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Abstract
Oncolytic viruses have been extensively used in cancer treatment due to their tropism, selective replication only in tumor cells, 
and possible synergic interaction with other therapeutics. Different researchers have demonstrated that bovine herpesvirus 
4 (BoHV-4), a member of the gammaherpesviridae family, has oncolytic potential in some human-origin cancer cell lines 
like glioma through the selective replication strategy. Using four apoptosis detection methods, namely MTT, LDH, TUNEL, 
and Annexin V assays, we evaluated the apoptotic effect of BoHV-4 Movar33/63 reference strain along with a recombinant 
BoHV-4 expressing EGFP in U87 MG cells (human glioblastoma cell line), MDA MB-231 (human breast cancer cell line), 
and MCF10a (non-tumorigenic human mammary epithelial cell line). Our findings indicate that this virus can replicate and 
induce apoptosis in these cell lines and hinder in vitro proliferation in a dose-dependent manner. In conclusion, BoHV-4 has 
in vitro potential as a novel oncolytic virus in human cancer therapy. However, its replication potential in the MCF10a cells 
as a non-tumorigenic human mammary epithelial cell line is a concern in using this virus in cancer therapy, at least against 
human mammary tumors. Further studies must therefore be conducted to examine the specific apoptotic pathways induced 
by this virus to move on to further experiments.
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Introduction

In recent years, oncolytic viruses have offered a new thera-
peutic tool to fight different kinds of cancers in both in vitro 
and in vivo experiments. These viruses can be used in a 
wild or recombinant form to express the oncolytic proteins 

derived from viral genes or foreign DNAs, which are 
involved in different oncolytic pathways [1].

Various mammalian viruses and their recombinant forms 
have been categorized in the oncolytic virus groups, includ-
ing adenoviruses, poxviruses, HSV-1, coxsackieviruses, 
poliovirus, measles virus, Newcastle disease virus (NDV), 
and reovirus. Their main advantage is their specificity in 
targeting cancer cells rather than healthy ones [2].
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Bovine herpesvirus 4 (BoHV-4) is a member of the 
Rhadinovirus genus and gammaherpesvirinae subfamily. 
Although this virus has a worldwide distribution in cattle 
[3], no studies have yet demonstrated a relationship between 
infection and clinical signs in infected animals [4]. There is 
also no clear evidence that it can infect humans [6].

In laboratory experiments, BoHV-4 shows the potential 
to replicate and have cytopathologic effects (CPE) in a broad 
range of primary established cell culture systems [5]. Sev-
eral features make this virus a potential candidate for gene 
transfer in vaccination and cancer therapy. First, unlike other 
gammaherpesviruses, no signs of transformation have been 
documented in the infected cells. Second, this virus has a 
less complex genome than other herpesviruses, which makes 
its manipulation easier [6]. Third, BoHV-4 can remain per-
sistent in monocytes and macrophages in the natural host, 
which can be considered as a positive sign in eliminating the 
need for the booster dose [7, 8]. Fourth, in contrast to other 
gammaherpesviruses, BoHV-4 can replicate in different cell 
lines, especially human originated tumorigenic cells [9]. To 
prove its tumorigenic potential, one study demonstrated its 
selective replication in glioma cells of the rat model [10] 
while its replication has been proven in several human car-
cinoma cell lines in vitro, including Human OVCAR-3 ovary 
adenocarcinoma and A549 lung carcinoma cells [9].

In the present study, we evaluated the replication and 
apoptosis potential of Movar33/63 as the European reference 
strain of BoHV-4 and a recombinant BoHV4-loxp-BAC-
CMV-EGFP-loxp in U87 MG cells (human glioblastoma 
cell line), MDA MB-231 (human breast cancer cell line), 
and MCF10a (non-tumorigenic human mammary epithelial 
cell line). MCF10a cell lines were included to determine the 
virus’s replication potential non-tumorigenic human mam-
mary epithelial cells.

