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Introduction

According to the International Agency for Research on 
Cancer (IARC) of WHO, the number of people suffering 
from cancer is growing rapidly in the world, especially in 
developing countries. Breast cancer is the primary killer 
of women, and most cases are diagnosed late. Studies have 
suggested that the occurrence and development of breast 
cancer are closely related to the abnormality of signal 
pathways in vivo and the expression products of oncogenes. 
The EphA2 receptor is one of the members of the receptor 

tyrosine kinase family. A variety of malignant tumors and 
cell lines express EphA2 at high levels, and is associated with 
histological grade, lymph node metastasis, and prognosis 
of many tumors. It has become a new target for tumor 
therapy research (1). The blockade of apoptosis is the most 
common feature of malignant tumors including breast 
cancer. Inhibition of apoptosis will lead to tumorigenesis and 
abnormal immune function (2). Therefore, cytotoxic agents 
including induce apoptosis in cancer cells are used as an 
anti-cancer chemotherapeutic agent (3). Apoptosis molecule 
caspase-3 is located in the apoptotic pathway, the activation 
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of caspase-3 can induce apoptosis (4). The main ligand of 
the EphA2 receptor is ephrinA1. Our previous studies have 
confirmed that in 150 cases of breast cancer tissues, the 
positive expression of EphA2 and ephrinA1 appeared in 123 
and 129 cases, and the positive rates of them are 82% and 
86%, respectively, and ephrinA1 and EphA2 overexpressed 
in the cell membrane and cytoplasm of breast cancer cells (5).  
This experiment intends to use T cell as a vector to 
transduce recombinant Ad-ephrinA1-caspase-3, then make 
Ad-ephrinA1-caspase-3-T act on breast cancer cells in vitro. 
Study whether Ad-ephrinA1-caspase-3-T has a targeted 
cytotoxic effect on breast cancer cells in vitro. 

Methods

Main materials and instruments 

Breast cancer tissue and normal breast tissue (Department 
of Pathology, Affiliated Hospital of Dali University), Ad-
ephrinA1-caspase-3-T (Kunming Jiaoman Biotechnology 
Co., Ltd.), T lymphocytes (Xiangya School of Medicine), 
D-Hanks solution, collagenase, trypsin, TritonX-100, fetal 
bovine serum, Rabbit anti-EphA2 (Invitrogen, Catalog No. 
34-7400), Rabbit anti-ephrinA1 (Invitrogen, Catalog No. 
343300), FITC-labeled goat anti-rabbit Ig (G+M) antibody 
(ThermoFisher, Catalog No. A16097), MTT test kit, 
Annexin V-FITC/PI Apoptosis Detection Kit (Biyuntian 
Biotechnology Research Institute), anti-ephrinA1 serum 
(Invitrogen Technical Services), flow cytometer (Becton, 
Dickinson and Company).

Identification of breast cancer cells and normal breast cells

The breast cancer tissue and normal breast tissue were 
washed with D-Hanks solution, and such tissues as 
connective tissue were removed with a surgical gill. After 
washing again, the tissue was cut into small pieces with a 
scalpel and transferred into a 5 mL centrifuge tube. After 
adding an appropriate amount of buffer, the tissue was 
repeatedly cut into a paste, approximately 1 mm in size. 
After standing for a while, the upper liquid was absorbed 
with a pipette, added appropriate buffer, and then washed 
it over a 200-mesh sieve and collected the filtrate. The 
unscreened tissue block was digested with 0.25% and 
shaken for 1 h at 37 ℃. After the digestion was completed, 
the digest was passed through a sieve and the cell fluid 
was collected. The liquid collected in the previous two 
times was combined and placed in a 50 mL centrifuge 

