Jundishapur J Nat Pharm Prod. 2015 August; 10(3): e22818.

doi: 10.17795/jjnpp-22818
Research Article

Published online 2015 August 28.

The Simultaneous Effect of Valproic Acid and Gamma Radiation on
Telomerase Activity and Bax and Bcl-2 Protein Levels in MCF-7 Breast Cancer
Cell Line
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Abstract

Background: Breast cancer is one of the most prevalent types of cancer. Factors such as ionizing radiation and chemotherapeutic agents
can trigger apoptosis and cancer cell death. An anticonvulsant drug named Valproic acid is a histone deacetylase inhibitor that shows
promising anti-tumor effects in a variety of cancers. Telomerase is a ribonucleoprotein enzyme that activated in cancer cells and lead to
telomeres shortening inhibition and triggering the apoptosis.
Objectives: The purpose of this research was to investigate the simultaneously effect of Valproic acid and gamma radiation on telomerase
activity and bax and Bcl-2 protein level in MCF-7 breast cancer cell line.
Materials and Methods: MCF-7 cells was treated with different dose of Valproic acid (0, 2, 8 and 16 mM/l) and single dose of gamma
radiation (4 Gy/min. (cell toxicity was determined using neutral uptake test. Telomerase activity was determined using TRAP assay (PCRELISA) method. Bax and Bcl-2 protein level was determined by ELISA method, as well.
Results: Combination of Valproic acid and gamma radiation increased significantly cell toxicity in a time and dose dependent manner
compared with control (P < 0.0001). The ratio of Bax/Bcl-2 was increased in a dose dependent manner at 48 and 72 hour treatment (P <
0.0001). There was a decrease in Telomerase activity after 24, 48 and 72 hours treatment in a dose dependent manner (P < 0.0001).
Conclusions: The increasing cell toxicity, apoptosis-inducing effects and decreasing telomerase activity may play an important role in
the Valproic acid and radiation mechanism. The current survey suggested that it is likely beneficial to combine Valproic acid and gamma
radiation to treat breast cancer.
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1. Background
Breast cancer is one of the most prevalent malignancies in women worldwide (1). Programmed cell death
(apoptosis) is an important mechanism of cell death.
Recent studies have revealed alteration in susceptibility
to apoptosis in cancer cells. Deactivation of pre-apoptotic or activation of anti-apoptotic pathways finally causes
defect in apoptosis function (2-5). Factors including ionizing radiation (IR) and chemotherapeutic agents can
trigger and accelerate the apoptosis process. Some of
proteins contributed to apoptosis regulation and responsed to anticancer therapies are Bcl-2 and bax (6).
Bcl-2 is a vital antiapoptotic protein induced by various
stimuli. A recent study showed a relationship between
overexpression of Bcl-2 and reduced response to chemotherapeutic agents (7, 8); moreover, Bax is a member of the Bcl-2 protein family that describes proapop-

totic property and γ-radiation and chemotherapeutic
agents that induces its expression (6, 9).
Valproic acid (VPA), a kind of histone deacetylase inhibitor (HDACI), is an effective anticonvulsant drug with
anti-tumoral properties (10, 11). HDACIs can induce histone hyperacetylation and transcription of a variety of
genes. Hyperacetylation of histones also enhance DNA to
be damaged (12). Although, HDACIs augment radiosensitivity of cancer cells; however, a study revealed its radioprotective property (13). Radiotherapy is one of the most
important method for treatment of cancer (14). There are
numerous side effects associated with radiation, so the
therapeutic index of radiotherapy might be improved
using cancer cell radiosensitizing agents (15). However,
IR resulted in apoptosis or growth arrest, its effect vary
among the cell lines (12).
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Telomerase is a ribonucleoprotein enzyme and has a
key role in tumorgenesis (16). Activation of telomerase
in tumor cells lead to telomeres shortening inhibition
and triggering the poptosis (17, 18), down regulation of
telomerase activity (TA) result in sensitizing cancer cells
to effects of radiation and chemotherapeutic agents (15).
A recent study has showed thatanti telomerase activity
caused by VPA (19); although, contradictory results have
been reported in terms of radiation and its relationship
with TA regulation (20-22).

2. Objectives

The aim of this research was to investigate the simultaneous effect of VPA and gamma radiation on TA and Bcl-2
and bax protein levels in MCF-7 cancer cell line.