Materials and methods

Viruses and cells

Three cell lines used in this study were MDA-MB 
231(ATCC​® HTB-26™; Human Mammary Carcinoma), 
U87 MG (ATCC​® HTB-14™; Uppsala 87 Malignant Gli-
oma), and MCF10a (ATCC​® CRL-10317™; normal-like 
breast epithelial cell line). MDA-MB 231 and MCF-10a 
cells were maintained in ATCC-formulated Leibovitz’s 
L-15 Medium and MEBM (Lonza/Clonetics Corporation, 
MEGM, and Kit Catalog No. CC3150), respectively. For 
the U87 MG cells, we used EMEM media (Sigma, USA). 
The media of all three cells were supplemented by 10% fetal 
bovine serum (FBS) (Biological Industries, Israel), 2 mM 
L-glutamine (Biological Industries, Israel), 100 U penicillin, 
and 0.1 mg/ml streptomycin (Biological Industries, Israel) 

for cell maintenance. To conduct the TCID50 assay, Madin 
Darby bovine kidney (MDBK) cells were cultured in DMEM 
medium. All the cells were obtained from the cell culture 
stock of the Virology Department of Ankara University, 
Ankara, Turkey, tested for Mycoplasma contamination by 
103 EZ-PCR Mycoplasma Test Kit (Biological Industries, 
Kibbutz Beit-Haemek, Israel), and subcultured at a ratio of 
1:2 to 1:4 twice a week. The BoHV-4 Movar33/63 reference 
strain and BoHV4-loxp-BAC-CMV-EGFP-loxp viruses were 
provided from the same department’s virus collection. The 
BoHV4-loxp-BAC-CMV-EGFP-loxp virus was created by 
inserting the BAC-CMV-EGFP cassette between the ORF2 
(Bo2) and ORF3 (Bo3) genes of the Movar33/63 strain via 
in vitro homologous recombination as previously described 
[11, 12].

Virus inoculation

For virus inoculations, the cells were cultured in 6-well 
plates for 24 h before inoculation with Movar33/63 and 
BoHV4-loxp-BAC-CMV-EGFP-loxp viruses at different 
moi. Briefly, the media were removed, the cells were washed 
by 1 × PBS, the diluted viruses were added in a total vol-
ume of 500 µl, and the cells were incubated at 37 °C for 
1 h with frequent shaking every 15 min. The virus was then 
removed before adding cell-specific media supplemented by 
1% FBS. The infected cells were then observed for 72–92 h 
to determine virus proliferation based on green fluorescence 
protein (GFP) expression and cytopathic effects (CPEs) for 
BoHV4-loxp-BAC-CMV-EGFP-loxp and presence of CPEs 
for Movar33/63.

Annexin V‑FITC/PI staining (Movar 33/63 infected 
cells)

Movar33/63 infected MDA MB-231, MCF10a, and U87 MG 
cells were collected 72 h post-infection and apoptosis assay 
was performed using Annexin V-FITC kit (Finetest, China) 
as described previously [13]. Briefly, the infected cells were 
scraped and suspended in 400 µl of Annexin binding buffer 
before adding Annexin V-FITC and propidium iodide (PI). 
The cells were incubated at room temperature for 10 min 
in darkness before being visualized under a fluorescence 
microscope (Axio Vert A1 Microscope, Ziess, Germany).

TUNEL assay (Movar 33/63 infected cells)

For in  situ apoptosis detection in Movar33/63 infected 
cells, we conducted TUNEL assay using ApopTag In situ 
Apoptosis Detection Kit (Chemicon International, USA) as 
described previously [14]. Briefly, 72 h after Movar33/63 
inoculation of each of the cells cultured on glass slides, 1% 
paraformaldehyde (ThermoScientific, USA) was used to 
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fix the cells before post-fixation step using ethanol-acetic 
acid solution. Then, 2:1 ratio of equilibration buffer and 
working strength TdT enzyme was added to the cells before 
incubating them for 1 h at 37 °C. Finally, the reaction was 
stopped by adding the stop solution, the cells were mounted 
with SlowFade Gold Antifade Mountant (ThermoScientific, 
USA) containing propidium iodide, and visualized under a 
fluorescence microscope (Axio Vert A1 Microscope, Ziess, 
Germany).

