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Abstract
Primary liver cancer is a major public health challenge that ranks as the third most common

cause of cancer worldwide despite therapeutic improvement. Reovirus has been emerging

as a potential anti-cancer agent and is undergoing multiple clinical trials, and it is reported

that reovirus can preferentially cause the cell death of a variety of cancers in a manner of

apoptosis. As few studies have reported the efficacy of oncolytic activity and safety profile

of avian reovirus, in our study, LDH assay, MTT assay, DAPI staining, and flow cytometry

assay were performed to demonstrate the oncolytic effects of avian reovirus against the

HepG2 cells, and quantitative real-time PCR (qRT-PCR) and animal experiments were

conducted to investigate the dynamic distribution of avian reovirus in infected mice and then illustrate the safety and tissue

tropism of avian reovirus. LDH assay, DAPI staining, and flow cytometry assay confirmed the efficacy of the oncotherapeutic

effects of avian reovirus, and MTT assay has indicated that avian reovirus suppressed the proliferation of HepG2 cells and

decreased their viability significantly. qRT-PCR revealed the dynamic distribution of avian reovirus in infected mice that avian

reovirus might replicate better and have more powerful oncolytic activity in liver, kidney, and spleen tissues. Furthermore, his-

topathological examination clearly supported that avian reovirus appeared non-pathogenic to the normal host, so our study may

provide the new insights and rationale for the new strategy of removing liver cancer.
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Introduction

Primary liver cancer (PLC) ranks as the third leading cause
of cancer-associated death in developing countries, and is
characterized with high aggression and poor prognosis.1

Hepatocellular carcinoma (HCC) is one of the pathological
subtypes of PLC, and is responsible for the majority of PLC,
accounting for about 80% of all patients, with approximate-
ly 800,000 new cases every year.2 The high rate is especially
evident in Asia, due to the infection of hepatitis virus,
mainly hepatitis B virus and hepatitis C virus,3,4 for
which the five-year-survival rates rank from 5% to 19%
during 1995–2004,2,5,6 and therapeutic options for patients
with liver cancer are confusing and limited, with surgical

resection being the main treatment for patients who are in

the early stage of the disease, such as by laparoscopic liver

resection,7 however, most patients have missed the suitable

time for operation. Vascular intervention may cause incom-

plete embolization and postoperative collateral circulation,

chemotherapy therapy applied to advanced liver cancer

has a response rate less than 20%,8 and patients with liver

cancer often experience liver dysfunction, thus limiting the

application of conventional therapies.
Oncolytic viruses (OVs) have been emerging as effective

anti-cancer agents and have made great breakthroughs in
cancer treatment,9 especially reovirus, which is a natural
oncolytic virus selectively infecting and killing various
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tumor cells without harming normal tissues,10 as more than
80% of tumor cells are sensitive to reovirus infection.
Mammalian reovirus (MRV) is one of the reovirus genera,
and Reolysin based onMRV has been tested in clinical trials
with phase I to III in head and neck-related carcinomas.11

Avian reovirus (ARV), which can lead to some diseases in
poultry, shares similarities with MRV in oncolytic activity.
Apoptosis is one of the mechanisms through which the reo-
virus treats various cancer cells,12 but few studies have
researched the apoptosis of liver cancer cells induced
by ARV.

Reovirus is reported to specifically infect human tumor
cells and spare the normal tissues, and its name is derived
from its initial isolation from the respiratory and intestinal
tract. Park and Kim13 reported that wild-type reovirus
cannot affect the biological activity of human adipose-
derived stem cells, such as proliferation, and although
many safety studies and clinical trials of MRV have been
carried out, no safety studies of ARV have been identified.

The purpose of this report is to detect apoptosis of liver
cancer cells induced by ARV by LDH assay, DAPI staining,
and flow cytometry assay, to demonstrate the oncotherapy
of ARV.Meanwhile, a combination of quantitative real-time
PCR and histopathological examination is conducted to
investigate the dynamic distribution of ARV in infected
mice and confirm the clinical safety and tissue tropism
of ARV.

