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Abstract

Background: Apoptosis inhibition depends on the balance between expression of some regulatory genes
including Bax and c-FLIP, despite breast cancer has long been associated with disturbances in apoptosis regulation.
The objective of present study was to determine the expression levels of Bax and c-FLIP mRNAs in 1 μg sample of
total RNA obtained from MCF7 and MDA-MB-231 human breast cancer cells treated with Prunus armeniaca extract.

Methods: Prunus armeniaca effect was measured by MTT assay with different drug concentrations (0.5, 1, 1.5, 2, 2.5,
3, 3.5, 4, 4.5 and 5 mg/mL) at different incubation times (24, 48 and 72 h). Expression of Bax and c-FLIP mRNA levels
was determined by qRT-PCR technique.

Results: The results of this study indicated that Prunus armeniaca significantly inhibited proliferation of cells in
concentration-dependent manner in all the time of incubation (P < 0.05). Our findings also showed that the expression
level of Bax and c-FLIP genes were increased in untreat group compared with control group in both of cancer cells at
all the time (P < 0.001). Prunus armeniaca reduced the expression level of Bax and c-FLIP genes cancer cells as a time-
dependence manner with respect to the untreat group significantly (P < 0.001).

Conclusion: The expression level of Bax and c-FLIP genes were significantly decreased under treatment of Prunus
armeniaca extract and it may be helpful in the prevention and cure of breast cancer in usage of herbal remedies.
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Background
Today breast cancer, that is the most common malignity,
is a significant challenge to human health which causes
death females all over the world. In 2018, out of
1,735,350 cancers in the United States, 266,120 cases are
related to breast cancer. The estimated death rate for
breast cancer was 40,920 which unfortunately has a high
proportion of cancers [1]. Apoptosis is a series of cellu-
lar events in which organisms have evolved to destroying
cells which are not necessary or unhealthy cells from the
body during development or cellular stress. Expression
of the Bax (Bcl-2-associated X) and c-FLIP (Cellular
FLICE-inhibitory protein) genes results in the promotion

of cell survival by inhibiting apoptosis. Therefore, a novel
approach to suppress anti-apoptotic genes is using of apri-
cot (Prunus armeniaca L.) in cancer cells [2, 3]. c-FLIP
gene, is an important component of the death-inducing
signaling complex (DISC), antioxidant, structurally similar
to caspase-8 and contains two death effector domains
(short (c-FLIPS) and long (c-FLIPL) based on their size)
and a caspase-like domain [4, 5]. The expression of c-FLIP
in breast cancer is associated with chemotherapy and
tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) resistance and is overexpressed in many types of
human tumor compared with matched normal tissue, sug-
gesting that c-FLIP may contribute to tumorigenesis in
vivo [6]. Bax gene, plays the key role in apoptosis pathway
and is the gateway to the mitochondrial pathway of apop-
tosis. It has been suggested that the Bax determine cell
fate, survival or death, when exposed to apoptotic stimuli
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such as removal of the growth factor [7, 8]. The Bax gene
encodes several variants of Bax (principal form is Bax α)
and can produce different proteins through alternative
mRNA splicing mechanisms (such as α, β, γ, and δ iso-
forms of Bax) [9]. Apricot has been used in folk medicine
as a remedy for various diseases and contains amygdalin,
carbohydrates, vitamins C and K, β-carotene, niacin,
thiamine, dietary protein and along with significant
amounts of oil and fiber [10, 11]. Antioxidant and
anti-cancer activities of Prunus armeniaca extract have
been poorly studied, and the lack of studies stimulated the
present research. Mounting evidence has supported the
anti-cancer effects of Prunus armeniaca extract in cancer
cure. However, whether Prunus armeniaca indeed acts as
an anti-tumor agent against breast cancer cells is not clear.
Based on the above, we investigate the changes in mRNA
expression profiles of Bax and c-FLIP genes after treat-
ment of MCF7 and MDA-MB-231 cells with Prunus
armeniaca extract.