LDH assay

Movar33/63 and BoHV4-loxp-BAC-CMV-EGFP-loxp 
viruses were inoculated at moi of 0.1, 1, 10, and 100 to 
evaluate cytotoxicity effects in MDA MB-231, MCF10a, 
and U87 MG cells at 90% confluency. LDH assay (Pierce 
LDH Cytotoxicity Assay Kit; ThermoFisher, USA) was per-
formed 72 h post inoculation in 96-well plates as previously 
described [15].

Each reaction was done in triplicate. Seventy-two hours 
after virus inoculation, 10 × lysis buffer was added to Maxi-
mum LDH Activity Control triple wells, and the cells incu-
bated at 37 °C for 45 min. To perform the assay, 50 µl of 
the medium from all wells was transferred to a new 96-well 
plate and mixed with an equal amount of reaction buffer. 
The plate was incubated at room temperature for 30 min in 
the dark before the reaction was stopped using stop solution 
and read at 490 nm by an ELISA reader (Titertek Multiskan, 
Finland).

MTT assay

MDA MB-231, MCF10a, and U87 MG cells at 90% conflu-
ency were infected by Movar33/63 and BoHV4-loxp-BAC-
CMV-EGFP-loxp viruses at moi of 0.1, 1, 10, and 100. The 
MTT assay (Vybrant® MTT Cell Proliferation Assay Kit; 
ThermoFisher, USA) was conducted 72 h post-inoculation 
in a 96-well plate as previously described [16].

All the experiments were done in triplicate. Briefly, 10 µl 
of 12 mM MTT stock solution was added to each well, which 
were incubated for 4 h at 37 °C/5% CO2 before adding 100 µl 
of SDS-HCl solution to each well. After incubation for 16 h 
at 37 °C, the plate was read at 570 nm by an ELISA reader 
(Titertek Multiskan, Finland).

Virus titration assay

To determine the virus titer produced from MDA MB-231, 
MCF10a, and U87 MG cells, Movar33/63 and BoHV4-loxp-
BAC-CMV-EGFP-loxp viruses were inoculated at moi of 
0.1 in T25 cell culture flasks containing each cell at 90% 
confluency. The viruses were collected 96 h post-infection 
and subjected to virus titration assay in a 96-well plate. The 

titers were calculated by TCID50 method [17]. Briefly, the 
viruses were serially diluted (log2) and added to MDBK 
cells. Each experiment was repeated four times. After 1 h 
of virus adsorption at 37 °C / 5% CO2, virus growth media 
containing 1% FBS was added to the infected cells, which 
were further incubated for 5 days to develop the complete 
CPEs in the virus control wells.

Statistical analysis

The data were analyzed by SPSS 18 using the homogene-
ity of variances test as well as multiple comparisons and 
ANOVA tests. A p value of 0.05 was considered statistically 
significant. Each data point represents the mean ± SD of a 
triplicate.

Results

Virus proliferation

After virus inoculation at a moi of 0.1, cytopathic effects 
(CPE) were initially detected in infected cells after 24 h 
before peaking at 72 h post infection. CPEs were observed 
as detached and rounding cells in both Movar33/63 and 
BoHV4-loxp-BAC-CMV-EGFP-loxp viruses. In addi-
tion to CPEs, the expression of green fluorescence protein 
(GFP) was detected in BoHV4-loxp-BAC-CMV-EGFP-
loxp infected cells with the same pattern described for 
CPE. Movar33/63`s CPE was documented in MCF10a 
(Fig. 1a), MDA MB-231 (Fig. 1e), and U87 MG (Fig. 1i) 
cells at 72  h post infection. We also demonstrated the 
replication of BoHV4-loxp-BAC-CMV-EGFP-loxp in 
MCF10a (Fig. 1b, c), MDA MB-231 (Fig. 1f–g), and U87 
MG (Fig. 1j, k) cells. Interestingly, viral CPEs which are 
caused by both Movar33/63 and BoHV4-loxp-BAC-CMV-
EGFP-loxp in U87 MG cells were not detected until day 
2, which was slower than for MDA MB-231 and MCF10a. 
Generally, CPEs in U87 MG were restricted to morphology 
changes and not detached cells. MDA MB-231 and MCF10a 
cells showed cell detachment and cloudy media 48 h post 
inoculation.

