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Abstract: Background: To date, limited options are available to treat malignant prostate cancer, and novel strate-
gies need to be developed. Oncolytic viruses (OV) that have preferential replication capabilities in cancer cells 
rather than normal cells represent one promising alternative for treating malignant tumors. Vesicular stomatitis 
virus (VSV) is a non-segmented, negative-strand RNA virus with the inherent capability to selectively kill tumor cells. 
The aim of this study was to evaluate the potential of VSV-ΔM51-GFP as an effective therapeutic agent for treating 
prostate tumors. Methods: For in vitro experiments, DU145 and PC3 cell lines were treated with VSV-ΔM51-GFP. 
Viral titers were quantified using plaque assays. Cytotoxicity was performed by MTT analysis. IFN-β production was 
measured using a Human IFN-β detection ELISA Kit. The detection of apoptosis was performed via Annexin-V-FITC 
staining method and analyzed with flow cytometry. The in vivo antitumor efficacy of VSV-ΔM51-GFP in a xenograft 
mice prostate tumor model. Results: It was observed that VSV-ΔM51-GFP can efficiently replicate and lyse human 
prostate cancer cells and that this virus has reduced toxicity against normal human prostate epithelial cells in vi-
tro. VSV-ΔM51-GFP in the induction of apoptosis in DU145 cells and PC3 cells. Furthermore, in a xenograft tumor 
animal model, nude mice bearing replication-competent VSV-ΔM51-GFP were able to eradicate malignant cells 
while leaving normal tissue relatively unaffected. The survival of the tumor-burdened animals treated with VSV-
ΔM51-GFP may also be significantly prolonged compared to mock-infected animals. Conclusions: VSV-ΔM51-GFP 
showed promising oncolytic activity for treating prostate cancer. 
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Introduction

Prostate cancer is the most prevalent malig-
nancy and the second leading cause of cancer-
related mortality in North American men, with 
more than 186,000 new cases diagnosed and 
approximately 28,000 deaths annually [1]. To 
date, the treatment options for prostate cancer 
include surgery with radical prostatectomy, hor-
mone therapy, chemotherapy [2] and radiation 
[3]. There are currently no curative treatment 
options for patients with locally advanced or 
metastatic disease [4-6]; therefore, effective 
new treatment strategies need to be deve- 
loped.

Oncolytic viruses such as measles virus, reovi-
ruses, and newcastle disease virus are promis-
ing alternatives in tumor treatment. Some of 
these viruses are undergoing clinical trials. The 
family member vesicular stomatitis virus (VSV) 

is a small, enveloped, negative-sense single-
stranded RNA virus that can selectively repli-
cate in IFN pathway-defective tumor cells, but is 
strongly suppressed in IFN response-normal 
tissues. Its rapid and productive replication 
cycle and wide tropisms grant VSV a strong 
oncolytic potency. Based on these advantages, 
VSV has been developed as an oncolytic agent 
for treating cancers. 

VSV has demonstrated preclinical success 
against a variety of malignancies, including 
breast cancer [7], melanoma [8, 9], colorectal 
cancer [10, 11], liver cancer [12-15], glioblas-
toma [16] and other cancers [17]. Importantly, 
the oncolytic potential of VSV did not seem to 
be restricted to tumor cells with specific genetic 
aberrancies. For example, VSV was able to 
destroy cells carrying defective Myc or p53 and 
cells with activated Ras. Wollmann and col-
leagues have recently compared VSV to eight 
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other oncolytic viruses [18]. The virus could be 
safely cleared from normal cells while maintain-
ing its ability to destroy malignant cells, thereby 
making VSV more cancer specific [8, 9, 15]. 
VSV showed excellent infectivity, high rates of 
replication, and strong cytolytic action. While 
VSV is not considered a significant human 
pathogen, it can cause neurotoxicity in mice, 
nonhuman primates, and even humans [18]. 
However, several VSV mutants have been gen-
erated that are not neurotropic but retain their 
oncolytic activity [19-21]. In this study, we 
focused on one VSV mutant, VSV-ΔM51-GFP.
VSV-ΔM51-GFP has a deletion at amino acid 
position 51 of the matrix (M) protein, as well as 
the GFP ORF inserted in position 5 of the viral 
genome [21].

