pCEP4 eukaryotic expression vector (Invitrogen)
alone or the vector containing a human EPHB6 cDNA. The
resulting transfectants were plated into three wells of a 6-well
plate and selected for 14 days with 250 mgyml hygromycin. After
the selection, the cells were treated with 0.5 mgyml 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide for 4 h
to stain viable cells and to examine the effect of EPHB6 on
clonogenicity of NB cells.

Mouse Xenograft Studies. A total of 3 3 107 SY5Y cells were
transiently transfected with 300 mg linearlized DNA
[pcDNA3.1yHygro(1) vector (Invitrogen) or the vector con-
taining an EPHB6 cDNA], using FuGENE6 (Roche Molecular
Biochemicals) according to the manufacturer’s instructions.
Twenty-four hours after the transfection, the cells were har-
vested and injected s.c. in the flank of nude mice (5 3 106 cells
in 0.2 ml Matrigel per mouse). The difference in tumor size
between the vector control group and the EPHB6 group was
assessed on day 40 by the Wilcoxon rank-sum test by using the
median value of each group.

Results
The NB Cohort. We first examined the prognostic values of four
well-established prognostic markers of NB to evaluate our study
cohort. The markers included patient age at diagnosis (1, 32),
tumor stage (1, 32), MYCN amplification (1–7), and TrkA
expression (11–13). As shown in Table 1, the univariate Cox
regression survival analysis demonstrated that all of the variables
tested predicted the disease outcome of NB as expected. We also
confirmed that age, stage, MYCN amplification (data not
shown), and TrkA expression (Fig. 1A) predicted disease out-
come of the NB cohort by the Kaplan-Meier method. Although
our NB cohort had some differences in its composition from the

Table 1. Prognostic significance of four established prognostic
markers in the study cohort

Variable Hazard ratio 95% CI P

Age (.1 vs. ,1) 8.01 1.05–61.24 0.045
Stage (3, 4 vs. 1, 2, 4S) 14.49 1.89–111.22 0.010
MYCN (amplified vs. normal) 7.91 2.59–24.14 ,0.0005
TrkA* 0.241 0.113–0.518 ,0.0005

Univariate Cox regression analysis was used to assess prognostic signifi-
cance of variables indicated. CI, Confidence interval.
*Continuous variable.

Fig. 1. The expression of EPHB6, EFNB2, and EFNB3 predicts disease
outcome of NB. Survival probabilities of groups of NB with low- or high-
level expression of TrkA (A), EPHB6 (B), EFNB2 (C), or EFNB3 (D) were
estimated by the method of Kaplan-Meier. The median value of each
variable was used as a cut-off to define high- and low-expression sub-
groups. Five-year survival and 95% confidence interval (CI) also were
calculated for each subgroup. The log-rank test was used to compare
survival probabilities of the two groups.
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general NB population, these data collectively demonstrated
that the study cohort would allow us to evaluate the clinical and
biological significance of EPHB6, EFNB2, and EFNB3 expres-
sions in NB.

Expression of EPHB6, EFNB2, and EFNB3 Predicts Disease Outcome of
NB. We next investigated whether EPHB6, EFNB2, and EFNB3
expressions were predictive of NB outcome by using the Kaplan-
Meier method. Survival probabilities of high- and low-expression
subgroups for each transcript were estimated, and survival of
groups was compared by log-rank tests. As shown in Fig. 1 B–D,
high-level expression of EPHB6, EFNB2, and EFNB3 predicted
favorable outcome of NB (P 5 0.002, P 5 0.002, and P 5 0.003,
respectively). NB with high-level expression of EPHB6, EFNB2,
and EFNB3 had better 5-year survival probabilities (91.0%,
91.7%, and 91.7%, respectively) than those with low-level ex-
pression of these transcripts (48.2%, 47.2%, and 47.6%, respec-
tively). The univariate Cox regression analysis confirmed that
high-level expression of EPHB6, EFNB2, and EFNB3 was a
strong predictor of favorable NB outcome (P 5 0.005, P ,
0.0005, and P 5 0.002, respectively) (data not shown). In
addition, we examined the effect of age, stage, or MYCN
amplification on prognostic significance of EPHB6, EFNB2, and
EFNB3 expressions. Cox regression analysis showed that after
including age, stage, or MYCN amplification separately in the
models, EPHB6, EFNB2, and EFNB3 expressions remained
prognostic (Table 2). However, further studies on a larger cohort
of NB will be needed to confirm these findings by using single
Cox models including these variables.

