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Acyclic Retinoid Combined With Tenascin-C-derived
Peptide Reduces the Malignant Phenotype of
Neuroblastoma Cells Through N-Myc Degradation
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Abstract. Background/Aim: Despite intensive chemotherapy,
the survival rates for high-risk neuroblastoma, most of which
have MYCN amplification, remain low. Overexpression of
N-myc oncoprotein promotes expression of cancer-associated
properties. We recently found that combination of all-trans
retinoic acid (ATRA) with the B1-integrin-activating peptide
TNIIIA2  attenuated cancer-associated properties  of
neuroblastoma cells through N-Myc degradation. However,
ATRA has serious side-effects and there are concerns about
late adverse effects. The aim of this study was to examine the
effects of the combination of acyclic retinoid (ACR) with
TNIIIA2 on neuroblastoma. Materials and Methods: The
effects of ACR and TNIIIA2 were examined by neuroblastoma
cell proliferation and survival assays as well as by using a
neuroblastoma xenograft model. The levels of N-Myc and
cancer-associated malignant properties were assayed by
western blot and colony formation assay, respectively. Results:
Combining ACR, which is clinically safe, with TNIIIA2
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induced proteasomal degradation of N-Myc and reduction of
neuroblastoma cell malignant properties. An
experiment showed therapeutic potential. Conclusion: ACR-
TNIIIA2 combination treatment may be efficacious and
clinical safe chemotherapy for high-risk neuroblastoma.

in vivo

Neuroblastoma is a common pediatric solid tumor; special
attention has been given to the high-risk group of
neuroblastoma patients with amplification of the MYCN
proto-oncogene. Despite intensive chemotherapy, 5-year
event-free survival rate remains below 30% (1). Excessive
expression of N-Myc not only causes an aberrant neuronal
differentiation during development, which is a central aspect
of neuroblastoma genesis (2), but also contributes to the
acquisition of malignant properties in neuroblastoma,
including multidrug-resistance (3, 4). Therefore, N-Myc
oncoprotein is considered to be a pivotal target molecule for
high-risk neuroblastoma chemotherapy, while there is no
effective drug targeting this oncoprotein (5). Besides the low
therapeutic efficacy, current chemotherapy regimens for
high-risk neuroblastoma have an additional clinical problem,
namely that treatment of pediatric cancers including
neuroblastoma using general anticancer drugs carries the risk
of long-lasting side effects, so-called “late effects,” which
can occur many years after the completion of chemotherapy.
Many cancer survivors, particularly infant patients, have
various serious late effects (6). Differentiation therapy using
all-trans retinoic acid (ATRA) is accepted as chemotherapy
and has a low risk of late effects (7, 8); however, it does not
confer sufficient therapeutic effects in high-risk MYCN-
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Figure 1. Effects of ACR, ATRA, and TNIIIA2 on cell survival/proliferation. (A and B) IMR-32 cells were cultured as indicated for 6 days. (A) The
number of viable cells was evaluated by the WST assay as described in the Materials and Methods. (B) Cell viablity was evaluated by Trypan blue
exclusion test and the percentages of cells positive to Trypan blue to total cells are shown: data are shown as the means+SD (n=3). Statistical
analysis was performed by non-parametric ANOVA and post hoc testing. **p<0.01; n.s.: Not significant.

amplified neuroblastoma. Achievement of N-Myc targeting
would contribute to the establishment of mild chemotherapy
for high-risk neuroblastoma with a low risk of late effects.

