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Oncolytic poliovirus therapy and immunization
with poliovirus-infected cell lysate induces potent
antitumor immunity against neuroblastoma in vivo
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Abstract. In a previous study, we demonstrated that neuro-
blastoma subcutaneously implanted in immuno-competent
mice is eliminated by intratumoral administration of neuro-
attenuated poliovirus (PV). Our results also suggested that
the in vivo destruction of neuroblastoma cells by virotherapy
lead to a robust antitumor immune response. In this work,
splenocytes harvested from neuroblastoma-bearing animals
treated with neuroattenuated PV exhibited significantly
higher lytic activity against tumor target cells than did those
from splenocytes derived from control mice. In vitro T-cell
depletion experiments indicated that CD8* T cells were
essential for the cytotoxic antitumor activity of splenocytes.
Moreover, adoptive transfer of splenocytes obtained from
mice cured of neuroblastoma by PV virotherapy markedly
delayed the tumor growth of previously established neuro-
blastomas in recipient naive mice. These results confirmed
that treatment with a neuroattenuated oncolytic PV strain
induces antitumor immunity against neuroblastoma that is
mainly mediated by cytotoxic CD8* T cells. Immunocompetent
mice, on the other hand, were immunized with PV-infected
neuroblastoma cell lysate prior intravenous challenge with
neuroblastoma cells. As a control, mice were vaccinated with
either non-infected neuroblastoma cell lysate alone or mixed
with PV, or with PBS prior tumor cell injection. Results
showed that survival is significantly prolonged only in mice
immunized with PV-infected tumor lysate. This finding clearly
suggested that in vitro poliovirus infection of neuroblastoma
cells turns these cells into a potent tumor immunogen.
Further studies in oncolytic treatment of neuroblastoma using
attenuated PV alone or in combination with immunotherapy
with PV oncolysate should improve the probability for
successful translation in the clinic.
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Introduction

Neuroblastoma, a malignant embryonal tumor of the neural
crest cells, is one of the most common solid extracranial
tumors of early childhood (1). In contrast to many other
pediatric malignancies, progress in the treatment of neuro-
blastoma (especially for advanced-stage tumors) has been
relatively modest. Although a fraction of the patients are
cured with current treatments, approximately 40% will die of
this disease (2,3). Moreover, as neuroblastoma is a disease
that most often strikes young children, treating patients with
aggressive therapy is a concern because of the potential for
long-term health implications (from heart disease to second
malignancies). Therefore new neuroblastoma treatments
employing novel mechanisms of action are needed. Such new
treatments may be based on human non-pathogenic and
pathogenic viruses (4-6). An oncolytic virus is a replicating
agent that has either been naturally selected or engineered to
single out and destroy tumor cells (4-6).

Poliovirus has recently been added to the list of viruses
that hold promise as possible agents in tumor therapy (7-9). In
our previous study, we constructed a highly neuroattenuated
poliovirus that may be suitable for the treatment of neuroblas-
toma in children (10). Moreover, we developed fully immuno-
competent mice (CD155 tgA/J mice) that express the human
poliovirus receptor (CD155) and accept mouse neuroblastoma
cells (Neuro-2a®P!5s) expressing CD155 (10). Using this
animal model, we demonstrated that subcutaneous tumors of
Neuro-2a®P!5 cells were eliminated by intratumoral admini-
strations of the neuroattenuated PV in polio-immunized mice
(10). Remarkably, the tumor-bearing mice, which were cured
through treatment with neuroattenuated poliovirus derivative
A 5;Gmono-crePV, resisted attempts to re-establish neuro-
blastoma with Neuro-2a¢P35 cells (10). Based on these
results, we hypothesized that destruction of tumor cells by
neuroattenuated PV can increment the release of tumor anti-
gens which may induce a more efficient antigen presentation
and the development of a robust antitumor immunity (10).