Annexin V‑FITC assay

Apoptotic and necrotic cells were detected in the 
Movar33/63 infected MCF10a (Fig. 2a), MDA MB-231 
(Fig. 2b), and U87 MG (Fig. 2c) cells at 72 h post infection.

TUNEL assay

Movar33/63 caused apoptosis in MCF10a (Fig. 2d), MDA 
MB-231 (Fig. 2e), and U87 MG (Fig. 2f) cells 72 h post 
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inoculation based on detection of TUNEL + cells among 
infected cells.

MTT assay

U87 MG, MDA MB-231, and MCF10a cells were inocu-
lated at moi 0.1, 1, 10, and 100 and incubated for 72 h to 
perform MTT assay. In U87 MG cells, both viruses had 
the potential to hinder cell proliferation in vitro in different 
doses (Fig. 3a). At moi 0.1 and 1, BoHV4-loxp-BAC-CMV-
EGFP-loxp virus was more lytic than the Movar33/63 strain 
at the same moi, although the difference was not significant. 
Analysis of MDA MB-231(Fig. 3b) and MCF10a (Fig. 3c) 
cells also demonstrated that both viruses interfered with 
cell proliferation at different moi. However, Movar33/63 
was more infectious than BoHV4-loxp-BAC-CMV-EGFP-
loxp in these 2 cells. In all three cells, the proliferation rate 
decreased in a dose-dependent manner, with moi 100 having 
the lowest rate of the viral titers.

LDH assay

Lactate dehydrogenase levels were analyzed 72 h after 
virus inoculation at four different moi (0.1, 1, 10, and 
100). In U87 MG cells, both viruses caused significant 
dose-dependent cytotoxicity compared to mock-infected 
cells while the highest rate was at moi 100. In this cells, 
Movar 33/63 caused a slightly higher amount of cytotox-
icity in 0.1 and 100 moi. In 1 and 10 moi, the difference 
between two viruses are not significant and is almost at 
the same levels (Fig.  3d). Both viruses had relatively 
high toxic effects on MDA MB-231 and MCF10a cells. 
In MCF10a cells, BoHV4-loxp-BAC-CMV-EGFP-loxp 
virus has slightly more cytotoxic effect in moi of 1 and 10 
(Fig. 3f). On the other hand, Movar33/63 is more toxic in 
moi of 0.1, 1, and 10 in MDA MB-231 cells in comparison 
to BoHV4-loxp-BAC-CMV-EGFP-loxp virus (Fig. 3e). 
The mock-infected cells showed no cytotoxicity in this 
experiment.

Fig. 1   Cytopathic effects in Movar33/63 and BoHV4-loxp-BAC-
CMV-EGFP-loxp infected MDA MB-231, MCF10a, and U87 MG 
cells. To evaluate virus proliferation, we inoculated the cells with 
0.1 moi of Movar33/63 and BoHV4-loxp-BAC-CMV-EGFP-loxp. 
CPEs were fully detected after 72 h. EGFP expression in the infected 
MCF10a (a fluorescence and b phase contrast), MDA MB-231 (e 

fluorescence and f phase contrast), and U87 MG i fluorescence and 
j phase contrast) cells was considered as demonstrating virus repli-
cation potential in the cells. Movar33/63 strain also caused massive 
CPEs in MCF10a (c), MDA MB-231 (g), and U87 MG (k) cells 
according to morphological changes. Mock infected cells included 
MCF10a (d), MDA MB-231 (h), and U87 MG (l) cells
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TCID50 assay

Both viruses replicated in MDA MB-231, MCF10a, and 
U87 MG cells and developed CPEs. Collected BoHV4-loxp-
BAC-CMV-EGFP-loxp from all three cells showed a higher 
titer in MDBK cells than the reference Movar33/63. For both 
viruses, the highest titer was obtained from MDA MB-231 
infected cells whereas the lowest titer was from U87 MG 
infected cells (Fig. 4).

