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1 | INTRODUCTION

The incidence of breast cancer has increased rapidly worldwide over
the last few yearsl’2 and now ranks first as the most common form
of cancer in women.?

At present, the most common treatment for breast cancer is
still the combination of surgical treatment and chemotherapy.*®
Doxorubicin is the main chemotherapy drug in clinical treatment
of breast cancer. Adjuvant radiotherapy, chemotherapy, and endo-
crine and HER2-guided therapy are all clinical strategies that can
significantly reduce the risk of disease recurrence and improve the
overall survival rate of patients with breast cancer. However, the
non-targeted toxicity of chemotherapy can seriously affect the qual-
ity of life of patients and approximately 40% of patients will relapse
and die from metastasis.® In addition to chemotherapy and radio-
therapy, the endocrine drug tamoxifen has become an indispensable
clinical treatment for breast cancer. Although this drug has fewer
side effects, it also has significant limitations. Therefore, there is an
urgent need to find a drug with a strong inhibitory effect on the
growth of various breast cancers.

The clinical concept of using a virus to treat cancer began in the
mid-twentieth century. However, it was not until the 1990s that the
emergence of recombinant DNA technology and viral genome engi-
neering triggered a new wave of viral therapy. Viral therapy is a form
of cancer treatment that uses viruses as vectors in which genetic
engineering is used to modify the viruses themselves so that they
are more inclined to target cancer cells; these viruses also alert the
host's immune system to the presence of cancer. Viral therapy can
be divided into two main types: (1) the use of non-replicating viruses
as vectors for tumour gene therapy and (2) the use of replicating
viruses as oncolytic agents. The emergence of oncolytic adenovi-
ral therapy has led to a significant reduction in the side effects of
chemotherapy.4

There are many types of cell death, mainly divided into pro-
grammed cell death (apoptosis, necroptosis, pyroptosis, ferroptosis
and autophagy) and cell unprogrammed necrosis. Of these, apopto-
sis is the most widely studied. Identifying ways to increase apoptosis
and subsequent death in cancer cell death, thus inhibiting the pro-

gression of cancer, could provide a new concept for the treatment of

A

cancer. Apoptin is a protein that is derived from the chicken anae-
mia virus and can selectively kill a variety of cancer cells.® In tumour
cells, apoptin undergoes phosphorylation in the nucleus; however, in
normal cells, this process occurs in the cytoplasm.”

The transcription of human telomerase reverse transcriptase is a
major step in the regulation of telomerase activity. Telomerase activ-
ity is essential for cancer cells to maintain immortality. By interfering
with telomerase activity, it is possible to inhibit the growth of cancer
cells.

The recombinant adenoviruses (Ad-VT, Ad-T, Ad-VP3 and Mock)
constructed by our group are based on the RAPAd.| packaging sys-
tem (Figure 1). Ad-VT (Ad-Apoptin-hTERTp-E1A) includes a tumour-
specific promoter (\TERTp, human telomerase reverse transcriptase)
and the promoters of the E1A gene (necessary for viral replication),
cytomegalovirus (CMV) and promoters that can activate the apoptin
gene (Apoptin). Therefore, Ad-VT is a dual-specific oncolytic adeno-
virus that has the ability to specifically kill tumour cells and exerts
tumour-specific replication capability. Ad-T (Ad-hTERTp-E1A), Ad-
VP3 (Ad-CMV-Apoptin) and Ad-Mock are all viruses that can be used
as controls. These four recombinant oncolytic adenoviruses have
been confirmed in previous studies to have strong inhibitory effects
on the growth of lung cancer, prostate cancer and liver cancer.8?

Bioluminescent imaging in vivo is a highly useful visualization
technique that can be used to track cells and analyse tissue activ-
ity and gene behaviour in vivo.'° Bioluminescence imaging in vivo
is characterized by light scattering and is associated with a unique
imaging advantage“; since there is almost no endogenous lumines-
cence in tissues and cells, the endogenous signal-to-noise ratio is
low; therefore, background interference can be effectively elim-
inated, and the bioluminescence signal can be clearly observed in
complex organisms.

The establishment of a luciferase-labelled animal tumour model
would provide intuitive, real-time and continuous monitoring of the
growth and metastasis of different tumour models with the aid of a
live animal imaging system. This type of system could detect very
slight changes over time, thus providing an ideal animal model for
the more intuitive evaluation of the efficacy of anticancer drugs. In
this study, we aimed to construct a luciferase-labelled human breast

cancer cell line that could more intuitively and continuously detect
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FIGURE 1 Schematic diagram of four recombinant adenovirus vectors constructed using shuttle vectors in our laboratory: (A) MOCK, (B)
Ad-Apoptin (Ad-VP3), (C) Ad-hTERTp-Ela (Ad-T) and (D) Ad-Apoptin-hTERTp-E1a (Ad-VT)
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the effect of anticancer drugs on the inhibition of tumour growth
in vivo.

In this study, we investigated the inhibitory effect of recombi-
nant oncolytic adenovirus Ad-VT on two human breast cancer cell
lines (MCF-7 and MDA-MB-231). The characteristics of recombinant
oncolytic adenovirus therapy, traditional chemotherapy and endo-
crine therapy were also compared. Using luciferase-labelled human
breast cancer lines (MCF-7 Luc and MDA-MB-231 Luc), we estab-
lished a luciferase-labelled tumour model in nude mice and further
explored the feasibility of gene therapy for breast cancer. Our inten-
tion was to provide preliminary evidence for the future application
of combinations of oncolytic adenoviruses with chemotherapy drugs
for the treatment of breast cancer.

