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ABSTRACT
Caprine Herpesvirus type 1 (CpHV-1) is a species-specific herpes virus able to induce apoptosis in several
biological systems. In the present study we aimed to investigate the ability of CpHV-1 to reduce cells
viability, to replicate and to cause cell death also in human cancer cell lines. We tested the CpHV-1
effects on HEL-299, Vero, MDA-MB-468, HeLa, U2OS, PC3, A549 and K562 neoplastic cell lines and on
MDBK cells. Firstly, we evaluated the effect of CpHV-1 infection on cell viability by MTT assay and our
data showed that CpHV-1 can induce a marked cytopathic effect (CPE) in most of cell lines tested, except
for HEL-299, Vero and K562 cells. The reduction of cell viability was associated with a significant increase
of viral production. We next investigated if CpHV-1 was able to induce cell death and so through
western blotting analysis we evaluated cleaved caspase 3, LC3II and p62 protein levels after infection.
Caspase 3 activation was detected in MDBK cells and, even if at different times p.i., also in MDA-MB-468,
U2OS, and PC3 cell lines, while LC3II increase and concomitant p62 protein reduction were observed
only in U2OS, and A549 cells, no significant alteration of these proteins was observed in the other cell
lines tested. Finally, to confirm virus ability to trigger apoptosis we performed an Annexin-V apoptosis
test after 24 h p.i.

Although we need to further explore mechanisms underlying CpHV-1 treatment, this study could
serve as the basis for the development of new treatment options aiming to fight several cancer types.
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Introduction

Oncolytic virotherapy is a new therapeutic approach based on
the use of genetically modified or wild-type viruses able to
selectively destroy neoplastic cells.1,2 Recently, virus therapy
has become a promising treatment for neoplastic disease,
particularly in the cases where methods in use are ineffective
or inapplicable.3 During the past decade, several clinical trials
have been carried out to document the therapeutic efficacy of
these viruses, even though their oncolytic mechanisms are still
not-completely understood.4-6

Presently, several DNA and RNA viruses, like herpesviruses,
adenovirus, reovirus and poliovirus, have demonstrated an onco-
lytic potential.3,7–9 Among them, HSV-1 is the first genetically
modified virus which has been used in cancer therapy. Several
clinical trials have been performed with different HSV-1 mutants
demonstrating their safety and efficacy as oncolytic virus in
human.10,11 Since HSV-1 is a human pathogen, it is necessary to
genetically modify it to attenuate its pathogenetic potential and
allow the virus to preferentially replicate in tumour cells.
However, viral attenuation decreases viral replication perfor-
mances and reduces the possibility of therapy success.
Moreover, several authors have estimated that the largest part of

human population has antibodies against HSV-1, which hampers
efficient systemic transport of HSV-1 oncolytic vectors.2,12,13

Therefore, the use of non-human pathogen naïve viruses could
be a better and alternative method for cancer therapy2. In this
context, Caprine Herpesvirus type 1 (CpHV-1) has been used, in
the present study, to kill some neoplastic cell lines of different
origin, assuming that CpHV-1 owns oncolytic capacities like
other Alphaherpesvirus such as Bovine Herpesvirus Type 1
(BoHV-1) and Equine Herpesvirus Type 1 (EHV-1).13–15

Our group has previously shown that CpHV-1 induces apop-
tosis in a permissive cell line (Madin Darby Bovine Kidney,
MDBK16 and in goat Peripheral Blood Mononuclear Cells
(PBMCs),17 and recently, we also have investigated about the
apoptotic pathway activation during CpHV-1 infection by gene
expression response analysis in a murine neuroblastoma cell line
(Neuro 2A).18 Thus, the aim of this study was to investigate the
capacity of CpHV-1 to grow in and impair cellular viability of
human normal and neoplastic cell lines (HEL-299, Vero, HeLa,
U2OS, MDAMB-468, A549, PC3, K562). We also evaluated the
CpHV-1 ability to induce cell death (apoptosis or autophagy)
and our data suggest that CpHV-1 could be considered a novel
useful candidate for oncolytic virotherapy.
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Material and methods

