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Abstract

Objective The current study aims to investigate the effect of Hemagglutinating virus of Japan envelope
(HVJ-E) on induction of apoptosis and autophagy in human prostate cancer PC3 cells, and the underlying
mechanisms.

Methods PC3 cells were treated with HVJ-E at various multiplicity of infection (MOI), and the
generated reactive oxygen species (ROS), cell viability, apoptosis, and autophagy were detected,
respectively. Next, the role of ROS played in the regulation of HVJ-E-induced apoptosis and autuphagy in
PC3 cells were analysed. In the end, the relationship between HVJ-E-induced apoptosis and autuophagy
was investigated by using rapamycin and chloroquine.

Results Flow cytometry assay revealed that HVJ-E treatment induced dose-dependent apoptosis and
that the JNK and p38 MAPK signaling pathways were involved in HVJ-E-induced apoptosis in PC3 cells. In
addition, HVJ-E was able to induce autophagy in PC3 cells via the class Il PI3K/beclin-1 pathway. The
data also implyed that HVJ-E-triggered autophagy and apoptosis were ROS dependent. When ROS was
blocked with N-acetylcysteine (NAC), HVJ-E-induced LC3-Il conversion and apoptosis were reversed.
Interestingly, HVJ-E-induced apoptosis was significantly increased by an inducer of autophagy,
rapamycin pretreatment, both in vitro and in vivo.

Conclusion

HVJ-E exerts anticancer effects via autophagic cell death in prostate cancer cells.
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INTRODUCTION

lethal malignancies worldwide™?. It is
initially androgen-dependent but
progresses to become a more invasive and androgen-
independent, developing resistance to treatment,
including chemotherapy and radiotherapy, which
ultimately renders it lethal®*, Therefore, there is a

P rostate cancer is one of the most common

pressing need for new therapeutics to treat
androgen-refractory prostate cancer.

In the past few years, significant progress have
been made in oncolytic virus area, especially in
cancer virotherapy by inhibiting viral replication of
cancer cells selectivelylS’G]. It is important to figure
out that Hemagglutinating virus of Japan envelope
(HVJ-E) has been determined to be capable of
evoking several immune responses against tumors”®
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and it may also have the ability to eradicate cancer
cells through apoptosis, including human multiple
myelomalg], lung cancer cells™ and melanoma
cells™, Multiple mechanisms, including actuating
MAPK pathways, inducing the death of receptors
and mitochondrial pathways, and down regulating
the expression of insulin-like growth factor 1
receptor (IGF-1R)[12], have been put forth as being
responsible for HVJ-E-induced cell apoptosis. Yet, the
mechanisms through which HVJ-E terminates cancer
cells have yet to be elucidated, especially for
drug-resistant cancer cells.

Autophagy is defined as a general term for the
degradation of ‘old’ lysosomal proteins and
damaged organellesm], which takes on a pro-survival
role by supplying cells with the nutrients required to
support metabolism when cells are under stress™,
However, it has been identified that autophagy not
only has pro-survival effects but also can promote
cell death™?”). Differences between these effects
may be attributed to the complex and diverse
interplays between autophagy and apoptosis.
Although  numerous studies indicated that
autophagy performed a vital part in determining the
fate of cancer cells, more research is needed to
construct the intricacies of these interconnections.
Recently, it has been reported that autophagy is
closely connected with apoptosis, which is mediated
by reactive oxygen species (ROS)[18’19]. However, the
role of ROS and autophagy in HVJ-E-induced
apoptosis in prostate cancer cells remains unclear.

In this study, we characterized for the first time
that HVJ-E induced both apoptosis and autophagy in
PC3 cells and that induction of apoptosis and

autophagy by HVJ-E is associated with ROS generation.

Induction of autophagy in PC3 cells and PC3
transplanted tumors was found to promote apoptosis
induced by HVJ-E. These discoveries could offer novel
evidence supporting the employment of HVJ-E and
autophagy inhibitors or inducers in a new treatment
plan for androgen-refractory prostate cancers.

