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Introduction
The tumors of the breast are prevalent malignancy and 
occur in one-eighth of the population of women in 
developed countries and the mortality rate of this cancer 
is closed to 30% (1, 2). In some patients with breast cancer, 
there is a special breast cancer cell line that is known as 
T47D and the P53 gene in this cell line is mutant, as a 
result, its function has been disrupted (3). 

Cancerous cells have many different mechanisms to 
deviate from normal proliferation and growth control 
pathways. These mechanisms that are related to the 
genomic change in the cells can lead to the properties of 

malignant cells such as excessive proliferation, abnormal 
cell movement, and invasion or increased resistant 
to some anti-cancer agents (4). The breast cancer cell 
often over-expresses the adenosine A1 receptor (5). 
This receptor is a member of the adenosine receptor 
superfamily that is divided into P1 and P2 subfamily. 
Purinergic P1 receptor family includes A1, A2a, A2b, 
and A3. In addition, the regulation of inflammatory and 
immunity reactions, programmed cell death (apoptosis), 
cell cycle, proliferation, and differentiation are some well-
known functions of these receptors (6). Nonetheless, the 
expression rate of the A1 receptor and its special function 
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Abstract
Background: Adenosine receptor family, especially A1 type is-overexpressed in breast-derived 
tumor cells and the P53 gene is mutant in some of these cells while the casps gene is of wild type as 
well. The aim of this study was to evaluate the effect of the A1 receptor function on cell programmed 
death or proliferation, as well as the relationship between this receptor stimulation/inhibition and 
caspase 3 (casp3) expression in T47D cell line that has a mutant and non-functional P53 gene.
Materials and Methods: The expression of casps3 was measured by real-time polymerase chain 
reaction and then flow cytometery and MTT assay were used to assess the apoptotic and proliferation 
cell rate after the treatment of T47D cells with specific agonist N6-cyclopentyladenosine (CPA) and 
antagonist 1,3-dipropyl-8-cyclopentylxanthine (DPCPX) of this receptor 24, 48, and 72 hours after 
treatment.
Result: Our results indicated that DPCPX significantly induces apoptosis in T47D cells and the rate 
of survival cell after the reduction of this treatment, especially 72 hours after treatment. Finally, 
the expression of casp3 was up-regulated by DPCPX treatment, especially in 72 hours while CPA 
treatment had opposite results (P > 0.05).
Conclusion: In general, DPCPX could up-regulate casp3 gene expression and subsequently increase 
the apoptosis rate in T47D cells with casp3 expression without the P53 gene interference. Therefore, 
adenosine A1 receptor antagonists may be introduced as anti-cancer agents.
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is different in cells and tissues that are related to cell 
background (7, 8).

Further, apoptosis or cell programmed death is known 
as a kind of cell death that is associated with DNA 
fragmentation. The morphological characteristics of 
apoptosis are cytoplasmic condensation, cell rounding, 
pyknotic nucleus, and finally, the formation of apoptotic 
bodies that are rapidly scavenged by some immune 
and non-immune cells such as macrophages without 
activating any immune response (9). Apoptosis is used 
for removing senescent, excess, or abnormal cells and 
is essential for some other biological events that lead to 
normal development and homeostasis (9). Furthermore, 
apoptotic mechanisms can be initiated through two 
pathways consisting of extrinsic and intrinsic pathways 
that are mediated by cell death receptors and cell 
mitochondria, respectively (9, 10). Moreover, apoptosis 
includes many coordinated events and often induces the 
activation of the cascade of the casps. They are a group 
of cysteine proteases that promote the cell programmed 
death from initiating signals to the final state (9, 10).

The intrinsic or extrinsic pathways of apoptosis have 
their own special molecules such as casps. Many drugs 
for cancer treatment induce apoptosis through casps 
pathways. It is suggested that the over-expression of casps 
is sufficient for the initiation of apoptosis in mammalian 
cells (10).

In the human genome, P53 is a master tumor suppressor 
gene that involves in critical biologic events such as 
cell cycle checkpoints, DNA repair, differentiation, 
development, and apoptosis (11). Mutation in P53 can 
be observed in 50% of human cancers (11) but, in breast 
cancer, this rate is only 30-35% and in most cases, this 
gene is of wild type (12). Additionally, P53 is involved 
in working with casps on both extrinsic and intrinsic 
pathways of apoptosis (13).