EPHB6 and EFNB3 Expressions Are Associated with Stage Whereas
EFNB2 and TrkA Expressions Are Associated with Both Stage and Age.
Previously, we showed that high-level expressions of EPHB6,
EFNB2, and EFNB3 were associated with low tumor stage and
correlated with high TrkA expression in NB (26). Moreover,
high-level expression of EPHB6, EFNB2, EFNB3, and TrkA was
predictive of favorable NB outcome. These observations raised
the question of whether these genes had the same expression
pattern in NB. Because TrkA expression is known to be associ-
ated with both stage and age (13, 33), we analyzed expression
patterns of these four transcripts in our cohort of NB based on
age (,1 vs. .1 year). As shown in Table 3, EFNB2 and TrkA
expressions were associated with age and stage. In contrast,
expressions of EPHB6 and EFNB3 were associated only with
stage. These results thus suggest that although these four genes
shared similar prognostic characteristics in NB, their expression
patterns were different.

EPHB6, EFNB2, or EFNB3 Expression Predicts NB Disease Outcome
Independent of TrkA Expression. The Kaplan-Meier analysis was
used to further explore the prognostic relationship between TrkA
expression and the expression of EPHB6, EFNB2, or EFNB3 in
NB. The study cohort was divided into groups based on expres-
sion levels of the following gene combinations: EPHB6 and
TrkA; EFNB2 and TrkA; EFNB3 and TrkA. For example, there
were four groups for the EPHB6 and TrkA combination: low
TrkAylow EPHB6; low TrkAyhigh EPHB6; high TrkAylow
EPHB6; and high TrkAyhigh EPHB6. The patterns of patient
distribution and survival probabilities of each of the four groups
then were examined.

Table 2. Cox models with age, stage, MYCN amplification, and the expression of EPHB6,
EFNB2, and EFNB3

Model Variable HR (95% CI) P Variable HR (95% CI) P

A1 Age* 5.31 (0.66–42.64) 0.116 EPHB6§ 0.09 (0.02–0.54) 0.009
A2 Stage† 8.58 (1.06–69.40) 0.044 EPHB6 0.11 (0.01–0.84) 0.034
A3 MYCN‡ 4.03 (1.20–13.50) 0.024 EPHB6 0.10 (0.01–0.80) 0.030
B1 Age 3.14 (0.35–28.07) 0.306 EFNB2§ 0.20 (0.07–0.60) 0.004
B2 Stage 6.7 (0.79–56.50) 0.080 EFNB2 0.24 (0.09–0.69) 0.008
B3 MYCN 1.56 (0.28–8.76) 0.615 EFNB2 0.20 (0.04–0.90) 0.036
C1 Age 5.33 (0.67–42.38) 0.113 EFNB3§ 0.11 (0.02–0.57) 0.009
C2 Stage 9.88 (1.26–77.27) 0.029 EFNB3 0.10 (0.02–0.60) 0.012
C3 MYCN 3.75 (1.17–12.01) 0.026 EFNB3 0.11 (0.02–0.74) 0.024

Cox regression models were used to assess prognostic significance of variables indicated. HR, Hazard ratio. CI,
Confidence interval.
*.1 year vs. ,1 year.
†Stage 3, 4 vs. 1, 2, 4S.
‡Amplified vs. normal.
§Continuous variable.