2 | MATERIALS AND METHODS

2.1 | Human breast cancer cell lines, oncolytic
adenovirus, drugs and animals

Two human breast cancer cell lines (MCF-7 and MD-MB-231)
were purchased from the Cell Bank of the Shanghai Institute for
Biological Science (Shanghai, China). Frozen normal mammary
epithelial MCF-10A cells were obtained from the Changchun
Veterinary Research Institute. MCF-7 cells were cultured in RPMI
1640 basic medium containing 10% foetal bovine serum, 50U/
ml penicillin and 50U/ml streptomycin at 37°C with 5% CO,.
MDA-MB-231 cells were cultured in DMEM basic medium con-
tainingl0% foetal bovine serum, 50U/ml penicillin and 50U/
ml streptomycin medium at 37°C with 5% CO,. MCF-10A cells
were cultured in DMEM basic medium containing 10% foetal
bovine serum, 100 U/ml penicillin and 100 U/ml streptomycin at
37°C with 5% CO,. Foetal bovine serum, RPMI 1640 basic me-
dium and DMEM basic medium were purchased from Thermo
Fisher Scientific. Penicillin and streptomycin were purchased
from HyClone GE Healthcare Life Sciences. The four recombi-
nant adenoviruses (MOCK, Ad-VP3, Ad-T and Ad-VT) were pro-
vided by our group. Doxorubicin and tamoxifen were purchased
from Sigma-Aldrich, USA. Doxorubicin stock solution (10 mg/
ml) was diluted with culture medium to concentrations of 50 g/
ml (86 umol/L), 5 pg/ml (8.6 pmol/L), 0.5 pg/ml (0.86 pmol/L) and
0.05pg/ml (0.086 pmol/L). Tamoxifen stock solution (10 mmol/L)
was diluted with culture medium to concentrations of 25, 20, 15
and 10 pmol/L. Female nude mice aged 4-5 weeks were purchased
from Beijing Vital River Laboratory Animal Technology Co. Ltd. The
animal experimental protocols were approved by the Institutional
Animal Care and Use Committee of the Changchun University of
Chinese Medicine. The cages for rearing SPF grade BALB/c female
nude mice were cleaned, sterilized and high pressured. We used
SPF grade sterilized rat chow and litter, and autoclaved the water
given to the nude mice. The rearing environment was a sterile,
constant temperature and humidity animal room, and the animals

were reared adaptively for 10 days before tumour bearing.

2.2 | Measurement of cell viability

2.21 | WST-1 assays

MCF-7, MDA-MB-231 and MCF-10A cells undergoing logarithmic
growth were cultured in a 96-well plate at a density of 5 x 10° cells/
well with 100l of culture medium per well. Cells were cultured for
24hin a 5% CO, incubator; then, the three cell types were infected
with four recombinant oncolytic adenoviruses (MOCK, Ad-VP3,
Ad-T and Ad-VT) at 100 and 200 MOI, respectively. Two other 96-
well plates, with the same cell density, were also prepared. The cells
in these plates received doxorubicin (0.05, 0.5, 5 and 50 ug/ml) and
tamoxifen (10, 15, 20 and 25 pmol/L). Each group was reproduced in
triplicate. The cells (including those undergoing viral infection and
drug administration) were cultured in a 5% CO, incubator at 37°C
for 24, 48, 72 and 96 h. Prior to detection, the cell proliferation rea-
gent WST-1 (Sigma-Aldrich, USA) was added to each well; cells were
then cultured in the dark for 90min in a 5% CO, incubator at 37°C.
Control wells were treated in the same manner. The absorbance
value of each well was measured at 490nm using an Infinite 200
multifunctional microplate reader (Tecan Trading AG, Switzerland)
(Figure 2), and the cell proliferation inhibition rate was calculated
according to the following formula: cell proliferation inhibition ratio
(%) = (control well absorbance value A-treated well absorbance

value A)/control well absorbance value Ax 100%.

2.3 | Detection of apoptosis

2.3.1 | Hoechst staining

The slides were placed in a 6-well plate to prepare monolayers of
MCF-7 and MDA-MB-231 cells at a cell density of 2.5 x10° cells/
well. MCF-7 and MDA-MB-231 cells were then infected with 100
MOI of recombinant oncolytic adenovirus (MOCK, Ad-VP3, Ad-T
and Ad-VT). We also prepared 6-well plates containing the same cell
density for the administration of doxorubicin (0.05, 0.5 and 5 pg/
ml) and tamoxifen (10, 15 and 20pmol/L) for 24, 48 and 72h. At
the end of incubation, the culture medium was discarded and 1 ml
of Hoechst (Life Technologies, USA) staining solution (diluted to
1:1000) was added to each well. Cells were then cultured in the dark
ina 5% CO, incubator at 37°C for 8 min. After incubation, the work-
ing solution was discarded, and the cells were washed twice with
PBS. Culture medium was then added, and the slides were analysed
by fluorescence microscopy (BX-60, Olympus, Tokyo, Japan) (excita-
tion filter wavelength: 355 nm; block filter wavelength: 512nm), and
photographed.

2.3.2 | Annexin V-FITC/PI staining

Monolayers of MCF-7 and MDA-MB-231 cells were prepared in 6-
well plates at a cell density of 2.5 x 10° cells/well and then cultured
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FIGURE 2 Effects of doxorubicin, tamoxifen and recombinant oncolytic adenovirus on the viability of MCF-7, MDA-MB-231 and MCF-
10A cells, as determined by WST-1 assays. The three cell types (MCF-7, MDA-MB-231 and MCF-10A) were treated with doxorubicin (0.05,
0.5, 5 and 50 pg/ml) (A), tamoxifen (10, 15, 20 and 25 pmol/L) (B), and four recombinant oncolytic adenoviruses (MOCK, Ad-VP3, Ad-T

and Ad-VT) (C). Then, we tested viability in each group after 24, 48, 72 and 96 h. All measurements were performed in triplicate, and the
mean + standard deviation was compared with the 0.05 pg/ml, 10 pmol/L and MOCK (100moi and 200moi) group (*p <0.05, **p <0.01,

***n<0.001)

at 37°Cina 5% CO, incubator for 24 h. Then, the cells were infected
with 100 MOI of recombinant oncolytic adenovirus (MOCK, Ad-
VP3, Ad-T or Ad-VT). We also prepared 6-well plates with the same
cell density to administer doxorubicin (0.05, 0.5 and 5 pg/ml) and
tamoxifen (10, 15 and 20 pmol/L). The cells were treated with drugs
and recombinant oncolytic adenovirus for 24, 48 and 72h. MCF-7
and MDA-MB-231 cells were then treated with the FITC-coupled
Annexin-V Apoptotic Kit (Cell Quest Pro, Becton Dickinson) for 24,
48 and 72 h, and the levels of apoptosis were detected by FACS flow
cytometry (Cé6 Plus and FACSCalibur, Becton Dickinson, Franklin
Lakes, NJ, USA).

