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Objectives: Vesicular stomatitis virus (VSV) is under development as an oncolytic virus due to its 
preferential replication in cancer cells and oncolytic activity, however the viral components responsible 
have not yet been determined. In this study the effects of VSV wild-type (wt) and M51R-mutant matrix 
proteins (M51R-mMP) on apoptosis, pyroptosis, necroptosis, and autophagy pathways, in an esophagus 
cancer cell line (KYSE-30) were investigated.
Methods: The KYSE-30 cells were transfected with pcDNA3.1 plasmids encoding wt or M51R-mMP, and 
apoptosis, pyroptosis, necroptosis, and autophagy were evaluated 48 and 72 hours after transfection.
Results: KYSE-30 cells transfected with VSV wt and M51R-mMPs significantly reduced cell viability to 
< 50% at 72 hours post-transfection. M51R-MP significantly increased the concentration of caspase-8 
and caspase-9 at 48 and 72 hours post-transfection, respectively (p < 0.05). In contrast, no significant 
changes were detected following transfection with the VSV wt plasmid. Moreover, VSV wt and M51R-
mMP transfected cells did not change the expression of caspase-3. VSV wt and M51R-mMPs did not 
change caspase-1 expression (a marker of pyroptosis) at 48 and 72 hours post-transfection. However, 
M51R-mMP and VSV wt transfected cells significantly increased RIP-1 (a marker of necroptosis) 
expression at 72 hours post-infection (p < 0.05). Beclin-1, a biomarker of autophagy, was also induced 
by transfection with VSV wt or M51R-mMPs at 48 hours post-transfection. 
Conclusion: The results in this study indicated that VSV exerts oncolytic activity in KYSE-30 tumor cells 
through different cell death pathways, suggesting that M51R-mMP may potentially be used to enhance 
oncolysis.

©2019 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Oncolytic viruses have gained much attention due to their 
multimodal mechanism of action [1]. They have an inherent 
ability to selectively replicate in and lyse tumor cells, and offer 
a novel approach to stimulate antitumor immune responses [2]. 
As such, vesicular stomatitis virus (VSV) is being investigated 
due to its inherent tumor selectivity, rapid replication and 
cell-killing cycle, as well as its natural ability to stimulate 
immune responses to break immune tolerance in the tumor 

microenvironment [3]. Given that, a multitude of strategies 
have been applied to further improve the safety, selectivity, 
oncolytic activity, and immune-stimulatory properties of VSV 
as a novel clinical therapy candidate [4].

VSV, a member of the Rhabdoviridae family, is a non-
segmented negative-strand RNA virus and encodes 5 viral 
proteins (N, P, M, G and L) [5]. While the virus has the ability 
to infect a wide range of host cells through targeting receptors, 
replication is limited to cells that are defective in their antiviral 
pathways [6]. Tumor cells are defective in antiviral pathways, 
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allowing for an inherent mechanism for tumor specificity for 
VSV replication [7]. This virus can replicate in immortalized 
and malignant cells, and eventually induces cell death. 
Previous studies have also confirmed that VSV can suppress 
the growth of various tumors upon applying intratumorally or 
intravenously in tumor-bearing animal models [8].

Researchers are interested in identifying viral components 
that play a role in inducing cell death in virus-infected cells 
[9]. This is important because if the components still maintain 
this function when used alone, they may be of therapeutic 
benefit without the potential biological risks of infection with 
intact virus [10]. Recent studies have introduced the VSV-
matrix protein (MP), a structural component of the virion, 
which causes cytopathogenesis in the absence of other 
viral components [11]. This includes inhibition of host gene 
expression at transcription level, mRNA export and translation 
inhibition, as well as induction of apoptosis [12]. However, 
there is no data regarding the effects of MP on other cell death 
pathways.