The goal of this study was to evaluate the onco-
lytic capability of VSV-ΔM51-GFP against pros-
tate tumors in vitro and in vivo. Our results indi-
cate that this virus is able to selectively infect 
and replicate in malignant tissue while sparing 
normal tissue due to a faulty IFN response. Our 
in vitro and in vivo results demonstrate that 
VSV-ΔM51-GFP has good potential as an OV 
against prostate cancer.

Materials and methods

Cells and animals

The normal human prostate epithelial cell line 
RWPE-1 and human prostate cancer cell line 
Du145 and PC3 were purchased from the 
Culture Collection of the Chinese Academy of 
Sciences, Shanghai, China. DU145 cells and 
PC3 cells were maintained in RPMI-1640 medi-
um (HyClone, USA) supplemented with 10% 
fetal bovine serum (HyClone). RWPE-1 cells 
were maintained in keratinocyte serum-free 
medium (Invitrogen, USA) supplemented with 
bovine pituitary extract and recombinant 
human epidermal growth factor. Vero cells were 
maintained in RPMI1640 supplemented with 
10% fetal bovine serum and 100 units/mL pen-
icillin/streptomycin.

Six-to-eight-week-old male nude mice were pur-
chased from the Shanghai SLAC Experimental 
Animal Company (Chinese Academy of Scien- 
ces, China). The animals were housed in a ster-
ile animal facility with food and water ad libi-
tum. All procedures were reviewed and appro- 
ved by the University of Tongji Animal Care 
Committee.

Viral replication and plaque assay quantifica-
tion 

Recombinant VSV encoding green fluorescent 
protein (GFP) was propagated in Vero cells. 
Viral titers were quantified using plaque assays. 
Briefly, 90% confluent Vero cells in 12-well 
plates were infected with optimally diluted VSV-
ΔM51-GFP and then covered with low melting 
temperature agar (Invitrogen, USA) after rinsing 
with phosphate buffered saline (PBS). At 24 h 
post infection (p.i.), 1% crystal violet was used 
to stain the Vero cells and plaques were 
quantified.

Cytotoxicity assays

DU145 cells and PC3 cells were seeded in 
96-well plates, cultured for 24 h with 80% con-
fluence, and then infected with virus at a multi-
plicity of infection (MOI) of either 0.1 or 0.01. 
Mock infections were set up using RPMI-1640 
media. One hour post infection, the virus was 
aspirated and the cells were incubated in 
growth medium containing 10% FBS. The 3-(4, 
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay was used to evaluate cell 
death. After incubation for 4 h at 37°C, the 
media and MTT were gently aspirated, and 150 
µL of DMSO was added to each well and mixed 
thoroughly. The absorbance was read at 570 
nm with a microplate reader. The cell growth 
inhibition rate was calculated as follows: cell 
growth inhibition rate = 1-A570 mean value of 
transduced cells/A570 mean value of untrans-
duced cells × 100%.

Type I IFN ELISA

Du145, PC3, RWPE-1 cells were infected with 
VSV-ΔM51-GFP at a MOI of 0.1. The superna-
tants were collected from the infected cells 12 
and 24 h after infection, and IFN-β production 
was measured using a Human IFN-β detection 
ELISA Kit (R&D Company; USA), Following the 
manufacturer’s instructions. Briefly, 50 μl of 
assay diluent was dispensed to each well, and 
100 μl of a standard control sample was added 
as appropriate. The contents were incubated at 
room temperature for 2 hours, washed three 
times with washing buffer, and mixed with 100 
μl of diluted antibody solution per well. After a 
further incubation for 1 hour at room tempera-
ture, the plate was washed and 100 μl of dilut-
ed HRP solution was dispensed to each well. 
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The plate was then washed three times with 
washing buffer, and 100 μl of TMB Substrate 
Solution was added to each well; after a 15-min-
ute incubation with TMB, 100 μl of stop solu-
tion add was added to each well, and the plates 
were read on a microplate reader at a primary 
wavelength of 450 nm. 