2.4 | Mitochondrial membrane potential and the
detection of apoptotic proteins

241 | JC-1staining

Slides were placed in a 6-well plate to prepare monolayers of MCF-7
and MDA-MB-231 cells at a cell density of 2.5 x 10° cells/well. The
cells were then infected with 100 MOI of recombinant oncolytic ad-

enovirus (MOCK, Ad-VP3, Ad-T or Ad-VT). We also prepared 6-well
plates with the same cell density to administer doxorubicin (0.05,

0.5 and 5 pg/ml) and tamoxifen (10, 15 and 20pumol/L). The cells
were then treated with drugs and recombinant oncolytic adenovi-
rus for 24, 48 and 72h. Once the experiment was complete, we dis-
carded the medium and washed the cells twice with PBS. Then, we
added 1 ml of JC-1 (Life Technologies, USA) staining solution (diluted
1:1000 dilution of JC-1 staining solution 5 ng/ml) and incubated for
15min in the dark at 37°C in a 5% CO, incubator. Next, the work-
ing solution was discarded, and the cells were washed twice with
PBS. Cells were then analysed by fluorescence microscopy (BX-60,
Olympus, Tokyo, Japan) (excitation filter wavelength: 485 nm; block-
ing filter wavelength: 530 nm; excitation filter wavelength: 530nm;
and blocking filter wavelength: 590nm), and representative images
were acquired.

MCF-7 cells and MDA-MB-231 cells that were in the logarithmic
growth phase were cultured in a 96-well plate at a density of 5 x 10°
cells/well with a culture volume of 100l per well; these were incu-
bated for 24h at 37°Cin a 5% CO, incubator. The cells were then in-
fected with 100 MOI of recombinant oncolytic adenovirus (MOCK,
Ad-VP3, Ad-T or Ad-VT). We also prepared 6-well plates with the
same cell density to administer doxorubicin (0.05, 0.5 and 5 pg/ml)
and tamoxifen (10, 15 and 20 pmol/L); each group was set up in trip-
licate. At the end of the observation period, we discarded the me-
dium, washed the cells twice with PBS and then added 100l of JC-1
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(Life Technologies, USA) staining solution (1:1000 dilution of JC-1
staining solution 5 ng/ml). Then, we incubated the cells for 15min
in the dark at 37°C in a 5% CO, incubator. Next, we discarded the
working solution, wash the cells twice with PBS and then added se-
rum- and antibiotic-free RPMI 1640 and DMEM medium. The results
were then determined by an Infinite 200 multifunctional microplate
reader (Tecan Trading AG, Switzerland).

2.5 | The detection of apoptotic proteins
Suspensions of MCF-7 and MAD-MB-231 cells were seeded in a 6-
well cell culture plate at a density of 3 x10° cells/well. Cells were
then infected with 100 MOI of MOCK, Ad-VP3, Ad-T or Ad-VT. After
48h, we used Western blotting to determine the levels of key pro-
teins in the two types of cells; to do this, we incubated the cells with
antibodies raised against PARP, cleaved Caspase-3 and cytochrome
C (Cell Signalling Technology, USA).

After 48 h of infection, the cells were harvested by centrifuged at
2400 g for 5 minutes. Then, 200l of cell lysis reagent SD-001 from
the Minute™ Total Protein Extraction Kit (Invent, Germany) was
added to the cell pellets. Cell lysates were then homogenized by re-
peated pipetting and then centrifuged at 18500 g in a precooled cen-
trifuge tube sleeve for 30s (4°C). The final concentration of protein
extracts was then determined using a BCA Protein Quantification
Kit (Beyotime Biotechnology, China). Western blotting was then
used to analyse the levels of the three proteins related to apoptosis.

After 48h of infection, the cells were harvested by centrifu-
gation at 2400 g for 5 min (4°C). Mitochondria were then isolated
with a Minute™ Mitochondrial Isolation Kit (Invent, Germany).
Mitochondrial protein was then extracted by IP lysis buffer (Beyotime
Biotechnology, China). The concentrations of the extracted pro-
teins were then determined with a BCA Protein Quantification Kit
(Beyotime Biotechnology, China). Western blotting was then used to
determine the protein levels of cytochrome Cin each of the extracts.

2.6 | Generation of luciferase-labelled human
breast cancer cells

Human breast cancer cells (MCF-7 and MDA-MB-231) undergoing
the logarithmic growth phase were seeded onto a 6-well plate. When
the cells reached 80% confluence, they were transfected with the
pGL4.51 plasmid (Promega Corporation, USA). Twenty-four hours
after transfection, a single-cell suspension containing 400 pug/ml of
G418 (Geneticin) (BD Bioscience Clontech, San Diego, CA, USA) was
prepared and seeded into a new 6-well plate for extended culture.
The media (G418) was refreshed every 2-3days until monoclonal
cells were detected. We selected monoclonal cells with good toler-
ance from the cell culture plates and continued to grow these cells
in 24-well plates in G418 medium. When the degree of fusion was
>90%, the cells were transferred into 96-well plates for culture and
were then assayed for luciferase activity. Cell lines with the highest

clonal luminescence value were inoculated on a 96-well plate, and
different concentration gradients were generated. After 24h, we
added thee luciferase substrate (Promega Corporation, USA) and
measured bioluminescence intensity with a small animal live imaging

system (Merck KGaA, Darmstadt, Germany).

2.7 | Determination of the cell cycle before and
after construction of the cell lines

Suspensions of MCF-7 and MCF-7 Luc cells were prepared at a cell
density of 1.5 x 10° cells/ml and added to a 6-well plate containing
2 ml per well. After 24 h of cell culture, the cells were collected in
a centrifuge tube and centrifuged at 400 g for 5 min. The super-
natant was discarded, and the cells were washed in PBS. Then, the
cells were precooled with 75% ethanol, mixed well and cultured in
the dark at 4°C for 24 h. Next, the samples were washed in PBS and
then staining solution before another centrifugation step at 400
g for 10 min. The supernatant was then discarded, and PI/RNase
(Becton Dickinson, USA) staining solution was added to resuspend
the cells; the cells were then stirred in the dark for 15min. Next,
we determined the cell cycle stage of the samples by flow cytom-
etry (FACSCalibur, Becton Dickinson, Franklin Lakes, NJ, USA). The
method used to determine the cell cycle in MDA-MB-231 and MDA-
MB-231 Luc cells was the same as that for MCF-7 and MCF-7 Luc

cells.

2.8 | Determination of growth curves before and
after cell line construction

MCF-7 and MCF-7 Luc cell suspensions were prepared and added
to a 96-well plate and cultured. The 96-well cell culture plates were
removed from culture at seven different time points (day one to day
seven); at each point, the medium in each well was discarded and
Cell Proliferation Reagent WST-1 (Sigma-Aldrich, USA) (110ul of a
1:10 dilution of WST-1) was added. The plates were then placed at
37°Cina 5% CO, incubator and incubated in the dark for 2 h. After
shaking for 10s, the OD value of the cells at 450 nm was then meas-
ured with an Infinite 200 multifunctional microplate reader (Tecan
Trading AG, Switzerland). The growth curve of MDA-MB-231 and
MDA-MB-231 Luc cells was determined by the same method.