Cell line and virus

All cell types, kindly provided by prof. Michele Caraglia
(University Luigi Vanvitelli – Campania, Italy) were main-
tained at 37°C with 5% CO2 in medium supplemented with
10% of foetal bovine serum, 2 mM L-glutamine, 100 U peni-
cillin and 100 U streptomycin. Human embryonic lung
fibroblast (HEL-299, ATCC Cat# CCL-137, RRID:
CVCL_2480), Cercopithecus aethiops kidney normal(Vero,
ATCC Cat# CCL-81, RRID:CVCL_0059), Human breast
adenocarcinoma (MDA-MB-468, CLS Cat# 300279/NA,
RRID:CVCL_0419), Human cervical adenocarcinoma (HeLa,
CLS Cat# 300194/p772_HeLa, RRID:CVCL_0030), Human
osteosarcoma (U2OS, CLS Cat# 300364/p489_U-2_OS,
RRID:CVCL_0042), Human prostatic adenocarcinoma (PC3,
CLS Cat# 300312/p1699_PC-3, RRID:CVCL_0035),Human
lung carcinoma (A549, CLS Cat# 300114/p686_A-549,
RRID:CVCL_0023), Madin Darby bovine kidney (MDBK,
CLS Cat# 600396/p848_MDBK_(NBL-1), RRID:CVCL_0421)
were maintained in high glucose Dulbecco’s modified Eagle’s
medium (DMEM, Gibco Cat#11965092). Chronic
Myelogenous Leukemia (K562, CLS Cat# 300224/p473_K-
562, RRID:CVCL_0004) cell lines were maintained in Iscove
medium (IMDM, Gibco cat#21056023).

The reference Swiss strain E/CH19 of CpHV-1 was used.
It was grown on MDBK cells, viral stocks were obtained by
three cycles of freezing and stored in aliquots at −80°C.

Cytopathic effect assay

A panel of two normal, six neoplastic cell lines (HEL-299,
Vero, HeLa, U2OS, MDAMB-468, A549, PC3 and K562) and
MDBK cell line, used as control, were infected with increasing
multiplicity of infection (MOI) of CpHV-1, and cytopathic
effect (CPE) was monitored.

Briefly, for adherent cells, 90 – 95% confluent cell mono-
layers were infected with different MOI between 0.5 and 10 in
serum-free medium. After 1 hour of viral adsorption at 37°C,
cell monolayers were maintained in medium with 5% of FBS.
At 24 and 48 hours post infection cells were fixed in methanol
(≥ 99,8% – Sigma-Aldrich Cat#32213–2.5L) and stained with
Giemsa to observe and score CPE.

Otherwise, for K562 suspension cells Giemsa staining was
not applicable, thus, viability was determined by trypan blue
dye exclusion method (Sigma-Aldrich, Cat# T8154). Mock
infected and infectedK562cells were collected, and an aliquot
of the cell suspension was mixed with an equal volume of
0.4% Trypan-blue solution in 1X phosphate-buffered saline
(PBS), and after five minutes of incubation, cells were counted
byTC20 automated cell counter (Bio-Rad).

Cytotoxicity

Virus cytotoxicity was tested by the 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide (MTT) (SERVA
Electrophoresis GmbH Cat# 20395.02) assay as previously
described.20 The method relies on the reduction of MTT, a
soluble tetrazolium salt, that is converted to purple insoluble

formazan by mitochondrial dehydrogenases of living cells.
The conversion from tetrazolium to formazan is analysed
spectrophotometrically after dissolution in dimethylsulfoxide
(DMSO) (SERVA Electrophoresis GmbH Cat# 39757.01). The
spectrophotometer absorbance at 570 nm was determined.
Results are expressed as percentages of cell viability (calcu-
lated respect to control cells). The mean and standard devia-
tion of three experiments performed in duplicate are reported
in histograms.