MATERIALS AND METHODS

Cells, Viruses, and Plasmids

GFP-microtubule-associated protein 1 light
chain 3 (GFP-LC3) plasmid was a gift from Prof.
Songshu Meng (Dalian Medical University, China).
Hormone-resistant human prostate cancer cell PC3
cell line was purchased from the Cell Bank of the
Chinese Academy of Science (Shanghai, China) and

preserved in our laboratory. PC3 cells were cultured
in dulbecco’s modified eagle medium (DMEM)
supplemented with 10% fetal bovine serum.
Inactivated Sendai virus was prepared as described
previouslym]. Briefly, Sendai virus was inoculated
into the allantoic cavity of 10-day-old embryonated
chicken eggs. Three days later, the allantoic fluid was
harvested and the titer of recovered virus was
expressed as hemagglutination unit. An Sendai virus
suspension of 1.5 x 10° virus particles was
inactivated by UV irradiation (198 mJ/cm?®). The
inactivated Sendai virus that was unable to replicate
was referred to as HVJ-E.

Antibodies and Reagents

Antibodies against phospho-specific antibodies
to Akt, mTOR, p70S6K, Erk1/2, p38, JNK, along with
caspase-3, beclin-1 and total Erk1/2, total p38, total
JNK, PARP, B-actin, and inhibitors of U0126,
SB203580, and SP600125 were purchased from Cell
Signaling  Technology (Danvers, MA, USA).
Z-VAD-FMK, Rapamycin (Rapa), chloroquine (CQ),
NAC, polyclonal rabbit anti-LC3 and HRP-conjugated
goat anti-rabbit 1gG were obtained from
Sigma-Aldrich (St. Louis, USA). FITC Annexin V
Apoptosis Detection Kit | was obtained from BD
Biosciences (San Diego, US).

Cell Viability and Clonogenic Survival Assay

Cell viability was assessed by CCK-8 assay
(Beyotime, Shanghai, China). Briefly, cancer cells
were seeded into 96-well plates at 1 x 10* cell per
well and incubated at 37 °C for 24 h. After
treatments under various conditions, 10 pL of kit
reagent was added to cells followed by incubation
for 4 h at 37 °C. Then optical density (OD) value were
read at 450 nm using a Bio-Teck ELISA microplate
reader. Viability was calculated using the ratio of OD
in the experimental wells to those in wells with cells
grown in medium or control cells. For the clonogenic
assay, 1,000 cells were seeded into 60 mm dishes in
triplicate, treated with HVJ-E at 0, 100, 400, and 800
multiplicity of infection (MOI), followed by
incubation for 9 days. Colonies were fixed, stained,
and counted under an inverted microscope. Colonies
with 50 cells or more were counted.

Measurement of Intracellular ROS

Intracellular ROS were measured using
2’,7’-dichlorofluorescein diacetate (DCFH-DA,
Beyotime, Shanghai, China). A total of 1 x 10° PC3
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cells were either mock-treated (PBS) or treated with
HVJ-E at a MOI of 800 for 24 h. To verify if ROS
generation is related to HVJ-E-induced cellular
apoptosis, some cells were treated with NAC, an ROS
scavenger. To perform this assay, PC3 cells were
incubated with NAC (100 umol/L) for 30 min prior to
HVJ-E treatment. Collected cells were analyzed by
flow cytometry (Becton-Dickinson, San Jose, CA) in
quadruplicate.

Apoptosis Analysis

Apoptosis was measured by flow cytometry
using an Annexin V and propidium iodide (PI)
double-staining technique, as described””. An
aggregate of 4 x 10° PC3 cells were mock-treated or
treated with HVIJ-E at a MOI of 100, 400, or 800 for
24 h. Relative levels of apoptosis were measured.
With the apoptosis inhibition assay, cells were
incubated with a Z-VAD-FMK inhibitor (40 umol/L),
CQ (7.5 umol/L), or Rapa (100 nmol/L) for 30 min
before being treated with HVIJ-E (800 MOI).
Apoptosis was measured in HVJ-E-treated cells at the
indicated MOI.