In line with our hypothesis, previous investigations in mice
and humans have also shown that treatment with oncolytic
viruses can result in the enhancement of antitumor immune
response (11-17). Moreover, different stimuli can promote an
immunogenic cell death of tumor cells. Immunogenic cell
death implies that dying tumor cells release several cellular



82 TOYODA et al: ONCOLYTIC VIRUS THERAPY INDUCES ANTINEUROBLASTOMA IMMUNITY

signals that will facilitate immune recognition and elimination
of tumor cells (18,19). Noteworthy, it has been speculated
that virus infection of tumor cells may induce an immuno-
genic cell death (20).

In this study, we have characterized the antitumor immune
response evoked by the treatment of subcutaneous neuroblas-
toma by an attenuated poliovirus strain. Our results indicate
that oncolytic poliovirus therapy induces antitumor immunity
against neuroblastoma that is mediated by cytotoxic CD8*
T cells. In addition, we show that immunization of CDI155
tgA/J mice with PV-infected neuroblastoma lysate provides
protection against neuroblastoma development. These findings
should be considered when designing therapies against poorly
immunogenic human tumors.

Materials and methods

Cells and viruses. The neurovirulent poliovirus type 1
(Mahoney) [PV1(M)] is the strain being used routinely in the
laboratory (21). A novel attenuated oncolytic poliovirus,
A ;;Gmono-crePV, which is a derivative of mono-crePV, was
described previously (10). The mouse neuroblastoma cell line
stably expressing CD1550 (Neuro-2a'%%) has been described
(10) (22). Neuro-2a“P!s cells, which are highly susceptible to
poliovirus infection, were maintained in Dulbecco's modified
Eagle's medium containing 1% penicillin/streptomycin and
10% fetal bovine serum. The neuroblastoma cells Neuro-2a
were purchased from American Type Culture Collection
(ATCC) and the cells were authenticated by isoenzyme
analysis.

Cytotoxicity assays. CD155 tgA/J mice were immunized by
intraperitoneal injection of mono-crePV (1x108 pfu) three
times with intervals of one week. On the day 21 after the last
immunization, Neuro-2a®P!>5 cells (1x107) were subcuta-
neously implanted in the right flank of each CD155 tgA/
J-immunized mouse. When the subcutaneous tumor volumes
were approximately 170 mm? (7-12 days after implantation),
mice were inoculated intratumorally with A,;;Gmono-crePV.
Tumor growth was determined by measuring the tumor
volume (length x width x height) every day. Spleens were
removed from mice that survived without signs of
subcutaneous tumor for 10 months after oncolytic therapy.
As the control mice, subcutaneous Neuro-2aP!55 tumors
were established in the CD155 tgA/J mice immunized with
mono-crePV. The control mice were inoculated intra-
tumorally with PBS and sacrificed after the tumor had reached
a volume of ~500 mm? and spleens were used as a control.
Tumor-specific cytotoxicity of splenocytes was determined
by lactate dehydrogenase-release assays as described in
detail elsewhere (23). Briefly, splenocytes prepared by
centrifugation over a Ficoll-Hypaque gradient were used as
effector cells and Neuro-2aP!>> cells or Neuro-2a cells were
used as target cells. The effector cells were not stimulated
in vitro with target cells prior to the cytotoxicity assay. Target
cells/well (1x10%) on a 96-well flat bottom plate were mixed
with 5x10° effector cells in 200 x1 of serum-free medium and
incubated for 12 h at 37°C in 5% CO,. The cytotoxicity of
effector cells against target cells was determined by using Cyto-
toxicity detection kit (Roche) according to the manufacturer's

manual. The percentage of specific lysis was calculated as
[(experimental - effector spontaneous - target spontaneous)/
(target maximum - target spontaneous)] x 100. In order to
characterize the effector cells, same experiments were
performed after immunomagnetic depletion of CD4*, CD8*
or NK cells. For this purpose, splenocytes were incubated for
30 min with biotinylated antibodies against mouse CD8a
(Ly3.4), CD4 (L3T4) or NKI1.1 (PK136) (all from BD
Pharmingen). Cells were rinsed with cold PBS with 1% BSA
and incubated with streptavidin microbeads (BD™ IMAG,
BD Pharmingen). Positive cells were removed with a magnet
(IMagnet, BD Pharmingen). Each determination was performed
by triplicate.