Virus production and viral replication

Infectious titres were expressed as median tissue culture infec-
tious doses (TCID50)/ml.21

Nucleic acids were extracted from 200 µl of cellular suspen-
sion using QIAsymphony SP automatic extraction system
(Qiagen) with the kit DSP Virus/Pathogen Midi (Qiagen).
Real time PCR analysis for the detection of CpHV-1 was
performed with the protocol described by Elia et al.,22 using
reference Swiss strain as positive control.23

Protein extraction and western blot analysis

All cell lines analysed were infected with CpHV-1 at MOI 2.5
and after 12, 24, and 48 h post infection, adherent cells were
washed twice with PBS and scraped. Cells were then mixed with
cells earlier collected by centrifugation from the supernatant of
the same flask and resuspended in PBS. All pellets obtained were
then lysed on ice for 30 min in lysis buffer (1 mM EDTA,
150 mM NaCl, 1%NP-40, 50 mM TRIS-HCL pH7.5, supple-
mented with protease/phosphatase inhibitors) and cell lysates
were subjected to SDS-PAGE as previouslydescribed18. Protein
concentrations were evaluated using a protein assay kit (Bio-Rad
Protein Assay Dye Reagent Concentrate Cat#5000006). 20 µg of
proteins were heated at 100°C for 5min, loaded on bis/acryla-
mide gels, separated by electrophoresis and proteins were blotted
from the gel on Polyvinylidene Difluoride (PVDF) membranes
(Trans-Blot® Turbo™Mini PVDF Transfer Packs – cat#1704156)
with a semidry transfer cell (Trans Bot Turbo, Bio-Rad). PVDF
membranes were blocked at room temperature (RT) for 2 h in
Tris-buffered saline (TBS: 12.5 mM Tris–HCl pH 7.4; 125 mM
NaCl) added with 5% of Bovine Serum Albumin (BSA,
Cat#AB022), incubated with primary antibodies against
Caspase 3, LC3I/II and QSTM1/p62 at + 4°C overnight and
then raised with Anti-Rabbit-HRP-linked antibody at RT for
1 h. The blots were stripped and incubated with anti-β-Actin
antibodies at 1:2000 dilution to confirm equal loading of pro-
teins in each lane. Blots were visualized and protein expression
levels were assessed by densitometry using the ChemiDoc Gel
scanner (Bio-Rad).

Rabbit anti-cleaved caspase 3(Cell Signaling Technologies,
Cat#9662, RRID:AB_331439; 1:1000 dilution), anti-LC3A/B
(Cell Signaling Technologies, Cat#4108, RRID:AB_2137703;
1:1000 dilution), anti-SQSTM1/p62 (Cell Signaling
Technologies, Cat#5114, RRID:AB_10624872; 1:1000 dilu-
tion), and anti-β-Actin (Cell Signaling Technologies,
Cat#4967, RRID:AB_330288; 1:1000 dilution) were used in
the present study as primary antibodies. A secondary perox-
idise-conjugated anti-rabbit IgG (Cell Signaling Technologies,
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Cat# 7074S, RRID:AB_2099233) was applied for 1 h at 1:2000
dilution.

Annexin V apoptosis analysis

Cell lines analysed were infected with CpHV-1 at MOI 2.5
and after 24 h post infection the percentage of apoptotic cells
was identified by FACS through the Annexin V-FITC kit
(Miltenyi Biotec GmbH; https://www.miltenyibiotec.com/~/

media/Images/Products/Import/0001300/IM0001386.ashx)
according to the manufacturer instructions.

Statistical analysis

Statistical analyses were performed using the GraphPad InStat
Version 3.00 for Window 95 (GraphPad Software).
Statistically significant differences between the means of mul-
tiple matched groups were evaluated by one-way analysis of

Figure 1. Permissiveness of human neoplastic cell lines to Caprine Herpesvirus 1 (CpHV-1). Cells were infected with the indicated MOI of CpHV-1 at 24 h post
infection and stained with Giemsa to observe Cytopathic effect (CPE). Panel B show viability results in cell line determined by trypan blue dye exclusion method at
24 h and 48 h p.i. Results are expressed as the mean ± SD of three independent experiments performed in duplicate. The SD was calculated on the raw data and
expressed as a percentage.
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Variance (ANOVA), followed by Turkey’s post-test. P < 0.05
was considered statistically significant.