tube, centrifuged at 1,000 rpm for 5 min, the supernatant 
was removed, and the number of cells was adjusted to 
[2–5]×105 cells/mL with the culture solution, and the cells 
were installed in the culture bottle, then put the bottle in 
the CO2 culture box, 5% CO2, at 37 ℃.The fibroblasts 
in the isolated cells were removed by repeated adherence 
gradually, and finally the purified breast cells and breast 
cancer cells can be obtained. The isolated human breast 
cells and breast cancer cells were counted by trypsinization 
and inoculated into a 48-well plate. After overnight culture, 
the expression of EphA2 receptor and ephrinA1 in cells was 
detected by indirect immunofluorescence (IFA), The main 
operations of IFA were as follows: (I) the culture medium 
was abandoned and cells were washed with phosphate-
buffered saline (PBS) for 3 times; (II) cells were fixed 
with 4% polymethyl alcohol for l0min and washed with 
PBS for 3 times; (III) cells were permeabilized with 0.1% 
Triton X-100 for 10 min; (IV) cells were blocked with 
PBS containing 10% fetal calf serum for 1 h at 37 ℃; (V) 
1:1,000 dilution of Rabbit anti-EphA2 or Rabbit anti-
ephrinA1 primary antibody were added, 1 h at 37 ℃, then 
washed 3 times with PBS; (VI) FITC-labeled goat anti-
rabbit Ig (G+M) antibody was added and incubated at 37 ℃ 
for 1 h, washed 3 times with PBS. Cells were observed and 
photographed by fluorescence microscopy.

The effect of ephrinA1-caspase-3-T on viability of breast 
cancer cells

The main operations were as follows: (I) 96-well plates were 
paved with isolated normal breast and breast cancer cells, 
5×103 cells were inoculated in each well, and after overnight 
culture, old and non-adherent cells were removed; (II) 
serially diluted normal T lymphocyte culture supernatant 
or recombinant Ad-ephrinA1-caspase-3-T supernatant  
(100, 50, 25, and 0 μL) were added and filled up to  
100 μL/well, and incubated at 37 ℃ incubator; (III) plates 
were taken after 24, 48 and 72 h for MTT assay; (IV) 
10 μL of MTT solution (5 mg/mL) was added to each 
well and the culture was continued for 4–6 h in the cell 
incubator; (V) the culture medium in the hole was absorbed 
carefully and 150 μL DMSO was added to each hole. The 
plate was shaken at low speed for 10 min to fully dissolve 
the crystals; (VI) within 10 min after adding DMSO, 
the absorbance at 570 nm in each well was measured 
with a microplate reader, the cell growth inhibition  
rate (%) = (1− drug group OD/control group OD) ×100%.
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Effect of ephrinA1-caspase-3-T on apoptosis of breast 
cancer cells

The effect of Ad-ephrinA1-caspase-3-T supernatant on 
the apoptosis of breast cancer cells was detected by flow 
cytometer. The main operations were as follows: (I) breast 
cancer cells were plated in 6-well plates and inoculated 
5×105 cells in each well. After overnight culture, old culture 
medium and non-adherent cells were removed; (II) the 
supernatants of serially diluted recombinant ephrinA1-
caspase-3-T were added, and the uninfected T lymphocyte 
supernatant was used as a control and cultured at 37 ℃ for 
72 h; (III) culture supernatant was collected, and the cells 
were digested with conventional trypsin and centrifuged 
with the supernatant, then the cells were collected; (IV) 
the cells were suspended at 200 μL Binding Buffer; (V)  
10 μL Annexin V-FITC and 10 μL PI were added, gently 
mix, react for 15 min at room temperature in the dark or  
30 min at 4 ℃; (VI) added 300 μL Binding Buffer and 
detected by flow cytometer within 1 h.

Detection of the specific cytotoxic effect of ephrinA1-
caspase-3-T on target cells

In order to further detect the specificity of Ad-ephrinA1-
caspase-3-T on target cells, antibody neutralization assay 
was used to observe whether ephrinA1 can antagonize the 
cytotoxic effect of Ad-ephrinA1-caspase-3-T on EphA2 
positive breast cancer cells. The main operations were as 
follows: (I) the anti-ephrinA1 serum was inactivated at 
56 ℃ for 30 min; (II) 50 μL of serum-free medium was 
previously added to each well of a 96-well plate, and the 

inactivated serum was successively serially diluted at a 
2-fold concentration starting from the first column; (III) 
50 μL Ad-ephrinA1-caspase-3-T supernatant was added, 
mixed and incubated in a 37 ℃ incubator for 60 min; (IV) 
50 μL breast cancer cells or normal breast cells (density 
1×104 cells/well) were added to the supernatant and serum 
mixture; (V) the cell culture plate was cultured at 37 ℃ and 
5% CO2 incubator for 72 h, and then detected by MTT.

