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Hemagglutinating virus of Japan-envelope (HVJ-E) is a drug deliv-
ery vector based on inactivated Sendai virus. Recently, antitumor
activities were found for HVIJ-E itself and clinical trials of HVJ-E
for some malignant tumors are now ongoing. We investigated
the in vitro and in vivo antitumor effects of HVJ-E against neuro-
blastoma, which is one of the most common malignant solid
tumors in childhood. The sensitivity of human neuroblastoma cell
lines to HVJ-E correlated with the expression level of ganglio-
sides, Sialylparagloboside (SPG) and GD1a, receptors for HVJ.
Among the cell lines, SK-N-SH was the most sensitive to HVJ-E in
vitro and total SPG and GD1a expression was the highest. Com-
plete eradication of subcutaneous tumors derived from SK-N-SH
cells was achieved by intratumoral injection of HVJ-E in SCID mice
and no recurrence was observed for more than 300 days after
HVIJ-E inoculation. In contrast, NB1 cells expressed the lowest
amount of GD1a and SPG and were resistant to HVJ-E in vitro.
The expression of GD1a increased by 13-cis retinoic acid (13cRA),
which is a therapeutic drug for high risk neuroblastoma, thus
leading to an improved sensitivity to HVJ-E in vitro. Only growth
inhibition of the subcutaneous tumors derived from NB1 cells
was achieved by HVJ-E in the SCID mice, but the combination of
13cRA and HVIJ-E could achieve partial eradication of the xeno-
graft and also lead to an improved prognosis. In conclusion, HVJ-
E is a promising therapeutic modality for neuroblastoma and
13cRA can be used as an adjuvant to HVJ-E. (Cancer Sci 2013; 104:
238-244)

N euroblastoma is one of the most common malignant solid
tumors in children and it is resgonsible for 12% of deaths
associated with cancers in children.’"” Although the overall sur-
vival of neuroblastoma patlents has improved using aggressive
therapies in the past decades,”” nearly 50% of high-risk neu-
roblastoma patients present with wrdespread dissemination of
tumors and the long-term outcome is still ver?/ poor, even if
intensive multimodal therapies are performed.””’ Some of these
treatments are mutagenic for example, radiotherapy causes
somatlc mutations in humans and germline mutations in ani-
mals.” Therefore, an alternative and less toxic cancer therapy
is needed, especially for children.

It was reported that cancer cells could be killed after virus
infection® and various viruses have therefore been used for
cancer therapy.®” Recently, we reported that UV-treated non-
replicating Sendai virus (also known as hemagglutinating virus
of Japan; HVJ) particle named HVJ-envelope (HVIJ-E) can
induce apoptosis in castration-resistant human prostate cancer
cells and human glioblastoma cells ®'? without toxicity in
normal cells. Intratumoral injection of HVJ-E completely erad-
icated tumor masses of prostate cancer cells and glioblastoma
cells in immunodeficient mice.®” Furthermore, we discovered
that HVJ-E also stimulated an antitumor immune response by
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activating cytotox1c T lymphocytes and natural killer (NK)
cells and suppressing regulatory T cells. ) Based on these
direct and indirect antitumor activities, clinical trials to treat
melanoma patients and castration-resistant prostate cancer
patients with HVJ-E are now ongoing in Japan.

The mechanism underlying the direct antitumor activity of
HVIJ-E in neuroblastoma cells is being investigated to confirm
whether a similar signaling pathway is involved in neuroblas-
toma cells, as has been suggested in prostate cancer and glio-
blastoma cells. Apart from the mechanism, the binding of
HVIJ-E to its receptor gangliosides is required for inducing
cancer cell death. In the present study, we quantified the level
of receptors for HVJ in various neuroblastoma cell lines and
attempted to increase the expression of these receptors.