Results

CpHV-1 lytic capacity in human neoplastic cell lines

We first assessed the capacity of CpHV-1 to induce cytopathic
effect (CPE) in a panel of selected human cancer cells. Our
results shown that, although at different MOI and at different
time p.i., CpHV-1 was able to induce CPE in almost all
adherent human cancer cell line tested. In particular, as
shown in Figure 1, at 24 h p.i., in PC3, MDA-MB-468,
U2OS, HeLa and MDBK more than 50% CPE was observed
between MOI 2.5 and 10, in A549 cell line we observed less
than 50% CPE at MOI 10 otherwise in HEL-299 and Vero
cells, no CPE was observed at 24 h p.i (Figure 1A).
Similarly, at 48 h p.i, as shown in Table 1, we found more
than 50% CPE in PC3, MDA-MB-468, U2OS and MDBK at
MOI 1, 2.5, 5 and 10; more than 50% CPE in HeLa cells
between MOI 0.5 and 10 and 50% CPE in A549 cell line at
MOI 5 and 10. In K562 suspension cells, Trypan blue assay
did not detect a reduction of the number of living cells at
24 h and 48 h p.i. (Figure 1 B).

CpHV-1 affects cell viability of several human cancer cell
lines

To determine CpHV-1 effect on cell viability in a panel of
human cancer cell lines we performed MTT assay by using
increasing MOI of virus for 24 h, 48 h and 72 h p.i. CpHV-1
infection resulted in a reduction of cell viability in five of the
cell lines tested (PC3, MDA-MB-468, U2OS, HeLa and
MDBK) as shown in Figure 2. Specifically in MDA-MB-468
and MDBK cell viability decreases at 24 h p.i. and this effect
remains up to 72 h p.i.; U2OS cell viability decreases at 72 h p.
i. while in PC3 was observed an irregular trend, characterized
by a reduction of cell viability at 48 h p.i. follow by an increase
after 72 h infection; finally in HeLa cells the virus induces a
decrease of cell viability only at 24 h and 48 h. Whereas in
A549, HEL-299 and Vero cells we didn’t observe a statisti-
cally significant decrease in cell viability and conversely in
K562 the cell viability increases. These results, consistently

with the marked CPE observed, demonstrated that CpHV-1
has an oncolytic potential in all cancer cell lines analyzed,
except in A549 and K652 cells. This experiment, in addition,
allowed us to identify the MOI 2.5 as able to induce a 50%
reduction of vitality in most of the cell lines, so we used this
MOI 2.5 for the subsequent experiments.

Virus production and viral replication in neoplastic cell
lines

We next determined whether the cytotoxic effects were
correlated to a significant increase of viral production. So,
we infected human cancer cell lines with CpHV-1 and the
virus replication was evaluated by TCID50 assay. Moreover,
molecular characterisation of viral replication was per-
formed in human cancer cells by Real-time qRT-PCR.
Figure 3 shows a time course of virus yield, in supernatants
and cell-associated virus, following exposure to CpHV-1 for
24 h, 48 h and 72 h at a MOI 2.5. MDBK cell line was used
as control.

The acme of viral production was observed at 24 h post
infection in PC3, MDA-MB-468, U2OS, HeLa and MDBK cell
lines. No efficient viral replication in HEL-299, Vero and
A549 cell line was observed. Real-time qRT-PCR data con-
firmed virus titration assays, showing an analogous trend
in human cancer cells (data not shown).

CpHV-1 infection induces cell death in neoplastic cell lines

In order to elucidate the cell death mechanisms responsi-
ble for the cytopathic effect during CpHV-1 infection, we
evaluated through western blotting, the effect of the treat-
ment on molecular markers of apoptosis and autophagy,
such as Caspase 3, LC3II and p62. Caspase-3, a critical
executioner of apoptosis, as it is either partially or totally
responsible for the proteolytic cleavage of many key
proteins.24,25 Activation of caspase-3 requires proteolytic
processing of its inactive zymogen into activated p17 and
p12 fragments.26 These assays were performed only in
those cell lines in which a significant cytotoxic effect was
evidenced by the MTT test.