There are different cell death pathways including apoptosis, 
pyroptosis,  necroptosis,  and autophagy. Apoptosis is 
programmed cell death that is recognized by a reduction in cell 
size and morphological changes such as nuclear condensation, 
fragmentation of DNA and plasma membrane shrinkage. 
These phenotypic changes result from the action of an effector 
caspase, caspase-3 or caspase-7, on key cellular molecules 
[10,13]. Pyroptosis is morphologically and mechanistically 
distinct from other forms of cell death. Caspase-1 dependence 
is a defining feature of pyroptosis, and is the enzyme that 
mediates this process of cell death [14-16]. Necroptosis is a type 
of regulated cell death dependent on the activity of receptor-
interacting serine/threonine-protein (RIP) kinases. However, 
unlike apoptosis, it is caspase-independent. In addition to their 
central role in necrosis, the necrosome components receptor-
interacting serine/threonine-protein (RIP) 1 and RIP3 have been 
proposed to be involved in the activation of inflammasomes 
[17-19]. In mammalian systems, autophagy was recently shown 
to be important in innate immune defense against intracellular 
pathogens. Autophagy, or cellular self-digestion, is a cellular 
pathway crucial for development, differentiation, survival, and 
homeostasis. One of the main factors regulating autophagy 
is the human beclin-1 gene, located on chromosome 17q21. 
Beclin-1 is part of a type III phosphatidylinositol 3-kinase 
complex required for autophagic vesicle formation [20,21].

The VSV is a valuable target for oncolytic development and 
may help with understanding the role of viral components in 
the induction of the cell death pathways for the development 
of effective therapies. This study investigated the potential 
anti-tumor effects of VSV wild type (wt) and M51R-mutant 
matrix protein (mMP) on apoptosis, pyroptosis, necroptosis and 
autophagy in esophageal squamous cell carcinoma (SCC) (S-30).

Materials and Methods

1. Cell line, plasmids and transfection

The in vitro study was performed in the esophagus cancer 
cell line, KYSE-30. The cells were cultured in Roswell park 
memorial institute medium (RPMI)-1640 medium (Gibco, UK) 
supplemented with 10% fetal bovine serum (Gibco, UK), 100 u/mL 
penicillin and 100 μg/mL streptomycin at pH 7.2 at 37°C with 
5% CO2. 

The pcDNA3.1 plasmids expressing VSV (wild-type) wt and 
M51R-mMP were generated. For construction of the pcDNA3.1 
plasmid expressing VSV wt MP, the cDNA sequences of the 
M gene were cloned into the plasmid. To generate pcDNA3.1-
M51R-mMP, the methionine was changed at position 51 
to arginine. Bacterial strain Escherichia coli DH5α (Pasteur 
Institute of Iran) was used for propagation and preparation of 
constructed plasmids.

KYSE-30 cells with a density of 106 cells/well were seeded 
onto 6-well plates for 24 hours in 3 mL of growth medium. 
Before transfection, the medium was removed and the cells 
were washed with PBS and then replaced with fresh culture 
medium without fetal bovine serum. The cells were incubated 
with 250 μL of the plasmids (5 μg) and lipofectamine 2000 
reagent (Invitrogen) (6 μL) and maintained for 6 hours at 

37°C under 5% CO2. The plasmids and lipofectamine 2,000 
solutions were diluted with serum and antibiotic-free RPMI-
1640 separately to reach a final volume of 250 μL. Finally, the 
transfection solution was aspirated and replaced with 1 mL of 
complete medium per well. In the present study, the optimum 
amount of DNA for transfection was obtained from a previous 
study [22].

2. Experimental assays

The expression of VSV wt and M51R-mMPs from encoding 
plasmids, 48 and 72 hours post-transfection, was performed 
by SDS-PAGE and Western blotting. In SDS-PAGE, the extracted 
lysate total proteins in the sample loading buffer, were 
separated by PAGE, and stained by coomassie blue R250. For 
blotting, proteins separated by SDS-PAGE were transferred onto 
nitrocellulose membrane (Roche, Germany), and hybridized 
with the monoclonal anti-VSV MP antibody 23H12 (1:5,000). 
Detection was performed with enhanced chemiluminescence 
reagents according to instructions.