2.9 | Animal models

MCF-7 Luc cells (cell density 1 ><107/100p|) and MDA-MB-231
Luc cells (cell density 1 x 107/100 ul) were injected subcutaneously
into the right hind limb of BALB/C nude mice. After the tumour-
bearing model was established, the mice were randomly divided
into five groups according to the type of tumour-bearing cells:
a MOCK treatment group, an Ad-VP3 treatment group, an Ad-T
treatment group, an Ad-VT treatment group and a control group
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(10 mice per group). The purified recombinant adenovirus (1 x 10°
TCID50/100 pul) was injected every 3 days for 3weeks. Before de-
tecting tumour size, the nude mice were injected intraperitoneally
with luciferin (Promega Corporation, USA) at a dose of 200 ul/
mouse (15 mg/ml). After 5 min, each mouse was intraperitoneally
injected with 1% sodium pentobarbital (120pl) for anaesthesia.
Photographs of the tumour sites were taken once a week for
5weeks to observe changes in survival time, and the luminescence
intensity of tumours was detected by a small animal live imaging
system (Merck KGaA, Darmstadt, Germany). Five weeks after
the photographs were taken, nude mice were euthanized with
excess CO,, and the livers and kidneys of the non-model group
(the nude mice without subcutaneous tumour, three nude mice)
and Ad-VT groups (three nude mice) were removed and HE stain-
ing was performed to analyse whether there were changes in the
structural state of the organs and whether there was an inflamma-
tory reaction. The MCF-7 Luc cell tumour-bearing group and the
MDA-MB-231 Luc cell tumour-bearing group received the same

treatment and analysis methods.

2.10 | Statistical processing

Statistical analyses were conducted using data from at least three
independent experiments, and GraphPad Prism version 7 (GraphPad
Software, USA) was used to process the data in the form of (x +s).
Comparisons between the two groups were analysed by the t-test.

Comparisons were significant when p <0.05 or p <0.01.

3 | RESULTS

3.1 | Growth inhibition of breast cancer cells

and mammary epithelial cells by a recombinant
oncolytic adenovirus and two drugs (doxorubicin and
tamoxifen)

WST-1 was used to detect and analyse the inhibitory effect of re-
combinant oncolytic adenovirus and two clinical drugs (doxorubicin
and tamoxifen) on the proliferation of breast cancer cells and normal
breast epithelial cells.

Doxorubicin not only significantly inhibited the proliferation of
breast cancer cells (MCF-7 and MDA-MB-231) and normal breast
epithelial cells (MCF-10A) (p <0.01). The inhibitory rate increased
with as the drug concentration increased. As shown in Figure 2A,
doxorubicin inhibited the proliferation of the three cell types at four
time points. After 48 h of doxorubicin treatment, the inhibitory rates
of doxorubicin (0.5 pg/ml) on the three cell types (MCF-7, MDA-
MB-231 and MCF-10A) were 58%, 62% and 55%, respectively. As
time and dose increased, the inhibitory rate also increased; the in-
hibitory effect was similar for the three types of cells. When the
drug concentration was 50pug/ml, the inhibitory rate for the three
cell types exceeded 80% after 96 h.

The effect of tamoxifen on MCF-7, MDA-MB-231 and MCF-10A
cells is shown in Figure 2B. At the four time points, the three drug
concentrations inhibited the three cell types to varying degrees. The
inhibitory rate increased as the drug concentration increased. When
the drug concentration was 15 pmol/L, the inhibitory rates of tamox-
ifen on MCF-7 cells were 21% at 24h, 43% at 48h, 75% at 72h and
75% at 96 h. The inhibitory rates of tamoxifen on MDA-MB-231 cells
were 10% at 24h, 19% at 48h, 40% at 72h and 41% at 96h. The
inhibitory rates of tamoxifen on MCF-10A cells were 14% at 24h,
19% at 48h, 41% at 72h and 46% at 96 h. After 72h and at a dose of
25pumol/L, tamoxifen exerted an inhibitory effect of more than 70%
in the three cell types.

The effect of Ad-VT is shown in Figure 2C. Ad-VT specifically
inhibited the proliferation of MCF-7 and MDA-MB-231 tumour cells
but had no obvious inhibitory effect on normal breast epithelial cell.
The inhibitory rate of recombinant oncolytic adenovirus on the two
forms of breast cancers was ranked as follows: Ad - VT>Ad-T>Ad -
VP3>MOCK (p <0.01). At the same dose of infection, the inhibitory
rate of Ad-VT on breast cancer cells increased significantly as the
infection time increased. The inhibition rate of the four recombinant
oncolytic adenoviruses on the three cells was greater than 100MOI
when the infection dose was 200MOI. We also identified a time- and
dose-dependent relationship. After 72h, the inhibitory rate of Ad-
VT (100MOI) on normal mammary epithelial cells was <20%, while
the inhibitory rate on the two types of breast cancer cells (MCF:
61%; MDA-MB-231: 78%) exceeded 60%, thus significantly inhibit-
ing the proliferation of breast cancer cells. After 96 h, the inhibition
rate of Ad-VT (200MOlI) on normal breast epithelial cells was 23%,
while the inhibition rate on two breast cancer cells was MCF: 80%;
MDA-MB-231: 83%. When the concentration of doxorubicin is 50
and 5 pg/ml, the inhibition rate of the two breast cancer cells was
essentially the same (both around 80%). The WST-1 results showed
that the inhibition rate of doxorubicin after 72 and 96 h was essen-
tially the same; the S curve became stable, and the inhibition rate
did not increase significantly. The inhibitory effect of doxorubicin
on cells at 96h was essentially the same as that at 72h; when the
concentration of tamoxifen was 20 umol/L, the S curve became sta-
ble, and the inhibition rate did not increase significantly when the
concentration of tamoxifen increased. When the infection dose of
oncolytic adenovirus was 200MOI and 100MOI, the mortality rate
of cells was essentially the same, and the inhibition rate did not in-
crease significantly after 72h. Therefore, in our subsequent exper-
iments, the drug concentrations of tamoxifen were selected as 20,
15 and 10 pmol/L, and the drug concentrations of doxorubicin were
selected as 5, 0.5 and 0.05pg/ml; the dose of oncolytic adenovirus
was selected at 100 MOI, and the time points of detection were 24,
48 and 72h.