Cell Transfection and Fluorescent Microscopy

Lipofectamine 2,000 was used to transfect PC3
cells with plasmid GFP-LC3 according to the
manufacturer’s instructions. Dot formation of
GFP-LC3 was observed under a fluorescent
microscope (DMI 30008, Leica) after drug or HVIJ-E
treatment. An aggregate of 100 transfected cells
were evaluated in every well for the 3 separate
experiments.

Western Blot Analysis

Cells placed in 60 mm-dishes were treated with
HVI-E at different MOI. After 24 h treatment, cells
were gathered and lysed. An identical quantity of
protein (30 ug) was divided via 10%-15% SDS-PAGE
and moved to NC membranes. After blocking with
5% non-fat milk for 2 h, the membrane was
incubated with primary antibodies against the target
proteins at 4 °C overnight. Immunoreactive bands
were viewed via enhanced chemiluminescence (ECL)
using HRP-conjugated IgG secondary antibodies.

Animal Experiments

Nude male mice were subcutaneously
inoculated in the side with PC3 cells (5 x 10° cells in
100 pL PBS per mouse) to prompt tumor growth.
Tumor-bearing animals were intratumorally injected

with HVJ-E when the diameter of the tumors was
approximately 0.5 cm. Mice were indiscriminately
devided into 6 groups (7 mice per group): (a) vehicle
(PBS) treatment, (b, c) intraperitoneal treatment
with Rapa (5 mg/kg) or CQ (40 mg/kg) alone 3 times
a week, (d) 3 rounds of intratumoral administration
with HVJ-E (5 x 10° virus particles per dose), and (e, f)
HVJ-E along with CQ or Rapa (the identical dose as
described prior) given 1 d before HVJ-E injection. At
7 d after treatment, 2 mice (of the 7 in each group)
were killed, and tumor protein was separated for
caspase-3 activation and LC3I/ll  abundance
evaluation. Meanwhile, the tumor volume of the
remaining mice was measured at 3-day intervals
with calipers. Tumor volume was calculated based
on the following formula: volume = (length) x
(width)? /22

All animal experiments were approved by the
Animal Care and Use Committee of Yangzhou
University (Approval ID: SYXK (Su) 2012-0029).

Statistical Analysis

Significant variance between groups was
performed for all groups using a one-way ANOVA.
Data are expressed as means * SE. Multiple
comparisons among groups were evaluated using
Dunnett’s LSD test. Differences with P < 0.05 were
considered statistically significant.

RESULTS

HVIJ-E Reduced Cell Viability and Induced Apoptosis
in PC3 Cells

To determine whether HVJ-E had an effect on
prostate cancer cell viability, PC3 cells were treated
with HVJ-E at the indicated MOI for 24 h, and colony
formation and cell viability assays confirmed that
HVJ-E dose-dependently reduced cell viability and
clonogenic cell survival vs. controls (Figure 1A and
1B), implying that HVJ-E might have an oncolytic
effect on cancer cells in the human prostate. After
this, Annexin-V/Pl double staining at various MOI
(100, 400, and 800) was used to ascertain the
accountability of reduced proliferation and viability
in apoptosis, and apoptosis in PC3 cells was found
to respond in a dose-dependent manner to
HVJ-E treatment (Figure 1C), further indicating that
HVJ-E induced an oncolytic effect on PC3 cells.
HVJ-E induced apoptosis was also verified by
the observation of cleaved caspase-3 and PARP
(Figure 1E).
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Cells were pretreated with the pan-caspase
inhibitor Z-VAD-FMK (40 umol/L), and apoptotic cells
were assayed via flow cytometry to confirm if
caspase is needed for HVJ-E-induced apoptosis
within PC3 cells. As shown in Figure 1D, treatment
with Z-VAD-FMK for 24 h substantially decreased
HVJ-E-induced apoptosis in the PC3 cells. In addition,
as revealed in Figure 1F, pretreatment with the
inhibitor significantly decreased HVJ-E-induced
cleavage of caspase-3 and PARP, which indicated
that caspase activity was needed for HVJ-E-induced
apoptosis in PC3 cells.