The cleavage of caspase 3 (12–17 kDa) was detected starting
from 12 h post infection in MDBK cells, and this effect persisted
for up to 48 hours. This scenario agrees with published data
demonstrating that, during viral infection, apoptosis can repre-
sent a mechanism for maximizing viral progeny, facilitating the
virus release from infected cells,27 Figure 4,A/C). In U2OS cells,
Caspase 3 cleavage was detected after 12 h while in PC3 after
24 h (Figure 4,A/B). In MDA-MD−468 cleaved Caspase 3 was
weakly detected at 24 h p.i and this fragment increased at 48 h p.
i. (Figure 4 B/C). Conversely, Caspase 3 activation was not
detected in Hela and A549 cells.

To better characterized the CpHV-1 ability to induce apop-
tosis in these cell lines we performed also an Annexin V
cytofluorimetric assay upon 24 h post infection at the MOI
2.5. As expected, CpHV-1 induced apoptosis in all cell lines in
which we previously detected caspase 3 cleavage and a
decrease of cell viability (Figure 4D).

Table 1. In vitro cytotoxicity of CpHV-1 in normal, immortalized and neoplastic
cell lines from different origins: +++ indicates very permissive cells, in which
more than 50% CPE was seen; ++ indicates a moderately permissive cell type, in
which 50% CPE was seen; + indicates a cell type that is not very permissive, in
which less than 50% CPE was seen; -indicates a non-permissive cell type in
which no CPE was observed at MOI between 0.5 – 10.

Cell Line Cell State Cell Type
CPE
24 h

CPE
48 h

HEL-299 Normal Embryonic Lung fibroblast - -
Vero Normal Green Monkey Kidney - -
MDBK Normal Bovine Kidney +++ +++
PC3 Adenocarcinoma Bone metastatis of prostate

origin
++ ++

MDA-MB-
468

Adenocarcinoma Adult Breast ++ ++

U2OS Osteosarcoma Bone sarcoma ++ ++
HeLa Immortalized Cervix Adenocarcinoma +++ +++
A549 Carcinoma Adult lung + +
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Finally, we investigated the activation of autophagic flow
by analysis of conversion of LC3I to LC3II and the contem-
porary reduction of protein p62. The increase of LC3II, with a
reduction of p62 were observed in U2OS cell line at 12 h p.i.,
and surprisingly in A549 cell lines at 48 h p.i. The other cell
lines didn’t show typical markers of autophagy (Figure 5).

Discussion

Neoplastic cells, to multiply indefinitely, have developed
mechanisms of apoptosis inhibition and immune system
evasion,28,29 moreover, they often present defects in host anti-
viral response pathways, mainly the interferon pathway, which

Figure 2. Dose–response curve of human cancer cell lines infected with different MOI of CpHV-1 at different times p.i.. MTT test was performed at different hours
post infection and the absorbance assayed as described in the Materials and Methods Section. Data are presented as a percentage of the cell viability calculated
respect to control and results are expressed as the mean ± SD of three independent experiments performed in duplicate. Statistical differences between control and
CpHV-1 infected groups were evaluated by one-way analysis of Variance (ANOVA), followed by Turkey’s post-test and indicated by probability P. *P < 0.05,
**P < 0.01, and ***P < 0.001. The SD was calculated on the raw data and expressed as a percentage.

46 S. MONTAGNARO ET AL.



makes these cells unable to efficiently fight and suppress viral
replication. Several oncolytic viruses have been shown to repli-
cate preferentially in cancer cells.30,31 Oncolytic viruses display
natural attitude to infect and destroy neoplastic cells, leaving
surrounding cells unharmed. Oncolytic viruses show several
benefits over classical cancer therapies, such as the safety, the
ability of oncolytic viruses to act as tumour vaccines and to
work in synergy with conventional cancer therapy.2,29,32,33

Animal oncolytic viruses show many advantages respect to
human vectors, like the incapacity to induce disease in humans
and the lack of pre-existing immunity.28,34 Thus, in the present
study, we investigated the CpHV-1 oncolytic potential in a
panel of human cancer cells. First of all, we demonstrated
that CpHV-1 is able to induce CPE in PC3, MDA-MB-468,
U2OS and HeLa cell lines, otherwise, a higher MOI is needed to
induce CPE in the A549 cells.No CPE effects were observed in
HEL-299, Vero and K562 cells, suggesting that these cell
lines were characterized by low permissiveness to CpHV-1
infection, probably due to the inability of the virus to enter
these cell lines, similarly to what has been shown with other
oncolytic viruses which preferentially replicate in cancer
cells.10,11,29,30 The same trend was observed in cytotoxicity
assay experiments.