Collectively, WST-1 staining showed that Ad-VT had the most
significant inhibitory effect on the proliferation of tumour cells but
had almost no inhibitory effect on normal breast epithelial cells.
In contrast, doxorubicin not only had a strong inhibitory effect on
breast cancer cells but also inhibited the proliferation of normal
breast epithelial cells. Tamoxifen only had a strong inhibitory effect
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on oestrogen-dependent breast cancer cells, had no obvious inhib-
itory effect on triple-negative breast cancer, but also had a strong

inhibitory effect on normal breast epithelial cells.

3.2 | Recombinant oncolytic adenovirus and
two drugs (doxorubicin and tamoxifen) increased
apoptosis in breast cancer cells

Hoechst is a class of dye that can enter cells passively and bind to
nucleic acids to exhibit blue fluorescence. As shown in Figure 3A,
when the concentration of doxorubicin was 0.5 and 5 pg/ml, the two
types of breast cancer cells were significantly reduced at different
time points; cell nuclei exhibited obvious and bright nuclear staining
with evidence of nuclear fragmentation. The degree of bright stain-
ing was positively correlated with the prolongation of time and an
increase in drug concentration.

Tamoxifen-treated MCF-7 and MDA-MB-231 cells did not exhibit
bright nuclear staining at a concentration of 10 pmol/L. When the
concentration of the drug was 15pumol/L, the nuclei of MCF-7 cells
exhibited strong nuclear staining and decreased cell number, while
MDA-MB-231 cells exhibited uniform blue fluorescence with no nu-
clear fragmentation. When the drug concentration was 20pumol/L,
the nuclei of both breast cancer cell types exhibited strong nuclear
fluorescence and reduced the number of cells (Figure 3B). After
MCF-7 and MDA-MB-231 cells were treated with the four recom-
binant adenoviruses (Ad-VT, Ad-T, AdVP3 and MOCK), some of the
cell nuclei in the Ad-VT, Ad-T and Ad-VP3 groups exhibited strong
blue fluorescence. The lowest number of cells was evident in the

Control _ 0.05ug/mL _0.5ug/mL_ _ 5pg/mL Control  0.05pg/mL 0.5ug/mL__Sug/mL

Control 10pumol/L 15ImoIIL 20pumol/L

Control MOCK Ad-VP3

NDA-MB-231

z
5

MDA-MB-231

20pmol/L.

Ad-VT group and there as obvious nuclear fluorescence and frag-
mentation in this group. The MOCK and control groups exhibited
blue fluorescence, and the cells were denser (Figure 3C).

Annexin V-FITC/PI flow cytometry assays showed that doxoru-
bicin had a strong effect on the induction of apoptosis in both breast
cancer cell types (MCF-7 and MDA-MB-231); the rate of apoptosis
increased significantly with increasing drug dose and time (p <0.01)
(Figure 3D). When the drug concentration exceeded 0.5 pug/ml, there
was evidence of extensive apoptosis; the rate of apoptosis gradually
increased with both administration time and drug concentration. The
rate of cellular apoptosis exceeded 40% after 48 h of administration.

There was significant difference in the rates of apoptosis when
compared between MCF-7 and MDA-MB-231 cells treated with
tamoxifen. When the drug concentration was 15umol/L, after 24h
of drug treatment, the apoptosis rate in MCF-7 cells was 31% while
that in MDA-MB-231 cells was just 12%. After 48h, the rate of
apoptosis in MCF-7 cells was 41% while that in MDA-MB231 cells
was 17%. After 72h, the rate of apoptosis in MCF-7 cells was 61%
while that of MDA-MB-231 cells was 24%. However, when the drug
concentration was 20pmol/L, both two breast cancer cell types
exhibited strong apoptosis; the rate of apoptosis was similar when
compared between the two cell types (Figure 3E).

The four recombinant adenoviruses all induced apoptosis in two
types of breast cancer cells (MCF-7 and MDA-MB-231) at three dif-
ferent time points; however, the extent of apoptosis differed. As
shown in Figure 3F, the extent of apoptosis in breast cancer cells in-
duced by recombinant oncolytic adenovirus at different time points
followed a specific trend: Ad-VT>Ad-T>Ad-VP3>MOCK. Ad-VT
induced the highest rate of apoptosis in tumour cells in which the
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FIGURE 3 Apoptosis of MCF-7 and MDA-MB-231 cells induced by doxorubicin, tamoxifen and recombinant oncolytic adenovirus, as
detected by Hoechst staining and Annexin V flow cytometry. Two breast cancer cells (MCF-7 and MDA-MB-231) were treated with different
concentrations of doxorubicin (A), tamoxifen (B) and recombinant oncolytic adenovirus (C). Morphological changes of breast cancer cell
nuclei were observed by Hoechst staining at 24, 48 and 72 h. Two breast cancer cell types (MCF-7 and MDA-MB-231) were treated with
doxorubicin (D), tamoxifen (E) and recombinant oncolytic adenovirus (F). The extent of apoptosis in breast cancer cells was analysed by

flow cytometry using Annexin-V FITC/PI dye at 24, 48 and 72 h. All measurements were performed in triplicate, and the mean +standard
deviation was compared to the control group (*p<0.05, **p<0.01, ***p<0.001)
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rate of apoptosis was >60% after 72h of infection. Furthermore,
the induction in breast cancer cells by Ad-VT exhibited a significant
time/effect relationship (p <0.01).

Hoechst and Annexin V-FITC/PI staining further showed that
doxorubicin induced apoptosis in breast cancer cells and that the
rate of apoptosis increased gradually with time and dose. Tamoxifen
also induced apoptosis in oestrogen-dependent breast cancer cells
(MCF-7) but only at a concentration of 15 pmol/L. Tamoxifen induced
a lower degree of apoptosis in triple-negative breast cancer MDA-
MB-231 cells. Collectively, data showed that the four recombinant
oncolytic adenoviruses inhibited cancer cell proliferation by induc-
ing apoptosis in breast cancer cells and that Ad-VT had the strongest

ability to induce apoptosis in cancer cells.