Several studies showed that P53-independent pathways 
that induce apoptosis are observed in P53 mutant 
cancerous cells (14-16).

According to another study, the adenosine A1 receptor 
is over-expressed in breast-derived tumor cells but, the 
signaling pathway of this receptor and its relationship 
with casps is unknown (17). In addition, some studies 
indicated that the A1 receptor over-expression and 
relative functions can increase cell viability, metastasis, 
mitosis rate, and cell cycle, and decrease apoptosis rate, 
and is critical for proliferation in the estrogen receptor 
(+/-) cell lines of breast malignancy (17, 18).

High concentrations of adenosine receptors were 
observed in prostatic cancer. Based on previous research, 
IB-MECA, as an especial agonist for the A3 receptor, 
leads to P53 over-expression, cell cycle arrest, and casp3 
activation in LNCaP prostate adenocarcinoma (19). 
Similarly, the stimulation of the A1 receptor following 
oxidative stress in the brain, kidney, and heart reduced 
cell damage and apoptotic rate. A1 receptor antagonist 

increased tissue damage in these conditions as well (20-
22). In brain hypoglycemia, the A1 receptor could reduce 
casp3 activity and the following apoptosis (23).

Considering the above-mentioned explanations, our 
study investigated the effect of especial A1 receptor 
agonist (CPA, N6-Cyclopentyladenosine) and antagonist 
(DPCPX, 8-Cyclopentyl-1, 3-dipropylxanthine) on 
the expression of casp3 as an executive casp for casps 
pathways and the following apoptotic rate.

Material and Methods
Cell Culture, Drug, and Treatment 
The T47D cell line was taken from the Pastor Institute 
of Animal Cell Culture. Then, the cells were cultured in 
Dulbecco’s modified Eagle medium (DMEM/F12) with 
10% fetal bovine serum, 100 U/mL penicillin, and 100 μg/
mL streptomycin and incubated at 37°C with 5% CO2 in 
a humidified atmosphere. Next, CPA (Sigma C8031) and 
DPCPX (Sigma C101) were dissolved in DMSO according 
to IC50 concentration. After the cells were confluent, 106 
T47D cells were counted and seeded in the T75 culture 
flask and incubated with certain concentrations of agonist 
and antagonist, followed by performing the tests at certain 
times (i.e., 24,48, and 72 hours).

IC50 Assay
To get the IC50 value for the agonist (CPA) and antagonist 
(DPCPX) in T47D cells, 104 cells were counted and placed 
into each well of a 12-well plate. After 24 hours, the cells 
were treated with various concentrations of CPA (i.e., 0, 
10, 50, 100, 200, and 400 μM doses) and DPCPX (i.e., 10 
nM, 50 nM, 100 nM, 1 μM, 10 μM, and 100 μM doses). 
After 24 hours of treatment, MTT survival assay was 
carried out in each group. A graph of cell viability versus 
drug concentration was used to estimate IC50 values for 
CPA and DPCPX in T47D cells.

Real-Time Polymerase Chain Reaction 
RNeasy mini kit was used for total RNA extraction at the 
indicated treatment times according to the manufacturer’s 
instructions (Qiagen, Hilden, Germany). After extraction, 
100 ng of total RNA was reverse-transcribed to cDNA by 
using the Revert Aid™ First Strand cDNA Synthesis Kit 
(Fermentas) following the manufacturer’s instructions 
and then the Maxima SYBR Green Rox qPCR master mix 
kit (Fermentas) was used for real-time polymerase chain 
reaction (RT-PCR) by especial primers that are shown in 
Table 1. Next, cycle reactions were performed with Step 
one plus (Applied Biosystem) consisting of 10 minutes 
at 95°C, followed by 40 cycles of the denaturation step at 
95°C for 15 seconds and then annealing and extension 
for 1 minute at 60°C. Further, values were calculated by 
comparative Ct (ΔΔct) method, and then relative casp3 
expression levels were analyzed by comparing a ratio 
between the amount of casp3 expression in each group 
and that of the control groups. The experiments were 
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performed independently and repeated 3 times.