Among the recent therapies for advanced neuroblastoma
patients, 13-cis retinoic acid (13cRA) is used for maintenance
after high-dose chemotherapy combined with bone marrow
transplantation.®® It is well known that 13cRA can induce the
differentiation of cancer cells from an immature form to a
mature form,"*'® but it is also known that 13cRA can alter
the expression pattern of gang11051des Among the ganglio-
sides, we focused on the possible changes in the synthems of
sialylparagloboside (SPG) and GDla, receptors for HVJ,1®
because the expression of SPG or GDla might be necessary
for the interaction of HVJ with the target cells.

We concluded that many neuroblastoma cells were sensitive
to HVJ-E, and this sensitivity correlated with the expression
level of the HVIJ receptor gangliosides. Furthermore, 13cRA
enhanced the expression of HVJ receptors.

Materials and Methods

Cell lines and mice. Human neuroblastoma cell lines were
obtained from the Health Science Research Resources Bank
(Tokyo, Japan), European Collection of Animal Cell Cultures
(Porton Down, UK) and the RIKEN Cell Bank (Ibaragi,
Japan). The primary skin fibroblast cell NSF1227 derived from
the forearm skin of a healthy man was established in our labo-
ratory. NB1, NB19 and NB69 cells were maintained in RPMI-
1640 (Nacalai Tesque Inc., Kyoto, Japan) supplemented with
15% fetal bovine serum (FBS), 100 IU/mL penicillin and
100 pg/mL streptomycin. SK-N-SH, SK-N-AS, SK-N-BE(2),
IMR-32 and NSF1227 cells were maintained in Dulbecco’s
modified Eagle’s medium (Nacalai Tesque Inc.) supplemented
with 10% FBS, 100 IU/mL penicillin and 100 pg/mL strepto-
mycin. Cells were incubated at 37°C in a humidified atmo-
sphere of 95% air and 5% CO,. Five-week-old female C.B-17
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/ler-scid/scidJcl mice were purchased from CLEA Japan Inc.
(Tokyo, Japan) and maintained in a temperature-controlled,
pathogen-free room. All animals were handled according to
the approved protocols and guidelines of the Animal Commit-
tee of Osaka University.

Preparation of HVJ-E. HVJ (VR-105 parainfluenzal Sendai/
52, Z strain from American Type Culture Collection) was
amplified in chorioallantoic fluid of 10-14-day-old chicken
eggs and purified b; centrifugation and inactivated by UV irra-
diation (99 mJ/cm?), as described previously.!” The inacti-
vated virus lost the ability of viral genome replication and
viral protein synthesis, but retained activity for membrane
fusion.

Cell proliferation assay. A MTS assay using CellTiter 96
AQueous One Solution Cell Proliferation Assay Kit (Promega,
Tokyo, Japan) was applied to evaluate cell v1ab1hty Cells
were seeded in 24-well plates (5 x 10* cells/well in 500 pL
of medium). Twenty-four hours later the cells were treated
with HVJ-E (multiplicity of infection [MOI]: 100-10 000).
Forty-eight hours after the treatment with HVJ-E, 100 pL. of
CellTiter 96 Aqueous One Solution Reagent was added to each
well and the plates were incubated at 37°C. After transferring
100 pL of incubation medium from each well into a new 96-
well plate, the absorbance at 490 nm was measured.

Pretreatment with 13-cis retinoic acid. Before HVIJ-E treat-
ment, NB1 or NSF1227 cells were treated with 10 uM 13-cis
retinoic acid (Sigma, St Louis, MO, USA) for 24 h.

Interaction of PKH26-labeled HVJ-E with cells. The HVIJ-E
(3 x 10'° particles) was suspended in 1 mL Diluent C buffer
and incubated with 1 mL of 4 mM PKH26 in Diluent C buffer
at room temperature for 5 min (PKH26 Red Fluorescent Cell
Linker Kit; Sigma). Labeling was stopped with 2 mL FBS.
The labeled HVJ-E was washed with PBS and resuspended in
3 mL PBS. The day before HVI-E treatment, cells were plated
onto cover glasses in six-well plates (3 x 10° cells/well). The
cells were incubated with PKH26-labeled HVJ-E (MOI of 10)
at 37°C for 4 h, washed with PBS and fixed with 4% parafor-
maldehyde. Finally, the cells were stained with DAPI and
observed using a confocal microscope.