Discussion

Oncolytic viruses are classified into two main groups of 
natural and recombinant viruses. Genetically modified viral 
vectors have been designed to transfer oncolytic and onco-
suppressor genes, such as wild-type p53 tumor suppressor 
and human granulocyte–macrophage colony-stimulating fac-
tor (GM-CSF) genes. These kinds of viral vectors also have 
the potential to improve antitumor immunity induction [18, 
19]. On the other hand, some wild type viruses have onco-
lytic potential to selectively replicate in transformed cells 

without damaging normal tissues [20]. The best example of 
this group are reoviruses, which only replicate in cells with 
an activated Ras signaling pathway and specifically target 
Ras‐activated cancer cells [21–24].

BoHV-4 is a member of gammaherpesvirinae subfam-
ily, which was previously demonstrated to be an oncolytic 
virus that can only replicate in certain human and animal 
tumorigenic cells [5]. In vitro experiments show that this 
virus has no potential to infect non-tumorigenic human cell 
lines, except for two embryonic lung cell lines: MRC-5 and 
Wistar-38. In lung carcinoma and ovary adenocarcinoma 
cells, the apoptosis potential of BoHV-4 virus relies on 
immediate-early and/or early gene expression in vitro [5, 
9]. This virus carries a gene that expresses a protein that 
inhibits Fas- and TNFR1-induced apoptosis by interacting 
with caspase-8 [25].

Gliomas are the most frequent primary tumors of the 
central nervous system. Because they can repair their dam-
aged DNA, there are currently no therapeutic agents avail-
able [26]. These tumors comprise both neoplastic and non-
neoplastic cells. The main non-neoplastic cells in the glioma 
environment are tumor-associated macrophages (TAMs), 

Fig. 2   Annexin V and TUNEL assay in MDA MB-231, MCF10a 
and U87 MG cells at 72  h post infection by Movar33/63 virus. 
Movar33/63 caused apoptosis in MCF10a (a), MDA MB-231 (b), and 
U87 MG (c) cells based on Annexin V assay. Apoptotic and necrotic 

cells are represented by blue and red arrays in the infected cells, 
respectively. Apoptosis was also detected in Movar33/63 infected 
MCF10a (d), MDA MB-231 (e), and U87 MG (f) cells 72  h post 
inoculation when examined by TUNEL assay



36	 Virus Genes (2021) 57:31–39

1 3

Fig. 3   a MTT assay in U87 MG cells: based on the MTT assay, both 
viruses impeded cell proliferation in a dose-dependent manner. b 
MTT assay in MCF10a cells: Movar33/63 and BoHV4-loxp-BAC-
CMV-EGFP-loxp hindered cell proliferation. There was no significant 
difference between the two viruses. c MTT assay in MDA MB-231 
cells: both viruses caused significantly more MTT responses than 
in mock-infected cells (p < 0.05). d LDH assay in U87 MG cells: 
based on LDH release, both viruses had clear dose-dependent cyto-

toxic effects in U87 MG cells. e LDH assay in MCF10a cells: both 
Movar33/63 and BoHV4-loxp-BAC-CMV-EGFP-loxp viruses had 
almost identical and significant cytotoxic effects at all moi compared 
to mock-infected cells (p < 0.05). f LDH assay in MDA MB-231 
cells: high cytotoxicity levels were documented in both viruses and 
in a titer-dependent way. All experimental tests were repeated three 
times, with the results shown as mean ± SD; *p < 0.05; **p < 0.01; 
***p < 0.001
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which originate from residual (CD45low) or recruited micro-
glia (CD45high). The majority of macrophages in glioma 
have a CD45high background [27]. Glioma treatment based 
on oncolytic viruses like HSV-1, modified human Ad5, and 
Newcastle viruses have attracted significant interest. Follow-
ing many previous glioma studies, we used U87 MG cells 
as the human glioblastoma cell model. The recent sequenc-
ing of the complete U87 MG genome revealed many indels, 
copy number variations, and translocations. In a previous 
attempt, the replication of recombinant BoHV-4 in rat F98 
glioma cells was documented both in vivo and in vitro [10].