A HVIJ-E (MOI)

JNK and p38 MAPK Signaling Pathways Took Part in
HVIJ-E-induced Apoptosis

MAPK cascades perform vital parts in inducing
apoptosis in response to various stresses, including
inactivated Sendai virus treatment™. To explore the
role of MAPK pathway in HVJ-E-induced apoptosis in
PC3 cells, a post-HVJ-E-treatment dose-course of
Erk1/2, JNK, and p38 MAPK phosphorylation was
evaluated. As illustrated in Figure 2A, the
phosphorylation of Erk1/2, p38 MAPK, and JNK were
increased by HVJ-E while the ratio of Bcl-2/Bax was
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Figure 1. HVJ-E induced apoptosis in PC3 cells relies on caspase. (A) HVIJ-E at different MOI limited
colony formation in the PC3 cells. (B) The impact of HVJ-E at the noted MOI on PC3 cell viability
examined with a CCK-8-based assay. Data were means * SD of 3 experiments performed in triplicate. “p
< 0.01. (C) PC3 cells were mock- or HVJ-E-treated at the MOI of 100, 400, and 800 for 24 h. The cells
were gathered and double-stained with Annexin V and Pl and then assessed with flow cytometry. Data
were means + SD from 3 independent experiments. “p < 0.01. (D) PC3 cells were mock-treated or
pretreated with the pan-caspase inhibitor Z-VAD-FMK (40 umol/L) prior to HVJ-E treatment (MOI = 800),
and apoptotic cells were assessed with flow cytometry. "P <0.05. (E) Quantification of activated types of
caspase-3 and cleaved PARP. B-actin acted as a loading control. (F) Cells were treated as detailed in the
METHODS section, and then Western blot was used to evaluate the cleavage of caspase-3.
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decreased significantly. To determine whether MAPK
pathway was required for HVJ-E-induced apoptosis
in PC3 cells, the inhibitors SB203580, SP600125, and
U0126 targeting p38 MAPK, JNK, and Erkl/2
respectively were added to cell culture 0.5 h prior to
HVJ-E treatment. As shown in Figure 2, SB203580
and SP600125 significantly inhibited HVJ-E-induced
apoptosis with 48 h post-treatment (P < 0.01), but
U0126 did not significantly inhibit HVJ-E induced
apoptosis (Figure 2B-E), which were confirmed by
the result of western blot (Figure 2G-H). Above all,
these results indicated that JNK and p38 MAPK were
involved in HVJ-E-induced apoptosis of PC3 cells.

ROS Played a Partial Role in HVJ-E-induced

Apoptosis in PC3 Cells

It has been reported that ROS can activate
MAPK signaling pathways including JNK, Erk1/2, and
p38 MAPK?®!. PC3 cells were treated with HVI-E at
800 MOI for 24 h to evaluate if HVJ-E prompted ROS
production in prostate cancer cells. As demonstrated
in Figure 3A, HVIJ-E induced significant ROS buildup
in PC3 cells. The cells were pretreated with a ROS
NAC, before HVIJ-E to examine the
operation of ROS in HVJ-E-induced apoptosis in