Animal studies. The transgenic mice that express human
CD155 under its original promoter (ICR-CD155/Tg21) were
kindly provided by Dr A. Nomoto (24). The CDI155 tg mice
were kept in the homozygous state. A/J mice, which express
the major histocompatibility complex (MHC) haplotype H-2¢,
were purchased from the Jackson Laboratories. A/J mice
carrying CD155 gene were obtained by outcrossing A/J mice
with CD155 tg mice and called CD155 tgA/J mice (10). The
CD155 tgA/] mice show paralysis after PV inoculation and
accept Neuro-2a cells and Neuro-2a“P's cells for the formation
of lethal neuroblastoma (10). Mice were at least six weeks of
age before use. All procedures involving experimental mice
were conducted according to protocols approved by the
institutional committees on animal welfare.

Adaptive transfer of splenocytes. Neuro-2aP'> cells (1x107)
were subcutaneously implanted in the right flank of A/J mice
(2A, I). Approximately 10 days after tumor cell inoculation,
when the local tumor became palpable in the mice, the animals
were received 4 intratumoral injections of A,;;Gmono-crePV
(2A, II). The resultant local tumor growth was monitored by
measuring tumor diameters and mice were followed for up to
2 months after treatment. The animals that survived without
signs of tumor relapse for 2 months were used as cured A/J
mice and their splenocytes were used for adaptive transfer.
Splenocytes of naive A/J mice were used as control. Prior to
harvesting splenocytes, Neuro-2a®P!>> cells (1x107) were
subcutaneously implanted in the right flank of naive A/J mice
(2A, IV). When the subcutaneous tumor volumes were
approximately 170 mm? (7-12 days after implantation),
splenocytes were harvested from cured A/J mice and control
A/J mice (2A, III). The harvested splenocytes were washed
and resuspended in PBS, and then injected intravenously into
the tail veins of tumor-bearing mice (2x107 cells in 100 pl
per mouse) (2A, V). Tumor volume was measured every day
after animals received the adaptive immunotherapy using the
formula: length x width x height.

Animal vaccination with cell lysates and tumor challenge.
Neuro-2a¢P155 cell monolayers (1x107 cells) were incubated
with PV1(M) at multiplicity of infection (MOI) of 50 or with
PBS at 37°C. After 6 h, the cells were harvested and
subjected to three consecutive freeze-thaw cycles followed
by 10 strokes of a Dounce homogenizer for the preparation
of non-infected and PV-infected Neuro-2a“P!>5 lysates. The
poliovirus titer in the PV-infected Neuro-2a“P!>> lysate was
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5x108 pfu/ml. For the tumor rejection assays, CD155 tgA/]
mice were first immunized with mono-crePV (1x10% pfu)
intraperitoneally thrice at 1-week intervals (3A, I). High titers
of neutralizing antibodies against poliovirus were detectable
in all mice at day 21 post-immunization (data not shown).
Then, polio-immunized CD155 tgA/J mice were injected
intraperitoneally with PV-infected Neuro-2a“P!5 lysate, or
non-infected Neuro-2acP!3° lysate, or a mixture of non-
infected Neuro-2aP'>* lysate plus poliovirus (poliovirus titer
in the mixture was 5x10% pfu/ml) or PBS thrice at 1-week
interval (3A, II). All mice were challenged intravenously
with 2x10° Neuro-2a®P'>> cells 21 days after last injection
with lysates or PBS (3A, III). At the first sign of any distress
mice were sacrificed. Survival, defined as the time to either
sacrifice or death, were monitored daily and body weight was
measured thrice a week.

Statistical analysis. Life expectancies between groups of
mice were estimated by the Kaplan-Meier method. Statistical
significance in different treatment groups was compared
using the log-rank test. Statistical significance was determined
at the level of p<0.05.