We recently achieved molecular targeting of N-Myc
oncoprotein (9). Briefly, we combined the peptide TNIIIA2,
which is capable of activating $1-integrin (10), with ATRA,
thereby inducing a marked decrease in N-Myc oncoprotein
levels in neuroblastoma cells. Notably, this decrease in N-
Myc oncoprotein accompanied by neuronal
differentiation and reduced malignant properties of
neuroblastoma cells (9). This finding may provide a new
insight into future chemotherapy for high-risk neuroblastoma
with MYCN-amplification. However, a number of clinical

was

reports have also indicated several severe side effects of
ATRA, such as hyperleukocytosis, intracranial hypertension,
and retinoic acid syndrome (11-13). Finding a minimally
toxic compound that enables the targeting of N-Myc via
combination with TNIIIA2, would contribute to the
establishment of a mild chemotherapy for pediatric cancers
including neuroblastoma.

Acyclic retinoid (ACR), a synthetic analog of retinoid (14,
15), which was previously developed for the
chemoprevention of hepatocellular carcinoma (HCC) (16-
18), has an extremely low risk of side effects compared with
ATRA (16, 18). We demonstrated that combining TNIIIA2
with ACR instead of ATRA can induce proteasomal
degradation of N-Myc oncoprotein in MYCN-amplified
neuroblastoma cells and that the N-Myc degradation is
accompanied by a reduction in malignant properties.
Furthermore, an in vivo experiment using a neuroblastoma
xenograft model showed the therapeutic potential of this
ACR-TNIIIA2 combination for neuroblastoma with no
significant changes in body weight and tissue damage.
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Materials and Methods

Cells. The human neuroblastoma cell line IMR-32 was obtained and
incubated as described in our previous report (9).

Reagents. The synthetic TNIIIA2 peptide (RSTDLPGLKAATH
YTITIRGVC), ATRA and MG-132 (Carbobenzoxy-L-leucyl-L-
leucyl-L-leucinal) were purchased as described in our previous
report (9). ACR (Peretinoin®) was provided from Kowa Company,
Ltd. (Nagoya, Japan).

Cell proliferation and survival. IMR-32 cells were cultured with
minimum essential medium (MEM) (Thermo Fisher Scientific,
Waltham, MA, USA) containing 1% fetal bovine serum (FBS) (SAFC
Biosciences, Lenexa, Kansas, MO, USA) and ATRA or ACR in the
presence or absence of TNIIIA2 in the plates coated with 2 pug/ml of
fibronectin (Sigma, St. Louis, MO, USA). After incubation for 6 days,
the viable cell number was evaluated by either WST assay using Cell
counting kit-8 (Dojindo, Kumamoto, Japan) or conventional trypan
blue exclusion test.

Western blotting. Western blotting was performed as described
recently (9) using anti-N-Myc antibody (Merck Millipore,
Burlington, MA, USA), anti-actin antibody (Sigma) and anti-Aurora
A antibody (Cell Signaling Technology, Danvers, MA, USA).

Colony formation assay. Cancer-associated malignant property was
evaluated by colony formation assay using soft agarose as
previously described (9).

Neuroblastoma xenograft model. The animal procedure was
approved by the Institutional Animal Care and Use Committee of
Tokyo University of Science. IMR-32 cell suspension (2x106 cells)
containing EHS-gel (FUJIFILM Wako, Osaka, Japan) was injected
subcutaneously in the left flank of each Balb-c nude mouse (Sankyo
Labo Service Corporation, Tokyo, Japan). After the average tumor
volume of all mice reached up to about 70 mm3, these mice were
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Figure 2. Proteasomal degradation of N-Myc protein induced by a combination of ACR and TNIIIA2. IMR-32 cells were cultured as indicated for 6 days
before western blotting analysis. (A) Detection of N-Myc and Aurora A. (B) Detection of N-Myc. At day 5, MG-132 was added to the cultured media.