Analysis of acidic glycosphingolipids from neuroblastoma cells.
The majority of the experimental procedures have been
reported previously.®'® Briefly, the acidic glycosphingolipids
were extracted from each neuroblastoma cell line and the
NSF1227 cell line (1 x 10° cells) and digested with recombi-
nant endoglycoceramidase II from Rhodococcus sp. (Takara
Bio, Shiga, Japan). The released oligosaccharides were labeled
with 2-aminopyridine and separated using a high-performance
liquid chromatography (HPLC) system equipped with a fluo-
rescence detector. Normal-phase HPLC was performed on a
TSK gel Amide-80 column (Tosoh, Tokyo, Japan). The molec-
ular size of each PA-oligosaccharide is given in glucose units
(Gu) based on the elution times of PA-isomaltooligosaccha-
rides. Reversed-phase HPLC was performed on a TSK gel
ODS-80Ts column (Tosoh). The retention time of each PA-
oligosaccharide is given in glucose units based on the elution
times of PA-isomaltooligosaccharides. Thus, a given com-
pound on these two columns provides a unique set of Gu
(amide) and Gu (ODS) values, which correspond to coordi-
nates of the 2-D map. PA-oligosaccharides were analyzed
using LC/ESI MS/MS. Standard PA-oligosaccharides,
PA-GMI1 and PA-GDla, were purchased from Takara Bio and
PA- LST a and PA-SPG were obtained from our previous
study

Real-time quantitative RT-PCR. RNA was extracted from cul-
tured cells using the RNeasy Mini Kit (Qiagen Japan, Tokyo,
Japan) and 1 pg total RNA was converted to cDNA with
a High-Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Tokyo, Japan). Human ST3GALI1, ST3GAL2,
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ST3GAL6 and -actin were amplified using SYBR Premix
Ex Taq (Takara Bio). All procedures were performed accord-
ing to the manufacturer’s instructions. The primers were as
follows: human ST3GALI1-fp, 5'-GACTTGGAGTGGGTGGT-
GAG-3'; human ST3GALI-rp, 5-GGAACCGGGATGTAGGT
GT-3'; human ST3GAL2-fp, 5-GTCCAGAGGTGGTGGAT-
GAT-3'; human ST3GAL2-rp, 5'-CAGCACCTCATTGGTGTT
GT-3’; human ST3GAL6-fp, 5-AGCCTGGTCCCTCTTTCG-
3’; human ST3GALG6-rp, 5-GGCCACAAGATACCCTCTCA-
3’; human p-actin-fp, 5'-GAGCTACGAGCTGCCTGACG-3';
and human B-actin-rp, 5 GTAGTTTCGTGGATGCCACAG 3.

Tumor growth in vivo. Viable SK-N-SH cells (1 x 107 cells)
were resuspended in 100 pL. PBS and injected into the subcu-
taneous space on the back of SCID mice (day 0). When each
tumor had grown to 90-110 mm?®, the mice were treated with
intratumoral injections of HVJ- E (5000 HAU = 1.5 x 10'°
particles in 100 pL PBS) or 100 pL PBS on days 6, 9 and 12.
Tumor volume was measured in a blinded manner with slide
callpers using the followmg formula:
(mm ) = length x (width) 2.

Viable NB1 cells (1 x 107 cells) were resuspended in
100 pLL PBS with or without 300 ng 13cRA and injected into
the subcutaneous space on the back of the SCID mice. When
each tumor had grown to 90-110 mm~, the mice were treated
with intratumoral injections of either HVJ-E (5000 HAU) or
100 pL PBS on days 6, 9, 12 and 15. A second intratumoral
injection of 100 pL. PBS with or without 300 ng 13cRA was
performed on day 18 and HVIJ-E treatment was performed
again on days 21, 24, 27 and 30. Tumor volume was measured
the same way as the SK-N-SH model.