Flow cytometric analysis of apoptosis and cell 
death

Annexin-V and PI double staining methods were 
applied to quantitative apoptosis. The results 
were analyzed using flow cytometry according 
to the manufacture’s specifications, Briefly, 
cells were treated with different MOI (0.01 and 
0.1) of VSV-ΔM51-GFP and after indicated time, 
infected and non-infected cells were harvested 
at the density of 6 × 105 cell/ml, the collected 
cell were then washed twice by cold PBS, and 
the cell pallets were then re-suspended in 500 
ul of 1X binding buffer. Resuspended cells were 
undergone gentle vortex and stained with 5 ul 
of Annexin-V-FITC and 5 ul of PI. Following short 
incubation for 10 min in the dark at room tem-
perature, the florescence of cells were analyzed 
by FAC-SCalibur flow cytometer (Becton Dickin- 
son, San Jose, USA) using the ibuiltin software 
(BD Cell Quest software).

Antitumor activity of VSV-ΔM51-GFP in a xeno-
graft mice prostate tumor model

DU145 cells growing in exponential phase were 
harvested, washed, and resuspended in RPMI-
1640 at a density of 2 × 107 cells/ml. Nude 
mice were injected in the flanks with 2.0 × 106 
cells suspended in 100 μl of RPMI-1640. After 
two weeks, mice with palpable tumors measur-
ing 1.0 cm2 were divided into three groups (n = 
10 for each group) and received a single intra-
tumoral injection of VSV-ΔM51-GFP at a dose of 
1 × 107 pfu or 1 × 106 pfu in 100 μl volume. A 
group of tumor-bearing animals was injected 
with RPMI-1640 as a negative control. The 
tumor sizes were measured and recorded every 
five days. The tumor-bearing mice were sacri-
ficed once they had lost more than 25% of their 
body weight or had problems with ambulating, 
feeding, or grooming. 

The replication of VSV-ΔM51-GFP in tumor 
tissues

To evaluate the kinetics of viral replication with-
in the prostate tumor lesions using sets of VSV-
ΔM51-GFP for treatment of prostate cancer, 
animals were killed at various time points after 
localized injections of VSV-ΔM51-GFP. Tiss- 
ue samples were obtained and subjected to 

Figure 1. A: Infection of DU145 cells; PC3 cells and RWPE-1 cells with VSV-ΔM51-GFP. DU145 cells PC3 cells were 
infected with VSV-ΔM51-GFP at MOI of 0.1. Forty-eight hours after inoculation, CPEs could be found in all of the 
DU145 cells and PC3 with GFP fluorescence also detected. RWPE-1 cells were infected with VSV-ΔM51-GFP at MOI 
of 0.1. Forty-eight hours after infection, CPEs and GFP fluorescence were detected; few CPEs were detected in mock 
infection cells. B: Cytotoxicity studies of VSV-ΔM51-GFP in DU145 cells; PC3 cells and RWPE-1 cells. (The symbol 
*represents P < 0.05 compared with RWPE-1, the symbol **represents P < 0.01 compared with RWPE-1).
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plaque assays to determine the viral yield as 
described as above [22]. In a separate experi-
ment, a group of tumor-bearing animals that 
had been injected with the RPMI-1640 control 
was followed for survival, which was scored 
daily in all animals. Tissue samples were 
homogenized in 0.5 mL of PBS, and serial dilu-
tions were applied to confluent Vero cells for 45 
min. Subsequently, plates were overlaid with 
0.5% agarose in medium and plaques were 
grown for 12, 24, and 48 h. Plaques were 
counted by visual inspection.