3.3 | Recombinant oncolytic adenovirus and two
drugs (doxorubicin and tamoxifen) induced apoptosis
in breast cancer cells by altering the mitochondrial
membrane potential

Doxorubicin was used to treat MCF-7 and MDDA-MB-231 breast
cancer cells, and JC-1 staining solution was added at 24, 48 and
72h for analysis. As shown in Figure 4A, doxorubicin induced sig-
nificant changes in the mitochondrial membrane potential of two
breast cancer cell types; the trend for change in mitochondrial
potential was essentially the same when compared between the
two cell types. The ratio of red fluorescence/green fluorescence
for mitochondrial membrane potential followed a specific trend:
Control>0.05>0.5 >5 pg/ml (p <0.01). For example, at a concen-
tration of 0.5 pg/ml, 48h after administration, the number of cells
decreased significantly; furthermore, the number of cells exhibiting
red fluorescence gradually decreased while the number exhibiting
green fluorescence gradually increased. The ratio of red to green
fluorescence decreased as administration time and drug concentra-
tion increased.

Tamoxifen was used to treat MCF-7 and MDDA-MB-231 breast
cancer cells and induced apoptosis in both types of breast cancer
cells by changing their mitochondrial membrane potential, as shown
in Figure 4B. When the concentration of tamoxifen was 10 umol/L,
the mitochondrial membrane potential of the two types of breast
cancer cells did not change significantly and the rate of apoptosis
was low. However, at a dose of 15umol/L, the extent of apopto-
sis in MCF-7 cells that was induced by tamoxifen was significant
(b <0.01); fluorescence microscopy further showed that red fluores-
cent aggregates had gradually shifted to green fluorescent mono-
mers. After 72h of treatment, the number of apoptotic MCF-7 cells
was significantly higher than that in MDA-MB-231 cells, and the
ratio of red fluorescence to green fluorescence had reduced signifi-
cantly (p <0.01). At 20pmol/L, tamoxifen induced extensive levels
of apoptosis in the two breast cancer cell types; the mitochondrial
membrane potential was also significantly reduced at all three time
points; the ratio of red fluorescence to green fluorescence was as
follows: Control <10 pmol/L<15umol/L<20pumol/L (p <0.01).

Recombinant oncolytic adenovirus was used to infect both
MCF-7 and MDA-MB-231 breast cancer cells. Infection with onco-
lytic adenovirus induced apoptosis in breast cancer cells to varying
degrees at the three observation points (Figure 4C). Prolonged in-
fection of breast cancer cells by recombinant oncolytic adenovirus
enhanced the ability of Ad-VT and Ad-T to induce changes in the
membrane potential of cancer cells; this led to an increase in the
number of apoptotic cells. The number of breast cancer cells was
lowest after 72h of infection; at this point, there was a significant
change in the mitochondrial membrane potential of the cancer
cells (p <0.05). At the three specific time points, the ratio of red
fluorescence/green fluorescence followed a certain sequence:
Ad-VT <Ad-T<Ad-VP3<MOCK.

MCF-7 and MDA-MB-231 cells were infected with four recom-
binant adeno-oncolytic adenoviruses. After 48h, we extracted total
protein from both cells and mitochondria and analysed these pro-
teins by Western blotting (Figure 4D). We found that Ad-VT induced
the cleavage of PARP and Caspase-3 in breast cancer cells and pro-
moted the release of mitochondrial cytochrome C. This suggested
that Ad-VT can induce apoptosis in breast cancer cells by changing
their mitochondrial membrane potential.

To summarize, JC-1 staining showed that doxorubicin could in-
duce apoptosis in breast cancer cells by inducing changes in their
mitochondrial membrane potential. As the administration time and
dosage increased, the mitochondrial membrane potential of cancer
cells gradually decreased. At a concentration of 15umol/L, tamox-
ifen induced strong mitochondrial membrane potential changes in
oestrogen-dependent breast cancer MCF-7 cells; Western blotting
further showed that Ad-VT induced significant apoptosis in breast
cancer cells by changing their mitochondrial membrane.

3.4 | Construction of luciferase-labelled human
breast cancer cells

As shown in Figure 5A, two luciferase-labelled cell lines (MCF-7 Luc
and MDA-MB-231 Luc) were constructed. The luminescence values
of these labelled cell lines exhibited a linear relationship with the
number of cells; the more cells, the higher the luminescence value.

Figure 5B shows results relating to cell cycle determination.
Before and after the construction of the two cell types, the propor-
tion of cells in each phase was essentially the same (G1 phase, G2
phase and S phase) and there were no significant changes between
the cell types with regard to the cell cycle (p>0.05). Growth curves
for the two cell types are shown in Figure 5C; these curves were
similar before and after construction indicating that the growth
characteristics of the two cell types were not significantly different
(p>0.05).

Figure 5D shows the data arising from in vivo imaging experi-
ments; breast cancer cells (MCF-7 Luc and MDA-MB-231 Luc) ex-
hibited strong luminescence in the inoculum area, while other types
of breast cancer cells (MCF-7 and MDA-MB-231) did not exhibit any

luminescence in the inoculum area.
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FIGURE 4 JC-1 staining was used to analyse changes in the mitochondrial membrane potential of breast cancer cells induced by
doxorubicin, tamoxifen and recombinant oncolytic adenovirus. We also used Western blotting to detect the expression of PARP, cleaved
caspase-3 and cytochrome C protein in breast cancer cells in response to recombinant oncolytic adenovirus. Two types of breast cancer
cells (MCF-7 and MDA-MB-231) were treated with different concentrations of doxorubicin (A), tamoxifen (B) and recombinant oncolytic
adenovirus (C). Changes in the mitochondrial membrane potential of breast cancer cells were observed by JC-1 staining at 24, 48 and

72h. MCF-7 and MDA-MB-231 cells were infected with four recombinant adenolytic adenoviruses. After 48 h, we extracted total protein
proteins from the cells and used Western blotting to detect the protein expression levels of PARP, caspase-3 and cytochrome C (D). All
measurements were performed in triplicate; the mean +standard deviation were then compared with the control group (*p <0.05, **p <0.01,

***p<0.001)

In summary, cell growth curves and cell cycle experiments
showed that there were no significant changes between the two
cell types in terms of their biological characteristics before and after
construction. Luciferase activity assays, along with in vivo tumour
formation experiments in nude mice, further confirmed that the two
luciferase-labelled human breast cancer cell lines expressed lucifer-
ase in a stable manner. Collectively, these results indicated that the
stable expression of luciferase did not affect the growth character-

istics of cells.