MTT Assay
104 cells were cultured into each of 24 well plates. After 
24 hours of incubation, the medium was removed, and 
the drugs in certain concentrations were added to each 
plate according to the groups. In the indicated time 
(24, 48, and 72 hours), the cell viability was measured 
using MTT (3(4, 5-dimethylthiazol-2-yl) 2, 5- diphenyl-
tetrazolium bromide) in the DMEM medium according 
to manufacture’s instruction. After incubation time, cell 
lysis with DMSO and then 100 µL aliquot of the soluble 
fraction were used for optical density (OD) analysis with 
the plate reader system. Eventually, the OD of each sample 
compared with the OD of the control group was used to 
measure the percentage of living cells in each group.

Flow Cytometry Assay
The flow cytometry method was used to determine 
the percentage of apoptotic cells following Annexin V 
(FL1-H) and PI (FL2-H) labeling and then 4 × 105 cells/
mL was analyzed for each sample. Those cells incubated 
with certain doses of CPA and DPCPX (180 μM and 87 
nM) in the indicated time were washed in phosphate-
buffered saline and resuspended in the binding buffer. 
Next, Annexin V-FITC and PI were added to cell 
suspensions according to the manufacturer’s protocol 
(BMS500F1/100CE Annexin V-FITC, eBioscience, USA). 
Finally, cells counted by FACS underwent flow cytometry 
(Becton Dickinson, Heidelberg, Germany) in order to 
analyze each group. 

Statistical Analysis
All quantitative data were presented as the mean ± 
standard deviation. One-way analysis of variance 
(ANOVA), along with Tukey post hoc test was used to 
indicate statistical significance among treatment groups 
by using SPSS software and P < 0.05 was accepted as the 
level of significance.

Results
IC50 Assay
In this assay, after the incubation of T47D cells with MTT 
solution, dark blue Formosan crystals according to cell 
metabolic activity formed in viable cells. The reduction 
in the number of cells directly relied on drug doses as 

shown by IC50 (half-maximal inhibitory concentration) 
as follows. The IC50 values were established for the CPA 
and DPCPX and the results indicated that the essential 
agonist and antagonist of A1 receptor concentration to 
attain IC50 in T47D cells at 24 hours was 180 μM and 87 
nM (Figure 1).

MTT Assay 
The MTT proliferation assay was used to study the 
proliferation and anti-proliferation effects of CPA and 
DPCPX in the T47D cell line. In this assay, both IC50 
concentrations of CPA and DPCPX, used to cell treatment 
and untreated cells, were labeled as the control group. 
To evaluate the changes in the number of viable cells in 
each group following treatment, cell proliferation assay 
was measured 24, 48, and 72 hours after the incubation 
period. Based on the results, treatment with antagonist on 
T47D cells showed lower OD and decreased viable cells 
in IC50 concentrations compared to controls, especially 
in 72 hours. However, CPA incubation increased OD and 
cell viability with a timely manner in the T47D cell line. 

Table 1. Primers Sequences Used in Real-Time Polymerase Chain Reaction

GAPDH forward CACCACCATGGAGAAGGCTGG

GAPDH reverse CCAAAGTTGTCATGGATGACC

Casp3 forward CAGTGGAGGCCGACTTCTTG

Casp3 reverse TGGCACAAAGCGACTGGAT

Note. PCR: Polymerase chain reaction; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase.
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Figure 1. IC50 Assay for Calculating the Half-maximal Inhibitory Concentration of CPA and 
DPCPX in T47D Breast Cancer Cells. 
Note. Each group of cells treated with/without the agonist and antagonist in indicated concentrations and the relative amount of viable cells were 
estimated by measuring Formosan crystal formation and then light attraction. The graph percentage of cell viability versus each dose of CPA or 
DPCPX was used to calculate IC50 values. 
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Figure 1. IC50 Assay for Calculating the Half-maximal Inhibitory 
Concentration of CPA and DPCPX in T47D Breast Cancer Cells.
Note. Each group of cells treated with/without the agonist and 
antagonist in indicated concentrations and the relative amount 
of viable cells were estimated by measuring Formosan crystal 
formation and then light attraction. The graph percentage of cell 
viability versus each dose of CPA or DPCPX was used to calculate 
IC50 values.
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Flow Cytometry
The apoptotic potential of the adenosine receptor was 
measured by flow cytometry. As shown in Figure 3, our 
findings revealed that DPCPX in 87 nM concentration 
(based on IC50) at indicated times (i.e., 24, 48, and 72 
hours) could significantly promote apoptosis in T47D 
cells and it was increased, especially in 72 hours (P < 0.05). 
The results further indicated that DPCPX treatment 
arrested T47D cell proliferation and induced apoptosis 
up to 65% in 72 hours. Contrarily, the effect of CPA as a 
special agonist on cells in all measuring times was negative 
(P > 0.05) and the rate of the apoptotic cell decreased, 