Immunohistochemical and HE staining of tis-
sue

Five-micrometer sections were prepared from 
paraffin-embedded tissues, and tissues were 

(0.01 and 0.1) for 48 hours, and the viability of 
infected and control cells was measured using 
an MTT assay. As shown in Figure 1B, VSV-
ΔM51-GFP infection resulted in a considerable 
decrease in the percentage of viable DU145 
cells and PC3 cells. The results indicated that 
VSV-ΔM51-GFP inhibited the viability of Du145 
cells and PC3 cells in a dose and time depen-
dent manner. At the MOI of 0.1, The cytotoxic 
effect of VSV-ΔM51-GFP was > 85% in the 
Du145 cell line, > 70% in the PC3 cell line, < 
20% in the RWPE-1 cells, and < 5% in the RPMI-
1640 negative control cells. At the MOI of 0.01, 
the mortality of DU145 cells was approximately 
42-45%, the mortality of PC3 cells was approxi-
mately 36-41%, compared to < 15% in the 
RWPE-1 cells, and < 3% in the RPMI-1640 neg-
ative control group. These in vitro results show 

Figure 2. Human prostate carcinoma cells (DU145, PC3) and human pros-
tatic epithelial cell lines (RWPE-1) were infected with VSV-ΔM51-GFP. Cul-
ture media were assayed by ELISA to detect human IFN-β production at 12 
h and 24 h post-infection. (The symbol *represents P < 0.05 compared 
with RWPE-1).

Figure 3. DU145; PC3 and RWPE-1 cells were inoculated at MOIs of 0.1 
with VSV-ΔM51-GFP for 1 h as indicated and cultured for 2, 12, 24, and 
48 h. At several time points post-infection, the virus titer in the culture 
medium was determined by plaque assays in VERO cells. The results are 
represented as the means ± SDs of 3 separate experiments. (The symbol 
*represents P < 0.05 compared with RWPE-1, the symbol **represents P 
< 0.01 compared with RWPE-1).

extracted from paraffin as 
described previously [19]. The 
tissues were stained with a pri-
mary antibody against VSV-G 
(Sigma, USA) following the proto-
col as described previously [23].

Statistical analysis

The non-parametric one-way 
analysis of variance (ANOVA) 
with Dunnett’s post-hoc analysis 
was performed to compare and 
analyze statistical differences 
using SPSS 17.0 software. The 
data are expressed as the mean 
± SD of at least three separate 
experiments. A P value less than 
0.05 (P < 0.05) was considered 
to be statistically significant for 
the differences and is denoted 
with an asterisk in the corre-
sponding figures.

Results

The cytotoxicity of VSV-ΔM51-
GFP against prostate tumor 
cells and normal prostate 
epithelial cells in vitro

The effect of VSV-ΔM51-GFP 
infection on the growth and via-
bility of prostate cancer cells 
was evaluated. The DU145 and 
RWPE-1 cell lines were treated 
with different MOIs of the virus 
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that VSV-ΔM51-GFP shows good preferential 
oncolytic effect in tumor cells and has a high 
toxicity rate, while normal cells are relatively 
safe from VSV-ΔM51-GFP.

VSV is very sensitive to IFN [30]. To determine 
the status of the IFN-beta response, DU145, 
RWPE-1, PC3 cells were infected with 0.1 pfu of 
VSV-ΔM51-GFP for 12 and 24 h (Figure 2). The 

ly sensitive to the IFN response in normal pros-
tate epithelial cells.