Results

Cytotoxicity of splenocyte from immune-competent mice
treated with intratumoral injections of A,;;Gmono-crePV. In
a previous work, we showed that neuroblastoma-bearing
mice, which were cured through treatment with novel neuro-
attenuated poliovirus derivative (A,;;Gmono-crePV), resisted
attempts to re-establish neuroblastoma tumors by reseeding
with Neuro-2a®P'>> (10). This prompted us to suggest that the
destruction of Neuro-2aP'> tumors in CD155 tgA/J mice by
intratumoral injection of attenuated poliovirus derivates
induce anti-neuroblastoma immunity (10).

Based on these results, we proceeded to characterize
the antitumor immune response evoked by the treatment
of subcutaneous neuroblastoma by A,;;Gmono-crePV. To
evaluate the cellular antitumor immunity induced by oncolytic
PV therapy, we quantified the cytolytic antitumor activity of
splenocytes collected from those CD155 tgA/J mice that were
originally implanted with neuroblastoma but subsequently
cured by four intratumoral inoculations of A,;;Gmono-
crePV. Mock-treated mice received equivalent intratumoral
injections of PBS. Splenocytes isolated from mice cured
from neuroblastoma exhibited higher lytic activity against
both target cells tested, Neuro-2a®P'>> and Neuro-2a, than did
those from splenocytes derived from control mice (Fig. 1A).
These results strongly supported our hypothesis that treat-
ment with a neuroattenuated oncolytic PV strain induces
antitumor immunity against neuroblastoma.

To determine which cell subpopulations are responsible
for the cell-mediated antitumor immune responses, spleno-
cytes from the cured mice were depleted in vitro of NK,
CD4+ or CD8* cells respectively, prior to cytotoxic assay. As
shown in Fig. 1B, incubation of splenocytes with neutralizing
antibody NKI1.1 or anti-CD4 had little or no effect on their
ability to kill Neuro-2a®P'5> cells. In contrast, depletion of
CD8* cells abrogated the cytolytic activity of splenocytes from
cured mice by ~70% compared to non-depleted splenocytes
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E2 splenocytes from cured mice:N2aCD155 cells
W Naive splenocytes:N2a cells

[ Splenocytes from cured mice:N2a cells

Target cells:Effector cells
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Figure 1. Characterization of tumor-specific cytotoxic T cell activity after
virotherapy. (A) Splenocytes mediated cytotoxic activity against neuro-
blastoma cells. Splenocytes from neuroblastoma-cured mice and control
mice were prepared as described in Materials and methods. Cytotoxic
activity of effector cells prepared from spleens was measured against either
Neuro-2a®P'>> cells or Neuro-2a cells. The target to effector ratio was 1:50.
Results from 3 mice in each group are expressed as mean. Standard deviation
of the mean was 0.8 and 0.4% or less in cytotoxic test using splenocytes
from cured or naive mice, respectively. (B) Cytotoxic response of different
cell subset-depleted population. Splenocytes purified from neuroblastoma-
cured mice were depleted of different cell populations and then tested for
cytotoxicity against Neuro-2a®P'5 cells as described in Material and methods.
The cytotoxic effect of each-depleted cell population is expressed as
percentage of the specfic cytotoxic effect of non-depleted splenocytes.
Results from 3 mice in each group are expressed as mean. Standard deviation
of the mean was 3% or less in all cases.

(Fig. 1B). These data indicate that cytotoxic CD8* T cells are
the principal mediators of antineuroblastoma immunity
elicited by A,5;Gmono-crePV virotherapy.