scavenger,

PC3 cells. The outcomes suggested that in addition to
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Figure 2. JNK and p38 MAPK pathways took part in HVJ-E-induced apoptosis in PC3 cells. (A) PC3 cells
were treated as detailed, and MAPK activation was quantified with particular antibodies against
phosphorylated Erk1/2, JNK, and p38. Total protein was quantified as a loading control. (B-E) PC3 cells
were mock-treated or pretreated with the subsequent MAPK inhibitors for 30 min: JNK inhibitor
SP600125 (2 umol/L), p38 inhibitor SB203580 (10 umol/L), and Erk1/2 inhibitor U0126 (4 umol/L). Next,
cells were treated with HVJ-E at 800 MOI for 48 h, and cells were assayed with Flow cytometry. Data are

means  SD of 3 independent experiments,
determine target pathway inactivation.

“p<0.01. (F-H) Cell lysates were set up for Western blot to
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blocking ROS generation (Figure 3A), it also
significantly limited HVJ-E-induced apoptosis (Figure
3B). Moreover, the immunoblot assay outcomes
indicated that NAC treatment prevented PC3 cells
from being subjected to HVJ-E-induced initiation of
IJNK, p38 MAPK, and caspase-3 (Figure 3C); these
outcomes implied that the JNK and p38 MAPK
pathways took part in the management of PC3
apoptosis downstream of ROS.

HVIJ-E Induced ROS-dependent Autophagy in PC3
Cells via the Activation of Beclin-1

Both autophagy and apoptosis were triggered
after treatment with numerous viruses™. To
determine whether autophagy was induced by HVJ-E,
PC3 cells were transfected with plasmid GFP-LC3,
followed by HVIJ-E (800 MOI) treatment for 24 h.
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Rapa was a positive control. As shown in Figure 4A
and 4B, more bright dots appeared in HVJ-E-treated
and Rapa-treated cells than in control cells (P < 0.05).
In addition, as shown in Figure 4C, there was far
more conversion of endogenous LC3 to LC3Il in PC3
cells than in control cells. In this way, HVJ-E induced
autophagy in PC3 cells.

The class | PI3K/Akt/mTOR/p70S6K pathway
negatively regulated autophagy, whereas the class Il
PI3K/beclin-1  pathway promoted autophagic
induction®®’. Since the two signaling pathways were
activatede in the control of apoptosis and autophagy,
we established if HVJ-E impacted these pathways. As
revealed in Figure 4C, the phosphorylation of Akt,
mTOR, and p70S6K with HVJ-E treatment was not
impacted; however, beclin-1 expression was initiated
upon HVJ-E treatment. These data indicated that the
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Figure 3. HVJ-E-induced apoptosis in PC3 cells by JNK and p38 MAPK activation was ROS-dependent. (A)
Cells were mock-treated or pretreated with NAC (100 umol/L). Cells were then treated with HVJ-E (MOI
= 800). Intracellular ROS was quantified with the DCF-DA method. Data are means + SD of experiments
conducted in quadruplicate. (B) Cells were treated as detailed, and apoptosis was determined by flow
cytometry. Data are means  SDs for 3 experiments. (C) JNK and p38 MAPK activation were evaluated
with particular antibodies against phosphorylated JNK and p38. The total protein expression was
quantified and implemented as a loading control. 'P<0.05, P <0.01.
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class Il PI3K/beclin-1 signaling pathway was
actuated with HVIJ-E treatment and may lead to
HVJ-E-triggered autophagy. To determine whether
HVJ-E-induced autophagy in PC3 cells is
ROS-dependent, cells were treated with NAC prior to
HVJ-E treatment; NAC significantly inhibited
HVJ-E-induced LC3 conversion and beclin-1
activation (Figure 4D), suggesting that HVJ-E-induced
autophagy might depend on ROS generation.