VSV-ΔM51-GFP replication in the prostate 
cancer cell line (DU145, PC3) and the normal 
human prostate epithelial cell line RWPE-1

There is a cell-specific difference in the kinetics 
and efficiency of virus release that is related to 

Figure 4. The Effect of VSV-ΔM51-GFP on the Induction of Apoptosis in Cancer Cell Line, DU145 cells and PC3 
cells were infected with different concentrations of VSV-ΔM51-GFP (MOI of 0.01 and 0.1) for 36 and 48 hours. 
Annexin-V and PI staining methods were employed for detection of apoptosis using flow cytometry. The percentages 
of early and late apoptotic cells were increased following exposure to VSV-ΔM51-GFP in a concentration and time-
dependent manner. The results (Mean ± SD) represent at least 3 separate experiments. Differences between VSV-
M51-GFP infected and non-infected cells were statistically analyzed by ANOVA (The symbol *represents P < 0.05, 
the symbol **represents P < 0.01).

concentration of IFN-beta is 
low in the DU145 and PC3 
cells, whereas the concen-
tration of IFN-beta is high in 
the RWPE-1 cells. The selec-
tivity of VSV-ΔM51-GFP rep-
lication in DU145 and PC3 
prostate cancer cells is 
believed to be due to a 
defect in IFN-beta signaling 
in tumor cells compared to 
normal cells. The DU145 
cells and PC3 may not have 
the IFN-beta signal interfer-
ence. IFN-beta led to 
increased cell viability in the 
RWPE-1 cells. This showed 
that VSV-ΔM51-GFP is high-

Figure 5. Replication ability of VSV-ΔM51-GFP and tissue distribution of repli-
cation-competent virus. Mice were injected with 107 PFU VSV-ΔM51-GFP. The 
mice were sacrificed at time points of 12, 24, and 48 h after viral inoculation. 
The tumor tissues were frozen and virus titers were determined by plaque as-
says. The results are presented as the mean pfu/g ± SEM (n = 3). pfu, plaque-
forming unit; VSV, vesicular stomatitis virus.
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the type of tumor cell line studied [24]. 
Therefore, we aimed first to check the ability of 
DU145 cell line and PC3 cell line to support the 
replication of VSV-ΔM51-GFP. Measurement of 
the virus release into the supernatant showed 
that DU145 cells and PC3 cells appeared to lag 
at the 2 h point, but by 12, 24, 48 and 72 h, the 
titer of released virus was high at the indicated 
MOI of 0.1 (Figure 3). These results show that 
VSV-ΔM51-GFP is increasingly replicating in 
DU145 and PC3 prostate cancer cells. In con-
trast, the replication of VSV-ΔM51-GFP was low 
in the RWPE-1 cells; at 2 hours after injection, 
the initial level of virus was observed in the 
prostate cells (approximately 2 × 106 PFU/ml). 
The highest titer of VSV-ΔM51-GFP was approxi-
mately 7.5 × 106 PFU/ml in DU145 cells and 7.2 
× 106 PFU/ml in PC3 cells. These data are 

shown in Figure 3. VSV-ΔM51-GFP replication 
in DU145 cells and PC3 cells are much greater 
than in RWPE-1 cells, indicating that VSV-ΔM51-
GFP is relatively safe.

VSV-ΔM51-GFP induce apoptosis in DU145 
and PC3 prostate cancer cells

To ascertain whether or not the inhibitory effect 
of VSV-ΔM51-GFP on DU145 cells and PC3 
cells was associated with the induction of 
apoptosis, Annexin-V and PI double staining 
were performed and analyzed using flow cytom-
etry. According to the method, early apoptotic 
cells are characterized as Annexin-Vpositive 
and PI-positive. Subsequently, controls are con-
sidered as annexin-negative and PI-negative 
cells. DU145 cells and PC3 cells were infected 
with MOI of 0.01 and 0.1 of VSV-ΔM51-GFP for 