Statistical analyses. Data are expressed as mean + standard
deviation. The two-tailed unpaired Student’s ¢-test was used to
determine the statistical significance of any differences
between two groups. Probability values of P < 0.05 were
considered to be statistically significant.

tumor volume

Results

Antitumor activity of HVJ-E against human neuroblastoma cell
lines in vitro. A MTS assay was performed to evaluate cell via-
bility and showed that the survival rates of SK-N-SH, SK-N-
AS, SK-N-BE(2), NB19 and NB69 cells decreased by HVJ-E
treatment in a dose-dependent manner, and SK-N-SH was the
most sensitive to HVJ-E. In contrast, NB1 and IMR32 were
not sensitive (Fig. 1a). As it has been reported that the malig-
nancy of neuroblastoma correlates with MYCN amplification,
we analyzed the expression of MYCN in each neuroblastoma
cell line. A high level of MYCN expression was detected in
SK-N-BE(2), IMR32, NB1 and NB19, but not in SK-N-SH,
SK-N-AS and NB69 (Data S1, S2, Fig. S1). These results sug-
gest that the sensitivity of neuroblastoma cells to HVJ-E is
independent of MYCN. Using PKH26-labeled HVJ-E, SK-N-
SH was found to have a stronger affinity for HVJ-E than NB1
and IMR32 (Fig. 1b), implying that the decreased survival of
neuroblastoma cells might correlate with their affinity for
HVI-E.

Correlation of antitumor activity of HVJ-E with the expression
of SPG or GD1a. To identify the limiting factor related to the
sensitivity of cells to HVJ-E, we analyzed the expression levels
of receptors for HVJ in each neuroblastoma cell line. It is
known that gangliosides with sialylated terminal galactose resi-
due can be receptors for HVJ. Among them, GDla and SPG
are thought to be representative receptors for HVJ. The expres-
sion pattern of acidic gangliosides in each cell line was ana-
lyzed using HPLC and each peak indicated the expression level
of the corresponding ganglioside (Fig. 2a). The rate of each
ganglioside’s expression could therefore be estimated by calcu-
lating the area of each peak (Fig. 2b). An inverse correlation of
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the cell survival rate with the expression rate of SPG, GDla or
SPG and GDla was found (Fig. 2c).

Antitumor activity of HVJ-E against xenograft tumors derived
from SK-N-SH cells. We first chose the SK-N-SH cell line, the
most sensitive to HVJ-E, to show the antitumor effects of
HVIJ-E in vivo. Tumor volume significantly decreased by three
intratumoral injections of HVJ-E (Fig. 3a) and all of the xeno-
grafted tumors were completely eradicated by HVIJ-E treatment
by day 49 after tumor inoculation (Fig. 3b). We also followed
the prognosis of mice to prove the safety of HVJ-E. All mice
in the PBS-treated group died within 100 days after tumor
inoculation, but all mice in the HVJ-E-treated group survived
more than 300 days without tumor recurrence or signs of tox-
icity (Fig. 3c). Thus, the first objective of the present study to
show the antitumor effects of HVJ-E against human neuroblas-
toma in vitro and in vivo was successfully achieved.