3. Materials and Methods

3.1. Cell Culture and Reagents
A MCF-7 cell line was obtained from the Pasteur institute
(Tehran, Iran). VPA was purchased from Sigma (Germany)
and dissolved in PBS in a stock concentration of 100 mM
and stored at -20°C.
The cells were placed into 75-cm3 tissue culture flasks
and cultured in tissue culture medium (DMEM) supplemented with 2 mM L-glutamine, 1% non-essential amino
acids, 100 U/ml streptomycin, 100 U/ml penicillin and 10%
FBS at 37˚C in incubator with 5% CO2 (all reagents were
purchased from Gibco, Germany).
Cells were allowed to attach to the surface for 24 hours
prior to the treatment; Then, cells cultured with VPA (0,
2, 8 and 16 Mm/l) and irradiation was consequently performed with γ-rays from a Co60 source at a dose rate of
4.0 Gy/min. Controls consisted of unirradiated and untreated cells that were harvested at the same time points
as irradiated and treated cells, in brief, MCF-7 cells were
harvested with trypsinization and washed with cold PBS,
and rapidly frozen and stored at -80°C.

3.2. Cell Toxicity Assay Using Neutral Red Test

Briefly, MCF-7 cells wereplated at 50,000 cells/well on a
24-well plates in DMEM medium and After 24 hours, cells
were treated with VPA for 24 ,48 and 72 hours at different
doses of VPA (0, 2, 8 and 16 mM/l) and single dose of IR.
At the end of incubation period, medium was removed
and cells were incubated with neutral red solution (33 µg/
mL in fresh media, Merck) for 2 hours at 37°C; then, cells
were washed with PBS and fixed (acetic acid/methanol,
80%/20%), after 15 min shaking absorbanceat 550 nm was
measured.

3.3. Telomerase Activity Assay

Telomerase-PCR-ELISA kit (Roche applied science, Germany) was used to assess the TA. For preparation of cell
extracts, frozen samples were washed with cold PBS and
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resuspended in 200 µL of ice-cold lysis buffer and incubated for 30 min on ice with shaking; thus, centrifuged
for 20 min at 16,000 g and after that the supernatant
was transferred to a fresh tube. The samples total protein concentration was determined by the method of
Bradford et al. (Bio-Rad, USA). Quantification of TA was
performed as follows: cell extracts containing 5 g protein was added to 25 µL of reaction mixture and sterile
water was added to a final volume of 50 µL. PCR was then
performed using (palm cycler) with conditions: primer
elongation (25 minutes, 25°C, 1 cycle), telomerase inactivation (15 min, 94°C, 1 cycle), product amplification
for 30 cycles (94°C for 30 seconds, 50°C for 30 seconds,
and 72°C for 90 seconds) and; then, balanced (10 minutes at 72°C). Then 5 μl of of denatured PCR products was
added to a streptavidin-coated plate and hybridized to
a digoxigenin (DIG)-labeled telomeric repeat-specific
detection probe. Finally, the immobilized PCR products
were assessed with a peroxidase-conjugated anti-DIG
antibody. After addition of the stop reagent, the plate
was assessed with a microplate reader at a wavelength
of 450 nm within 30 minutes.

3.4. Determination of the Bcl-2 and Bax Protein
Levels
According to the manufacturer's instructions, determining Bcl-2 and bax protein levels was performed by
colorimetric procedures by using of human ELISA kit
(Biospes, Chongqing, china). Briefly, treated or untreated cells were lysed according to the ELISA kit protocol
instruction. Bcl-2 and bax proteins from the cell lysate
specifically bound to the primary antibody and detected
by Horseradish peroxidase (HRP) conjugated secondary
antibody. HRP-conjugated secondary antibody provided
sensitive colorimetric; Then, Bcl-2 and bax protein levels
were specified by measuring the absorbance at 450 nm
using a microplate reader.

3.5. Statistical Analyses
To analyze, one way ANOVA and TUKEY test were used.
Significant level was taken P < 0.05. Statistical analyses
were conducted using SPSS statistical package (version
16.0).

4. Results
In this study, the MCF-7 cell line was used to investigate
the effect of various dose of VPA in combination with
single dose of gamma radiation on regulation of bax and
Bcl-2 proteins and TA.