Figure 6. (A) Each mouse was injected with 107 PFU VSV-ΔM51-GFP. Mice were euthanized at 12, 24, and 48 h 
after viral injection. Paraffin-embedded prostate tissues were stained with HE (a), and the presence of VSV-ΔM51-
GFP was established by immunohistochemical staining of prostate from TRAMP using an anti-VSV antibody (b). 
Representative slides were prepared and visualized at 20 × magnification. The results were scored by a pathologist 
(n = 3). TRAMP, transgenic adenocarcinoma of the mouse prostate; VSV, vesicular stomatitis virus. (B) Efficacy of 
VSV-ΔM51-GFP in nude mice bearing human prostate tumors. Four- to six-week-old male athymic nude mice were 
subcutaneously injected with DU145 cells in the right flank. Tumors were established by day 14, and the mice were 
randomly divided into three groups (n = 10 per group). One group served as a control and received one i.t. admin-
istration of 100 µl of RWPI-1640 only. The other two groups were treated i.t. once with VSV-ΔM51-GFP at a dose of 
1 × 107 PFU or 1 × 106 PFU in 100 μl volume. The tumor size was monitored by caliper measurements, and tumor 
volume was calculated according to the following formula: grams = (length in centimeters × width2)/2. The groups 
were compared using two-way ANOVA, followed by the Bonferroni post-test for multiple comparisons (The symbol 
*represents P < 0.05 compared with control, the symbol #represents P < 0.05 compared with 106 pfu). (C) Prostate 
tumors were established as described above, and mice received VSV-ΔM51-GFP by intratumoral injection every 
day (three doses total). Mice treated with either 106 PFU or 107 PFU were protected and the tumor was significantly 
inhibited, prolonging the survival of the animal.
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36 hours and 48 hours and analyzed by flow 
cytometry. The results indicated that an 
increase in the rate of early (P = 0.0089) and 
late (P = 0.037) apoptotic cells were detected 
in DU145 cells following infection by MOI of 0.1 
of VSV-ΔM51-GFP in 36 hours (Figure 4A). 
DU145 Cells infected by MOI of 0.01 of the 
virus revealed a significant increase of early 
apoptotic cells after 48 hours (Figure 4B). A 
remarkable elevation in the percentage of late 
apoptotic cells were also observed at the MOI 
of 0.1 of virus after 48 hours (P = 0.0057) 
(Figure 4B). PC3 Cells infected by MOI of 0.1 of 
the virus revealed a significant increase of early 
apoptotic cells after 36 hours (Figure 4C). A 
remarkable elevation in the percentage of early 
and late apoptotic cells were also observed at 
the MOI of 0.1 of virus after 48 hours (P = 
0.0077, P = 0.031) (Figure 4D). Our data dem-
onstrated that infection of DU145 cells and 
PC3 cells by increasing concentrations of VSV-
ΔM51-GFP was accompanied by a notable shift 
of the viable cells to the apoptotic cells in a 
time and dose-dependent manner.

Presence of live virus in prostatic tissue of the 
nude mice

To determine whether the in vitro experimental 
data correlated with the presence of infectious 
virus, at 12 to 48 hours after injection, the 
nude mice were sacrificed their xenografts 
were harvested and frozen. Homogenized tis-
sues were titrated by plaque assays to quantify 
viral delivery and replication within various tis-
sues. At 12 hours after VSV-M51-GFP injection 
in nude mice (Figure 5), the viral titer was 42.0 
± 4.7 pfu/g; at 24 hours after injection, the viral 
titer was 75.0 ± 4.5 pfu/g; and at 48 hours 
after injection, the viral titer was 126.0 ± 5.6 
pfu/g, suggesting that VSV-ΔM51-GFP was 
readily infected or able to replicate rapidly in 
vitro.