Antitumor effect of adoptively transferred splenocytes
from cured mice by A,;;Gmono-crePV virotherapy. To
confirm our conclusion about that lysis of neuroblastoma
with A ;;Gmono-crePV-induced antitumor immunity in
cured A/J mice (Fig. 2A, stage III), we adoptively transferred
the splenocytes harvested from the cured mice cured into
mice that had developed subcutaneous Neuro-2aP'>> tumor
(Fig. 2A, stage V). Splenocytes from naive mice served as a
negative control. Splenocytes from cured or naive mice were
adoptively transferred by tail vein injection (2x107 spleno-
cytes in 100 pl of PBS) to neuroblastoma-implanted mice
after which tumor sizes were measured and tumor volumes
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Figure 2. Antitumor effect of adaptively transferred splenocytes. (A) Schematic presentation of A,;;Gmono-crePV therapy on Neuro-2a®°'>> tumors in A/J
mice against poliovirus. Stage I, Neuro-2a"'> cells were transplanted subcutaneously in A/J mice. Stage II, intratumoral treatment of the subcutaneous tumor
with A ;;Gmono-crePV (1x108 pfu) or PBS. Stage III, mice that survived without signs of tumors for 2 months were sacrificed and splenocytes were purified.
Stage IV, prior to adoptive transfer of splenocytes, 1x107 cells Neuro-2a®'>> cells were transplanted subcutaneously in naive A/J mice. Stage V, when the
subcutaneous tumor volumes were ~170 mm?, 2x107 splenocytes in 100 u1 of PBS were adaptively transferred to the mice (n=6 mice per group) by tail vein
injection. (B) Tumor growth of established neuroblastoma implants in A/J mice. Tumor size was measured once a week and tumor volume was determined as

described in Materials and methods.

calculated every day. As expected, all the control mice experi-
enced progressive tumor growth and were sacrificed within
21 days (Fig. 2B). In contrast, adoptive transfer of splenocytes
from A,3;;Gmono-crePV-treated mice produced a significant
inhibition of tumor growth by comparison with the negative
control (average tumor volume: 583 vs. 2183 mm?, p<0.01 at
day 10 post splenocytes transfer). This result confirms that
oncolytic therapy for neuroblastoma with attenuated poliovirus
induces a tumor-specific immune response.

Induction of antitumor immune response by lysates of PV-
infected neuroblastoma cells. Tumor destruction by an
oncolytic virus can release a wide range of tumor-specific
antigens that will be taken up by infiltrating antigen-presenting
cells for cross-presentation to T cells for priming of antigen-
specific immune response (25). Based on this premise, we
reasoned that immunization with an in vitro PV-infected
neuroblastoma cell lysate should be able to prime an effective
immune response against tumor cells and subsequently
hinder neuroblastoma growth (see Materials and methods and
Fig. 3A).

Examination of dead mice showed that i.v. injection of
Neuro-2a cells gave rise to multiple liver and perirenal tumors
(Fig. 3B). Examination of an antitumor response to immuni-
zation with different lysates or PBS was carried out according
to the protocol delineated in Fig 3A. Analysis of Kaplan-
Meier curves using the log-rank test showed no difference in
the survival kinetics among mice immunized with i) PBS, iii)
non-infected Neuro-2a“P!>> lysate or iv) a mixture of non-
infected Neuro-2aP'> lysate and poliovirus (p>0.05, Fig. 3C).
All mice from these groups died before 90 days of tumor
challenge. In contrast, 70% of mice immunized with ii) PV-
infected Neuro-2a®P'%* lysate, survived beyond 100 days after
tumor challenge (Fig. 3C). Furthermore, statistical analyses
showed that immunization with PV-infected Neuro-2acP!%
lysate was superior to any of the immunization with other
lysates or PBS (p<0.01, Fig. 3C). We ruled out the possibility
that protection effect seen in mice immunized with PV-infected
Neuro-2a®P!% lysate is due to a cytolytic effect by an ongoing
poliovirus infection after lysate injection. Our assertion is
based in the following facts: a) no poliovirus were isolated
from the lung, liver, spleen, brain and spinal cord of mice at
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Figure 3. (A) Monitoring of mouse survival. Antitumor effect of vaccination with PV-infected Neuro-2aP!5 lysate. Schematic presentation of vaccination
with non-infected and PV-infected Neuro-2aP!5 lysates Stage I, CD155 tgA/J mice were immunized intraperitoneally with live mono-crePV (1x10® pfu)
thrice with an interval one week. Stage II, 21 days after the last immunization, polio-immunized CD155 tgA/J mice were vaccinated intraperitoneally with
different cell lysates as described in Materials and methods with an interval one week. Stage III, 21 days after the last vaccination, 2x10° cells of Neuro-
2aCP155 cells were transplanted intravenously into the animals. (B) Growth of intravenously implanted tumors. Liver and kidney extracted from the mouse that
was vaccinated with PBS and received intravenous injection of Neuro-2aP'> cells (left). Naive mouse was used as a control (right). (C) Percentage of
survival mice after intravenous Neuro-2a®°'> injection. Mice were vaccinated with different lysates prior i.v. challenge with Neuro-2a®®'5 as described in
Materials and methods. Animals were observed every day and survival was plotted using a Kaplan-Meier survival curve.