4.1. The effect of VPA in Combination With Gamma
Radiation on Cell Toxicity of MCF-7 Cell Line
The MCF-7 cell line was treated with different dose of
VPA (2, 8 and 16 mM) in combination with single dose
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Figure 2. The Effects of VPA and Gamma Radiation on BAX Protein Level

BAX

of gamma radiation (4 Gy/min) and incubated for 24, 48
and 72 hours. Cell toxicity was determined by neutral red
uptake assay after the end of treatment.
Cell toxicity showed a significant increase in a dose and
time dependent manner compared with non-treated
cells (P < 0.0001). Irradiation of MCF-7 cells at dose of (4
Gy/min) caused less toxicity compared to the cells treated
with combination of different dose of VPA and gamma radiation at 24, 48 and 72 hours (Figure 1).

4.2. The effect of VPA and Gamma Irradiation on
Bcl-2 and Bax Protein
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Figure 3. The Effects of VPA and Gamma Radiation on Bcl-2 Protein Level
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The apoptotic response of MCF-7 cell was assessed after
VPA/gamma radiation combined treatment by determining bax and Bcl-2 protein levels.
Treatment of cells with VPA and gamma radiation for 24
and 72 hours demonstrated significant increase in baxprotein level, in a dose and time dependent manner ( P <
0.0001) (Figure 2).
As Figure 3 demonstrates there was a decrease of Bcl-2
protein level in a dose dependent manner after 48 hour
treatment of cells with radiation and dose of 2, 8 and 16
Mm/l of VPA.
The ratio of bax/Bcl-2 in three different dose of VPA in
combination with single dose of gamma radiation was
evaluated in different time.
As figure 4 shows, the ratios of bax/Bcl-2 were increased
in a dose dependent manner at 48 and 72 hour treatment
(P < 0.0001).
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4.3. The Effect of VPA and Radiation on TA

0
V2

V8

V16

V2R V8R V16R

C

CR

R; gamma radiation (4 Gy), V2 + R; valproic acid (2 Mm) with gamma radiation (4 Gy), V8 + R; valproic acid (8 Mm) with gamma radiation (4 Gy) V16
+ R; valproic acid (16 Mm) with gamma radiation (4 Gy), C; untreated and
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Figure 4. The Effects of VPA and Gamma Radiation on BAX/BCL-2 Ratio.
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BAX/BCL-2

To determine the effect of VPA and irradiation on TA, we
used telomerase PCR-ELISA assay.
In the present study, we found dose dependent decrease
in TA after 24, 48 and 72 hours combination treatment (P
< 0.0001) (Figure 5).
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sible therapeutic benefits of combined VPA and gamma
radiation for treatment of breast cancer.

Figure 5. The Effects of VPA and Radiation on Telomerase Activity in
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5. Discussion
In the current survey, we investigated the effect of different VPA dose and gamma radiation in different time on
TA, bax and Bcl-2 protein level in MCF-7 cancer cell line.
The results of our study showed that treatment of MCF7 cells with VPA and gamma radiation significantly enhanced cell toxicity in a dose and time dependent manner. The mechanism of synergistic effect of HDACI on
radiation seems to be caused by changes in chromatin
structure and gene expression induced by HDACIs.
Our result also showed decrease in TA at 48 and 72 hours
after treatment of cells with VPA and gamma radiation
in a dose dependent manner. These results confirm previous studies that demonstrated the effect of HDACI or
radiation on decreasing the TA (23, 24). This effects might
be associated with suppression of hTERT transcription induced by HDACI (25).
The cell toxicity increase in treated cells was accompanied by a reduction in TA. It could be due to an inhibitory
effect of HDACI on telomerase holoenzyme and consequent cell death (26, 27).
Our results showed increase in bax and decrease in Bcl2 protein levels, which may triggers the mitochondrial
pathway of apoptosis (28).
The present results demonstrated a simultaneous increase in the bax/Bcl-2 ratio and inhibition of the TA by
VPA and radiation treatment. These data are in accordance with previous studies (29, 30). Chromatin relaxation using HDACIs resulted in sensitizes DNA to damage
agents such as ionizing radiation (31, 32). Therefore, initiate intrinsic apoptosis pathway as well as decrease in TA
by shortening the telomeres could trigger apoptosis (33).
Our data indicated that the pathway of apoptosis triggered by VPA and gamma radiation is correlated by an increase in the ratio of bax/Bcl-2 protein or by decrease in TA.
We concluded that the increasing cell toxicity, apoptosis-inducing effects and decreasing telomerase activity may play an important role in the VPA and radiation
mechanism. The present investigation suggests the pos4
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