Enhancement of antitumor activity of HVJ-E against the NB1
cell line by 13cRA in vitro. The next concern was how to kill the
neuroblastoma cell lines that have a very low level of HVJ
receptors. Since Hettmer et al.'> reported that retinoic acid
could alter the synthesis of the gangliosides of neuroblastoma
cell lines, we hypothesized that the synthesis of GD1a might be
altered by 13cRA. We chose the NB1 cell line as a model for
this experiment, because the expression of SPG and GD1a was
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Fig. 1. Antitumor activity of hemagglutinating
virus of Japan-envelope (HVJ-E) against
neuroblastoma cell lines in vitro. (a) Each cell line
was treated with a different multiplicity of
infection (MOI) of HVJ-E for 48 h and then the
survival rate was assessed using a MTS assay. Each
value (mean + standard deviation, n=4) of
survival was the ratio to the value without
treatment. (b) The interaction of HVJ-E with the
neuroblastoma cell lines SK-N-SH, NB1 and IMR32
was assessed. Each cell line was treated with 10
MOI of PKH26 (red)-labeled HVJ-E for 4 h. Nuclei
were stained with DAPI (blue). Experiments were
repeated three times and representative results are
shown. *P < 0.05.

the lowest in this cell line out of the numerous cell lines used in
the present study. Twenty-four hours after the treatment with
13cRA, the expression pattern of gangliosides was analyzed
using HPLC. Each peak of the gangliosides was changed
(Fig. 4a). The expression rate of GD1a increased by 13cRA, but
the expression of SPG remained unchanged (Fig. 4b). Dimethyl-
sulfoxide, which was used as the solvent for 13cRA, did not
affect the synthesis of GD1a (data not shown).

To explain this facilitation of GDla synthesis, we quantified
the expression of 51alyltransferases ST3GAL1 and ST3GAL2,
which convert GM1 to GDla,* using real-time PCR. The
expression of ST3GAL2 was significantly enhanced by 13cRA
(Fig. 4c). ST3GAL6, which synthesizes SPG,*” was not
detectable (data not shown). Next, we assessed the 13cRA-
induced changes in the sensitivity to HVJ-E by MTS assay.
The survival rate of NB1 cells significantly decreased using
HVIJ-E in the 13cRA-pretreatment group (Fig. 4d). The inter-
action of HVJ-E with NB1 cells was also strengthened by
13cRA, which was confirmed using PKH26-labeled HVIJ-E
(Fig. 4e). These data imply that 13cRA can enhance the antitu-
mor activity of HVI-E by altering the synthesis of ganglioside
GDla in NBI1 cells. To ensure the safety of HVJ-E or 13cRA
for normal cells, we also analyzed the expression of the
gangliosides in the primary skin fibroblast cell line NSF1227.
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Fig. 2.

Relationship between the expression pattern of gangliosides and hemagglutinating virus of Japan-envelope (HVJ-E)-induced cell death.

(a) Cells (1 x 10°) of each cell line were collected and then the expression pattern of gangliosides was analyzed using HPLC; (b) the expression

rate of each ganglioside was then calculated. (c) The XY scatter plots

showed an inverse correlation between the cell survival rate and the

expression of SPG or GD1a. R? is the Pearson’s correlation coefficient index. R* > 0.4 indicates a relatively strong correlation.

SPG and GDla were expressed in NSF1227, but the expression
pattern was not changed with the 13cRA treatment (Fig. S2A,B).
Moreover, NSF1227 cells were not killed by either HVI-E
alone or the combination of 13cRA and HVIJ-E (Fig. S2C).
Enhancement of antitumor activity of HVJ-E against xenograft
tumors derived from NB1 cells by 13cRA. Based on the findings
from the in vitro experiments, we tested the antitumor effect
of HVJ-E in the NBI1-derived tumors xenografted into SCID
mice. One treatment protocol comprising five injections was
repeated twice. The first injection included 13cRA or PBS. For
the other injections, either HVJ-E or PBS was used. More
association of PKH26-labeled HVJ-E with cancer cells in the
tumor mass was observed in mice treated with 13cRA

Nomura et al.

compared with PBS (Data S3, Fig. S3A). The tumor volume
of the 13cRA-treated groups (13cRA + PBS, 13cRA + HVIJ-
E) was significantly smaller in comparison with the 13cRA-
untreated groups (PBS, HVJ-E). Moreover, the combination of
13cRA and HVIJ-E almost completely eradicated the NBI1-
derived tumors. We also confirmed that the combination of
13cRA and HVJ-E induced both apoptosis and necrosis in the
xenograft, although HVJ-E alone induced only apoptosis in the
edge of the xenograft (Data S4, Fig. S3B).