Statistical analysis

The SPSS 20.0 statistical software was used for analysis. 
The t-test was used for comparison between the two 
groups. The linear correlation analysis was used to analyze 
the correlation between antibody dilution and cell viability. 
P<0.05 was considered statistically significant.

Results

Identification of breast cancer cells and normal breast cells 

The growth of breast cancer cells was rapid, showing 
a variety of shapes, such as spindles and polygons, 
accumulating in nests and adhering to the wall; normal 
breast cells grown into pieces and had round nuclei in the 
center of the cells (Figure 1). The positive staining zones 
of ephrinA1 and EphA2 were located in cell membrane 
and cytoplasm. The results showed that there was almost 
no expression of EphA2 receptor and ephrinA1 in normal 
breast cells, while high levels expression of EphA2 receptor 
and ephrinA1 expression were found in breast cancer cells 
(Figure 2).

Figure 1 Normal breast cells (A) and breast cancer cells (B) culture (100×). 
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The effect of ephrinA1-caspase-3-T on viability of breast 
cancer cells 

After 24, 48 and 72 h of culture, MTT was used to examine 
the effect of Ad-ephrinA1-caspase-3-T supernatant (100, 
50, 25 and 0 μL) on the viability of breast cancer cells. 
According to Figure 3, T lymphocytes infected with 
adenovirus had little effect on the growth of normal breast 
cells but showed a strong growth inhibitory effect on breast 
cancer cells (P<0.05); the T lymphocytes uninfected with 
adenovirus did not affect the growth of normal cells and 
breast cancer cells (P>0.05). The inhibitory rate of Ad-
ephrinA1-caspase-3-T on the growth of breast cancer cells 
was 42.3% (Figure 4).

The effect of ephrinA1-caspase-3-T on the apoptosis of 
breast cancer cells 

The apoptotic rates corresponding to dilutions ratios 
of 1, 2, 4, 8, and 16 were 36%, 24%, 18%, 8% and 7%, 
respectively, which were significantly higher than that of the 
control group 3.5% (P<0.05) (Figure 5).

Antibody neutralization experiment 

Figure 6 shows a scatter diagram of antibody dilution and 
OD450 values. It showed that the viability of cells increases 
with the increase of antibody dilution, and r=0.994, P=0.001 
(<0.05). 

Figure 2 Identification of breast cancer cells by IFA. (A,B) breast cancer cells; (C,D) normal breast cells (100×). (A,C) EphrinA1 staining; (B,D) 
EphA2 staining. IFA, immunofluorescence assay. 
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Figure 3 The effect of ephrinA1-caspase-3-T on viability of breast cancer cells examined by MTT. Data are expressed as the mean ± SD. 
MOI, multiplicity of infection; MTT, thiazolyl blue tetrazolium bromide.
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Discussion

Apoptosis is programmed cell death controlled by genes 
in order to maintain the stability of the interior milieu, it 
was first proposed by Kerr et al. in 1972 (6). Apoptosis is 