Materials and methods

Ethics statement

The animal experiment with SPF Kunming mice was
approved by the Animal Care and Use Committee of
Shandong Agriculture University (permit number:
2018085, August, 2018), and performed with the guidelines
of the Ethical and Animal Welfare Committee of Shandong
Province, China.

Cell culture

Human liver hepatocellular cells (HepG2) were obtained
from the American Type Cell Collection(HB-8065,ATCC,
Manassas, VA, USA) and maintained in DMEM/F12
(Dulbecco’s modified Eagle’s medium: Nutrient Mixture
F-12) (Gibco, Gaithersburg, MD, USA) with 15% fetal
bovine serum (FBS) (Gibco, Gaithersburg, MD, USA) and
1% Penicillin (100 IU/mL)/streptomycin (100 mg/mL) and
2 mM L-glutamine (Solarbio, Beijing Solarbio Science &
Technology Co., Ltd, Beijing, China), cells were cultured
at 37�C in a humidified 5% CO2 incubator.

Viruses and titer assay

ARV strain S1133(GeneBank accession number:AF330703)
was obtained from the Avian Disease Laboratory of
Shandong Agricultural University(Taian, China), and prop-
agated in the chicken hepatoma cells (LMH). LMH cells
were cultured with ARV S1133 at a MOI of 1 for 60min in
the 37�C, 5% CO2 incubator; then the virus inoculum was
removed, and overlaid with DMEM/F12 supplemented

with 2% FBS, and the infected cells suspension was sub-
jected to three freeze–thaw cycles at 24 hours post infection
(hpi), followed by centrifugation at 12,000 r/min for 10min
at 4�C. Then the cultured supernatant was sub-packed and
stored at �80�C. LMH cells were plated for 12 h before
infection in the 96-well plates for the TCID50 assay. The
virus solution was serially diluted after thawing, the dilu-
tion and cell culture medium being DMEM/F12 supple-
mented with 2% FBS, and the result of virus titer
calculated by the previously described method.14

Animal experiment

Sixty five-week-old female SPF Kunming mice in the study
were purchased from the Shandong Laboratory Animal
Center(Jinan, China), and kept in the SPF animal laboratory
with isolators at Shandong Agriculture University (Taian,
China), and fed a proper diet. They were separated ran-
domly into four groups, oral group (n¼ 15), intramuscular
injection group (n¼ 15) and two control groups (n¼ 30).
The mice in the oral group and the intramuscular injection
group were inculcated orally and intramuscularly with
3� 106TCID50/0.2mL of ARV S1133, respectively, while the
control group was challenged with 0.2mL phosphate-
buffered saline (PBS) orally and intramuscularly, respectively.

Three mice selected randomly in all groups were sacri-
ficed by cervical dislocation at 1, 3, 5, 7, 14 days post infec-
tion (dpi) for sample collection, in which organ samples of
heart, liver, spleen, lung, and kidney were collected for
virus detection by qPCR and hematoxylin and eosin(HE)
staining. In this study, the weight of the four groups was
measured daily by the weighing scales, and other clinical
signs including behavior, appetite, breathing, and death
were observed daily for 14 days during the study.

RNA extraction and detection of virus RNA

The ARV S1133 RNA of organ samples was extracted from
homogenates using the RNAprep pure Tissue Kit (Tiangen,
Beijing, China) according to the manufacturer’s instruc-
tions. Relative real-time polymerase chain reaction (rRT-
PCR) was performed with a 7300 real-time PCR system
(Applied Biosystems, Foster city, CA, USA) using a one-
step SYBR primescript RT-PCR Kit (Takara, Dalian,
China) in a 20 mL reaction mixture containing 10 mL one-
step SYBR RT-PCR Buffer III, 0.4 mL for each primer, ROX
reference dye, Ex Taq HS and PrimeScript RT Enzyme Mix
II, 2 mL sample RNA and 6 mL RNase-free dH2O. The spe-
cific primers of S1133 and GAPDH are shown in Table 1.
The reaction was conducted using the thermal cycling pro-
cedure with a reverse transcription reaction at 42�C for

Table 1. Primer sequences of ARV S1133 and GAPDH.