Autophagy Induction Enhanced HVIJ-E-induced

Apoptosis

Both the autophagy inducer Rapa and the
inhibitor CQ were implemented in the examination
of the interaction between HVJ-E-mediated
autophagy and apoptosis in PC3 cells®”. It has been
reported that Rapa induced autophagy by inhibiting
mTOR/p70S6K which is MAPK independent. As
shown in Figure 4G, pre-treatment of Rapa or CQ to
PC3 cells enhanced LC3 Il accumulation with HVIJ-E
treatment, enhancing induction of autophagy by
Rapa and inhibiting autophagosome-lysosome fusion
by CQin HVIJ-E- treated cells.

We then evaluated if pharmacological
modulation of autophagy impacted HVJ-E-mediated
apoptosis. HVJ-E-mediated apoptosis in
Rapa-treated PC3 cells was significantly increased as
noted by flow cytometry (Figure 4E and 4F, P < 0.01),
substantiating the observation that Rapa (but not CQ)
improved the cleavage of caspase-3 (Figure 4G).

We examined the oncolytic impacts of HVIJ-E
with Rapa or CQ in PC3 cell-bearing mice to confirm
the therapeutic importance of autophagy
modulators and HVIJ-E. Tumor-bearing mice were
intraperitoneally injected with the vehicle, Rapa, or
CQ and administered HVJ-E intratumorally after 24 h.
Evaluations of caspase-3 activation in PC3-derived
tumors showed that pretreatment with Rapa
produced stronger caspase-3 activation in contrast
to the tumors with just HVJ-E treatment (Figure 4G).
The cleaved caspase-3 levels were hardly noticeable
in vehicle-, CQ-, and Rapa-treated tumors. We then
determined if the in vivo combination treatments led
to increased inhibition of tumor cell development as
shown in the in vitro experiments. The treatment of
PC3 cell-bearing tumors with just Rapa or Rapa and
CQ had insignificant therapeutic impact on tumor
development (Figure 4H and 4l). As expected, HVJ-E
therapy markedly reduced tumor growth relative to
vehicle treatment (Figure 4H and 4l, P < 0.05,
respectively). More importantly, combination
treatment with HVJ-E with Rapa resulted in

significantly more inhibition of tumor growth than
HVJ-E alone (Figure 4H and 4l). Taken together,
these outcomes imply that autophagy may operate
as a death mechanism in HVJ-E-treated PC3 cells.

DISCUSSION

Many studies suggested that HVJ-E may have a
therapeutic effect in cancer treatment, but the
manner by which this occurs is unclear. A current
study detailed HVIJ-E-induced cell termination in
human neuroblastoma cells as relying on necrosis
instead of apoptosism]. Yet, the research we
performed previously indicated that HVJ-E-induced
cell death depends on apoptosis via caspase-8 or -9
or activation of both in cancer cells>**.. Differences
in cell lines may contribute to the diversity of
caspase activation after HVJ-E treatment as well. The
present experiments revealed that HVJ-E had
significant apoptotic characteristics in PC3 cells, and
these data are in agreement with outcomes acquired
from different oncolytic viruses””..  Further,
HVJ-E-induced apoptosis was inhibited by the
pan-caspase inhibitor, Z-VAD-FMK, validating that
the initiation of cell death relied on
caspase-mediated apoptotic pathways.

MAPK signal pathways have been acknowledged
to take on crucial roles in the management of cell
proliferation and apoptosis in reaction to different
stimuli®. To the best of our knowledge, a limited
number of reports have been published concerning
activation of MAPK pathways in HVJ-E-induced
apoptosis“o’B], but the manner in which MAPK
pathways are activated after HVJ-E treatment are
unclear. Thus, we suggest that HVIJ-E treatment
activated all 3 major MAPK pathways in PC3 cells,
and this is consistent with our previous study[B].
However, results of MAPK pathway inhibition
experiments verified that JNK and p38 MAPK
pathways were associated with HVJ-E-induced
cytotoxicity in PC3 cells. This is the first work to
demonstrate that HVJ-E-induced ROS may be an
inducer of JNK and p38 MAPK activation. When ROS
scavenger NAC was employed before HVIJ-E
treatment, it obstructed ROS generation and it also
significantly limited HVJ-E-induced activation of JNK
and p38 MAPK and cleavage of caspase-3 and
apoptosis.