Although these results were different from the findings
obtained from in vitro experiments, the tumor volume of the
HVIJ-E group was significantly smaller than that of the PBS
group (Fig. 5a,b). The expression of MICA/MICB, which is

Cancer Sci | February 2013 | vol. 104 | no.2 | 241
© 2012 Japanese Cancer Association



a - b) PBS
()gggg —o— PBS group (b) grop

& 2200F —B— HVJ-E group

E 2000

= 1800 f I HVJ-E 5000HAU
@ 1600

0 6 9 12 15 18 21 24 28 35 42 49
Days after tumor inoculation

(c) [
1.0 G|
-g 08 ¢
>
5
- 06 F
E == PBS group
g 04 === HVJ-E group
O
02 F
0 . . . . . :

0 50 160 150 200 250 300 350
Days after tumor inoculation

(a) M2 (b)
Rate of expression (%)
NB1+13cRA GM3 GM2 GD3 GD2 GM1 SPG GD1a LST-c total
NB1 25 949 13 - 08 - 086 - 100
GM3
y Dla
om1 | NB1+13cRA 29 870 21 - 30 - 50 - 100
A N NB1
Ji \
\\,\f\ A A
AU B s S——
(c) * (d)  wizcrao)

W 13¢RA(-) 0 13cRA) *

0 13cRA(+) 1.2 *

.

ST3GALI1 ST3GAL2

e
PRI

Fold increase of mRNA
o = m
Survival rate

o i

1000 10 000

P
1)
-~

13cRA(-) 13cRA(+)

242

Fig. 3. Antitumor activity of hemagglutinating
virus of Japan-envelope (HVJ-E) against xenograft
SK-N-SH tumors in SCID mice. (a) Each value
(mean =+ standard deviation, n = 4) of the tumor
volume was compared between the PBS and HVJ-E
groups. (b) Complete eradication of tumors was
achieved in the HVJ-E group by day 49 after tumor
inoculation. (c¢) The overall survival was evaluated
using Poisson’s regression curve. No recurrence was
observed in the HVJ-E group. *P < 0.05.

Fig. 4. Effects of 13cRA on the expression of
gangliosides in NB1 cells and sensitivity to
hemagglutinating virus of Japan-envelope (HVIJ-E)
in vitro. (a) NB1 cells with or without pretreatment
using 10 pM  13cRA  were collected and the
expression pattern of gangliosides was analyzed
using HPLC. (b) The expression rate of each
ganglioside was calculated. Pretreatment with
13cRA enhanced the expression rate of GD1a. (c)
The mRNA expression of ST3GAL1 and ST3GAL2 was
analyzed using real-time PCR. Pretretament with
13cRA enhanced the mRNA expression of ST3GAL2.
Each value (mean + standard deviation, n = 3) of
mRNA was the ratio to the value without
treatment. (d) NB1 cells with or without 13cRA
pretreatment were exposed to different multiplicity
of infection (MOI) of HVIJ-E for 48 h and the cell
survival rate was then assessed using a MTS assay.
Each value (mean + standard deviation, n = 4) of
survival was the ratio to the value without HVIJ-E
treatment. (e) The interaction of HVJ-E with NB1
cells with or without 13cRA pretreatment was
assessed. NB1 cells were treated with 10 MOI of
PKH26 (red)-labeled HVJ-E for 4 h. Nuclei were
stained with DAPI (blue). Experiments were
repeated three times and representative results are
shown. *P < 0.05.
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the ligand for NKG2D on NK cells, was endogenously
expressed in NB1 cells (Data S2, Fig. S4A), suggesting that
NK cells in SCID mice can interact with NB1 cells. The
mRNA expression of activated NK cell markers, CD69 and
Interferon-gamma (IFN-v), as well as CD49b (NK cell marker)
in the xenograft of each group was also analyzed. HVJ-E alone
could enhance the expression of CD49b, CD69 and IFN-y in
the xenografts (Data S1, Fig. S4B). It is likely that the acti-
vated NK cells infiltrated the tumor tissue and attacked the
tumor cells in vivo without the direct interaction of HVJ-E and
tumor cells. We performed only two cycles of each therapy
because the first mouse in the PBS group died on day 33 after
tumor inoculation. We also followed the prognosis of each
group. The tumors of the HVIJ-E-untreated groups (PBS,
13cRA + PBS) immediately re-grew and all mice in these
groups soon died. Within a few weeks after the final treat-
ments, the tumors of the mice in the HVIJ-E-treated groups
(HVIJ-E, 13cRA + HVI-E) also re-grew. The best prognosis of