Table 3. Differential expression of EPHB6, EFNB2, EFNB3, and TrkA in NB subsets defined by
age at diagnosis or tumor stage

Variable

Age at diagnosis Tumor stage

,1 year
(n 5 17)
Median

.1 year
(n 5 33)
Median P

1, 2, 4S
(n 5 23)
Median

3, 4
(n 5 27)
Median P

EPHB6 0.81 0.69 0.1546 0.90 0.52 0.0004
EFNB2 2.01 1.38 0.0022 2.01 1.31 0.0003
EFNB3 0.65 0.46 0.3621 0.77 0.43 0.0216
TrkA 2.18 1.09 0.0001 1.79 0.91 0.0005

The Wilcoxon rank-sum test was used to assess differential expression of EPHB6, EFNB2, EFNB3, and TrkA in
subsets of NB indicated.
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As shown in Fig. 2A, one-third of the NB expressed both low
TrkA and low EPHB6 (group 1). The second one-third expressed
both high TrkA and high EPHB6 (group 4). The last one-third
included NB expressing high EPHB6 but low TrkA (group 2) and
those expressing high TrkA but low EPHB6 (group 3). The
existence of groups 2 and 3 indicated that favorable and unfa-
vorable groups of NB identified by EPHB6 expression were
different from those by TrkA expression or vice versa. Therefore,
EPHB6 expression was predictive of NB disease outcome inde-
pendent of TrkA expression. Similar results were obtained for
TrkAyEFNB2 and TrkAyEFNB3 combinations (Fig. 2 B and C),
although individual NB in the corresponding groups identified
by these three variable combinations were different. Collectively,

these data demonstrated that EPHB6, EFNB2, and EFNB3
expression predicted disease outcome of NB independent of
TrkA expression.

Expression of EPHB6, EFNB2, or EFNB3 in Combination with TrkA
Expression Predicts NB Disease Outcome More Accurately than Each
Variable Alone. Because the survival curves of groups 2, 3, and 4
of each variable were statistically indistinguishable (Fig. 2), we

Fig. 3. Dichotomized combination variables of EPHB6yTrkA, EFNB2yTrkA,
and EFNB3yTrkA strongly predict outcome of NB. Dichotomized variables
were generated based on TrkA expression and EPHB6, EFNB2, or EFNB3
expression. One category included NB expressing low levels of both TrkA and
EPHB6, EFNB2 or EPNB3, (group 1 in Fig. 2), whereas the other included NB
expressing high levels of either one or both (combination of groups 2, 3, and
4 in Fig. 2). Survival probabilities of each two groups of NB defined by the
dichotomized combination variables, EPHB6yTrkA (A), EFNB2yTrkA (B), and
EFNB3yTrkA (C), were estimated by the method of Kaplan-Meier. The log-rank
test was used to compare survival probabilities of the groups. CI, Confidence
interval.

Fig. 2. High-level expression of EPHB6, EFNB2, and EFNB3 predicts favorable
outcome of NB independent of TrkA expression. Survival probabilities of four
groups of NB defined by expression levels (1: lowylow; 2: lowyhigh; 3: highy
low; 4: highyhigh) of each gene combination (A: TrkA and EPHB6; B: TrkA and
EFNB2; C: TrkA and EFNB3) were estimated by the method of Kaplan-Meier.
Five-year survival and 95% confidence intervals also were calculated for each
subgroup. The log-rank test was used to compare survival probabilities of the
two groups.
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generated dichotomized combination variables based on TrkA
expression and EPHB6, EFNB2, or EFNB3 expression (i.e.,
EPHB6yTrkA, EFNB2yTrkA, and EFNB3yTrkA) and performed
the Kaplan-Meier analysis. For example, one category included
NB expressing low levels of both TrkA and EPHB6 (group 1 in
Fig. 2), whereas the other included NB expressing high levels of
either one or both (i.e., combination of groups 2, 3, and 4 in Fig.
2). This approach allowed us to further explore the prognostic
significance of EPHB6, EFNB2, EFNB3, and TrkA expressions in
NB. As shown in Fig. 3, all of the dichotomized combination
variables (EPHB6yTrkA, EFNB2yTrkA, and EFNB3yTrkA) were
highly predictive of NB outcome (P , 0.00005), and they
remained prognostic among NB without MYCN amplification
(P , 0.01, data not shown). The data also indicated that the
dichotomized combination variables further separated NB into
favorable and unfavorable groups compared with each variable
alone (EPHB6, EFNB2, EFNB3, or TrkA) (Fig. 1 vs. Fig. 3),
because EPHB6, EFNB2, or EFNB3 expression identified addi-
tional favorable NB among those tumors expressing low levels of
TrkA. Collectively, these data indicate that expression of EPHB6,
EFNB2, or EFNB3 in combination with TrkA expression pre-
dicted disease outcome of NB more accurately than each
variable alone.