In order to evaluate cell viability, KYSE-30 cells were 

cultivated on 96-well plates at a density of 5×104 cells/well 
in 150 μL fresh culture medium supplemented with 10% 
fetal bovine serum. Cell viability was performed with an 
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] kit according to manufacturer’s instruction (Roche, 
Germany).
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To analyze the death pathway induction at 48 and 72 hours 
after transfection, cell lysates were examined by Enzyme 
Linked Immunosorbent Assay kits according to manufacturer’s 
instruction. The following markers were analyzed: caspase-9 
(Abnova, Taiwan), caspase-8 (Abcam, UK), caspase-3 (Abcam, 
UK), caspase-1 (Abnova, Taiwan), beclin-1 (LSBio, USA), and 
RIP1 (LSBio, USA).

3. Statistical analysis

Data analyses were performed via GraphPad prism (GraphPad 
Software, Inc., La Jolla, CA, USA). Differences were analyzed 
through ANOVA test, followed by Bonferonni’s post hoc test. 
A value of p less than 0.05 was considered to be statistically 
significant.

Results

To evaluate the expression of VSV wt and M51R-mMPs 
in transfected KYSE-30 cells, Western blot analysis was 
performed. The housekeeping gene beta-actin was used as 
control. As shown in Figure 1A, the constructed plasmids 
expressed the VSV wt and M51R-mMP proteins. 

After transfection of VSV wt and M51R-mMPs plasmids into 
the KYSE-30 cells, the MTT assay was used to determine cell 
viability at 24, 48 and 72 hours after induction. The results 
showed that KYSE-30 cells transfected with VSV wt and M51R-
mMPs significantly reduced cell viability to < 50% at 72 hours 
post-transfection (Figure 1B). 

The apoptosis pathway was assessed by analysis for the 
expression of caspase-9, caspase-8 and caspase-3 at 48 and 
72 hours post-transfection. The data showed that VSV M51R-
MP statistically significantly increased the concentration of 
caspase-8 and caspase-9 at 48 and 72 hours post-transfection, 
respectively (p < 0.05). No statistically significant changes 
were detected following transfection with the VSV wt plasmid 
(Figures 2A and 2B). Moreover, VSV wt and M51R-mMP 
transfected cells did not change the expression of caspase-3 
(Figure 2C). 

Pyroptosis was investigated by measuring the level of 
caspase-1 expression. As shown in Figure 3, VSV wt and 
M51R-mMPs did not change caspase-1 expression at 48 
and 72 hours post-transfection. RIP-1 expression level was 
measured to determine the necroptosis induction. M51R-
mMP significantly increased RIP-1 expression at 48 and 72 
hours post-infection (p < 0.05). Furthermore, the VSV wt 
transfected cells significantly increased the expression of 
RIP-1 at 72 hours post-infection (p < 0.05; Figure 4). Beclin-1 
expression measured as a biomarker for autophagy induction, 
was significantly increased at 48 hours post-transfection by 

VSV wt and M51R-mMPs compared with the plasmid vector 
only control (Figure 5).

Discussion

Esophageal cancer remains a major public health problem 
worldwide. Chemotherapy, radiotherapy, novel targeted 
molecular drugs therapy, and immune checkpoint inhibitors, 
together present new therapeutic approaches for patients with 
SCCs in the near future [23]. However, oncolytic viruses are 
potential physiological agents for cancer cell treatment. 

Figure 1. VSV wt and M51R-MP expression in KYSE-30 cell line. 
(A) Protein lysates from uninfected and transfected (pcDNA3.1 
VSV wt-MP and pcDNA3.1+VSV M51R-mMP) KYSE-30 cells were 
separated by SDS-PAGE along with total protein at 48 and 72 hours 
-and transferred to nitrocellulose membrane. VSV wt-MP and 
M51R-MP were detected as 26 kilodaltons with ECL reagents kit 
by autoradiography. (B) MTT Assay showing the effect of wild-type 
Matrix Protein and M51R-Matrix Protein on KYSE-30 cell line. After 
transfection, cell viability was examined at 24, 48 and 72 hours. 
Data showed that both MP and M51R-MP significantly reduced 
cell viability to < 50% at 72 hours post-transfection, compared to 
untreated cells. ** p < 0.001.
VSV = vesicular stomatitis virus; MP = matrix protein; wt = wild-
type; M51R-mMP = M51R-mutant matrix protein; ECL = enhanced 
chemiluminescence; MTT = 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide.