Effect VSV-ΔM51-GFP of on human prostate 
cancer tumors in vivo

To test the efficacy of VSV-ΔM51-GFP in vivo 
and to determine the relevance of our in vitro 
results to an in vivo situation, we chose DU145 
cell lines for in vivo testing based on our in vitro 
virus permissiveness and oncolysis experi-
ments. DU145 cells are highly permissive to 
VSV-ΔM51-GFP. DU145 were injected subcuta-
neously into the right flank of male nude mice 

(n = 30). Once the mice developed palpable 
tumors (about 10 mm), they were divided into 
three equal groups (n = 10 for each group). A 
control group received an intratumoral (i.t.) 
injection of 100 μl RPMI-1640, one group 
received an i.t. injection of VSV-ΔM51-GFP at a 
dose of 1 × 107 pfu in 100 μl volume and one 
group received an i.t. injection of VSV-ΔM51-
GFP at a dose of 1 × 106 pfu in 100 μl volume. 
The mice were monitored daily for signs of dis-
tress, and tumor size was measured every 
other day for 40 days. At a dose of 1 × 107 pfu 
in 100 μl had the greatest therapeutic effect in 
mice bearing prostate tumors (Figure 6B). VSV-
ΔM51-GFP seemed to stabilize tumor growth 
compared to the treatment of tumors with 
RPMI-1640, which had no effect on tumor 
growth. 

Figure 6C shows the survival plots of nude mice 
seeded with prostate tumors and then treated 
with an intratumoral injection with RPMI-1640, 
106 PFU or 107 PFU VSV-ΔM51-GFP. These 
treatments were well tolerated by the nude 
mice; the mean time to death (MTD) with no 
mortalities in the RPMI-1640-treated mice was 
approximately 15 days. However, mice treated 
with either 106 PFU or 107 PFU were protected 
and the tumor was significantly inhibited, pro-
longing the survival of the animal. This experi-
ment demonstrates the remarkable ability of 
VSV-ΔM51-GFP to produce durable cures in an 
aggressive, disseminated prostate tumor mo- 
del.

Discussion

Taxane chemotherapeutic agents, such as do- 
cetaxel, are the main forms of treatment for 
metastatic, castration-resistant prostate can-
cers [25-27]. However, due to the emergence of 
drug-resistant cells and drug side effects, this 
line of treatment is largely palliative and not 
curative. Therefore, to successfully relieve drug 
side effects and overcome prostate cancer, the 
development of new anti-tumor methods with 
specificity and lower side effects is a very 
urgent task. 

Although oncolytic herpes, reoviruses, and ade-
noviruses have been previously tested in pros-
tate cancer models [28-30]. VSV holds great 
promise due to its distinct targeting approach, 
high inherent infection efficiency, and proven 
track record of broad spectrum oncolytic activ-
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ity without requiring the application of trans-
duction enhancement agents [22]. To show 
that VSV-ΔM51-GFP was able to infect human 
and mouse prostate cell lines, we utilized three 
cell lines representing normal prostate epithe-
lial cells (RWPE-1) and human prostate cancer 
cells (DU145, PC3) as shown in Figure 1A and 
1B. To evaluate the relative efficacy of VSV-
ΔM51-GFP as an OV, we initially compared dif-
ferent doses of VSV-ΔM51-GFP. There was a 
direct correlation between an increased viral 
titer and decreased cell survival in the Du145 
cell line and PC3 cell line compared with non-
neoplastic control cells. The RWPE-1 cells were 
less effectively killed by VSV-ΔM51-GFP, but 
VSV-ΔM51-GFP had a strong effect against 
Du145 cells and PC3 cells, indicating that VSV-
ΔM51-GFP is able to infect and lyse cancer 
cells while sparing nonmalignant cells. While 
there is still damage to normal cells, these data 
showed that VSV-ΔM51-GFP is the limitation in 
therapeutic applications, as we know one of 
the biggest problems in viral cancer treatments 
is about its safety. It was reported that when 
animals were injected with high dose of VSV-wt, 
neurotoxicity, such as hind limb paralysis 
occurred, However, VSV-ΔM51-GFP have been 
generated that are not neurotropic but retain 
their oncolytic activity. A considerable promo-
tion in the knowledge of oncolytic viruses and 
their emergence to trigger apoptosis cascades 
has led many research groups to characterize 
the possible roles of such viruses in different 
types of malignancies [31, 32]. Oncolytic virus-
es have been contributed to induce apoptosis 
in cancer cells and emerged as novel and prom-
ising anti-cancer agents [33]. It has been dem-
onstrated that VSV-wt induces apoptosis via 
the mitochondrial pathway due to wt M protein 
inhibition of gene expression, while VSV-ΔM51-
GFP, with a pathway [34]. With the incidence of 
prostate cancer mutant M protein, induces 
apoptosis primarily via the death receptor 
increased year by year, lack of effective treat-
ment, and better-tolerated anti-cancer approa- 
ches [35] motivated us to elucidate the possi-
ble role of VSV-ΔM51-GFP in growth regulation 
of prostate cancer cells. We designed our 
experiments to characterize the effect of VSV-
ΔM51-GFP on the regulation of cell growth and 
induction of apoptosis in prostate cancer cell 
line (DU145, PC3).  