Genes Primers

ARV S1133 F:50-TGCCTACTCTGTTATCTCAACCT-30

R:50-AGTAGAGCACAATCGTACTCACA-30

GAPDH F:50-ACATGGCCTCCAAGGAGTAAGA-30

R:50-GATCGAGTTGGGGCTGTGACT-30

F: forward; R: reverse; ARV S1133 (accession: AF330703); GAPDH (accession:

M33197); ARV: avian reovirus.
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5min, 95�C for 10 s and PCR reaction followed by 40 cycles
of denaturation at 95�C for 5 s, and elongation at 61�C for
31 s, then the fluorescent signal of each sample was collect-
ed at the elongation step, and the results of relative expres-
sion level of ARV S1133 were determined by the fold
changes(2�DDCt).

Histopathology

Organ samples of heart, liver, spleen, lung, and kidney col-
lected at 1, 3, 5, 7, 14 dpi fromKunming mice of four groups
were used for histopathological analysis. Samples were
maintained in 10% formalin at room temperature (RT)
(25�C) until use. The pathological section for all the samples
of four groups was completed in the laboratory of pathol-
ogy of Shandong Agriculture University and examined
using a light microscope.

DAPI staining

HepG2 cells were seeded in 6-well plates for 12 h before
being infected with ARV S1133 (MOI of 1). Plates contain-
ing HepG2 cells were washed with cold PBS twice, fixed
with 4% paraformaldehyde fix solution (Beyotime, China)
for 15 min at 24, 48, 72 hpi and permeabilized by Triton
X-100 (Beyotime) for 10min at RT, then cells were washed
with PBS three times followed by 2–(4-Amidinophenyl)-6-
indolecarbamidine dihydrochloride (DAPI) staining for
25 min, and then washed with PBS three times again.
An inverted fluorescent microscope (Nikon Eclipse Ti2,
Japan) was used to analyze the cells according to the man-
ufacturer’s instructions.

Flow cytometry assay

A flow cytometry assay was conducted using the FITC
Annexin V apoptosis detection kit (BD Biosciences,
SanJose, CA, USA). Cultured cells of the experimental
groups (infected at a MOI of 1) and control groups were
washed twice with cold PBS and resuspended in binding
buffer at RT, then 100 mL of the aforementioned solution
(1� 105 cells) was transferred to each 1.5mL amicrobic cen-
trifuge tube, adding 5 mL FITC Annexin V and 10 mL PI to
each tube, respectively, and the mixture was vortexed
gently and incubated for 15 min at RT(25�C) in the dark.
Finally, 400 mL binding buffer was added to each tube, and
samples of each tube were analyzed by a flow cytometer
(BD Biosciences, SanJose, CA, USA) within 1 hour, and the
flow cytometry data were analyzed with FlowJo software
version X (https://www.flowjo.com/).

Lactate dehydrogenase release assay

The apoptosis of HepG2 cells treated with ARV S1133 (MOI
of 1) was accessed by the release of LDH into the culture
medium using the LDH cytotoxicity assay kit (Beyotime,
China). HepG2 cells were seeded in the 96-well plates for
12 h before ARV S1133 infection, and the control group was
treated with the same volume of the DMEM/F-12 medium
containing 2% FBS. After 24, 48, 72 hpi, according to the
manufacturer’s instructions, the 96-well plates containing
all samples were centrifuged at 400� g for 5 min, then

100 mL of culture medium of all samples was transferred
to new 96-well plates, and centrifuged at 12,000� g for
10min to remove any cells. The absorbance of all samples
at 490 nm was measured by an Elx808 microplate reader
(BioTeK Instruments, VT, USA) with 600 nm as the refer-
ence wavelength.