Virus growth assays demonstrated that CpHV-1 grows in
cancer cell lines with a higher titer in PC3, MDA-MB-468,
HeLa, U2OS but not in A549 cell lines. These data confirmed
that a reduction in viability corresponded to an increase in viral
replication, suggesting the permissiveness of infected cell lines.

These results support the data reported in previous studies,
which demonstrated the permissiveness of PC3, U2OS and
MDA-MB-468 cell lines to oncolytic BoHV-1,2 a genetically
related alphaherpesvirus. Several other Herpesviruses have
been evaluated as oncolytic viruses, enclosing HSV-1,35

BoHV-12 and Bovine Herpesvirus 4 (a Gammaherpesvirus
of the genus Rhadinovirus).36,37 Given the genetic similarity
between BoHV-1 and CpHV-1, we believe that CpHV-1 could
offer advantageous properties that make it a potential candi-
date as an anticancer agent. CpHV-1 is a non-pathogenic
virus for humans but seems to be able to replicate, with the
production of viral progeny, and kill different human cancer
cell lines.

CpHV-1 has a brief replicative cycle which results in the
death of infected cells, so it easily grows at high titers.
Another interesting aspect of CpHV-1 for oncolytic virother-
apy is the absence of pre-existing immunity against the virus
in most of the human population. This would consent the

Figure 3. Time course of virus production in Human cancer cell lines infected with CpHV-1. Virus production was titrated at 24 h, 48 h and 72 h after infection with
CpHV-1 at a MOI. of 2.5. Results are expressed as Mean ± SD of three independent experiments performed in duplicate.
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entry of CpHV-1 into cancer cells and subsequent replication
and spread of the virus that would not be delayed by pre-
existing antibodies or memory cytotoxic T cells. Furthermore,
CpHV-1 is a large virus and therefore has a wide packaging
capacity, this feature would allow the relatively easy insertion
of therapeutic genes that could be useful for increasing the
oncolytic or selective properties of this viral vector.

In our experiments, in order to elucidate the mechanism of
cell death involved in the CpHV-1 oncolytic activity, we have
investigated the ability to induce apoptosis. Our experiments
have demonstrated the activation of apoptotic process in
MDA-MB-468, in U2OS and in PC3 dell lines. These results
are in accordance with the decrease of viability and the high
viral titers in these cell lines, confirming the ability of the
virus to induce apoptosis. This is consistent with our previous
studies, which demonstrated that CpHV-1 during lytic cycle
exert its replicative potential inducing apoptosis in ruminant
epithelial cells, in peripheral blood mononuclear cells and in a

murine neuroblastoma cell line16,17 and agree with the results
obtained by Cardoso et al.,15 who has demonstrated that
oncolytic potential of BoHV-1 is mediated by apoptosis
induction in glial-derived tumour cell cultures.

As expected, we did not observe the activation of apoptotic
process in A549 and this aspect is consistent with the increase of
cell viability and the weak viral yield observed in these CpHV-1
infected cells. In HeLa cells, we didn’t observe significant caspase
3 activations, despite the relatively high viral titer detected.