Material and methods
Cell culture
The MCF7 (ATCC® HTB22™), MDA-MB-231 (ATCC®
HTB-26™) and HDF (ATCC® PCS-201-010™) were ob-
tained from Pasteur Institute (Tehran, Iran). Cells were
maintained in RPMI medium 1640 (Gibco Invitrogen)
containing 10% fetal bovine serum (FBS) (Gibco-Invitro-
gen), 2 g/L sodium bicarbonate and 1% penicillin/
streptomycin (Gibco-Invitrogen). Cells were grown in a
humidified Incubator at 37 °C, in a 95% air-5% CO2 at-
mosphere. When the cells reached 80% confluences and
sub-cultured they were harvested with 0.5 g/l trypsin
(Gibco Laboratories) and 0.2 g/l EDTA (Gibco Labora-
tories) for 4 min for further passages. In all experiments,
cells were seeded and then incubated 24 h before each
assay.

Drug preparation
Prunus armeniaca was obtained from Sigma Aldrich (St.
Louis, MO, USA) and the stock solution was made at
concentrations of 1000 μg/ml. Stock solution was filtered
the final treating concentrations were obtained using di-
luting in suitable culture medium.

MTT assay
Cell viability was defined by 3-(4,5-dimethylthiazo-
l-2-yl)-2,5- dimethyltetrazolium bromide (MTT) assay.
Almost 5000 cells/well were plated in 96-well culture
dish to determine the effect of Prunus armeniaca on
mentioned human cancer cells. After 24 h incubation
the cells were treated with different concentrations of
Prunus armeniaca, i.e. 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and
5mg/mL for 24, 48 and 72 h. After the treatment period,
20 μl of MTT of 5 mg/ml in PBS were added to each

well and left for 3–4 h at 37 °C within the incubator. Fol-
lowing the incubation, MTT solution was eliminated and
100 μl of DMSO added for 20 min at 37 °C. Absorbance
was measured using a multi detection micro plate reader
at the working wavelength of 540 nm.

RNA extraction and cDNA synthesis
Total RNA was extracted from cancer cells using the
RNX™-Plus solution (SinaClon, Iran) according to the
manufacturer’s instructions. The purity and concentra-
tion of the extracted RNA was determined by Thermo
Scientific NanoDrop™ 1000 Spectrophotometer (Thermo
Scientific, Germany), and the RNA integrity was con-
firmed by gel electrophoresis. The RNA extraction step
was followed by a DNaseI treatment (EN0521, Fermen-
tas, Germany). 1 μg of RNA was then used for cDNA
synthesis using random hexamers as primers and Prime
Script™-RT kit (TaKaRa, Japan).

Quantitative real time PCR
Quantitative RT-PCR was carried out using specific
primers which shown in Table 1. qRT-PCR performed
with SYBR®Premix Ex Taq™ II kit (TaKaRa, Japan) ac-
cording to the manufacturer’s instruction. Rotor gene
6000 Corbett detection system was used for amplifica-
tion. Thermal cycling condition was set as follows: an
initial activation step for 5 min at 95 °C, followed by 40
cycles of 95 °C for 15 s and 60 °C for 1 min. No template
controls (NTC) were also included in each run. The best
primer concentrations were identified by performing a
series of experiments with varying primer combinations.
To verify reaction efficiencies, for each primer set, stand-
ard curves were prepared using data from serially diluted
samples. Melting curve analyses were also performed for
each primer set. Besides, PCR products were electropho-
resed on 2% agarose gel to verify the product sizes.
GAPDH housekeeping gene was used as normalizer and
HDF cell line was used as the control group for the cancer
cell lines. Relative expressions were calculated using 2-ΔΔCt

method [12]. The qRT-PCR assays were performed in du-
plicate and the data were presented as the mean ± stand-
ard error of the mean (SEM) where applicable.

Table 1 Sequence of primers for RT-qPCR

Primers Primer Sequences (5′ to 3′) Ta (̊C) Product Size (bp)

Bax TGCCTCAGGATGCGTCCACCAA
CCTGTGTCCTGAAGGAGCCCAG

60 140

c-FLIP GGACTTGGCTGAACTGCTCTAC
AACTCTTCTCCTTGCTTATCTTGC

60 233

GAPDH GAAGGTGAAGGTCGGAGTC
GAAGATGGTGATGGGATTC

60 226
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Statistical analyses
All the experiments were repeated three times. All the
data was analyzed by one way ANOVA test using
GraphPad Prism version 7.00 (GraphPad Software, La
Jolla California USA). P values < 0.05 were deemed to be
statistically significant.