MTT assay

To demonstrate the viability of ARV S1133-treated HepG2
cells, cells grown in DMEM/F-12 medium containing
2% FBS were seeded in a 96-well culture plate in a 37�C,
5% CO2 incubator for 12 h, then cells were exposed to ARV
S1133 at MOI of 1, and the viability of HepG2 cells was
assessed by a MTT cell proliferation and cytotoxicity
assay kit (Beyotime, China); 10 mL MTT solution
(5mg/mL) was added without removing the medium at
24, 48, 72 hpi, respectively, then cells were incubated at
37�C. After 4 h, the formazan crystals were dissolved in
100 mL formazan solution(Beyotime, China) for 3 h at
37�C, then the absorbance was measured at 630 nm
using a microplate reader as mentioned in the lactate dehy-
drogenase (LDH) release assay, and compared with con-
trol groups.

Quantitation of ARV S1133 RNA in HepG2 cells

A rRT-PCR method was performed to quantitate ARV
S1133 in cell samples. HepG2 cells were cultured in the 6-
well plates for 12 h before ARV S1133 infection, and the
culture medium was removed and medium containing
2% FBS was added to plates after HepG2 cells were incu-
bated with ARV S1133 for 60 min in a 37�C, 5% CO2 incu-
bator, and after 24, 48, 72 hpi, the total RNAwas extracted
by using RNAprep pure cell kit (TIANGEN, Beijing, China)
according to the manufacturer’s instructions, and the rRT-
PCR reaction conditions were the same as described above.

Statistical analysis

The results of LDH released assay, apoptosis analysis, and
viral load data were analyzed with the two-tailed t test to
access the significant difference of data between different
groups by GraphPad Prism software(version 7.0, Inc., La
Jolla, CA, USA) (https://www.graphpad.com/). Data were
represented as mean� SE, P< 0.05 was considered statisti-
cally significant, and results were from at least three repeat-
ed experiments.

Results

Clinical observation

Interestingly, the infected Kunming mice showed no clini-
cal signs, including fever, dyspnoea, anorexia, weight loss
and behavioral disorders, and there was no significant dif-
ference between the oral group, and intramuscular injec-
tion group from 1dpi to 14 dpi, and there were also
no clinical symptoms observed in the control groups.
There was no significant difference of body weight
among the four groups (Figure 1(e)), and all mice in the
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four groups remained alive and the mortality rate was zero
throughout the study.

Dynamic distributions of ARV S1133 strain in

infected mice

The dynamic distributions of the ARV S1133 strain were
detected in the heart, liver, spleen, lung, and kidney by
the rRT-PCR, and all the samples of four groups were exam-
ined for ARV S1133 using the rRT-PCR foldchange.

In oral groups (Figure 2(a)), the viral load peak point
appeared at 3 dpi in all tissues except the spleen tissue with
the peak point at 5 dpi, after ARV S1133 infection, and we

observed the viral load reached a peak point with 5-fold
increase in the heart, 30-fold increase in the liver and kidney,
15-fold increase in the spleen, and 4-fold increase in the lung,
approximately, as compared to 1 dpi. The concentration of viral
load was stable from 5 dpi to 14 dpi in liver and kidney tissues
and decreased from 5 dpi in heart and lung tissues without
another peak point in all tissues at the end of the study.

In intramuscular injection groups (Figure 2(b)), the viral
load peak point appeared at 5 dpi in heart and liver tissues
with 3-fold and 50-fold increase and 3 dpi in lung and
kidney tissues with 10-fold and 20-fold increase approxi-
mately compared to 1 dpi. Interestingly, there were two
viral load peak point in spleen tissue; at 3 dpi with

Figure 1. Histopathology in five organs stained with H&E from Kunming mice of three groups. 100�view of five organs from Kunming mice of the oral groups

challenged with 3� 106TCID50/0.2 mL of ARV S1133 (a) and 0.2 mL PBS (b) at 14 dpi, 100�view of five organs from Kunming mice of intramuscular injection groups

challenged with 3� 106TCID50/0.2 mL of ARV S1133 (c) and 0.2 mL PBS (d)at 14 dpi. (e) The body weight of the four groups, the control group in the graph represents

the average weight of mice challenged with PBS orally and intramuscularly; error bars here and later indicate the standard deviations. (A color version of this figure is

available in the online journal.)
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20-fold increase, and 7 dpi with 25-fold increase, respective-
ly, and it was then stable from 7 dpi to 14 dpi in heart, liver,
and kidney tissues.