the time of tumor challenge, i.e., 21 days after vaccination
with homogenates prepared from PV1(M)-infected Neuro-
2a¢P15s cells or non-infected Neuro-2a®P>> admixed with
poliovirus, b) no protection was induced by non-infected
Neuro-2a®P'55 admixed with poliovirus, and c) all mice have
been previously immunized against poliovirus. Altogether,
our results suggest that an in vitro infection of neuroblastoma
cells with PV turn these cells into a potent tumor immunogen.

Discussion

In this study, we show that intratumoral inoculation of
attenuated poliovirus strain into Neuro-2a“P'>> tumors in
immunocompetent CD155 tgA/] mice induces a systemic
CD8* T cell-mediated immunity against neuroblastoma.
Previous investigations in mice and humans have also shown
that treatment with oncolytic viruses can result in the enhan-
cement of an antitumor immune response (11-17). Such an
immune response generated by oncolytic viruses has several
advantages over cancer vaccines based on identified tumor
antigen. Oncolytic virotherapy can provoke the release of a

potentially large repertoire of tumor antigens. Furthermore, a
proinflammatory response might ensue after the intratumoral
viral replication. This inflammatory response can induce the
recruitment, activation and loading of antigen-presenting
cells with tumor antigens, providing an opportunity for
efficient presentation of these antigens to T cells (11,26,27).
Moreover, the proinflammatory signals triggered by viro-
therapy may help to breach the tumor-related immuno-
suppressive barrier and facilitate the infiltration of tumor-
specific immune cells to the tumor site.

Interestingly, the oncolytic virotherapy described here
generated a similar cytotoxic response against both Neuro-2a
and Neuro-2a“P155. This result indicates that ectopic expres-
sion of human CD155, the cellular receptor for PV, in murine
Neuro-2a cells is not a target for T cell-mediated cytotoxicity
in our model. In humans, on the other hand, CD155 binds
CD96 and CD226 (28,29). It has been shown that CD155/
CD96/226 interaction is of importance in the NK-based
killing activity or in CD8 T cell-mediated tumor rejection
(30,31). Moreover, CD96/CD155-interaction is preserved
between man and mouse (32). Although both receptors are
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only moderately conserved in amino acid sequence, the
splenocytes-mediated cytotoxicity observed in our study
could potential be mediated by the interaction between
murine CD96/226 (in NK and T cells) and human CD155 (in
Neuro-2a¢P13%). Our results suggest that the lysis of Neuro-
2a®P15s s not mediated by CD155/CD96/226 interaction since
the cytotoxic activity of neuroblastoma-cured splenocytes
against both Neuro-2a and Neuro-2a“P'>5 was similar.

Significant tumor growth suppression was observed in
naive mice engrafted with splenocytes from mouse donors
that had been treated for neuroblastoma with A,;;Gmono-
crePV-virotherapy. This result confirms that in vivo treatment
of neuroblastoma by oncolytic poliovirus induces the
generation of tumor-sensitized T lymphocytes in host mice.
Our results also show a difference in tumor growth inhibition
among mice engrafted with neuroblastoma-reactive
splenocytes. A possible explanation is that the variation
observed reflects the incidence of tumor-reactive T cells in
the splenocytes populations adoptively transferred to the
naive mice. Moreover, the levels of the neuroblastoma-
reactive T cells present in the spleens of donors might be
determined by the extent of tumor lysis induced by
virotherapy which in turn influence upon the magnitude of
the elicited antitumor immune responses.