a common phenomenon in organisms and has important 
biological significance (7). Abnormal apoptosis plays a 
very important role in the occurrence and development 
of many kinds of malignant tumors. In the treatment of 
cancer, radiotherapy, chemotherapy and endocrine therapy 
can lead to apoptosis of tumor cells, and may be the main 
form of cancer cell death (8). Therefore, dysfunction of 
apoptotic pathways can contribute to tumorigenesis and 
chemoresistance (9). Studies showed that down-regulation 
or loss of caspase expression is associated with breast cancer 
(10,11); caspase-3 is an important member of the cysteine 
aspartic acid specific protease family. It is a regulatory 
molecule located downstream of the cascade and is thought 
to be the performer of apoptosis (12,13). In our study, the 
Ad-ephrinA1-caspase-3-T had a relatively strong inhibitory 
effect on the viability of breast cancer cells. The growth 
inhibition rate was 42.30%, indicating that the Ad-ephrinA1-
caspase-3-T can inhibit breast cancer cells viability, however, 
the inhibition rate is not very high, maybe it is related to 
concentration. In apoptosis experiment, apoptotic rates 
decreased with increasing of the dilution ratio. In short, 
Ad-ephrinA1-caspase-3 not only promotes the apoptosis 
of breast cancer cells, but is concentration-dependent. The 
authors suppose that the dose dependence upon the action of 
supernatant is related to the amount of key factors ephrinA1 
and caspase-3 in the supernatant.

The Eph gene family is the largest member of the 
RTKs family, and EphA2 is the first gene in the family 
to be found to have tyrosine kinase activity. EphA2 is 
located on human chromosome 1p36.1 and encodes a 
polypeptide containing 976 amino acid residues and is a 
membrane-bound type I glycoprotein. Normal epithelial 
cells generally have low levels of EphA2 protein, which is 
itself tyrosine phosphorylated, however, EphA2 is widely 
expressed in many human tumors but not phosphorylated, 
including prostate cancer (14), breast cancer (15), malignant 
melanoma (16), non-small cell lung cancer (17), colon 
cancer (18), and ovarian cancer (19) and many other 
entities. Some people think the possible mechanisms of 
overexpression of EphA2 receptor in malignant tumors (20)  
were: protein stability increased and gene expression 
disordered. However, some people believe that such cells 
have unstable cell-to-cell contact. And ligand binding allows 
EphA2 to transmit a signal that negatively regulates tumor 
cell growth and survival, the lack of ligand binding also 
facilitates the development of these tumors (21). Noblitt (21)  
found that malignant cells with adenoviral vector expressing 
ephrinA1 is sufficient to decrease tumorigenic potential 

Figure 4 Cell viability examined by MTT. OD, optical density; 
MTT, thiazolyl blue tetrazolium bromide.
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in vitro and in vivo. We also found in breast cancer cell 
identification experiments that there were almost no 
EphA2 receptor and ephrinA1 expression in normal breast 
cells, while high levels of EphA2 receptor and ephrinA1 
expression were seen in breast cancer cells. In the test 
of cells identification, breast cancels express EphA2 and 
ephrinA1 at high levels, consistent with previous research 
results (22). Their positive rate in breast cancer is related 
to pathological type, tumor size, lymph node metastasis, 
clinical stage and histological grade (23). EphA2 is expected 
to become a new marker for the diagnosis of breast cancer 
and a molecular therapeutic target.

EphrinA1 is one of the main ligands of the EphA2 
receptor. EphrinA1 and EphA2 are co-expressed in many 
malignant tumor tissues and tumor-associated vascular 
endothelial cells. This overlapping expression pattern allows 
full contact between ephrinA1 and EphA2 (24). The EphA2 
ligand ephrinA1 induces EphA2 phosphorylation and 
intracellular internalization and degradation, thus inhibiting 
tumor progression (25). In the antibody neutralization 
experiment, cells’ viability increased with the increasing 
of antibody dilution ratio. it proved that neutralizing 
antibodies can effectively weaken the cytotoxic effect 
of Ad-ephrinA1-caspase-3-T on EphA2 positive breast 
cancer cells. Therefore, the author believes Ad-ephrinA1-
caspase-3-T can specifically inhibit the growth of breast 
cancer cells, it is the joint effect of ephrinA1and caspase-3, 
caspase-3 activates apoptosis pathway and exerts cytotoxic 
effect directly; ephrinA1 reduce EphA2 expression and 
cell viability by inducing EphA2 phosphorylation in cells, 
consistent with experimental results of Tandon et al. (26). 

In conclusion, the Ad-ephrinA1-caspase-3-T has a 
targeted cytotoxic effect on breast cancer cells in vitro. 
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