VSV-ΔM51-GFP is an oncolytic virus that can 
infect and kill cells that have defects in their 

cellular antiviral immunity, such as the IFN 
response pathway. It has been reported that 
80% of tumor cells are defective in type I IFN 
signaling [28-30]. Our data suggest that due to 
a defect in the IFN response (Figure 2), there 
was no change in the death of prostate cancer 
cells (DU145, PC3), and the pretreatment of 
RWPE-1 normal prostate epithelial cells with 
IFN led to an increase in cell survival. 

Intratumoral injection is a feasible method to 
treat human prostate cancer. One advantage of 
intratumoral injection is that local administra-
tion would ensure maximal uptake of virus by 
tumor cells. In vitro, it has been demonstrated 
that an intraprostatic tumor VSV-ΔM51-GFP 
injection enables viral replication and amplifi-
cation sufficient to inhibit growing tumors 
(Figures 5 and 6B), as shown in Figure 6B and 
6C, we can also conclude that 107 PFU of VSV-
ΔM51-GFP can inhibit the growth of tumor more 
effectively than 106 PFU VSV-ΔM51-GFP and 
that VSV-ΔM51-GFP significantly prolonged the 
survival time of nude mice. These results sug-
gest that VSV-ΔM51-GFP inhibited the growth 
of the tumor volume in a dose- and time-depen-
dent manner. VSV-ΔM51-GFP can make the 
tumor shrink, but it still cannot make the tumor 
disappear. One reason for this is that the neu-
tralizing humoral immune response generated 
by VSV-ΔM51-GFP exposure will likely reduce 
the efficacy of an injection by blunting the abil-
ity of progeny viruses to be generated, thus 
reducing the opportunity for a sustained infec-
tion in immunocompetent hosts. Another rea-
son for this is that the viruses cannot spread 
effectively in the tumor tissue because of the 
complex tumor microenvironment and compro-
mised immune responses. Recently, research 
has suggested the efficacy of viral oncolysis 
has improved with the combination of virother-
apy and chemotherapeutic drugs [36-39]. In 
the future, we will examine the combination of 
VSV-ΔM51-GFP and chemotherapeutic drugs to 
improve the oncolytic effects.

Conclusions

These findings provide evidence that vesicular 
stomatitis virus is a possible therapeutic OV for 
prostate cancer treatment, and we have found 
that VSV-ΔM51-GFP enables viral replication 
and amplification sufficiently to selectively kill 
cancer cells while sparing normal cells. The pri-
mary mechanism for cell death is apparently 
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oncolysis due to a defective IFN response. The 
observed inhibition of cell growth was associ-
ated with the induction of apoptosis, and was 
notably under the control of virus replication. 
These results suggest that control of locally 
advanced prostate cancer in humans [40] may 
be achievable through injection of a safe onco-
lytic virus and provides a new approach for the 
treatment of prostate cancer.
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