Comparison of foldchange between the oral groups and
intramuscular injection groups at 3 dpi (Figure 3(a)), 5 dpi
(Figure 3(b)) and 7 dpi (Figure 3(c)) is shown. The fold-
change of liver and kidney tissues in oral groups was the
highest at 3 dpi, and the liver tissue in intramuscular injec-
tion groups obtained the highest foldchange at 5 dpi.
However, at 7 dpi, the foldchange of spleen tissue in intra-
muscular injection groups reached the highest.

The peak foldchange of virus replication is shown among
the heart, liver, spleen, lung, and kidney tissues between the
oral groups and intramuscular injection groups (Figure 3(d)).
It can be seen that the peak foldchange of viral load in liver
and kidney tissues was significantly higher (P< 0.001) than
that in any other tissues in oral groups and the liver tissue in
intramuscular injection groups obtained the highest peak
foldchange of viral load and it was significantly higher
(P< 0.001) than that in the oral groups.

Histopathology in different organs

The results of HE staining of the four groups show that
there was no apparent pathological damages observed in
the four groups at 14 dpi (Figure 1(a) to (d)) and 1–7 dpi.

DAPI staining of HepG2 cell lesions

The increase of ARV S1133-treated time caused a trend of
increasing numbers of apoptotic HepG2 cells, which dem-
onstrated significant nuclear rounding, shrinkage, and

fragmentation compared to the control groups treated
with culture medium alone. The syncytia of cell-to-cell
fusion was detected at 24, 48 and 72 hpi, and the DAPI
stained area became largest after ARV S1133 treatment at
72 hpi compared to 24 and 48 hpi (Figure 4).

LDH release assay uncovered the cell death

The results obtained from the LDH cytotoxicity assay were
an indicator of the apoptosis of HepG2 cells treated with
ARV S1133, and it was apparent that the cytotoxicity after
treatment with ARV S1133 was in a time-dependent
manner. There was a significant difference between 24 hpi
and 48 hpi (P< 0.001) or 48 hpi and 72 hpi (P< 0.01), and
the occurrence of apoptosis was significant at 48 hpi
(P< 0.05) compared to the control groups (Figure 5(a)).

Cell viability analysis

According to the results of MTT assay, the mean OD values
of ARV-infected groups and control groups are shown in
Table 2, and the OD values of ARV-infected groups were
significantly lower than that of control groups at any end-
points (P< 0.001) (Figure 5(b)).Comparing with the cell via-
bility of control groups (100%), the cell viability of ARV-
infected groups was 91.2%, 74.2% and 66.5%, respectively,
after 24 h-,48 h- and 72 h-incubation of HepG2 cells with
ARV S1133. Therefore, it was demonstrated that ARV sup-
pressed the proliferation of HepG2 cells and decreased the
viability of target cells significantly compared to the con-
trol groups.

Figure 2. Dynamic distribution of the ARV S1133 in infected Kunming mice. The foldchange represents the relative expression of ARV S1133 in infected Kunming mice

of oral group (a) and intramuscular injection group (b) at 1, 3, 5, 7 and 14 dpi.
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Flow cytometry analysis

The data analysis was acquired after the HepG2 cells
infected with ARV S1133 at 24, 48, 72 hpi, and the early
apoptotic rate of the ARV S1133-infected groups varied at
the same level, however the rate of HepG2 cells at the late
apoptotic stage increased in a time-dependent manner, the
late apoptotic rate among 24 hpi, 48 hpi and 72 hpi was 20%,
30% and 45% on average, respectively (Figure 6(a) to (f)).