Additionally to the induction of apoptosis, we
here propose another role of HVJ-E, the induction of
autophagy in PC3 cells via the activation of class Il
PI3K/beclin-1 pathway, which positively regulates
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autophagylzg]. We discovered in our prior paper that A549/DDP cells by limiting the class | PI3K/
HVJ-E induced the autophagic operation in A549 and Akt/ mTOR/p70S6K negative regulatory pathway[m]
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Figure 4. Pharmacological modulation of autophagy improved HVJ-E-induced apoptosis. (A, B)
Percentage of cells with typical LC3 bright dots (> 5 bright dots per cell) were shown. Data were means
+ SD from 3 separate experiments (a minimum of 100 cells were counted for every experiment, P <
0.05). (C) HVJ-E induced autophagy in PC3 cells by the initiation of beclin-1. Total and phosphorylated
Akt, mTOR, and p70SK and beclin-1 and LC3 expression were measured with Western blot. Total protein
was determined as a loading control. (D) Cells were mock-treated or pretreated with NAC (100 umol/L).
The cells were then treated with HVJ-E (MOI = 800), and the expression of beclin-1 and LC3 was
determined by Western blot. Total protein was evaluated as the loading control. (E, F) Cells were
treated with CQ (7.5 umol/L) or Rapa (125 nmol/L) for 30 min, and then with HVJ-E (800 MOI) for 24 h.
Apoptosis was determined with flow cytometry 24 h following treatment. Data were means + SD of 3
independent experiments, “p<0.01. (G) Cells or tumors were treated as detailed, and LC3-Il conversion
and cleavage of caspase-3 was evaluated with Western blot. (H, 1) The mice were treated as detailed
above. Tumor volumes were evaluated at 3-day intervals over 36 days after injections and expressed as
the mean + SD (n = 5) in tumor volume-time curves. The variation in tumor regression among the
HVJ-E-treated and vehicle groups was significant (P < 0.05); the groups that were administered the
combined treatment and the single-treatment (just the virus or just the drugs) group (P < 0.05). No
statistically significant difference was noted among the groups administered the single treatments and
the vehicle-treated group.
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Interestingly, we also found that HVJ-E-induced
autophagy in PC3 cells depends partially on
HVI-E-induced ROS, and these results are consistent
with those data, suggesting that silibinin could
induce ROS and apoptosis in human prostate cancer
PC-3 cells™.

We then examined the role of autophagy in
HVJ-E-induced apoptosis. Pharmacological
autophagy modulators, including Rapa and CQ, have
been employed along with oncolytic virus to improve
the therapeutic impact of treating different types of
cancers in preclinical trials®*". Here, we present
both in vitro and in vivo evidence that Rapa
enhances HVJ-E-mediated apoptosis in PC3 cells, but
CQ did not change anticancer effects of HVJ-E in PC3
cells. Augmentation in HVJ-E-mediated apoptosis in
the presence of autophagy modulators were also
supported by activation of caspase-3. Interestingly,
Kim’s group reported that the autophagy inhibitor
3-Methyladenine (3-MA) augmented the anticancer
effects of silibinin in PC3 cells, which is not
consistent with our results™. The implementation
of autophagy inducers or inhibitors in combination
cancer treatments could be virus strain- and
drug-dependent.

Overall, HVJ-E regulated PI3K/beclin-1 and JNK
and p38 pathway in prostate cancer cells, and this
was ROS-dependent, thereby modulating autophagy
and apoptosis. Induction of autophagy induced by
HVJ-E in PC3 cells promoted apoptosis. These
outcomes offer new knowledge about the latent
mechanism of the anti-tumor effects of HVJ-E and
furnish further understanding of different ways to
diminish or eliminate human cancers.
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