As far as concern the modulation of the autophagy markers,
we observed in U2OS and surprisingly also in A549 cells an
accumulation of the autophagosome-associated form of LC3,
and depletion of p62/SQSTM1 polyubiquitin binding protein
asa marker of autophagy flow activation after CpHV-1
infection.38 Our result agrees with other studies about modula-
tion of autophagy by herpesviruses. In fact, Takahashi et al.,39

have demonstrated that VZV infections induce autophagy in a
permissive cancer cells line at late stage of infection with

Figure 4. CpHV-1 infection induces apoptosis in neoplastic cell lines. Panel A-C: Western blotting analysis of Caspase and Cleaved caspase 3 levels in MDBK, PC3,
MDA-MB-468, U2OS, Hela and A549 cells were performed after mock infection or infection with CpHV-1 at MOI 2.5, at 12 h (panel A), 24 h (panel B) and 48 h (panel
C) p.i.. β-Actin were used as a loading control. Band densitometry values indicate caspase 3 and cleaved caspase 3 levels normalized to β-Actin levels. Panel D:
Annexin V apoptosis analysis. MDBK, PC3, MDA-MB-468 and U2Os cells were infected with CpHV-1 virus and after 24 h analyzed by annexin-V assay. The graphs
(panel D) show the percentages of early apoptosis (population of cells positive for annexin-V staining) and late apoptosis/necrosis (population of cells positive for
both annexin-V and propidium iodide staining).
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depletion of p62. It was also demonstrated that HSV-1 infec-
tion induces autophagy in macrophage40 and our previous
study demonstrated that BoHV-4 is able to induce autophagy
in a permissive cell line.41

Autophagy defends host cells against viral injury by destroy-
ing the viruses in autolysosomes, or by activating the immune
system and loading viral components onto endosomal sensors
such as TLRs.42 In fact, Liang et al.43 suggested that, in some
instances, autophagy may produce harmful effects on viral
pathogenesis during Sindbis virus infection, and autophagy
limits replication of the tobacco mosaic virus.44

On the other hand, viral modulation of autophagy in some
circumstances is useful for viral replication, in fact it could
facilitates viral spread and protect the viral progeny by cellular
defence mechanisms.45,46 Thus, while acting as antiviral defence
tool, autophagy could be also subverted by several viruses to
increase viral replication.47 Currently, is not possible to clarify if
autophagic modulation during CpHV-1 infection in U2OS and

A549 cell lines may be considered as a defence mechanism
against viral injury or a strategy to increase viral survival, this
issue is currently under investigation in our laboratory.

It has been demonstrated that autophagy play a protective
role against neoplastic disease48 and deregulation of autophagy is
often implicated in several human diseases including cancers.
Several studies have shown that tumor cells are defective in
autophagy and/or apoptosis pathway.49 Autophagy-defective
tumor cells also showed severe genome damage with stress,
suggesting that the attenuation of damage by autophagy is a
cell mechanism of tumorsuppression.50 It has been shown by
Li et al.,51 that agenetically modified adenovirus expressing
Beclin-1 gene increase the efficacy of anticancer drugs in multi-
drug-resistant leukaemia cell lines. Such evidences taken
together with our results suggest that modulation of autophagic
cell death pathway by CpHV-1 may represent a promising
approach for gene virotherapy, used alone or associated with
conventional cancer chemotherapy to revert drugs resistance.

Figure 5. Evaluation of autophagy markers in neoplastic cell lines after CpHV-1 infection. Western blotting analysis of LC3I, LC3II and p62 levels in MDBK, PC3, MDA-
MB-468, U2OS, Hela and A549 cells were performed after mock infection or infection with CpHV-1 at MOI 2.5, at 12 h (panel A), 24 h (panel B) and 48 h (panel C) p.i..
β-Actin were used as a loading control. Band densitometry values indicate LC3I, LC3II and p62 levels normalized to β-Actin levels.
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Several aspects of the CpHV-1-mediated cell death in neo-
plastic cells reported herein need to be addressed with further
studies. In particular, the activation of intrinsic or extrinsic
pathway of apoptosis, the role of interferon pathway in
CpHV-1 infection and the mechanism responsible for induction
of autophagy in CpHV-1 infection remains to be identified.
These issues are currently under investigation in our laboratory.

Overall, our findings showed that CpHV-1 replicates and
decreases the viability of several human cancer cells; further-
more, it induces apoptosis and the activation of autophagic
pathway and it could represent a new candidate for the
oncolytic virus immunotherapy.
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