especially in 72 hours in comparison with control group 
cells (P < 0.05). Eventually, DMSO (the drug vehicle) 
induced a small amount of apoptosis in T47D cells at 
different times (P < 0.05) compared to the control group 
(Figure 3). 

Results of Real-Time Polymerase Chain Reaction 
RT-PCR was used to examine CPA and DPCPX effects 
(according to IC50) at preferred times on casp3 gene 
expression in T47D cells. As depicted in Figure 4, the 
casp3 expression dramatically up-regulated by antagonist 
(DPCPX) treatment with an ascending time manner 
and in particular, 72 hours after the treatment (Figure 
3, P < 0.05). On the other hand, CPA significantly down-
regulate this gene expression in 24, 48, and 72 hours 
(P > 0.05).

Discussion
Nowadays, many investigations have focused on the 
use of new chemotherapeutic drugs on cancerous cell 
receptors (24, 25). The best ways for cancer therapy 
include apoptosis induction specifically to the tumor 
cells, as well as at the site of metastasis without affecting 
the patient’s healthy cells (26, 27). It seems that to achieve 
this purpose, the use of specific characteristics of various 
cancerous cell types and realized overexpression of cell 
receptors and mutated/wild type tumor suppressor genes 
is necessary. In T47D breast cancer cell line, adenosine A1 
receptor is overexpressed and mutated in the P53 tumor 
suppressor gene is mutated (3, 28). 
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Figure 2. MTT Proliferation Assay in IC50 Concentrations at the Indicated Time After Treatment. 
Note. The growth rates decreased in treated cells with DPCPX (antagonist) as compared with the untreated 
cells whereas this rate increased with CPA (agonist) treatment. 
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Figure 2. MTT Proliferation Assay in IC50 Concentrations at the 
Indicated Time After Treatment.
Note. The growth rates decreased in treated cells with DPCPX 
(antagonist) as compared with the untreated cells whereas this rate 
increased with CPA (agonist) treatment.

Figure 3. Rate of Apoptotic Cells in T47D Breast Cancer Cell Lines Treated With 87 nM Antagonist of the A1 Receptor (DPCPX) and 180 μM. 
Note. The agonist of the A1 receptor (CPA) according to inhibitory concentration (IC50) for different times is displayed in Figure 3 and 
untreated t47D cells were used as control groups as well.
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The adenosine receptor superfamily has many members 
one of which is the adenosine A1 receptor that has 
different roles. It has been suggested that this receptor may 
act as a potent control of normal and tumor cell growth by 
using anti-apoptotic effects (17, 29). Previous studies have 
shown that adenosine A1 receptor antagonists stimulate 
P53 gene expression to induce apoptosis in cancerous 
cells (6, 17, 30).

Our study demonstrated that the A1 receptor induces 
apoptosis in cancerous cells with a mutation in master 
tumor suppressor genes such as P53. In addition, the 
inhibition of the A1 receptor with siRNA could induce 
apoptosis in MDA-MB-468, MDA-MB-435, BT-474, 
ZR75-1, T47D, and MCF-7 human breast tumor cell lines 
(31). Consequently, the present study focused on the A1 
receptor and its especial agonist and antagonist drugs in 
the P53 mutant cell line. 