(@) too00p PBS 13cRA 300ng
9000 o hvee
g 8000 F 13cRA+PBS IHVJ—E 5000HAU
E 7000 F  —%— 13cRA*HVJ-E
(4] -
2 6000 l "
= 5000 F
o
> 4000 F
s 3000
: |
e L1
1000 f
0 ¥ =" ®
0 6 9 12 15 18 21 24 27 30 33
Days after tumor inoculation
(b)
HVJ-E - + -

13cRA - - +

— 08 F =t= PBS
g - HVJ-E
= 13cRA+PBS
So6f == 13cRA+HVJI-E
w
© 04Fp
[
>
Oozf
0 . L = =

0 20 40 60 80 100 120 140
Days after tumor inoculation

Fig. 5. Antitumor activity of hemagglutinating virus of Japan-enve-
lope (HVJ-E) against xenograft NB1 tumors in SCID mice and the
improvement of its activity using 13cRA. (a) Tumor volumes
(mean + standard deviation, n = 4) were compared among PBS, HVJ-
E, 13cRA + PBS and 13cRA + HVIJ-E groups. (b) The representative
external appearance of xenografts from each group on day 33 after
tumor inoculation showed the superiority of the combination of
13cRA and HVIJ-E. (c) Overall survival was evaluated using a Poisson’s
regression curve. The best prognosis was obtained in the
13cRA + HVIJ-E group. *P < 0.05.
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these mice was obtained in the 13cRA + HVIJ-E
(Fig. 5¢).

Therefore, the second objective of the present study, to
enhance the sensitivity of a HVJ-E-resistant human neuroblas-
toma cell line to HVIJ-E in vitro and in vivo, was also success-

fully achieved.

group

Discussion

In the past few decades many genetic features of neuroblas-
toma have been identified that correlate with the clinical out-
come. Among them, MYCN amplification is one of the most
critical risk factors in neuroblastoma patients and many
patients classified into the high-risk group have MYCN ampli-
fication with a poor prognosis.?" Herein, we demonstrated
that HVJ-E could kill human neuroblastoma cells, even if
MYCN was amplified.

Hemagglutinating virus of Japan is a mouse parainfluenza
virus belonging to the paramixoviridae genus. Two glycopro-
teins, fusion (F) and hemagglutinin-neuraminidase (HN), are
present on the viral envelope.?? The first step of infection
involves the binding of HN to its receptors. Hemagglutinin-
neuraminidase has a neuraminidase activity and is thought to
digest carbohydrate chains on the viral envelope. Following
this, the hydrophobic region of the F protein, which is thought
to function as a fusion peptide, invades the lipid bilayer
through its association with lipid molecules such as choles-
terol.”® Therefore, the first step of infection requires expres-
sion of HN receptors SPG and GDla. The results from the
present study imply that the expression levels of SPG and
GDla can be used to predict the response to HVJ-E therapy.
Therefore, neuroblastoma cells with a low expression of
SPG and GDla are likely to be resistant to HVJ-E and the
increase of these gangliosides is necessary to overcome such
resistance.