Favorable NB Outcome Results from High-Level Expression of Any One
of the Four Genes (EPHB6, EFNB2, EFNB3, or TrkA). Interestingly, the
results presented in Figs. 2 and 3 showed that if any one of the four
genes (EPHB6, EFNB2, EFNB3, or TrkA) was expressed at high
levels, that alone predicted favorable outcome of NB. What one
may infer from these data is that a good disease outcome of NB is
a consequence of high-level expression of at least one of these
favorable NB genes. If so, increased expression of a favorable NB
gene (e.g., EPHB6, EFNB2, EFNB3, or TrkA) in an otherwise
unfavorable NB may suppress their malignant phenotype.

EPHB6 Suppresses Clonogenicity and Tumorigenicity of NB Cells in
Vitro and in Vivo. In an attempt to test this hypothesis, we examined
the effect of EPHB6 on NB cells in vitro and in vivo. Two human NB

cell lines, IMR5 (MYCN-amplified) and SY5Y (normal MYCN),
were chosen for this analysis because they were derived from
unfavorable NB and expressed little or no endogenous EPHB6. In
fact, low expression of EPHB6 is a general feature of NB cell lines
(unpublished observation). As shown in Fig. 4 A and B, transfection
of IMR5 with EPHB6 cDNA inhibited its clonogenicity in vitro.
Additional transfection experiments were performed by using
another eukaryotic expression vector, pcDNA3.1yHygro(1), and
the results of these experiments were consistent with those in which
the pCEP4 vector was used. EPHB6 also inhibited clonogenicity of
SY5Y in culture (data not shown). We further examined the effect
of EPHB6 on the tumorigenicity of NB xenografts in athymic nude
mice. As shown in Fig. 4 C and D, the introduction of EPHB6 into
SY5Y suppressed its tumorigenicity in vivo. At 40 days after the
injection of SY5Y transfectants into nude mice, the difference in
tumor size between the control group and the EPHB6-transfected
group was statistically significant (P 5 0.04) (Fig. 4C). These results
thus demonstrated that EPHB6 suppressed malignant phenotype of
NB cell lines derived from unfavorable NB.

Discussion
Considerable efforts have been made in recent years to elucidate
the biological functions of EPH family receptors and their ligand
ephrins in neural and cardiovascular development. Nonetheless,
little has been learned about their roles in cancer biology. Our
previous study has shown that NB expresses transcripts encoding
EPHB receptors (EPHB) as well as ephrin-B ligands (EFNB).
Among the EPHB and EFNB transcripts expressed in NB, levels
of EPHB6, EFNB2, and EFNB3 expressions are significantly
higher in low-stage NB than in advanced-stage disease.

In this study, we showed that high-level expression of EPHB6,
EFNB2, and EFNB3 is predictive of favorable NB disease
outcome. We also have found that the expression pattern of TrkA
and EFNB2 is distinct from that of EPHB6 and EFNB3. Namely,
EPHB6 and EFNB3 expressions are associated with stage,
whereas EFNB2 and TrkA expressions are associated with both
age and stage. Interestingly, CD44, another prognostic factor of
favorable NB, shows the same expression pattern as EFNB2 and