Tumor-associated antigens are not well characterized for
the majority of human tumors. Therefore, cancer vaccines
derived from whole tumor are an attractive approach to
induce a broad range of antitumor immunity. However,
immunization using intact tumor cells has shown a poor
treatment outcome for cancer (33). It has long been assumed
that most therapeutic agents kill tumor cells through apop-
tosis. Notably, apoptosis has been considered to be a non-
immunogenic or even a tolerogenic cell death mechanism as
opposed to necrosis (an immunogenic cell death). However,
depending on the cell death inducer, tumor cells can become
highly immunogenic and induce a potent antitumor response
in vivo (34). Furthermore, there is now persuasive evidence
that cell death can trigger an immune response only if the
dying cells emit ‘eat-me’, ‘danger’ and ‘killing’ signals that
mediate their efficient phagocytosis by dendritic cells (DC's)
and the maturation of DCs (20,35-38). DCs are the most
important professional antigen-presenting cells and play a
central role in initiating innate and adaptive immune response
against tumor associate antigens. Antigen presentation by
immature DCs (iDCs), associated with a lack of costimu-
lation, induces tolerance. A number of molecules released
from dying cells have been identified to elicit immune signaling
during immunogenic cell death. These include, among
others, high mobility group box 1 (HMGBI, also known as
amphoterin), purine metabolites (uric acid), calreticulin
(CRT), and heat shock proteins (HSP) (18,39-41).

Until now, most of the identified inducers of immunogenic
cell death of tumors cells are chemotherapeutics (42). The
potent antitumor response elicited by virotherapy, observed
by us and other investigators (10,43), clearly suggests that
viruses are in vivo inducers of immunogenic death of tumor
cells. Moreover, our finding that inoculation of PV-infected
neuroblastoma lysate protects against live tumor challenge
indicates that poliovirus is also an in vitro inducer of immu-
nogenic death. Interestingly, necrosis by freeze thawing is

also considered to induce an immunological cell death (42).
However, we observed that immunization with lysate from
freeze-thawed non-infected neuroblastoma, as opposed to the
PV-infected lysate, did not protect against live tumor challenge.
This result underscores the capacity of poliovirus to trigger
the release of danger signals from tumor cells, which in turn
will induce an antitumor response. Significantly, cells infected
with encephalomyocarditis virus, a picornavirus just like PV,
have been shown to be effective at presenting non-viral
antigens for cross-priming of DCs in vivo (44). Viral lysates
(called oncolysate) have been used in the past to vaccinate
human against cancer (45). Those few trials have shown
some degrees of success, but results have been ambiguous
(39,46 ,47). Remarkably, treatment with viral oncolysates
showed better overall survival than radio- and chemo-
therapy, probably because of the harmful effects that these
conventional therapies have on the immune system (48).

In conclusion, we have shown that A ;;Gmono-crePV, an
oncolytic virus derived from PV, can induce an effective anti-
tumor immune response in addition to its tumor cell killing
mechanism. Furthermore, the vaccination with a polio-infected
neuroblastoma lysate is also able to induce a potent antitumor
immunity.

With current methods, it is likely that virotherapy using
attenuated poliovirus will be capable of eradicating neuro-
blastoma when used in combination with other therapies.
Moreover, immunotherapy with PV oncolysate alone or in
combination with virotherapy can be effective in controlling
minimal residual and metastatic diseases states, thereby
preventing recurrence or prolonging the time of recurrence in
patient suffering from neuroblastoma.

We consider it possible that PV-based cancer therapy
may have broad application beyond the treatment and cure of
neuroblastoma. It should be mentioned that very different PV
derivative, a chimera between PV and human rhinovirus,
called PV(RIPO), offers hope as oncolytic virus against tumors
affecting the central nervous system (7-9,49). PV(RIPO),
however, does not lyse human or mouse neuroblastoma cells
efficently, precluding this derivate from the studies described
in this study.

Finally, the antitumor response induced by polio onco-
lysate remains largely uncharacterized. Therefore, a detailed
knowledge of the immune response and therapeutic
protection elicited by polio-infected tumor lysates is needed.
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