(B)

(A)
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Figure 2. Transfection with wt and M51R-mMP induced intrinsic 
and extrinsic pro-apoptotic pathways in KYSE-30 cells. 
(A) Caspase-8, (B) caspase-9 and (C) caspase-3 were assayed in 
KYSE-30 cells that untransfected or transfected with pcDNA3.1, 
wt and M51R-mMP for 48 (black bars) and 72 (Mustard bars) h 
post-transfection. Expressing wt and M51R-mMP has not potent 
to induced effector apoptotic protein in KYSE-30 cells. **p < 0.001, 
***p < 0.0001.
wt = wild-type; M51R-mMP = M51R-mutant matrix protein.

(A)

(B)

(C)

Figure 3. Expression level of Caspase-1. Caspase-1 was assayed in 
KYSE-30 cells that were untransfected or transfected with pcDNA3.1, 
wt and M51R-mMP for 48 (black bars) and 72 (Mustard bars) h post-
transfection.
wt = wild-type; M51R-mMP = M51R-mutant matrix protein.

Figure 4. Expression of necroptotic proteins in KYSE-30 cells 
transfected with wt and M51R-mMP.
RIP1 was assayed in KYSE-30 cells that were untransfected or 
transfected with pcDNA3.1, wt. or M51R-mMP at 48 (black bars) and 
72 (mustard bars) hours post-transfection. *** p < 0.0001.
wt = wild-type; M51R-mMP = M51R-mutant matrix protein; RIP1 = 
receptor-interacting serine/threonine-protein 1.
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Understanding the different mechanisms of cell death is 
crucial for cancer therapy success. VSV is an oncolytic virus that 
selectively infects and kills cancer cells but how VSV induces 
cell death is not fully determined. This study investigated 
the effect of VSV wt and M51R-mMPs on KYSE-30 cell death 
pathways. Identification of the viral components involved in 
inducing cell death would enable testing of these components 
alone, compared with the production of these components 
from the virus. Potentially any proteins causing cell death could 
be expressed using vectors as therapies, thereby, avoiding any 
potential biological risks of using intact VSV.

In this study, it was determined that both wt and M51R-
mMPs were capable of inducing cell death pathways, especially 
via autophagy. However, in this study there was a reduction 
in the expression of cell death markers by wt MPs compared 
with M51R-mMPs. It has been reported that wt MPs-induced 
inhibition of host nuclear-cytoplasmic RNA transport, which 
has been attributed to the interaction of wt MP with a nuclear 
pore component (nucleoporin Nup98) [24,25].

The recognition of VSV G glycoprotein by Toll-like receptor 
4, and signaling through this receptor can activate autophagy 
directly [26-28] and the recognition of VSV infection is thought 
to involve toll-like receptor (TLR) 13 [29]. Furthermore, nuclear 
factor erythroid 2-related factor 2, has a role in the regulation 
of autophagy which complements the therapeutic potential 
of VSV oncolysis [30,31]. Although, it has been suggested 
that VSV-mediated autophagy occurs via interaction of VSV G 
glycoprotein with TLR-4 [32,33], the role of VSV-MP has not 

yet been defined. This is the first report of Beclin1-mediated 
autophagy activation with both VSV wt and M51R-mMPs in 
SCCs. Post-transcriptional modifications on the autophagy 
proteins such as Beclin1, autophagy-related proteins, resulted 
in the formation of autophagosomes and fine-tuning of 
the responses to autophagy stimulus [34]. Hence, Beclin1 
phosphorylation is supposed to be a central mediator of 
autophagy regulation and also mediate the cross-talk between 
autophagy and necroptosis responses [35].