Results
Bax and c-FLIP genes expression was studied in MCF7
and MDA-MB-231 breast cancer cells treated with Pru-
nus armeniaca extract.

Prunus armeniaca-induced inhibition of proliferation
Cytotoxicity effect of prunus armenica was evaluated on
three human cells MCF7, MDA-MB-231 and HDF. All
cells were treated with different concentration of prunus
armenica for incubation time of 24, 48 and 72 h. MTT was
used to measure cell viability. As shown in Fig. 1a, Prunus
armeniaca decreased growth and proliferation of HDF cells
in concentration-dependent manner in all the time of incu-
bation. Prunus armeniaca significantly inhibited prolifera-
tion of HDF cells at concentrations (2.5–5), (1.5–5), and
(1–5) after 24, 48 and 72 h incubation respectively (P value
< 0.05). The cell viability of MCF7 was decreased at con-
centration of prunus armenica (1–5), (1–5), and (0.5–5)
after 24, 48 and 72 h incubation respectively (P value <
0.05) (Fig. 1b). As presented in Fig. 1c, Prunus armeniaca
diminished growth and proliferation of MDA-MB-231 cells
in concentration-dependent manner in all the time of incu-
bation. Prunus armeniaca significantly inhibited prolifera-
tion of MDA-MB-231 cells at concentrations (1–5), (0.5–
5), and (0.5–5) after 24, 48 and 72 h incubation respectively
(P value < 0.05). The values of IC50 (μg/ml) were obtained
for the cells. As presented in Table 2, the values of IC50
(mg/ml) were decreased in time of incubation-dependent
manner.

Prunus armeniaca effect on Bax and c-FLIP in MCF7 breast
cancer cells
The results of present study indicated that the expression
level of Bax and c-FLIP genes were enhanced in untreat
group compared with control group in all the time of in-
cubation incubation (P value < 0.001) (Fig. 2). As shown
as in Fig. 2, Prunus armeniaca significantly inhibited the
expression level of Bax and c-FLIP genes versus untreat
group in all the time of incubation (P value < 0.001). Also
our results demonstrated that time will reduce the expres-
sion level of Bax gene cancer cells treated by Prunus
armeniaca.

Prunus armeniaca effect on Bax and c-FLIP in MDA-MB-
231 breast cancer cells
As presented in Fig. 3, findings demonstrated a signifi-
cant enhancement in the expression level of Bax and

c-FLIP genes in untreat group versus with control group
at all the time of incubation (P value < 0.001). On the
other hand, there were a significant reductions in the
relative expression levels of Bax and c-FLIP genes after
incubation cells with Prunus armeniaca in treat group

Fig. 1 Prunus armeniaca was decreased growth and proliferation of
HDF, MCF and MDA-MB-231 cells in concentration-dependent manner
in all the time of incubation. a Prunus armeniaca significantly inhibited
proliferation at concentrations (2.5–5), (1.5–5), and (1–5) after 24, 48
and 72 h incubation respectively (P value < 0.05). b Prunus armeniaca
significantly inhibited proliferation at concentrations (1–5), (1–5), and
(0.5–5) after 24, 48 and 72 h incubation respectively (P value < 0.05). c
Prunus armeniaca significantly inhibited proliferation at concentrations
(1–5), (0.5–5), and (0.5–5) after 24, 48 and 72 h incubation respectively
(P value < 0.05)
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compare with untreat group in all three time of incuba-
tion (P value < 0.001) (Fig. 3). Also Fig. 3, shows that
Prunus armeniaca decreased the expression level of
these genes in time-dependent manner.