Moreover, the total apoptotic proportion of HepG2 cells
detected by flow cytometry was significantly increased at
72 hpi (P< 0.001), and the results also showed that there
was a clear trend of decreasing of viable cells of
infected groups along with the extension of infected hours
(Figure 6(g)), compared to the control groups, and the total
apoptosis rate was significantly higher in the ARV S1133-
infected groups compared to the control groups (P< 0.001)
(Figure 6(h)).

The increase of viral load in HepG2 cells

The viral load of ARV S1133 had a significant increase
(P< 0.01) at 48 and 72 hpi compared with 24 hpi followed
by ARV S1133 infection (Figure 5(c)), and these findings
suggested that viral load during treatment of HepG2 cells
with ARV S1133 was in a time-dependent manner and
revealed that the replication and reproduction of ARV
S1133 in HepG2 cells were successful during the study.

Discussion

Reovirus is reported to selectively replicate in the target
cells, but not in normal cells, and specifically lyse cancer
cells, which has currently been the potential therapeutic
option for the cancer treatment. In reviewing the literature,
several reports have shown that reovirus can trigger

Figure 3. Comparison of relative expression of ARV S1133 of five organs in infected Kunming mice of two experimental groups. Fold change of ARV S1133 between

the two groups at 3 dpi (a), 5 dpi (b) and 7 dpi (c). The peak foldchange of virus replication of five organs between the two groups (d) showed the viral load in liver and

kidney was significantly higher than that in other tissues in oral groups and the highest viral load occurred in liver tissue of intramuscular injection groups.***P< 0.001.

Figure 4. Syncytia formation of HepG2 cells infected with ARV S1133.

Experimental groups infected at a MOI of 1 and control groups followed by DAPI

staining under the fluorescent microscope (100�magnification). (A color version

of this figure is available in the online journal.)
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apoptosis in various cancer cells, including solid and hema-
tologic tumors. The Ras pathway is a crucial factor to sen-
sitizing cancer cells to reovirus, and Ras mutations can
promote reovirus oncolysis. It is reported that accumula-
tion of Ras induced the apoptosis of Ras-transformed fibro-
blasts.15 NF-kB also mediates oncolytic action of breast
cancer cells induced by reovirus in a manner of apoptosis,16

while reovirus strain T1L can destroy the host restriction by
inducing epithelial cell apoptosis with inflammatory sig-
nals.17 In addition, reovirus triggers cell death in the apo-
ptotic mode significantly in the gastrointestinal stromal
tumor cells by the Fas-FasL pathway.18 However, as the
most present studies on the anti-tumor activity of reovirus
are based on the MRV, it is unclear whether there is a trend
that MRV may induce a toxicity risk to the host when the
viral titer is increased. Meanwhile, viral genomes were
modified by gene deletions and insertion to improve the
oncolytic potential, and gene deletion can make the virus
escape from the immune system of host.19 Once the MRV
has caused negative effects, it is difficult for the host to
remove the viruses to protect itself, and when an oncolytic
virus is inserted with other genes, it also gives rise to tox-
icity and may cause problems of its own. In our study, we
implemented a series of assays to detect the apoptosis of
HepG2 cells induced by ARV, and we tentatively put for-
ward that the safety profile of ARV is superior to the MRV
due to the interspecies difference.

In this study, we have demonstrated the clinical poten-
tial of ARV using HepG2 cells in vitro, and in order to