The other innovation of the present study was to inves-
tigate the replication of BoHV-4 in a human breast cancer 
cell (MDA MB-231). Breast cancer remains one of the most 
common causes of cancer-related deaths in women. Cur-
rently, the main therapies include surgery, chemotherapy, 
and radiotherapy, which carry high risks while the metastatic 
characteristics of breast cancer remain a major concern [28]. 
Here, we used MDA MB-231 cells as the in vitro cancer 
model and MCF10a cells as the model of non-tumorigenic 
human breast epithelial cells.

To analyze the replication and apoptotic potential of 
BoHV-4, we used Movar33/63 (European) and BoHV4-
loxp-BAC-CMV-EGFP-loxp viruses. The BoHV4-loxp-
BAC-CMV-EGFP-loxp recombinant virus was created by 
inserting the loxp-BAC-CMV-EGFP-loxp cassette between 
the ORF2 and ORF3 genes of the Movar33/63 strain by 
in vitro homologous recombination to detect virus prolif-
eration in the infected cells by observing green fluorescence 
protein (GFP) expression [11, 12].

We showed that BoHV-4 virus can replicate in U87 
as a human glioblastoma model and MDA MB-231 as a 
human breast cancer model. These findings were achieved 
by detecting cytopathic effects and green fluorescence pro-
tein expression in the cells, which can be inferred as virus 
replication. One drawback of this experiment is that we did 
not use the virus specific promoter to drive the expression 

of the GFP in the infected cells. So, it is still a possibility 
that the GFP expression comes from cytomegalovirus pro-
moter independent from virus replication. However, our 
other data, especially from Movar 33/63, are demonstrat-
ing that these viruses can replicate in these cells. The next 
step will be to design a recombinant BoHV-4 which can 
express the marker gene from a virus specific promoter. 
Our data from MTT, LDH, TUNEL, and Annexin V assays 
also confirmed the presence of apoptosis, which can origi-
nate from virus replication. In contrast, we did not detect 
high levels of apoptosis in the mock-infected cells.

In addition to the direct oncolytic effect of BoHV-4 
virus on glioma cells, demonstrated both in this study and 
previous work, this virus can remain persistent in mac-
rophage and monocyte cells. This characteristic can be 
considered as offering an effective strategy to target glio-
blastomas as a macrophage enriched environment in vivo 
[29]. However, more experiments must be conducted, 
especially in vivo, to verify this claim.

The most important finding in our study is that BoHV-4 
replicated in MCF10a cells as a non-tumorigenic human 
breast epithelial cell line. Previous studies have demon-
strated that this virus cannot replicate in non-tumorigenic 
human cells [5, 6]. However, our results indicate a signifi-
cant toxicity rate in virus infected MCF10a cells. This was 
confirmed by both the developed CPE and the MTT and 
LDH assays. It will be essential to use the human primary 
cells to confirm all the data obtained in this experiment in 
the future studies.

In conclusion, we have demonstrated that BoHV-4 
virus has the potential to replicate and possibly modu-
late apoptosis in human glioblastoma and breast cancer 
cells. However, our study confirms that it can only be used 
against certain human cancers like gliomas. The next step 
will be to determine which apoptosis pathway is stimu-
lated by this virus in tumorigenic cells. It is also critical to 
determine the replication potential of this virus in primary 

Fig. 4   Titer determination of 
Movar33/63 and BoHV4-loxp-
BAC-CMV-EGFP-loxp viruses 
when collected from infected 
MDA MB-231, MCF10, and 
U87 MG cells by TCID50 assay 
in MDBK cells. MDA MB-231 
cells were more permissive to 
both viruses. In support of our 
other findings, the lowest titer 
was from U87 MG infected 
cells. All experimental tests 
were repeated four times; data 
are shown as mean ± SD
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human-originated cells to investigate its safety in future 
human trials.
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