divided randomly to 3 groups (control, ACR and ACR-TNIIIA2).
Each group was subjected to daily chemotherapy with vehicle, ACR
or the ACR-TNIITA2 combination initially for 1 week (day 0-6).
Control group: Mice (n=3) were administrated with soybean oil
(p.0.) as the vehicle of ACR and saline (alternately i.p. or i.v.) as
the vehicle of TNIIIA2. ACR group: Mice (n=3) were administrated
with saline (alternately i.p. or i.v.) and ACR (2 mg p.o./head). ACR-
TNIITA2 group: Mice (n=3) were administrated with ACR (2 mg
p.o./head) and TNIIIA2 (alternately 500 ug i.p./head or 250 pg
i.v./head). Every mouse was observed every 3 days to calculate
tumor volume and the body weight was measured at days 0, 7, 14,
21 and 24. The volume of tumor tissues was estimated by measuring
tumor sizes and relative tumor volume was calculated, as described
recently (9): volume=(a?xb)/2, a: minor axis and b: major axis,
relative tumor volume=the tumor volume at each day/the tumor
volume at day 0. Tumor tissues were collected at day 24 for western
blotting analysis.

Results and Discussion

Proteasomal degradation of N-Myc protein by combining
ACR with TNIIIA2. In our previous study, combination
treatment of ATRA with TNIIIA2 induced proteasomal
degradation of N-Myc protein in human neuroblastoma IMR-
32 cells with MYCN amplification (9). Prior to investigating
whether ATRA can be substituted with ACR for its ability to
induce degradation of N-Myc protein, we first compared the
effects of ACR or ATRA in combination with TNIIIA2 on
the survival and proliferation of IMR-32 cells to determine
the optimal concentration of ACR without cytotoxic effects.
As shown in Figure 1A, the proliferation of IMR-32 cells
was suppressed by TNIITIA2 in combination with ACR in a
concentration-dependent manner, to a similar extent as that
of ATRA but both reached plateaus at concentrations of 1-10
uM ACR and 50-500 nM ATRA. Under these conditions, it
was shown that cell death (as evaluated by a Trypan blue
exclusion test) was dependent on ACR concentration, similar
to that induced by ATRA; however, about 70% of IMR-32
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Figure 3. Suppression of anchorage-independent growth by the ACR-
TNIIIA2 combination. IMR-32 cells were cultured as indicated for 6
days and a soft agar formation assay was performed as described in
the Materials and Methods. The results show the total amount of counts
in 5 fields of each well at 4 weeks,; data are shown as means=SD (n=3).
Statistical analysis was performed by non-parametric ANOVA and post
hoc testing. **p<0.01.

cells survived at ACR concentrations of <10 pM and ATRA
concentrations of <100 nM (Figure 1B). Based on these
results, we used ACR at 10 uM and ATRA at 100 nM in
combination with TNIIIA2 (3 pg/ml), in our experiments.
We next investigated the combined effect of ACR and
TNIIIA2 treatment on the intracellular N-Myc expression
levels. IMR-32 cells were treated with TNIIIA2 in the
presence or absence of ATRA or ACR for 6 days. As
reported recently (9), treatment with TNIIIA2 or ATRA alone
slightly decreased the intracellular levels of N-Myc protein,
while the combination of the two caused a remarkable
decrease (Figure 2A). Similarly, ACR also slightly reduced
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Figure 4. Combined administration of ACR and TNIIIA2 suppressed tumor growth in xenograft model mice. (A-C) Preparations of neuroblastoma
xenograft model and chemotherapy with vehicle, ACR or the ACR-TNIIIA2 combination were performed as described in the Materials and Methods.
(A) Relative tumor volume of each group in chemotherapy; data are shown as the means+SD (n=3). Statistical analysis was performed by Mann-
Whitney U-test. *p<0.05; n.s.: Not significant. (B) Monitoring of body weight. (C) Western blotting analysis of N-Myc in tumor tissues on day 24.