In several models, autophagy has been shown to regulate 
necroptosis [36,37]. Treatment with N-benzyloxycarbonyl-
Valyl-Alanyl-Aspartyl-fluoromethylketone, a caspase inhibitor 
with broad specificity, induced autophagy and the death of 
mouse subcutaneous connective tissue via engagement of 
RIP1 [38]. In the present study, RIP1 was increased by both 
VSV wt and M51R-mMP. Wang et al, showed that VSV infection 
triggered the RIP1-RIP3 complex which is an activator to form 
necroptosis [39], supporting the results from this current study.  
RIP1 is an important regulatory protein in the death-inducing 
signaling complex that can activate NF-κB and caspase-8 and 
generate reactive oxygen species [40]. A gene knockout of RIP1 
suppresses the expression of microtubule-associated protein 
1 light chain 3-II, which is the hallmark of autophagy. In 
addition, loss of RIP1 suppresses Beclin1, which is a substrate 
of caspase-8, during death receptor-mediated autophagy in 
macrophages [41]. The results in this current study showed 
caspase-8 induction by both wt and M51R-mMPs. Studies have 
shown that a slight increase in caspase-8 not only prevents 
induction of apoptosis, but also contributes to the progression 
of the necrotic pathway [42]. Thus, low caspase-8 may benefit 
from therapies designed to bypass apoptosis and induce 
necroptosis [43].

The results from this current study showed that both wt 
and M51R-mMPs did not activate caspase-1, a non-apoptotic 
caspase. Previous studies suggest that macrophages activate 
autophagy in parallel with inflammasome activation, as 
a means to delay the onset of pyroptosis [44]. Moreover, 
depletion of  autophagic proteins,  LC3B (microtubule 
associated protein-1 light chain 3B) and Beclin1, enhances 
caspase-1 activation [45]. Although Poeck et al, proposed 
that VSV is detected by a novel retinoic acid inducible 
gene 1 protein/apoptosis-associated speck-like protein/
caspase-1 inflammasome that does not require nucleotide-
binding domain, leucine-rich-containing family (NLRP3) 
[46]. Nevertheless, further work indicated a requirement for 
NLRP3 in response to both encephalomyocarditis virus and 
VSV [47]. Our study suggests that autophagic proteins induced 
by VSV matrix proteins (MP), regulated NALP3-dependent 
inflammation. Further work will be required to better delineate 
how RNA viruses impact on the inflammasome.

The data in this current study also showed activation of 

Figure 5. Induction of autophagic regulation in KYSE-30 cells 
transfected with wt and M51R-mMP. 
Beclin1 was assayed in KYSE-30 cells that were untransfected or 
transfected with pcDNA3.1, wt, or M51R-mMP at 48 (black bars) and 
72 (mustard bars) hours post-transfection. ** p < 0.001. 
wt = wild-type; M51R-mMP = M51R-mutant matrix protein.
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caspase-9 and caspase-8 as apoptotic biomarkers for intrinsic 
and extrinsic pathways, respectively, by VSV wt and M51R-
mMPs, but surprisingly caspase-3, which is involved in 
apoptosis pathways, was not activated in KYSE-30 cells. These 
results indicate that apoptosis inhibitors may have a role in 
this observation. Although VSV MP-induced proteasomal 
elimination of myeloid cell leukemia 1 protein (Mcl-1) 
contributes to VSV-induced apoptosis, but not to VSV-induced 
autophagy [48]. However, the interaction between Beclin1 
with Bcl-xL and B-cell lymphoma 2 (Bcl-2) proteins, repressed 
the intrinsic pathway of apoptosis [49-51]. In addition, Bcl-
2 inhibits Fas-induced apoptosis by preventing the formation 
of the death-inducing complex which is composed of Fas, Fas-
associated protein with death domain and Caspase 8 [52].

In conclusion, we showed the physiological relevance of 
autophagic regulation in response to VSV MPs in SCC cells. Our 
data confirmed that apoptosis is not only a cell death pathway 
that was induced by VSV MPs, but also different cell types 
have different strategies for cell death pathway activation. 
However, it is unclear how this observation represented 
increased autophagic activity in KYSE-30 through VSV MPs. 
These results suggest a novel role for VSV MPs, as a promising 
new therapeutic strategy. Particularly, VSV wt or M51R-mMPs 
could be used in viral vectors for effective oncolytic treatment. 
This study was limited as more detailed evaluation of mRNA 
transcription of cell death pathway biomarkers could have 
been performed. In addition, comparing the effects of VSV MP 
and M51R-mMPs in different cell lines would have provided 
more comprehensive results. Moreover, there was no data 
regarding other cell death pathways taken into account that 
limitated the current study.
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