3.5 | Invivoimaging of subcutaneous tumours in
BALB/c nude mice and survival analysis

The bioluminescence intensity of tumours in nude mice was
continuously detected with a small animal imaging system for
5weeks from Week 0. The bioluminescence results are shown
in Figure 6A,B. After 1-3weeks of treatment with four recombi-
nant oncolytic adenoviruses, there was no significant difference
in the mean bioluminescence intensity of the tumour area when
compared between nude mice bearing MCF-7 Luc cells and MDA-
MB-231 Luc cells (p >0.05). During Weeks 3-4, the biolumines-
cence intensity of the tumours in the Ad-VT and Ad-T treatment

groups increased slowly when compared with the control group.
During Weeks 4-5weeks, the bioluminescence intensity of the
tumour area in the Ad-VT treatment group was significantly
lower than that in the control group (p <0.01); the levels of lu-
minescence from tumour cells followed a specific sequence: Ad-
VT <Ad-T <Ad-VP3 <MOCK < Control. We used excess CO, to
euthanize nude mice at the end of the experiment. The livers and
kidneys of the non-model group (nude mice without subcutaneous
tumour) and Ad-VT treatment groups were removed for HE stain-
ing. As shown in Figure 6D, the liver tissue structure of the nude
mice in the Ad-VT treatment group was normal, and the hepato-
cytes were arranged in an orderly manner without obvious change;
the kidney tissue structure of nude mice after intra-tumoral in-
jection of Ad-VT was normal, the size of glomeruli was relatively
uniform, the structure of renal tubules was normal, and there was
no obvious degeneration of epithelial cells, intra-tumoral injection
of Ad-VT treatment group and nude mice without subcutaneous
tumour had no changes in tissue sections, and the morphology
was similar. Ad-VT had no effect on the liver and kidney of nude
mice. Following the development of tumours, we recorded the
survival of nude mice in each group. Compared with the other
treatment groups (Ad-VP3, Ad-T and Ad-VT), the nude mice in the
MOCK treatment group had all died by Day 10 after subcutaneous
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FIGURE 5 Construction and characterization of two luciferase-labelled breast cancer cell lines (MCF-7 Luc and MDA-MB-231 Luc).

(A) MCF-7 Luc and MDA-MB-231 Luc were inoculated into 96-well plates according to the principle of multiple dilution. After adding
luciferase, the luminescence intensity was observed. The luminescence intensity increased as the number of cells increased. (B) MCF-7, MCF-
7 Luc, MDA-MB-231 and MDA-MB-231 Luc cells were seeded and cultured in a 6-well cell plate, and the cell cycle was detected by flow
cytometry. (C) MCF-7, MCF-7 Luc, MDA-MB-231 and MDA-MB-231 Luc cells were cultured on a 96-well cell plate. Cell growth rates were
detected on Days 1, 2, 3, 4, 5, 6 and 7. (D) MCF-7, MCF-7 Luc, MDA-MB-231 and MDA-MB-231 Luc were inoculated subcutaneously in the
right hind limbs of nude mice at a cell density of 1 x107. Subsequently, we determined the luminescence intensity of the tumours formed in

the nude mice

tumour loading; the mean survival time of mice in this group was
significantly shorter than that in other groups (Figure 6C). The
mean survival rate of nude mice in the Ad-VT treatment group ex-
ceeded 50%; in addition, the total survival period was significantly
prolonged in this group.

Nude mice treated with Ad-T and Ad-VT were still alive 50days
after the formation of tumours; the survival rate of mice in the Ad-
VT treatment group was higher (p <0.01) than that of mice in the
Ad-T treatment group.

4 | DISCUSSION

Cancer is one of the most significant and dangerous health issues in
the world today and can seriously affect the health and lives of those
affected. Over recent years, the global incidence of breast cancer
has increased; this particular cancer is now the most common global
cancer'?; however, the molecular mechanisms underlying breast
cancer have yet to be elucidated.*®

There are many different treatment strategies for patients with
breast cancer, including surgery, radiation, chemistry, endocrine
therapy and HER2 molecular-targeted therapy. Surgery and che-
motherapy are still the main clinical treatment methods, although
these are often associated with significant side effects after che-
motherapy. These side effects can seriously affect the quality of
life of patients. Endocrine therapy and HER2 molecular-targeted
therapy can effectively alleviate the symptoms experienced by
most patients, although there are many limitations associated with
these therapeutic options. The effects of these two treatments
are not satisfactory for patients with cancers that are the most
difficult to treat such as those with triple-negative breast cancer
(MDA-MB-231),14.15:1¢

Over recent years, there has been significant development in
biomedicine and genetic engineering technology; consequently,
many new treatment options have been developed, including immu-
notherapy and gene therapy. Oncolytic viruses are viruses that can
selectively infect and replicate in tumour cells.*® These viruses can

kill a variety of tumour cells and have low levels of toxicity.!”?°
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FIGURE 6 Effects of recombinant oncolytic adenovirus on breast cancer in a BALB/c nude mice model. (A, B) MCF-7 Luc and MDA-
MB-231 Luc cells (1x107/100 ul) were injected subcutaneously into the right hind limb of nude mice (10 mice in each group) to establish a
xenograft model. An in vivo imaging luminescence system was used to continuously monitor changes in tumour bioluminescence intensity.
(C) After successfully establishing the xenograft model in nude mice, we recorded the survival rates of mice daily for 5weeks. The mean
tumour inhibition rate in the 1x10° PFU/100 pl Ad-VT treatment group was significantly higher than that of the other groups. The survival
rate of the 1x10° PFU/100 pl Ad-VT treatment group was also the highest of all groups; the mean survival rate of nude mice exceeded 50%.
The survival time of mice in the 1x10° PFU/100 ul Ad-VT treatment group was significantly longer than those in the control group or the
1% 107 PFU/100 ul MOCK treatment group. (D) After 5weeks of continuous photography, the livers and kidneys of nude mice in the non-
model group and the Ad-VT treatment group were taken for HE staining (three mice in each group). (*p <0.05, **p <0.01, ***p <0.001)

The focus of oncolytic adenovirus therapy refers to the use of a
virus-mediated immune response to inhibit tumour progression. During
the process of oncolytic adenovirus treatment, the host immune sys-
tem will eventually completely clear the virus, a process that requires
that the virus used in the treatment of cancer is safe for the host.
Ideally, the adenovirus can induce an anti-tumour immune response
before it is cleared. Compared with other types of tumour treatment,
oncolytic viruses are effective for a variety of tumours, have low toxic-
ity, and cost-effective with regard to manufacturing costs.