Fig. 4. EPHB6 suppresses NB cell growth in vitro and in vivo. (A) IMR5 cells were transfected by electroporation with either pCEP4 eukaryotic expression vector
alone or the vector containing a human EPHB6 cDNA. The resulting transfectants were plated into three wells of a 6-well plate and selected for 14 days with
hygromycin. After the selection, the cells were treated with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) to stain viable cells. A digital
scanner was used to capture the image of dark green MTT-stained cells. (B) To quantitatively analyze the amount of viable cells, the MTT-stained cells were
solubilized by acidic isopropanol, and optical density was measured at 570 nm. (C) SY5Y cells were transiently transfected with linearlized DNA [pcDNA3.1y
Hygro(1) vector control or the vector containing EPHB6 cDNA]. Twenty-four hours after the transfection, the cells were harvested and injected s.c. in the flank
of nude mice. Median tumor sizes of control and EPHB6 groups at given time points are shown. At day 40, the difference in tumor size between the two groups
reached a statistical significance (P 5 0.04). Median values for the control and EPHB6 groups were 0.74 and 0.008, respectively. (D) A representative animal from
each group is shown.
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TrkA in NB (14). Thus, EPHB6 and EFNB3 expressions are the
only known favorable prognostic factors solely associated with
tumor stage. Collectively, these data suggest that stage-
associated expression of EPHB6 and EFNB3 and ageystage-
associated expression of EFNB2, TrkA, and CD44 may account
for molecular mechanisms underlying why tumor stage and
patient age at diagnosis are independent prognostic indicators of
NB (1).

Because TrkA expression is among the most informative prog-
nostic markers of NB (11–13), the prognostic relationship between
TrkA expression and EPHB6, EFNB2, or EFNB3 expression is of
particular interest. Our results show that EPHB6, EFNB2, and
EFNB3 expressions are predictive of NB disease outcome inde-
pendent of TrkA expression and combination of TrkA expression
and EPHB6, EFNB2, or EFNB3 expression predicts NB disease
outcome more accurately than each variable alone. The survival
analysis using the combination of TrkAyEPHB6, TrkAyEFNB2, and
TrkAyEFNB3 expression also reveals an intriguing phenomenon. If
one of the genes (EPHB6, EFNB2, EFNB3, or TrkA) is expressed
at high levels in NB, that alone predicts favorable NB outcome. In
contrast, low expression of EPHB6yTrkA, EFNB2yTrkA, or
EFNB3yTrkA defines NB with the worst outcome, including NB
with MYCN amplification as well as those with normal MYCN.
These observations thus suggest that expression levels of genes
associated with favorable NB outcome or favorable NB genes
determine survival of NB patients. In other words, unfavorable
phenotype of NB may result from a lack of or diminished expression
of the favorable NB genes, such as EPHB6, EFNB2, EFNB3, and
TrkA. To address this question, we examined the effect of EPHB6
on the biological behavior of NB cell lines, which originally were
derived from unfavorable advanced NB. We demonstrate that the
introduction of EPHB6 can in fact suppress malignant phenotype of

NB cell lines, including those with MYCN amplification. EPHB6
thus can be considered a tumor suppressor of NB.

There is a great biological interest underlying the fact that
high-level expression of transcripts encoding EPHB6, ephrin-B2,
and ephrin-B3 predicts favorable outcome of NB. First, EPHB6
lacks its kinase activity because of a mutation at the ATP
acceptor site (34, 35). Second, ephrin-B ligands are bifunctional
molecules in that their extracellular domains promote angiogen-
esis (22) and their cytoplasmic domains suppress the growth-
promoting activity of activated protein-tyrosine kinases (36).
Thus, it is anticipated that EPHB6 restricts growth, angiogenesis,
and metastasis of NB cells by acting as a dominant negative
member among the EPHB receptor family andyor by seques-
tering ephrin-B ligands from participating in angiogenesis. Our
study showing that EPHB6 suppresses growth of NB cell lines in
vitro and in vivo supports this hypothesis.

In conclusion, this study reveals the biological significance of
EPHB6, EFNB2, and EFNB3 expressions in NB and illustrates
that expression levels of genes associated with favorable NB
disease outcome can in fact directly influence benign or malig-
nant phenotype of the tumor. An understanding of the function
and regulation of the favorable NB genes, their products, and the
biochemical pathways therefore may help develop an effective
therapeutic strategy for children with unfavorable NB whose
survival chances need much improvement.
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