Therefore, we demonstrated that 13cRA might be a promis-
ing agent for the enhancement of the expression of SPG or
GDla. It has been known that 13cRA has the ability to induce
cellular differentiation and to decrease the proliferation of neu-
roblastoma cells in vitro.'> In the steady state, retinoic acid
receptor (RAR) makes a heterodimer with retinoid X receptor
(RXR) and this RAR-RXR heterodimer binds to retinoic acid
response elements (RARE) to repress the acetylation of
histones, thereby silencing many genes. ) However, once
13cRA binds to RAR, this repression becomes inhibited and
the transcription of silenced genes becomes activated.*”
Therefore, many outcomes other than cellular differentiation
can be obtained by the use of 13cRA. Enhancing the expres-
sion of ST3GAL2 and the synthesis of GDla are other exam-
ples of 13cRA-induced outcomes.

In the standard protocol for high-risk neuroblastoma, the
main therapy consists of surgery, radiotherapy and chemo-
therapy combined with bone marrow transplantation. The che-
motherapy for high-risk patients is very intensive and is
sometimes too toxic for children, but it must be administered
repeatedly to achieve efficient eradication of tumors. The
goal of the final phase of therapy is to eradicate any minimal
residual disease (MRD), but these repeated chemotherapies
often induce chemoresistance, therefore other agents for
chemoresistant MRD are necessary. As a therapeutic modality
for MRD, 13cRA is considered to be useful because of its
ability to induce cellular differentiation. Considering the addi-
tional ability of 13cRA to enhance the antitumor activity of
HVIJ-E, a reduction in the cycles of chemotherapy and the
earlier use of the combination of 13cRA and HVIJ-E might
be a novel strategy for high-risk neuroblastoma, especially
when severe adverse drug reactions are observed during
chemotherapy.
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Herein, we demonstrated that 13cRA could enhance the
antitumor activity of HVIJ-E against NB1 cells, which were
resistant to HVI-E in vitro, but HVJ-E alone could also inhi-
bit the tumor growth of NBl-derived xenografts to some
degree in vivo. This is probably because HVJ-E activates NK
cells in SCID mice. HVJ-E can activate NK cells without
binding to tumor cells. This is because HVJ-E can directly
induce the release of CXCL10 and interferon-f from dendritic
cells to elicit the infiltration and activation of NK cells.!?
Our data also show that HVJ-E can activate NK cells without
binding to NB1 cells. We used SCID rather than non-obese
diabetic-SCID mice for the model of HVJ-E therapy, because
the direct antitumor activity of HVIJ-E in vivo has already
been reported and we wanted to eradicate “human” neuroblas-
toma cell lines in a model closer to normal humans with
some antitumor immunity.(s)
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Supporting Information

In conclusion, HVJ-E might therefore be a useful therapeutic
modality for human neuroblastoma if SPG or GDla are
expressed in tumor cells and its anticancer effects can be
enhanced by 13cRA. Therefore, combination therapy using
HVIJ-E and 13cRA might be an effective new method for the
treatment of neuroblastoma.
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Fig. S1. MYCN expression in neuroblastoma cell lines.

Fig. S2. Antitumor activity of HVJ-E or 13cRA against a normal cell line.

Fig. S3. Interaction of HVJ-E with NB1 cells and the detection of apoptosis or necrosis in vivo.

Fig. S4. Expression of NK cell-ligands in cancer cells and activation of NK cells in tumor tissue with HVJ-E.

Data S1-S4. Including: primers for real-time quantitative RT-PCR; antibodies and western blotting analysis; interaction of PKH26-labeled HVI-E
with NB1-derived xenografts; and detection of HVJ-E-induced apoptosis and necrosis in NB1-derived xenografts.
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