Apoptin was the first tumour-selective anti-oncogene to be iso-
lated and is derived from the apoptosis-inducing protein of chicken
anaemia virus. Chicken anaemia virus features three open reading
frames that encode three proteins VP1 (capsid protein: 51.6 kDa),
VP2 (scaffold protein: 24.0 kDa) and VP3 (apoptosis-inducing pro-
tein: 13.6 kDa). The protein expressed by VP3 is referred to as
‘apoptin’ because it can induce apoptosis in tumour cells?>?2 but has
no effect on normal diploid cells in humans. Telomerase is mainly
responsible for the de novo synthesis of nucleotides that are used
to extend the ends of chromosomes that are found in germ cells

and most malignant cells. Human telomerase reverse transcriptase
(hTERTp) acts as a specific promoter in tumour cells and can trigger
the replication or expression of certain genes (e.g. E1A and Apoptin)
in tumour cells. 2324

The establishment of luciferase-labelled animal tumour models
provides us with the ability to monitor the proliferation and metas-
tasis of cells in different tumour models in real time, thus allowing
us to detect subtle physiological changes over time in small animals.

By performing a series of validation experiments, we found that
when expressing the Luc gene, breast cancer cells exhibited similar
growth characteristics as normal breast cancer cells; the basic growth
characteristics of the cells did not change significantly. In vitro imag-
ing experiments further showed that there was a linear relationship
between the fluorescent intensity of MCF-7 Luc and MDA-MB-231
Luc and the number of cells; the correlation coefficient was >0.99.
Therefore, in animal experiments, MCF-7 Luc can replace MCF-7
cells, and MDA-MB-231 Luc can replace MDA-MB-231 cells to es-
tablish useful tumour models; subsequently, growth and metastasis
can be investigated by the application of in vivo imaging systems.
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These findings provide a cytological foundation for the development
of exciting new tumour models.

A previous study by Zhang et al. in 2020 showed that when com-
pared with cisplatin, a new oncolytic adenovirus (Ad-TD-nslL12),
carrying human non-secretory IL-12, significantly inhibited tumour
cell growth and tumour angiogenesis and improved the survival rate
of experimental animals but without any notable side effects.?® The
recombinant adenovirus described in the present study can also kill
breast cancer cells. WST-1 results showed that Ad-VP3, Ad-T and
Ad-VT all caused significant mortality in breast cancer cells; the
inhibitory rates produced by these viruses followed a specific se-
quence: Ad-VP3<Ad-T<Ad-VT. Furthermore, these viruses had
only minimal inhibitory effects on mammary epithelial cells. After
72h, the inhibitory rate of Ad-VT on mammary epithelial cells was
<20%. The chemotherapeutic drug doxorubicin not only inhibited
the proliferation of breast cancer cells; it also induced a high inhib-
itory rate in normal breast epithelial cells. When the concentration
of doxorubicin was 5 pg/ml, the inhibitory rate on MCF-10A cells
was >70% at the 72-h timepoint. The endocrine drug tamoxifen only
exerted a high inhibitory rate (75%) on oestrogen-dependent cells
(MCF-7); this drug had a much lower inhibitory rate (40%) on triple-
negative breast cancer cells (MDA-MB-231). We also used Hoechst
and Annexin V-FITC/PI staining to investigate the pathways by
which the recombinant adenoviruses were able to kill breast cancer
cells. We found that Ad-VT, Ad-T and Ad-VP3 all induced apoptosis
in mammary cells and were able to kill these cells; the rate of apopto-
sis generated followed a specific sequence: Ad-VT>Ad-T > Ad-VP3.
Doxorubicin induced significant apoptosis in two types of breast
cancer cells; as the drug concentration and the period of adminis-
tration increased, the rate of apoptosis in the two types of cancer
cells also increased; the rates of apoptosis followed a specific trend:
Control<0.05<0.5 <5 pg/ml. When the concentration of tamoxi-
fen was 15 umol/L, the extent of apoptosis in oestrogen-dependent
MCEF-7 cells increased significantly after 72h; the rate of apopto-
sis was >60%, and the number of cells had reduced significantly.
Apoptosis was not extensive in MDA- MB-231 cells; the specific rate
of apoptosis was <30%. JC-1 staining and Western blotting experi-
ments showed that the recombinant adenoviruses (Ad-VT, Ad-T and
Ad-VP3) all induced cell apoptosis by changing the mitochondrial
membrane potential. We found that Ad-VT induced the cleavage of
PARP and Caspase-3 in two breast cancer cells, and released cyto-
chrome C in the mitochondria of cancer cells, thus inducing exten-
sive endogenous apoptosis in cancer cells.

A recent study by Mao et al.,?¢
combination of oncolytic adenovirus ZD55-SATB1 to target SATB1
and DTX treatment to effectively inhibit the growth of xenograft

involving an animal model used a

tumours; this effect was accompanied by an increase in the expres-
sion of caspase protein and a reduction in the expression of CD31.
In addition, Xiao et al. showed that the oncolytic adenovirus CD55-
Smad 4 effectively inhibited the proliferation of colorectal cancer
cells both in vivo and in vitro, while also activating the caspase signal
transduction pathway and inducing apoptosis in colorectal cancer
cells.?’ In the present study, we found that the mean luminescent

intensity of tumours in the control group was significantly higher
than that in any of the other treatment groups. During Weeks 3-5,
the mean luminescent intensity of the Ad-VT treatment group was
lower than that produced by the other treatment groups. We also
found that the survival rate of mice in the recombinant oncolytic
adenovirus treatment group was significantly prolonged (the mean
survival rate of nude mice in the Ad-VT treatment group exceeded
50%). Collectively, these results indicate that Ad-VT and Ad-T sig-
nificantly inhibited tumour growth in vivo and improved the survival

rate of experimental mice.

5 | CONCLUSION

Our research demonstrated that although the chemotherapeutic
drug doxorubicin can kill tumour cells very effectively, it also caused
the death of normal breast epithelial cells. Tamoxifen only had a
strong inhibitory effect on oestrogen-dependent breast cancer cells
and had no obvious inhibitory effect on triple-negative breast can-
cer, but also had a strong inhibitory effect on normal breast epithe-
lial cells. Compared with these two forms of first-line chemotherapy
drugs (doxorubicin and tamoxifen), we found that Ad-VT had a sig-
nificant inhibitory effect on both types of breast cancer cells and
induced apoptosis and death in breast cancer cells by changing their
mitochondrial membrane potential. The inhibitory rate of Ad-VT on
mammary epithelial cells was only minimal. In vivo experiments fur-
ther showed that Ad-VT effectively inhibited the growth of tumour
cells and prolonged the survival time of treated mice. This discovery
provides a new direction for the treatment of breast cancer and the
possibility of administering combined treatments featuring oncolytic

adenoviruses, chemotherapeutic drugs and endocrine drugs.
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