Discussion
We have established a relationship between the rate of
gene expression and Prunus armeniaca extract in hu-
man breast cancer cells using quantitative determination
of mRNA copy numbers. The Bax and c-FLIP mRNA
copy numbers were determined in order to estimate the
effects of Prunus armeniaca extract in breast cancer. We
observed a correlation between decreased Bax and
c-FLIP expression level and Prunus armeniaca extract.
Recently, most cancer research has focused on the de-

regulation of apoptosis (as a central event) in the beginning
of carcinogenesis, further cancer development and a num-
ber of studies showed a central role of apoptosis in tumori-
genesis of different type of cancer. Different regulators of
apoptosis such as p53, Bax, Fas, survivin and c-FLIP have
been implicated in the cancer development [13].
Bcl-2 genes have been regulated apoptosis, which pro-

mote cell survival and Bax protein. Bax overexpression
enhances apoptosis induced by several agents [14].
Hawkins et al. [15] suggested that increased apoptotic
frequency is associated with decrease in Bcl-2 expression
level. However, lack of Bax protein in human cancers
contributes to drug resistance. Bax is responsible for the

mitochondrial apoptosis pathway [16]. In cancer cells,
induction of Bax begins cell death [14]. c-FLIP as a novel
anti-apoptotic gene, has been revealed to be overex-
pressed in several human cancers and make c-FLIP an
important role in cancer development [17].
Krajewski et al. report demonstrated that low Bax ex-

pression in metastatic breast cancer patients had poorer
response to chemotherapy and shorter overall survival
[18]. They also indicated that there were no differences
in treatment outcome related to Bax expression in the
tumor cells in breast cancer patients [19].
When we analyzed correlation between Bax and

c-FLIP genes expression under treatment with Prunus
armeniaca extract, we found that expression of these
gene were lower in treated cells in compared to un-
treated one. We suspected that Prunus armeniaca ex-
tract could be related to inhibition of anti-apoptotic
genes in human breast cancer cells.
In the last decade, agents used for cancer treatment are

derived from the plant origin, specially flowers, leaves, fruits
and fungi. Recent research evidences demonstrated that
these plants and herbs play an important role in prevention,
cure and keeping human health. Public know herbal rem-
edies as a synthetic medicines because herbals contains nat-
ural active compound [20]. Amygdalin, Prunus armeniaca,
Ginseng, Garlic and Aloe Vera are some examples of plants
which are used in breast cancer treatment [21].
Research on the expression of apoptosis associated

genes in different cancer cells treated with herbal remedies
showed that the expression of Bcl-2, Bcl-XL, Bad and Bax
genes differed from control cells (un-treated groups) [22].
In agreement with this report, we found that Bax and
c-FLIP gene expression levels had a significant decrease in
MCF7 and MDA-MB-231 human breast cancer cells
undertreated with Prunus armeniaca extract. In a study,
mRNA expression level of some anti-apoptotic genes in
response to treatment with herbal remedies in breast

Fig. 2 Relative expression of Bax and c-FLIP in MCF7 breast cancer cells treated by Prunus armeniaca. Expression levels of the genes were
evaluated by qPCR and compared to untreat and control cells by ΔΔCt method. ***. Shows significant at the 0.001 level. Error bars show ± SE

Table 2 IC50 values of HDF, MCF7 and MDA-MB-231 cells lines
incubated with prunus armenica for 24, 48 and 72 h

IC50 value (mg/ml)

Cell 24 h 48 h 72 h

HDF 4.27 2.54 1.51

MCF7 2.00 1.24 0.50

MDA-MB-231 2.5 1.48 0.48
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cancer cell line were examined. The mRNA expression
profiles of each of these genes were different depending
on the treatment type and treatment time passed [23].
One major limitation of this study was limited number

and variant of cancer cells that might not fully substanti-
ate the accuracy of the results.

Conclusion
Novel naturals for high throughput analysis of the expres-
sion profile of breast cancer, under a variety of experimen-
tal and treatment conditions, are becoming widespread.
The relations underlying Bax and c-FLIP genes expression
under treatment with Prunus armeniaca extract may be
helpful in the prevention and cure of breast cancer cells.
However, further studies are required to thoroughly
characterize the relationship between apoptosis and Pru-
nus armeniaca extract of breast cancer cells.
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