N-Myc protein levels, but the N-Myc protein levels were
significantly decreased when combined with TNIIIA2. As
shown in Figure 2B, the decreased expression of N-Myc
protein caused by the combination of ACR and TNIIIA2 was
completely reversed by the addition of MG-132, a
proteasomal inhibitor, suggesting that the proteasomal
degradation of N-Myc protein was at least attributable to the
decreased levels of N-Myc protein. In the process of
proteasomal degradation of N-Myc, Aurora A prevents
degradation by directly binding and stabilizing ubiquitinated
N-Myc (19). Treatment of IMR-32 cells with TNIIIA2 or
ACR alone showed no significant effects on the intracellular
expression levels of Aurora A protein, while Aurora A
protein levels were remarkably decreased by the combination
of the two, in parallel with the decrease in N-Myc protein
(Figure 2A). These results suggest that combining ACR with
TNIITA2 enables molecular targeting of N-Myc protein
based on proteasomal degradation.

Therapeutic potential of molecular targeting of N-Myc by the
ACR-TNIIIA2 co-treatment in MYCN-amplified neuroblastoma.
Since highly expressed N-Myc protein is associated with the
acquisition of oncogenic properties in neuroblastoma cells (2),
it is expected that the ACR-TNIIIA2 combination treatment
may influence the cancer-associated malignant properties of
IMR-32 cells. We therefore evaluated the effect of the ACR-
TNIITA2 combination on anchorage-independent cell
proliferation, which is one of the malignant properties of
cancer cells (20). IMR-32 cells were pre-treated with ACR in
the presence or absence of TNIITA?2 for 6 days and then a soft
agar colony formation assay was performed. Pre-treatment with
TNIITA2 showed no significant effect on colony formation,
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while ACR remarkably reduced the number of colonies (Figure
3). Furthermore, the ability to form colonies nearly disappeared
when ACR was combined with TNIIIA2 (Figure 3).

Based on these in vitro results, the therapeutic effect of
the ACR-TNIITA2 combination was examined using a
neuroblastoma xenograft mouse model. IMR-32 cells were
transplanted subcutaneously into the left flanks of Balb-c
nude mice. Then, tumor-bearing mice were randomly divided
into three groups: control, ACR and ACR-TNIIIA2
combination. Drugs were administered every day for one
week, and tumor volumes were monitored every 3 days for
24 days. While no significant difference in tumor growth was
observed following ACR administration compared with the
control, the ACR-TNIIIA2 combination clearly suppressed
tumor growth (Figure 4A), without significant changes in
body weight (Figure 4B) or noticeable tissue changes in the
mice. This suppression of tumor growth was accompanied
by a remarkable decrease in N-Myc protein levels in the
tumor tissues of the mice at day 24 (Figure 4C). Thus, the
beneficial effects of targeting N-Myc protein by the ACR-
TNIITA2 combination were verified both in vitro and in vivo.

This study demonstrated that proteasomal degradation of
N-Myc can be induced by ACR, instead of ATRA, in
combination with TNIIIA 2 (Figure 2A). ACR, which is
considered to have a much lower risk of side effects than
ATRA (16, 18), was developed as a drug to prevent
recurrence of HCC (16-18). Recently, Qin et al. identified
MYCN as a target molecule of ACR for the prevention of
HCC (21). They found that ACR reduces the expression of
MYCN at both the protein and gene level, resulting in
specific suppression of the proliferation of HCC cells with
high MYCN expression, although the molecular mechanism
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was not clarified. In addition, MYCN is also amplified in
cancers other than neuroblastoma, such as medulloblastoma
and small-cell lung cancer, and correlates with poor prognosis
(22). Taken together with our results, treatment combining
TNIIIA2 and ACR could achieve more efficient prevention
of recurrent HCC and improve poor clinical profiles in
MYCN-amplified cancers via molecular targeting of N-Myc.

Our series of studies, including our most recent report (9),
suggest that combining retinoic acid or its derivatives with
TNIIIA2 may provide a novel therapeutic strategy for high-
risk MYCN-amplified neuroblastoma based on N-Myc
degradation. Using ACR as a functional retinoid instead of
ATRA may offer an effective cancer chemotherapy with a
low risk of side effects.
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