Our data in flow cytometry assay showed that the use 
of adenosine A1 receptor antagonist (DPCPX) can induce 
apoptosis in T47D cells while the agonist of this receptor 
(CPA) reduced apoptosis by rising time. Further, the MTT 
assay revealed that the use of the DPCPX (87 nM) had 
significant cytotoxicity effects on T47D cells in a time-
dependent manner, although CPA (180 µM) enhanced 
the rate of cell viability. T47D cells overexpress the 
adenosine A1 receptor, improve the viability of cancerous 
cells, and restrain cell apoptosis. However, cell viability 
reduced by adenosine whereas the apoptosis rate in LU-
65 lung cancer cells increased through adenosine A3 
receptor with P53 mediated pathways (32). Furthermore, 
IB-MECA adenosine A3 agonist induces apoptosis in the 
OVCAR3 ovarian cancer cell line via cyclin D1/Cdk4 and 
Bcl-2/Bax pathways (33). Consequently, our results are 
contrary to the result of another study about the role of 
the adenosine A1 receptor in T47D cells.

Since casp3 control 2 main internal and external 
apoptosis pathways, the mRNA expression of this 
executive gene was evaluated by RT-PCR. Quantitative 

RT-PCR results showed that DPCPX treatment up-
regulated the mRNA level of casp3 even without P53. 

In cancer, cells do not require new CASP expression 
for apoptosis, but in most cases, apoptosis induces CASP 
expression by drugs (34). Moreover, CASP expression 
promotes apoptosis and sensitizes cancerous cells to the 
immune system (35, 36). Our results are similar to these 
findings and reveal that DPCPX treatment in T47D 
cells can induce apoptosis and increase casp expression. 
Nonetheless, previous studies could not prove the role 
of adenosine A1 receptors in casp3 expression, but some 
reports indicated that the stimulation or blocking of 
this receptor reduces apoptotic cell death in some cells 
and enhance this rate in some others. For example, the 
agonists of adenosine receptor A1 (i.e., CHA and R-PIA) 
decreased cell viability and promoted apoptosis in Caco-2 
cell line (human colon adenocarcinoma cell line) (37, 38), 
Hep-G2 (hepatocyte carcinoma cells in human), ACHN 
(human renal adenocarcinoma cells), and Hep2 (larynx 
carcinoma cells), but it had no destructive effect on mouse 
connective tissue fibroblast L929 cells (38). However, 
these reports measured no gene expression about these 
effects. On the other hand, extracellular adenosine 
induces apoptosis in the RCR-1 astrocytoma cell line via 
adenosine A1 receptor induction that includes casp9, 
casp8, and casp3 up-regulation and, finally, apoptosis 
from an unknown pathway (39). An earlier study revealed 
that extracellular adenosine increased P53 expression via 
adenosine A3 receptors and promoted apoptosis by the 
induction of casp9 and casp3 in the lung cancer LU-65 
cell line as well (32). Finally, although bio-molecular 
pathways underlying adenosine A1 receptor-induced 
apoptosis vary, they depend upon cancer cell types since 
targeted therapy is one of the new treatment strategies. 
In cancer therapy, especially in drug-resistant cancers and 
maybe in the future, adenosine receptor A1 antagonists 
are introduced as an effective anti-cancer drug for many 
genomic-changed cancer cells since they enhance efficacy 
with lower toxicity effects because they mainly affect the 
special cancerous cells.

Conclusion
In general, the findings showed that the antagonist of the 
adenosine A1 receptor induced significant apoptosis in 
P53-mutated T47D cells in the concentration range of 180 
nM by up-regulating the casp3 gene. Furthermore, the 
mRNA levels of this gene that is involved in the apoptosis 
were up-regulated by adenosine DPCPX. Overall, our 
data suggested that the adenosine A1 receptor antagonist 
may induce apoptosis in T47D cells via p53-independent 
and casps-dependent pathways. This in vitro study 
revealed that the induction of apoptosis even in drug 
resistance cancerous cells by adenosine A1 receptor 
antagonist warrants further evaluation to determine in 
vivo exposure consequences for this the application of 
these bio-molecules.
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Figure 4. Effects of Adenosine A1 Receptor on the Levels of Casp3 Expression in T47D Cells in 
24, 48, and 72 hours After Treatment. 

Note. Casp3 gene expression up-regulated with DPCPX treatment and down-regulated with CPA treatment 
especially at 72 hours after treatment (P > 0.05). 
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Figure 4. Effects of Adenosine A1 Receptor on the Levels of Casp3 
Expression in T47D Cells in 24, 48, and 72 hours After Treatment.
Note. Casp3 gene expression up-regulated with DPCPX treatment 
and down-regulated with CPA treatment especially at 72 hours 
after treatment (P > 0.05).
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