identify the oncolytic activity of ARV against HepG2 cells
and determine the safety profile of ARV, the DAPI staining,
flow cytometry assay, and LDH assay were employed to
identify the apoptotic cell death of HepG2 cells. In addition,
cell viability was confirmed by the MTTassay, as described
previously. Furthermore, we obtained the dynamic tissue
distribution of ARV in infected mice with rRT-PCR. The
decrease of live target cells along with increasing of ARV
exposure time, as measured by MTT assay, resulted from
the ARV-induced apoptotic cell death of HepG2 cells, and
this is in accordance with a previous similar biological
assay.20 The DAPI staining, flow cytometry assay, and
LDH assay together indicated the apparent apoptosis of
HepG2 cells treated with ARV but not of the uninfected
ones, and a comparison of the findings with those of anoth-
er study confirmed the efficacy of anti-cancer effects of
ARV,21 the advantage of our study was that we researched
the oncolytic activity of ARV at different endpoints, and
both studies demonstrated the oncolytic activity of ARV
at 72 hpi when the apoptosis of target cells was significant
despite the different MOIs, and although there was only
HepG2 cell line in our study. The current study found
that ARV caused no pathogenicity to experimental groups
and the control groups according to the histopathologic
examinations, confirming the safety of ARV, and suggesting
the tissue tropism of ARV according to the results of
dynamic tissue distribution of ARV S1133. In addition, an
important finding was that the trend of tissue tropism of
the five organs from all infected mice in our study accord-
ing to the foldchange (three highest) was: liver, kidney, and
spleen, no matter in oral groups or in intramuscular injec-
tion groups, and the peak foldchange of liver tissue was
exceptionally high, so it can therefore be assumed that the
ARV would obtain the greater efficacy in liver cancers, fol-
lowed by the kidney and spleen cancers.

Oncotherapy of reovirus is a promising option for the
treatment of cancer, and it seems that the immune stimula-
tion also plays a very important role in reovirus anti-tumor
activity according to a previous study,22 and gene modifi-
cation has become a new field of the oncotherapy.
Further research should be undertaken to improve some

Figure 5. Cytotoxic effects of ARV S1133 on growth and proliferation of HepG2 cells. Cells were treated with ARV S1133 at a MOI of 1, and the apoptosis was

measured by LDH-cytotoxicity assay as the rise of absorbance (a). ARV S1133 on growth and proliferation of HepG2 cells was measured by MTT assay as the decline

of absorbance (b). The increase of viral load in HepG2 cells (c).*P< 0.05,**P<0.01,***P< 0.001. (A color version of this figure is available in the online journal.)

Table 2. Mean OD values of two groups at different endpoint and the

corresponding cell viability.

24 hpi 48 hpi 72 hpi

ARV infection groups 0.874� 0.017 0.911� 0.010 0.741� 0.030

Control groups 0.946� 0.018 1.183� 0.013 1.034� 0.021

% cell viability 91.2 74.2 66.5

Note: The OD values were expressed as mean values�SE, and cell viability of

ARV infection groups at 24, 48, 72 hpi was compared to the control

groups (100%).

ARV: avian reovirus.
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aspects of reovirus therapy, such as the safety and delivery
methods. As multiple ways of treating cancers have
become an exciting prospect, a combination of reovirus
with chemotherapeutic drugs has shown significant poten-
tial advantages, and it is reported that an agent of treating
malignant melanoma, rapamycin which combined with
reovirus can improve the anti-tumor efficacy,23and a com-
bination of reovirus and the immune checkpoint blockade
also seems to be a powerful immunotherapy of treating
breast cancer.24 In our study, the ARV showed the signifi-
cant viral infectivity and efficacy of its oncolytic activity,
along with a clear safety profile. Further work is required
to put ARV into clinical trials as the single agent or in a
combination with conventional chemotherapy and radio-
therapy. A further study with RNA-seq analysis on the apo-
ptosis of HepG2 cells induced by ARV is in progress to seek
the potential mechanisms involved.

Collectively, our study has provided significant data for
the therapeutic efficacy of ARV and its safety profile.
Further work will focus on the potential mechanisms and
demonstrate the oncolytic effects of ARV on other cancer
types. Our study provides the rationale for the new strategy
of removing liver cancers.
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Figure 6. Apoptosis of HepG2 cells was analyzed by flow cytometry with double staining of Annexin V and PI. The apoptosis was detected after the HepG2 cells

infected with ARV S1133 at 24 hpi (a), 48 hpi (b), 72 hpi (c) and the corresponding control groups (d–f). The percentage of early apoptosis, late apoptosis, total

apoptosis and live cells was compared among 24 hpi, 48 hpi and 72 hpi (g).The percentage of total apoptosis was compared between ARV S1133 groups and control

groups at 24, 48 and 72 hpi (h). ***P< 0.001. (A color version of this figure is available in the online journal.)
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